Jonas Stein

Reconciling

Identifying pathways to better decision-making
in social groups




Reconciling epistemic and identity
diversity

Identifying pathways to better decision-making in social
groups

Jonas Stein



Funding acknowledgment: This study is part of the research program Sustainable
Cooperation - Roadmaps to Resilient Societies (SCOOP). The author is grateful to the
Netherlands Organization for Scientific Research (NW) and the Dutch Ministry of Education,
Culture and Science (OCW) for generously funding this research in the context of its 2027
Gravitation Program (grant number 024.003.025).

Print:
Cover design:

Cover illustration:

Ridderprint | www.ridderprint.nl
Liese Schmidt | www.lieseschmidt.online

The cover depicts an illustration of the parable of the ‘blind men and
the elephant’: A group of blind men comes across an elephant, which
none of them have seen or heard of before. Each of them touches a
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the potential these perspectives have if combined well.
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It was six men of Indostan, to learning much inclined,
who went to see the elephant (Though all of them were blind),
that each by observation, might satisfy his mind.

The first approached the elephant, and, happening to fall,
against his broad and sturdy side, at once began to bawl:
"God bless me! but the elephant, is nothing but a wall!"

The second feeling of the tusk, cried: "Ho! what have we here,
so very round and smooth and sharp? To me ‘tis mighty clear,
this wonder of an elephant, is very like a spear!"

The third approached the animal, and, happening to take,
the squirming trunk within his hands, "I see,” quoth he,
the elephant is very like a snake!"

The fourth reached out his eager hand, and felt about the knee:
"What most this wondrous beast is like, is mighty plain,” quoth he;
"Tis clear enough the elephant is very like a tree."

[..]

And so these men of Indostan disputed loud and long,
each in his own opinion, exceeding stiff and strong,
Though each was partly in the right, and all were in the wrong!

John Godfrey Saxe (1872): The Blind Men and the Elephant, I-V, VIII.
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Chapter 1

Synthesis

This chapter benefitted from discussions with and feedback by Andreas Flache,
Vincenz Frey, Michael Mds, and Jan-Willem Romeijn.



Chapter 1

1.1 Introduction

A fundamental aspect of human life is that people see themselves as members of
groups or collectivities, which provide a shared sense of identity (Ellemers, 2012;
Trepte & Loy, 2017). Perspectives on much of recent political developments -
debates around migration, women'’s reproductive rights, or the surge of nationalist
movements - would be incomplete if they disregarded that people identify with
certain social groups. Social identities shape individuals’ sense of self, provide a
sense of belonging, and guide their beliefs, behaviors, and roles (Hogg, 2016).

Identities are commonly associated with underlying epistemic characteristics,
such as the information people possess, the beliefs they hold, and the perspectives
they bring (Zmigrod, 2022). People with similar socio-demographic
characteristics, such as their gender, age, or sexual identity, often share similar
experiences (Peters, 2021). Research on opinion dynamics and polarization
demonstrates how our ideological leaning may inform our stance on political
issues (DellaPosta et al,, 2015), and studies on organizations outline how our
professional identity guides us on how to tackle and solve certain problems
(Northcraft et al., 1995; Van Dijk et al., 2012).

Socio-cultural and technological changes of the past decades have increased the
frequency and intensity of interactions between people with different identities.
Migration contributes to the growing diversity of local populations, and a surge in
female labor force participation has transformed the demographic composition of
many workplaces. International organizations facilitate collaboration between
individuals from different national contexts, and, since the dawn of the 21st century,
digital communication platforms enable people from different regions to easily
connect across geographical boundaries.

1.1.1 Group diversity as a double-edged sword

Scholarly research has long regarded increased interaction between people of
different identities as a source of epistemic potential (Page, 2019). Research on team
decision-making highlights that a variety of skills and perspectives can enhance a
group’s ability to generate creative and effective solutions (Carter & Phillips, 2017).
When individuals with different ways of thinking come together, they are more likely
to challenge assumptions and approach problems from multiple angles (Aminpour et
al,, 2021; Levine et al,, 2014; Phillips, 2003). Similarly, findings from studies on the
wisdom of crowds suggest that groups composed of diverse problem-solvers—who
may not be very accurate individually but provide a wide range of assessments—
outperform groups of experts (Hong & Page, 2004; Keuschnigg & Ganser, 2017).
Recently, the idea that diverse perspectives can foster more accurate collective
decisions has inspired the design of fact-checking features on several online social
media platforms: only if users with an otherwise diverse array of viewpoints agree in
their judgement, a veracity assessment is published (Meta, 2025).
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However, diversity also comes with challenges. Interpersonal differences can
make it challenging to build mutual trust, shared norms, integrated networks and
open communication necessary to exploit diversity in the process of finding better
solutions (Northcraft et al., 1995; Schimmelpfennig et al., 2022). In the worst case,
divergent identities can lead to the rejection of information that could improve
decisions because the source of the information is evaluated negatively (Balietti et
al,, 2021; Guilbeault et al., 2018). Indeed, some of the different identities discussed
in public discourse bear such signs: Political identity in the US, for example, is
characterized by ‘affective polarization’ (Iyengar et al., 2019; West & Iyengar, 2022),
i.e., negative attitudes and sentiment towards opposite-partisan peers.

It hence appears that diversity is a ‘double-edged sword’ (Milliken & Martins,
1996; Phillips & O’Reilly, 1998). Epistemic diversity - i.e., a multitude of different
perspectives, skills, and knowledge - can lead to better solutions. But when these
differences are tied to group-based identities, it can become difficult for groups to
fully utilize their epistemic potential. This has led researchers to try to identify ways
to reap the benefits of epistemic diversity while avoiding pitfalls of identity diversity.
Work on demographic faultlines in teams, for example, pointed to the pivotal role of
actors who share demographic attributes with multiple subgroups and can, thus, act
as bridges over the subgroup divides (Flache & Mas, 2008; Lau & Murnighan, 1998;
Mas etal,, 2013). Experimental studies in small groups suggest that demographically
diverse teams should first identify underlying ‘deep-level’ similarities, such as
shared norms and interests, to circumvent that dissimilar group members reject
each other’s accounts (Phillips et al., 2006; Phillips & Loyd, 2006). Finally, in larger
groups such as online communities, it may simply be most effective to obfuscate
political and demographic differences if members are to listen to unfamiliar stances
(Guilbeault et al., 2018, 2024; van der Does et al,, 2022).

1.1.2 Disciplinary approaches to studying group diversity

Different scholarly fields investigate decision-making in diverse groups from
multiple angles. Organizational research, for example, has gathered much
observational data on the demographic composition of work teams and their
performance (Bell et al, 2011; Horwitz & Horwitz, 2007; Joshi & Roh, 2009).
Sociological agent-based models of opinion dynamics have made advances in
identifying how micro-behavioral interaction patterns can breed macro-level
phenomena such as polarization (Deffuant et al., 2000; Degroot, 1974; Hegselmann
& Krause, 2002). And formal theoretical work from the field of social epistemology
closely studies the efforts of agent populations in seeking epistemically justified,
truthful decisions (Assaad et al., 2023; O’Connor & Weatherall, 2018; Zollman,
2010).

While specialization of different approaches comes with the advantage of
breaking down the research problem into more manageable elements, the possible
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disadvantage is that insights obtained in one field of research may not hold up once
neglected factors studied by the other approaches are considered. For example, by
drawing mostly on observational data, organizational research focuses on factor-
based explanations in which group -characteristics (task diversity, socio-
demographic composition) are associated with group-level outcomes (economic
productivity, time spent on tasks, etc.). However, by mere statistical association
alone, it can become challenging to pin down precisely which micro-level interaction
patterns give rise to group-level performance (DellaPosta et al.,, 2015).

Sociological agent-based models of opinion dynamics, on the other hand, pay
close attention to micro-level interaction patterns and the theoretical mechanisms
that produce them. They excel at capturing the social dynamics that precede
individual belief formation but typically study only opinion distributions within
populations (Flache et al., 2017). Models of this kind often carry the implicit
connotation that stable polarization is worse than convergence around a single
opinion. However, they lack criteria on which opinions are preferable over others
regarding a specified goal, making it difficult to draw normative conclusions about
the quality of the opinion distributions at which these populations arrive.

In contrast, formal philosophical models of social epistemology prioritize
normative evaluation (O’Connor et al, 2024; Solomon, 2006). They pay close
attention to agents’ performance with respect to pre-defined epistemic criteria and
can clarify the conditions under which group deliberation promotes truth-tracking
or rational belief formation. Yet, this focus may overlook the influence of non-
epistemic factors - such as deviations from ‘rational’ deliberation and the use of
cognitive biases and heuristics - that are central to human behavior.

1.1.3 An integrative agenda

In this research, I therefore take an approach that connects the theoretical
perspectives of social epistemology (Assaad et al., 2023; Zollman, 2010) and opinion
dynamics (Flache et al., 2017) with empirical findings identified by organizational
and social psychological research (Carter & Phillips, 2017; Page, 2019). I consider
information exchange in diverse communities as a complex phenomenon with
linkages between group-level features, interaction dynamics, and resulting decision
outcomes, within a given setting under study. To illustrate this point, I sketch a
schematic overview of preliminary considerations guiding my investigations, which
is presented in Figure 1.1.

First, it is important to establish the setting in which interactions take place.
Outlining what type of problem groups are trying to solve provides context and sets
a perimeter for the decision problem we want to study. It can also be used to derive
normative criteria that later enable the researcher to evaluate the quality of the
decisions groups make. For instance, the criterion for a setting in which individuals
are trying to identify misinformation in online networks would be accuracy, i.e., the
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degree to which users are able to correctly identify a given piece of misinformation
as false. Next to the type of problem, it is worthwhile to examine what kind of
communication architecture is present for individuals to exchange information.
Research on opinion dynamics, for example, shows that the communication of
arguments versus simple beliefs can decide over whether groups find consensus or
polarize (Feliciani, 2025). In this sense, settings can help explain competing findings
and outline boundary conditions of the theories being tested.

S Type of problem + Communication architecture
Group e O
features \ Identity diversity ~ {é} Epistemic diversity
0-0
Social structure l l Information distribution
Deliberation

dynamic ‘ ;_—_-_-_-_t' ‘ o *

[ Epistemic output \

Decision oY
outcomes —| Decision j\ Distribution
—R| quality t\_| of beliefs

Figure 1.1 Schematic overview of an integrative approach to studying decision-making in
diverse groups

Next to settings, one must consider the group-level features that impact the
exchange of information. Examining what (subgroup) identities are present in the
group can provide guidance in hypothesizing what type of interactions we might
observe. Identities - such as those that are associated with different socio-
demographic characteristics - inform the social structure of the population under
study, and thereby influence how individuals interact with one another (McPherson
et al,, 2001). Similarly, gaining clarity on the distribution of information among
group members can help theorizing how information needs to be exchanged for an
effective solution: For instance, information could be distributed according to a
‘hidden profile’ (Stasser & Titus, 1985) such that crucial arguments are distributed
across the group, or alternatively, these crucial arguments may simply reside with
single actors. Here, it is likely that the former distribution would necessitate much
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more intricate exchange processes than the latter, which would call for short and
powerful influence processes.

Third, by keeping a close eye on the interaction dynamics within a group, we can
study how micro-level mechanisms of interaction govern information exchanges
between individuals. Do group members preferentially interact with others of the
same identity, are they perhaps even structurally confined to do so? How do
individuals select information they want to disclose, and how do they perceive and
process the information they receive? And how does information spread over many
encounters?

Lastly, repeated interactions can produce unanticipated epistemic output, both in
terms of the quality of decisions groups make, but also in terms of the distribution
of individual beliefs in the group. Self-reinforcing dynamics of social influence
between decision-makers can, for example, decide whether populations develop
‘swarm intelligence’ or fall victim to falsehoods (Bikhchandani et al., 1992; V. Frey &
van de Rijt, 2021). Similarly, repeated interactional processes of opinion exchanges
and a preference to interact with like-minded others can produce irresolvable
disagreement or result in consensus, depending on a number of factors, such as the
role of opinion leaders, media outlets, or initial network configurations (Lipatov et
al,, 2025). Therefore, outcomes can be hard to predict, calling for intricate analyses
of the dynamics leading up to them.

Of course, trying to cover all possible settings, group features, interaction
dynamics, and macro-level consequences is beyond the scope of a dissertation
project. Instead, this dissertation zooms in on specific contexts, examines selected
aspects of identity diversity and epistemic diversity present in these contexts, and
observes the interactional dynamics that arise from them. A last step is then to
explore possible outcomes in terms of individual and collective decision-making.

To give an illustration of my approach, Chapter 2 studies bipartisan online crowds
in their attempts to identify falsehoods (setting) and considers their partisan
identities and affiliated ideological biases (group features). The study then examines
how users influence each other as they make choices about the veracity of the
informational messages they are exposed to (deliberation dynamic) and explores
the extent to which users can correctly identify misinformation (decision outcomes).

Together, the dissertation represents a collection of studies analyzing information
exchange in diverse populations. Its aim is to study how and under which conditions
epistemic diversity in groups with different identities can lead to better decision
making. What constitutes ‘better’ decision-making is context-dependent and defined
by the evaluative criteria relevant to each problem setting under study.

1.1.4 Nuanced insights into a complex research problem

Through its focus on settings, group-level features, behavioral mechanisms, and
macro-level consequences, my work follows a tradition of analytical sociology that

6
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provides rigorous accounts of the phenomena it studies (Hedstrom & Bearman,
2011). It does not try to propose a holistic account or a universal theory but rather
focuses on ‘theories of the middle range’ (Merton, 1949) that aim to explain how
diversity shapes human interaction, in a given setting and with an eye on particular
outcomes of interest.

Aside from following an analytical sociological agenda, I integrate perspectives
from multiple fields. Through the agent-based models introduced by the following
chapters, | aim to take a step towards combining the normative focus of social
epistemological models with the social complexity present in models of opinion
dynamics. I complement this approach with two experimental studies which draw
on well-established behavioral mechanisms from social psychology - social
influence, ingroup favoritism, and cognitive heuristics - and then demonstrate how
these mechanisms, over repeated interactions, manifest in the decision-making of
individuals and groups.

Perhaps, the most important insight generated by my studies is that diversity may
not always manifest as a double-edged sword, in the sense that different identities
make it challenging to integrate otherwise valuable epistemic potential. Instead, and
as [ will show, the picture is much more nuanced. Empirical findings from Chapter 4
show that exposure to others with a different identity can improve learning from
dissimilar others. This suggests that visible diversity does not necessarily challenge
the integration of unfamiliar information but can instead facilitate it. The simulation
study presented in Chapter 3 leads to a similar conclusion. It shows how identity
diversity in work teams, can enable better collective decisions.

However, identity diversity can also ‘backfire’ in larger environments of online
social media users: Chapter 2 demonstrates how ideological segregation can hamper
users’ ability to spot falsehoods. Lastly, Chapter 5 examines how groups can reach
decisions when members have identity-based, conflicting stakes. By using different
argumentation styles, members can learn about their own interests and those of
others, and either arrive at a consensus based on incomplete information, or part in
the truthful conclusion that some interests are irreconcilable.

1.1.5 Societal relevance

The societal relevance of reconciling epistemic and identity diversity for better
decision-making cannot be understated. Whether we attempt to spot falsehoods on
online social media, collaborate on a project as scientists, or aim to make a shared
decision in a committee we may be part of: We constantly rely on the input of others
to make informed decisions in the complex and challenging environments that
surround us. Different identities can make it harder to integrate this input, but they
can also facilitate better decisions.

In a world where interactions between individuals of different identities are
becoming ever more frequent, outlining ways to overcome these challenges and
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identifying settings where diversity can be an asset rather than a hurdle is essential.
Western societies are increasingly marked by affective polarization (Iyengar et al,,
2019), making it more difficult to communicate across ideological boundaries. This
polarization goes beyond mere disagreement—it reflects deep emotional divisions
that hinder mutual understanding and trust. Public discourse is grappling with what
some describe as a 'post-truth’' era (Lewandowsky et al.,, 2017), in which different
segments of society no longer agree on what counts as a fact, a valid argument, or a
trustworthy source of information. For instance, the COVID-19 pandemic
demonstrated how the same scientific claims were accepted by some and rejected by
others, depending not just on prior beliefs but also on broader identity-related
commitments (Druckman et al., 2021). Disagreements about evidence and truth are
shaped by who people are and the groups they belong to. In such a climate,
understanding how identity and epistemic diversity interact is more urgent than ever.

The remainder of this chapter is structured as follows. The next section clarifies
two key concepts, namely, identity diversity and epistemic diversity. It is followed by
two sections on central theoretical perspectives. The first theory section explains
how homophily, the tendency to interact more frequently with similar others,
represents a crucial factor that influences the deliberation dynamic in diverse
groups. Two of my dissertation chapters examine homophilous interactions closely,
which is why a summary of these chapters will be presented there. The second
theory section deals with the way individuals perceive and process information from
(dis-)similar others, along with an overview that locates my other two dissertation
chapters in this context. A subsequent section on methods explains my choice of
agent-based simulation models and experiments. I close the chapter with a section
summarizing my conclusions and another section that provides an outlook for future
research.

1.2 Definition of concepts

Two central concepts guide my studies, namely, identity diversity and epistemic
diversity. As mentioned earlier, identity can take on many different forms and has been
an influential concept for much of the social sciences (Hogg, 2006). Many of these
works are related to Henri Tajfel’s seminal social identity theory. Tajfel classically
defined social identity as an ‘individual’s knowledge that he belongs to certain social
groups together with some emotional and value significance to him of this group
membership’ (Tajfel, 1972, p. 292). I will mostly follow this definition, particularly
because it is inextricably tied to a form of social group membership; but use a more
specific notion: I here look at identities as stable traits that influence interactions
between individuals, are plausibly correlated with individuals’ knowledge, skills, and
perspectives, and both salient in and relevant to the context where individuals
interact. Identities satisfying these conditions could be, for example, ideological
leaning in a political context, disciplinary background in a shared scientific project, or
organizational membership in an inter-firm collaboration.

8
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Identity diversity, by extension, is a group characteristic of any collectivity in
which the sum of different identities is greater than one. Of course, one can also think
of identity diversity as a multiplicity of traits within each individual, giving rise to
questions such as their relationship to someone’s knowledge, when specific self-
identities become salient in certain contexts, and how they influence interactions
(Ellemers et al., 2002). Such questions are relevant to study, but they are not in the
focus of this dissertation. Mine is an investigation of interactions within groups, and
for this reason, I will focus on settings where a group-related identity is salient. In
addition, and as the term ‘group’ implies, I assume that in the settings I study, there
are always at least two group members with the same identity. To be able to make
precise theoretical predictions, and to trace these predictions in my simulations and
empirical studies, I mostly limit the number of different identities within each group
to two such that any group member has a clearly defined ingroup and outgroup.

[ refer to epistemic characteristics, on the other hand, as those individual traits
that relate to someone’s knowledge, perspectives and skills (Solomon, 2006). In
contrast to identities, [ assume epistemic traits to be less visible and obvious, and I
argue that they are in principle transferable. Say that, drawing on the example from
above, epistemic characteristics represent specific arguments in favor of or against
certain political decisions, field-related insights of different scientists, or
entrepreneurial expertise in markets for different products. Arguments, insights,
and expertise can be communicated and shared. They are, however, not visible to
others from the onset. In social epistemology, epistemic characteristics are often
defined as any traits that are relevant to agent’s endeavors of truth-seeking
(O’Connor et al., 2024). My conceptualization includes this definition, but [ assume
a wider concept that also encompasses searching for optimal decisions in
professional contexts (Chapter 3), learning how to navigate unknown environments
(Chapter 4), ideological biases (Chapter 2), and group-based preferences for
different decision options (Chapter 5).

Epistemic diversity, then, refers to the diversity of knowledge, skills, and
perspectives within a group. There are many ways epistemic diversity can be
distributed in a population. One can, for example, imagine that a few individuals have
most of the relevant knowledge, while others have very little. Or, similarly, that some
group members have disproportionately less accurate evidence than others. Here, a
question that would be interesting to study is how individuals should interact with
each other such that relevant information is shared most effectively, and that
accurate evidence crowds out inaccurate evidence. My investigations relate to this
question, but assume a slightly more specific setting: namely, that subgroups within
a population have different epistemic characteristics, each with their own
advantages and disadvantages. The question I study then is how groups can
integrate their knowledge and bring together different perspectives such that they
arrive at decisions that are more accurate, truthful, or innovative.
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1.3 Homophilous interactions

Identities influence individual interactions, and, as this section outlines, there are
many ways in which this can facilitate or hinder the utilization of epistemic diversity.
In much of the social sciences, it is a well-established finding that people are
‘homophilous’: People with similar socio-demographic characteristics tend to
interact with each other more frequently (McPherson et al., 2001), whether this
concerns friendship ties among same-gender students (Kretschmer et al.,, 2024;
Rambaran et al.,, 2015), racial segregation in the US (Sander et al., 2018), ideological
clustering in online social networks (Barbera et al,, 2015; Levy & Razin, 2019), or
sharing hobbies and interests with people of a similar age (Thomas, 2019).

A natural explanation for the widespread prevalence of homophily in human
interaction is that people may simply have a preference for similar others. However,
highly homophilous population states can also arise from weak individual
preferences to interact with similar others. Early computational models of
residential segregation show how homophily towards ethnic ingroup members can
lead to sequences of individual movements that, in the long term, cause states where
intergroup encounters are much less frequent than anyone would have wanted
(Sakoda, 1971; Schelling, 1971). This conjecture is not limited to racial segregation
alone, but extends to phenomena such as status (Fossett, 2006) and school
segregation (Stoica & Flache, 2014). Similarly, DellaPosta’s study on ‘why liberals
drink lattes’ (2015) suggests that the reason why people with similar socio-
demographics also have similar tastes and hobbies is not because they have latent
characteristics that determine their preferences. Instead, similarities emerge
endogenously through a process of homophilous interactions, weakly correlated
preferences, and individuals influencing each other.

Schelling’s model on residential segregation and DellaPosta’s study on correlated
tastes show how homophily can give rise to emergent population-level states where
dissimilar individuals interact with each other muss less frequently than intuitively
anticipated. Paired with the fact that homophily is a well-documented empirical
regularity and a strong force in humans, this makes it relevant and interesting to
study in the context of information exchange in diverse groups. If homophily can
produce cultural rifts and opinion polarization to an extent where antagonistic
factions barely interact with each other, can the same process undermine that
subgroups with different identities share information with one another? Second,
what will be the consequences for the quality of the decisions in groups where this
is the case?

Potential answers can be found in organizational literature on the exploration-
exploitation tradeoff (Hills et al., 2015; Lazer & Friedman, 2007; March, 1991). This
literature assumes that actors - such as organizations, but also individuals - often
face a choice between looking for new solutions on their own (explore) or copy the
solution of someone else (exploit). A central tenet of the exploration-exploitation

10
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canon is that on a population level, too much exploitation is often suboptimal: If
everyone copies the best-performing actor, populations stop exploring the full
spectrum of possible solutions and get stuck on what seems best at the moment.
From this arises a tension between individual rationality - which is to cheaply copy
others - and population welfare.

The exploration-exploitation literature suggests that because of the tension
between individual rationality and collective welfare, excessive influence between
actors must sometimes be reduced so that sufficiently many solutions are being
considered. Connecting literature on the exploration-exploitation canon and
research on homophily, I here explore the possibility that homophily can be a way to
reduce influence. My dissertation presents two studies that explore this possibility,
and I will briefly use the following paragraphs to summarize them here.
Unfortunately, and as I will show, too much homophily can be detrimental to crowd
wisdom in networked contexts with binary true-or-false choices. But when groups
consider more complex problems with multiple decision alternatives, homophily
can indeed provide the beneficial boundaries to excessive influence suggested by
previous literature.

1.3.1 Chapter 2: Veracity assessments in ideologically homophilous online networks

Chapter 2 approaches homophily from a network perspective (Kossinets & Watts,
2009). It investigates how verdicts about the veracity of informational messages
evolve in a setting of larger online communities in which identities are represented
by ideological orientation. The chapter does not look at homophily as an individual
preference. Instead, it investigates the consequences of an ideologically segregated,
homophilous network structure, which can be found to varying degrees in many
social networks online (Conover et al.,, 2011; Gonzalez-Bailon et al., 2023; Stein,
Keuschnigg, etal., 2023). It presents individuals with a relatively simple choice: They
receive short political messages containing a factual statement. Messages are either
true or false; and individuals must make a binary rating choice about the messages’
veracity. Ratings are added to an aggregate veracity score. Users are exposed to the
score consisting of the rating choices of others before them and add their own rating
to the score shown to later users.

My simulation-based analysis and a subsequent large-scale empirical experiment
reveal that segregated networks undermine users’ ability to make accurate choices.
This happens because in segregated communities, users who share the same
ideological orientation are the first to rate messages originating within their group.
Because of their ideological bias, these users tend to evaluate ideologically aligned
falsehoods as true. This initiates a dynamic where early biased ratings influence
subsequent users’ judgments, resulting in a cascade of inaccurate evaluations. I then
compare this finding to the dynamics in mixed environments, where users of
different ideological camps take turns at contributing to the rating: Here, turn-taking

11
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leads ideological biases to cancel each other out, and mixing causes a positive
feedback loop that improves the overall accuracy of the rating.

The study outlines a setting in which interactions between similar individuals
have detrimental epistemic consequences. It connects to research on the wisdom of
crowds, which shows that under certain conditions, collective judgements can be
surprisingly accurate although individual assessments are not (Galton, 1907). [t also
shows, however, how ideological segregation can undermine the wisdom of crowds,
resonating with earlier studies suggesting that social influence paired with a non-
random rating order is usually bad for the accuracy of collective verdicts (Becker et
al, 2017, 2022; V. Frey & van de Rijt, 2021).

The relatively simple information exchange process in this study enabled me to
closely investigate the dynamics behind the verdicts of online crowds on binary
true/false choices but did not account for the complexity that can arise from
discussions where groups exchange arguments in an attempt to make better
decisions. Chapter 3 takes a step towards such an approach.

1.3.2 Chapter 3: Argument exchange and decision-making in homophilous teams

Chapter 3 abstracts from a networked environment and instead assumes a setting
in which I simulate discussions in small teams with subgroups of different
professional identities. Unlike in Chapter 2, where only aggregate rating scores were
passed on from one individual to the next, I here model argument exchanges where
group members learn about the viability of decision options with different quality.
Arguments are distributed according to the ‘hidden profile paradigm’ (Stasser &
Titus, 1985) such that subgroups initially favor different yet inferior decision
options. This captures the idea that identity diversity — represented by subgroup
membership - often comes along with epistemic diversity, i.e., different knowledge
and preferences. I then study the interaction dynamics in simulated teams with
varying levels of homophily, i.e., increased chances of interaction between members
with the same professional identity.

In doing so, Chapter 3 investigates competing theoretical expectations
concerning homophilous interactions in group decision-making settings.
Sociological models of opinion dynamics show how homophilous interactions can
induce irresolvable disagreement in groups and lead to stable states of bi-
polarization, which can impair their capacity to make consensual collective
decisions (Deffuant et al,, 2000; Flache et al., 2017; Hegselmann & Krause, 2002).
Epistemological models (J. Wu & O’Connor, 2021; Zollman, 2010) and research on
the exploration-exploitation tradeoff (Hills et al., 2015), on the other hand, oppose
this conjecture and suggest that boundaries in communication ensure that
individuals explore the full spectrum of possible decisions before converging around
suboptimal solutions.
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Results show that homophilous environments improve the quality of collective
decisions, supporting research pointing to the epistemic benefits of bounded
communication (Hills et al,, 2015; Zollman, 2010). In my model, this happened because
preferential interactions with similar others first induced disagreement between
subgroups but led to consensus on the best decision alternative in the long run. Teams
with no homophily, on the other hand, often fell prey to states of suboptimal consensus
in which one subgroup convinced the other of an inferior decision alternative before
enough arguments in favor of the best decision were shared.

To summarize, Chapter 2 and Chapter 3 examine how homophily impacts
information exchange and decision-making quality in diverse communities. They
show that homophilous interactions can result in very different epistemic outcomes:
In larger groups with binary true-or-false choices, interactions that happen
predominantly between users of the same ideological affiliation produce inferior
collective judgments. In smaller teams with many decision alternatives and more
elaborate ways of exchanging arguments, homophily can foster optimal decision-
making.

1.4 Information perception

Different identities can influence how often individuals interact with one another,
but they can also affect how likely we are to be influenced by someone else (Feliciani
et al, 2021). This section provides an overview of the latter perspective, with a
particular focus on two aspects: The first aspect relates to how receptive individuals
are to learning from someone else, depending on whether they share the same
identity with the sender. The second aspect relates to how individuals perceive and
process information, depending on their social group membership and the interests
that come along with it. Chapter 4 examines the former aspect more closely, and
Chapter 5 the latter. A summary of each respective aspect is included with the
chapter overviews in the subsections below.

1.4.1 Chapter 4: Identity (dis-)similarity and learning

Ample research shows that social learning is subject to a similarity bias: People are
more likely to be influenced by those who resemble themselves (Smaldino & Velilla,
2025). Across childhood and adulthood, people tend to copy individuals who share
salient characteristics with them—such as age, gender, or ethnicity—on the
assumption that similarity makes others’ behavior more relevant to them
(Chartrand & Lakin, 2013; Kinzler, 2021).

However, a small number of studies on group decision-making also indicate that
being exposed to someone with a different identity can sometimes foster learning.
In these studies, demographic diversity increased individuals’ openness to
unfamiliar information (Phillips, 2003; Phillips et al.,, 2006) because people
expected that dissimilar demographics could be a reason why others have different
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perspectives. Conversely, unfamiliar information from similar individuals was
ignored more frequently because it was regarded as a challenge of the dominant
group opinion.

Research on similarity-biased social learning suggests that shared identities
enhance influence, while studies on group discussions point out that this is more
so the case for different identities. In Chapter 4, | examine these conjectures,
aiming to provide explanations for their apparently competing accounts. The
chapter presents a social learning experiment where participants develop
suboptimal approaches to a problem-solving task and are subsequently exposed to
the decisions of a demonstrator. The demonstrator pursues an alternative
suboptimal approach; and participants can learn to optimize their own by
combining it with what they observe.

Testing competing accounts of similarity-biased learning versus research on
group discussions, a 2x2 experimental design varies whether the demonstrator has
shared or dissimilar characteristics, and whether (dis-)similarity relates to
ideological leaning or the outcome of a fictional cognitive style test. I expect that
political ideology, known for its strong connection to affective devaluation of
opposite-partisan peers (Iyengar et al.,, 2019; L. Mason, 2018; West & Iyengar,
2022; Westfall et al., 2015), will lead to similarity-biased learning. Different
‘cognitive styles,” on the other hand, should be associated with epistemic potential,
increase attention paid to the demonstrator, and result in more frequent
optimization.

Results show that learning and optimization increased when different identities
pointed towards cognitive differences, whereas ideological leaning did not affect
whether participants optimized. My findings identify dissimilarity to foster
attention and integration of unfamiliar behavior, but only if this dissimilarity leads
to expectations learning potential. Results challenge the common assumption that
people learn best from those who are similar to them (Chartrand & Lakin, 2013;
Guilbeault et al, 2018; Reyes-Garcia et al.,, 2016), suggesting that perceived
cognitive differences can foster learning.

1.4.2 Chapter 5: Deliberation in groups with conflicting stakes

Chapters two to four examine how identities influence how often individuals interact
with one another and how (dis)similarity affects their willingness to pay attention
to someone else. The final chapter shifts focus to how social group membership
influences information perception after it has been received.

More precisely, in Chapter 5, I model collective deliberation in a setting where
individuals perceive and evaluate arguments based on subgroup-specific
preferences for different decision options. I assume that these different preferences
are rooted in the divergent interests of different subgroups. However, as each
member only has access to a subset of available arguments that inform their initial
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views, group members are not fully aware of them from the beginning. Groups then
engage in a discussion process in which, by exchanging arguments, members can
develop more accurate perceptions of the decision option they prefer.

The question I study then is whether discussions lead members to develop
accurate perceptions, in which case their preferences for different decision options
mean that groups part in truthful disagreement. Alternatively, a deliberation
dynamic emerges where enough arguments in favor of a single decision option
spread such that all members become convinced that this is the option they prefer. [
call this outcome an ill-informed consensus because individuals hold perceptions
that run contrary to their actual preferences.

In my simulations, [ vary two parameters: first, the extent to which preferences
diverge. Second, I compare groups in which individuals differ in the argumentation
styles by which they select arguments to share with one another. ‘Advocates’
represent an idealized style of agonistic deliberation (Mouffe, 1999) and
preferentially select arguments that strongly support the decision option they
perceive to prefer at a given point in time. ‘Diplomats’ on the other hand, are inspired
by a Habermasian ideal of reasonable debate (Habermas, 1985a) and avoid
disagreement with their interaction partner, in that they will not raise arguments
that support what their interaction partner prefers the least.!

Results show that convergence around ill-informed consensus versus parting in
truthful disagreement depends not only on a group’s argumentation style, but also
on how strongly preferences diverge. Low preference divergence implied that group
members were less aware of their actual preferences at the start, which meant that
groups of advocates - whose argumentation style was based on convincing others of
what they deem best - succeeded more often in steering populations towards
consensus. At high divergence, initial perceptions were much more closely aligned
with the divergent preferences of opposing social groups. This facilitated consensus
among groups of diplomats who, when interacting with someone holding opposing
viewpoints, brought up arguments in favor of a second-best alternative rather than
insisting on their preferred option.

In sum, my model reveals insights into the complex relationship between
discussion outcomes and argumentation styles in situations where epistemic
diversity is modeled along group-based stakes. It represents a redevelopment of
previous models in social epistemology, which usually assume that complete
information will result in convergence around a single decision outcome that is best

1 Another interpretation of these two argumentation styles is perhaps that discussions in groups of
diplomats represent instances of ‘intergroup dialogue’, where members of different identity groups
strive to resolve conflict through a process of mutual understanding and relating (Dessel & Rogge,
2008). Advocate-style argumentation, on the other hand, could be seen to resemble ‘red teaming’, a
security practice that aims to improve systems by subgroups trying to exploit weak spots in another
groups’ approach (Kirvan, 2025). I thank the reading committee member Scott Page for this insightful
connection.
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for everyone. In my model, full information resulted in the accurate conclusion that
different identities come with different interests, making individuals agree that it is
best to disagree. Whether such truthful disagreement is normatively better than an
ill-informed consensus depends on the context in which deliberation takes place:
When individuals urgently must make a decision together, any consensus may be
better than the status quo. Parting in disagreement, on the other hand, may be
preferable when more fitting interaction partners can be easily found elsewhere.

1.5 Methods

Two methods guide my investigations of information exchange and decision-making
in diverse groups: agent-based simulation models (ABMs) and empirical
experiments. I use ABMs to build a formalized account of the theoretical
assumptions underlying individual exchanges. In modeling the interactions between
agents that follow from these assumptions, I can then study the decisions these
simulated groups make. Empirical experiments, on the other hand, provide tests of
micro-level assumptions made in the models and of group-level decision outcomes.

Unlike most theory building, which is either inductive or deductive, ABMs offer a
third approach: theory construction using generative models (J. M. Epstein, 2012).
Researchers build theories inductively by focusing on the micro-level mechanisms
that produce a certain macro-level regularity, and formulate hypotheses to falsify or
distinguish between models deductively (Keijzer, 2022). Unlike formal analytical
(e.g, game-theoretical) tools, which often operate with more restrictive
requirements, ABMs are more flexible in that they allow for a richer set of behavioral
assumptions. Through their focus on simulated individuals (e.g., ‘agents’) that are
responsive to other individuals within a given environment, ABMs are inherently
actor-based. In ABMs, agents both have a social and a cognitive structure (Gilbert &
Troitzsch, 2005), which is well suited for the problem I want to study: the social
structure is given by the identities of simulated actors, and their epistemic
characteristics define the cognitive structure. This enables me to build environments
in which I can model interactions between agents as a function of their identity, and
study how this influences the information exchange process.

ABMs offer another advantage, namely, that they are fitting and well-established
theoretical tools for studying complex systems (Flache et al., 2022). Repeated
influence between actors can give rise to macro-level phenomena that can be hard
to anticipate through intuitive reasoning alone. In simulating these processes, ABMs
can provide alternatives to factor-based explanations (DellaPosta et al., 2015).
Through their ability to simulate emergent phenomena ‘from the bottom up’, ABMs
can also be used to compare competing intuitions. Different theoretical accounts
sometimes assume similar mechanisms of interaction on the micro-level but
propose divergent consequences on the macro-level (Bianchi & Squazzoni, 2015;
Feliciani, 2025; Marchi & Page, 2014). With ABMs, researchers can build a
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formalized account of micro-level mechanisms and shed light on the settings and
scope conditions under which different outcomes occur. In Chapter 3, I take such an
approach and investigate how homophily impacts decision-making quality in small
teams. Decisions benefitted from homophily in settings where argument
distributions made the problem harder to solve, supporting social epistemological
accounts of transient diversity (Zollman, 2010). Additional analyses presented in the
same chapter then show that solving simpler problems, on the other hand, was
hindered by homophily, which is closer to propositions that follow from models of
opinion dynamics (Flache et al,, 2017).

Itis important to make clear that agent-based models are not empirical data, they
are a theoretical tool (Macy & Willer, 2002). ABMs do not capture what is but provide
explanations of how something can come about. Therefore, I complement my
theoretical inquiries with two types of empirical experiments, each with their own
reasons for choosing them: First, I employ a micro-level experiment in which I
measure participants’ responses to stimuli provided by the experimenter (M.
Jackson & Cox, 2013). This type of experiment enables me to test theoretical
assumptions about individual reactions to other individuals with different or similar
identities. To this end, Chapter 4 compares how receptive individuals are to learning
novel behavior from someone else, depending on whether they are exposed to
someone with the same or a different identity. Importantly, learning from someone
else did not involve a real person but a fictional demonstrator, which provided a
clean experimental stimulus: Observed behavior was kept consistent, and only the
demonstrator’s identity-related characteristics were varied.

Experiments can be used to generate empirical insights not only into micro-
interactional patterns, but also the macro-level consequences that result from them
(Davis & Holt, 1993). This approach is prevalent in ‘macro-sociological experiments’
(Hedstréom, 2006; Hedstrom & Bearman, 2011).2 Instead of only studying the
reactions of individual participants to pre-determined stimuli, such experiments
often investigate the interactional dynamics in groups. Macro-experiments are a
powerful tool because they can capture emergent phenomena that arise from
repeated interaction processes (Gérxhani & Miller, 2022), but they are also
challenging to conduct: Due to the interactions between participants, individuals
cannot be treated as independent units during statistical analysis. This means that
comparisons must be made across groups, rendering implementation costly.
Chapter 2 takes on the approach of a macro-sociological experiment and combines
it with a simulation model. This made it possible to empirically validate every part
of the simulation: First, I recreated the simulated setting, i.e., ideologically integrated

2 Of course, sociology is not the first or only discipline to apply macro experiments. A non-exhaustive
list includes behavioral experiments in economics (Snijder et al., 2024), group experiments in social
psychology (Phillips & Loyd, 2006), or experiments on the evolution of culture and technology (Derex
& Boyd, 2016).
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versus segregated groups of online social media users assessing the veracity of
informational messages. Second, I tested assumptions about how individuals are
influenced by the assessments of previous users. Third, I observed the macro-level
consequences that resulted from this process, namely, how ideological segregation
could lead to self-reinforcing dynamics that undermined a groups’ ability to identify
falsehoods.

In both types of experiments, hypotheses can be tested with high internal validity
because the experimenter has ample control over setting and input. Observational
data and field experiments do not offer this possibility but are characterized by
higher external validity (Tubergen, 2020): They capture the behavior of humans in
much more natural environments. In this dissertation, I follow an experimental
approach because of the complexity of human information exchange. Especially
when communication is characterized by natural language, individuals may
interpret arguments differently and researchers have limited insight into these
interpretative processes. Natural language may give room for additional biases in
information communication and processing (Wood, 2004) but also poses the danger
that these biases become hard to disentangle. With experiments, I can focus on the
theoretical mechanisms I am interested in and investigate information exchange
processes with more clarity. Another drawback of observational data, and survey
data in particular, is that statistical associations are vulnerable to unobserved
covariates (Diekmann, 2023). In the context of my dissertation, such covariates
could, for example, involve unobserved identity traits among group members, or
unknown distributions of epistemic diversity, making causal claims difficult.
Nevertheless, using observational data can be a valuable approach, which is why the
last section of this chapter discusses possible ways to integrate my agenda with non-
experimental methods.

1.6 Conclusions

The goal of this thesis is to reconcile identity diversity and epistemic diversity for
better decisions in groups. As the dissertation shows, identity diversity makes group
deliberation complex because it shapes opportunities for interaction and influences
how individuals perceive others and the information they receive from them. This
impacts the quality of the decisions groups and individuals make, oftentimes in ways
that are hard to anticipate intuitively.

To keep track of different factors that influence decision-making in diverse
groups, | propose an integrative research agenda that considers interactions
between group-level features, deliberation dynamics, and resulting decision
outcomes. The studies presented here zoom in on specific ways of interaction that
are shaped by group member’s identities - such as homophilous interactions
between similar individuals, or different ways of perceiving information based on
one’s own group membership - examine their influence on the deliberation dynamic
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and investigate decision outcomes. Making general statements about how identity
and epistemic diversity can be ‘reconciled’ for better group decisions is challenging,
but nevertheless, | do find a few factors that may help reap the benefits of epistemic
diversity in groups, and I will outline these in the paragraphs below.

First, I demonstrate that the type of identity that is salient in a specific context
matters. To this end, Chapter 4 elucidates that cognitive differences between
individuals can enhance openness and influence. Exposure to someone with a
different political ideology, on the other hand, deteriorated perceptions of
competence and frequently resulted in ignorance. This finding connects to broader
concerns about the ‘post-truth era’, where identity-driven cognition shapes what
counts as credible information and whose claims are dismissed. Results suggest that
systems design concerning settings where people can learn from each other,
emphasis should be placed on characteristics that harness curiosity, rather than
differences that trigger strong us-versus-them divides.

Second, Chapter 3 shows how even in situations where different identities do not
necessarily come along with specific expectations about someone’s epistemic
qualities, identity diversity can nevertheless be beneficial to group decision quality.
This is so because homophily - a tendency to interact with individuals with the same
identity —can lengthen discussions in the short run but improves decision quality in
the long term. Results support the notion that different identities can provide
boundaries in communication that enable better decisions (Lazer & Friedman, 2007;
March, 1991; Zollman, 2010). A tentative suggestion following from these results is
that deliberative environments with complex decision problems should give
individuals space to weigh different decision options in subgroups first instead of
striving for rapid consensus.

However, caution is advised before concluding that less communication between
individuals with different identities is always better. Chapter 2 demonstrates how
ideological segregation in online social networks can deteriorate collective accuracy
regarding binary true-or-false problems. The study outlines a setting in which
ideological segregation has detrimental epistemic consequences. Importantly,
however, it does not argue that ideological differences are epistemically
disadvantageous per se. Rather, it shows that partisan biases can also improve
collective accuracy, provided that the people holding similar biases do not form rigid
clusters. This insight offers a constructive perspective for debates on
misinformation: Ideological mixing can support fact-checking and error detection in
online communities. To facilitate such mixing, social media algorithms could
prioritize exposure to diverse perspectives rather than feeding content that aligns
with pre-existing views.

Another central takeaway is that in settings where individuals’ preferences
correlate with their social group membership, different argumentation styles can
decide over whether groups find consensus, or part in disagreement. Chapter 5
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provides two important insights regarding this: Cautious argumentation styles
where members avoid disagreements can foster consensus when subgroup interests
strongly diverge. Persuasive argumentation that prioritizes convincing others of
what one thinks is best, on the other hand, produces consensus when interests are
less conflicting. These results produce a more nuanced understanding of the
complex relationship between discussion outcomes and argumentation styles. They
also suggest that in politicized contexts — where subgroup interests are often at
loggerheads- trying to avoid disagreement can be an effective way to steer
populations towards consensus.

Together, my findings underscore that there are no one-size-fits-all prescriptions
for leveraging diversity in group deliberation. Instead, the consequences of identity
and epistemic diversity depend on the identities at stake, the interactions they cause,
and the setting in which these interactions take place. Effective system design must
be sensitive to these factors. Rather than striving to eliminate identity-based
differences or treat them as obstacles, designers of deliberative environments
should try to create conditions under which such differences can facilitate the
utilization of the epistemic resources that are often present in diverse groups. I
believe that findings from this dissertation can offer guidance for designing
environments that achieve this goal.

1.7 Limitations and future research

The findings of this dissertation must be interpreted with limitations in mind. While
the general goal of this research is to study how identity diversity and epistemic
diversity shape decision-making in groups, the breadth and complexity of this topic
necessitate to single out specific aspects of group diversity and investigate their
consequences for relevant decision outcomes. The approach chosen here follows a
method referred to as KISS in the agent-based simulation literature (from the US
Navy slogan “keep it simple, stupid”; Axelrod, 1997), in that it starts with as few
theoretical ingredients as possible. | then add complexity along the way, showing
how the interplay of even a limited set of factors can produce complex interactional
dynamics that influence the quality of decisions individuals and groups make.

The different dissertation chapters focused on specific micro-level mechanisms -
such as homophilous interactions in Chapter 2 and Chapter 3, or different ways of
perceiving and processing information in Chapters 4 and Chapter 5 - but abstracted
from the fact that in real-life interactions, a co-occurrence of these mechanisms may
be present. Hence, a natural next step for future research would be to add complexity
by investigating how a co-occurrence of different interaction-based and perception-
related factors influences decision-making in groups. I undertake a step in this
direction in Section 5.8 of Chapter 5, in which I add group-based homophily to the
otherwise perception-centered agenda of the chapter.
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Another limitation is that in my dissertation, I abstracted from vertical (or
hierarchical) differences between groups and the individuals within them. Status
and power differences can challenge the integration of epistemic diversity if higher-
status individuals maintain disproportionate levels of influence without a
corresponding epistemic justification for it (V. Frey et al., 2024). However, status
hierarchies can also make discussions more efficient if status attributions
correspond to competence. Research on Matthew effects investigates how stochastic
processes can decouple individual epistemic performance from the rewards these
individuals receive for it (Bol et al., 2018), but they have not been studied in contexts
where individuals make a decision together. The stochasticity of these processes can
make status allocations hard to predict. Investigating how groups make decisions in
contexts where collective deliberation is coupled with social rewards is therefore an
interesting future topic to study.

Alternatively, status differences can also be treated as exogenous factors rather
than endogenous products of interactional dynamics. This could, for example,
involve that some subgroups of individuals occupy more central positions in a
network, or that arguments raised by these individuals exert a disproportionate
amount of influence (cf. Grow & Flache, 2019). In my dissertation, I instead focus on
settings where subgroups are different in terms of their epistemic attributes but
similar in terms of their position in the social strata. My theoretical research then
shows that nominal (as opposed to hierarchical) identity differences alone can give
rise to deliberation dynamics that are hard to anticipate intuitively. Including status
and hierarchy differences in my investigations would perhaps increase their realism.
However, it would also add another layer of complexity, reduce tractability of my
simulation models and involve additional assumptions about the interplay of
nominal identity differences and vertical status hierarchies. Such assumptions must
be made carefully and necessitate theorizing beyond the scope of this dissertation.

A general limitation of the agent-based models I present are their relatively
simple numerical representation of arguments. Because agents form preferences by
summing over the numerical arguments they have access to, it is easy to intuitively
follow and interpret how agents arrive at their convictions. Since Bayesian models
of preference updating (Assaad et al., 2023; Madsen et al., 2018) are considered
more 'rational' from the agent’s perspective, incorporating such approaches
represents a promising direction for future modeling efforts. Likewise, recent
developments in large language models (LLMs) open up possibilities for
representing argument exchange using realistic human language, rather than the
abstract argument structures used here (Betz, 2022; Du et al.,, 2023). However,
despite their ability to produce coherent text, it remains uncertain whether LLMs
can accurately capture human behavior in complex deliberative settings where
individuals have different identities but also different knowledge that must be
brought together for better collective decisions.
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It is important to mention again that the theoretical agent-based models
presented in this dissertation are not empirical data but formal tools. They rest on
plausible assumptions about human behavior, which are grounded in empirical
findings from the social and cognitive sciences. As such, their strength lies not in full
descriptive accuracy but in their capacity to systematically explore the implications
of these assumptions for decision-making in diverse groups. While this allows for
novel theoretical insights, it also means that the validity of their conclusions
depends on the realism of their underlying assumptions. Therefore, the predictions
derived from these models should be tested through empirical experimentation,
which Chapter 2 does. The simulation models in Chapter 3 and Chapter 5, however,
do not make a link between theoretical exploration and empirical testing yet. A next
step would therefore be to translate their theoretical predictions into controlled
laboratory experiments. The fact that my models rest on a framework derived from
experimental research, namely the ‘hidden profile’ paradigm (Lu et al., 2012; Stasser
& Titus, 1985) should facilitate in bridging this gap.

Another way to lend external validity to my simulation models and empirical
experiments stems from using observational data. While this can be a valuable effort
in some contexts, the scope of my research makes it challenging to do so. Survey data
on work teams (Bell et al., 2011; Horwitz & Horwitz, 2007), for instance, can reveal
correlations between team diversity and productivity, but rarely includes
information about the underlying interpersonal interactions that drive those
outcomes. An alternative is digital trace data, such as communication records from
online social media platforms (Keusch & Kreuter, 2021; Stier et al., 2020). These data
sources offer detailed, time-stamped records of micro-level interactions, making
them particularly useful for studying processes like opinion polarization in
networked contexts. However, leveraging such data to examine how identities affect
information exchange between users is often difficult: user demographics typically
must be inferred algorithmically and are frequently subject to privacy restrictions.
Moreover, while there is much data about users’ opinions from platforms like X
(formerly Twitter; Colleoni et al., 2014; Conover et al., 2011) or Facebook (Bakshy
etal, 2015; Guess etal., 2019), it is far more difficult to identify contexts where these
users make collective decisions - let alone evaluate the quality of those decisions.

One promising alternative to address the limitations of both survey and social
media data is the use of data from novel digital platforms for participatory
democracy (Grossi et al., 2024). For example, platforms such as LiquidFeedback
enable structured deliberation and collective decision-making among diverse
stakeholder groups - including public institutions, citizens, and private
organizations — on predefined policy issues. These platforms offer a promising
opportunity to study decision-making in diverse groups with both observable
interactions and measurable outcomes.
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In sum, and notwithstanding the limitations listed above, this dissertation
advances understanding of how identity and epistemic diversity interact in shaping
group decision-making. It sheds light on the mechanisms through which identity-
related dynamics can either hinder or enhance the use of diverse knowledge and
offers a context-sensitive account of deliberation in heterogeneous groups. Through
a combination of theoretical modeling and empirical experiments, I demonstrate
that identity diversity is not inherently detrimental to epistemic outcomes — on the
contrary, under the right conditions, it can act as a catalyst for improved group
decisions. These achievements lay the groundwork for a promising research agenda
that integrates social epistemological, sociological, and social psychological work.
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Chapter 2

Realtime user ratings as a strategy
for combatting misinformation

This chapter is published as: Stein, |, Frey, V., & van de Rijt, A. (2023). Realtime user
ratings as a strategy for combatting misinformation: an experimental study.
Scientific reports, 13(1), 1626.
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Abstract

Because fact-checking takes time, verdicts are usually reached after a message has
gone viral and interventions can have only limited effect. A new approach recently
proposed in scholarship and piloted on online platforms is to harness the wisdom of
the crowd by enabling recipients of an online message to attach veracity
assessments to it. The intention is to allow poor initial crowd reception to temper
belief in and further spread of misinformation. We study this approach by letting
4,000 subjects in 80 experimental bipartisan communities sequentially rate the
veracity of informational messages. We find that in well-mixed communities, the
public display of earlier veracity ratings indeed enhances the correct classification
of true and false messages by subsequent users. However, crowd intelligence
backfires when false information is sequentially rated in ideologically segregated
communities. This happens because early raters’ ideological bias, which is aligned
with a message, influences later raters’ assessments away from the truth. These
results suggest that network segregation poses an important problem for
community misinformation detection systems that must be accounted for in the
design of such systems.
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Realtime user ratings

2.1 Introduction

Twenty percent of the time users spend consuming news on the four largest social
media sites, they are looking at content linking to one of 98 websites that
researchers, professional fact-checkers and journalists agree produce fake,
deceptive, low-quality or hyperpartisan news (Allen et al, 2020). This figure
excludes misinformation that is produced less systematically, e.g. by news sites that
only occasionally err or deceive, or by users themselves. So how can the propagation
of such information on social media be mitigated? Extant approaches include
algorithmically aided misinformation detection (Del Vicario etal., 2019; B. Guo et al,,
2019; Tacchini et al,, 2017), professional fact-checking with subsequent flagging or
retraction (Ecker etal., 2010; Lewandowsky et al., 2012), and crowdsourced veracity
assessments (Allen etal., 2021; Kim et al., 2019; Pennycook & Rand, 2019a). An issue
with these approaches is speed. Professional and crowd-based fact-checking takes
time and many algorithms cannot act instantly as they must first gather behavioral
data. Until a verdict is reached so that a piece of false information can be flagged or
retracted, potentially false information can spread unchecked.

An emergent approach in the scientific literature on misinformation (Allen et al.,
2022; Kim et al,, 2019; Pretus et al., 2022; Prollochs, 2021) as well as in practice is
to harness the wisdom of the crowd by enabling recipients of an online message on
a social media platform to attach veracity assessments to it. This may allow poor
initial crowd reception to temper belief in and further spread of misinformation. For
example, on Twitter’s Birdwatch users can write notes and attach these to a Tweet,
explaining why they believe it is or is not misleading. Other users can rate these
notes or write additional notes in response.

The main challenge this approach must overcome is to somehow function in
online environments where truth seeking is not the dominant driver of behavior, but
rather personal convictions, e.g. of a political or ideological nature. Previous studies
on misinformation have shown that sharing decisions regarding messages with a
clear political leaning are primarily guided by users’ ideological congruence with the
message and only little by perceived veracity (Pennycook & Rand, 2019b; Scheufele
& Krause, 2019; Vosoughi et al., 2018). Nonetheless, previous work on the wisdom
of the crowd shows that also when individuals have strong individual biases of an
ideological or other nature, as long as the average individual’s assessment is better
than random, the aggregation of judgments produces an accurate collective
assessment. This work assumes that individuals in a crowd cast independent votes
(Galton, 1907; Surowiecki, 2004), and it suggests that while individual judgements
may not be very accurate, their average often closely approximates the truth (Allen
etal, 2021; Baker, 1975; Becker et al., 2022; Condorcet, 1785). Recent experimental
studies further show that when individuals do not make true-or-false decisions
independently but are influenced by the decisions of those who came before them -
as they would be on social media - individuals’ accuracy further improves (Becker
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etal, 2017; V. Frey & van de Rijt, 2021; Friedkin & Bullo, 2017; Goeree et al., 2007;
Van de Rijt, 2019). This is so because as long as the average decision-maker is more
accurate than random, prior decisions of others will tend to nudge decision-makers
towards the truth. If a developing rating starts off with the majority of decisions
being correct, this will influence subsequent users towards making the correct
decision and thereby further improve the rating. It can of course happen that the
same social influence dynamics facilitate the spread of a false belief, namely when
the initial decisions are incorrect. Subsequent users may then be influenced to make
incorrect decisions themselves, further solidifying the incorrect rating.

In previous studies on social influence and the wisdom of crowds (Becker et al.,
2022; Da & Xing Huang, 2020; V. Frey & van de Rijt, 2021; Guilbeault et al., 2018;
Lorenz et al., 2011), only chance could generate a large early majority favoring the
wrong veracity verdict, because in these studies either all subjects first cast an
independent vote and then could revise based on the first round results, or the order
according to which subjects made decisions was random. In online social networks
contexts, however, the order according to which subjects would cast veracity
verdicts occurs along the path through which information disseminates. And herein
lies the problem: Such an order is far from random. Online social networks, like most
social networks, are homophilous (Bakshy et al, 2015; Barbera et al., 2015),
comprising communities of predominantly like-minded peers (Boutyline & Willer,
2017; Cinelli et al., 2021; Del Vicario et al., 2016). The level of segregation rarely
reaches the extremity implied by the terms ‘echo chambers’ or ‘filter bubbles’ but is
nonetheless substantial (Conover etal., 2011; Eady et al,, 2019; Flaxman et al., 2016;
Muise et al., 2022). Different groups of online users have different levels of ability to
identify misinformation (Borah, 2022; Pennycook & Rand, 2020; Scheufele & Krause,
2019; Tacchini et al., 2017), and this ability correlates with their ideological identity
(Del Vicario et al, 2019) and demographic characteristics (Guess et al., 2019).
Misinformation is often politically or ideologically charged, or intentionally designed
to mislead only a specific part of the population (Lazer et al., 2018; Vosoughi et al,,
2018), and it usually appears among and targets those clusters of users who are
most susceptible to it. Hence it would then appear that ratings would have to be able
to cope with misinformation initially being rated in communities of individuals who
all tend to have the same biases and likely believe the misinformation or in bad faith
misclassify it as true.

Our study explores real-time user ratings under such circumstances in a large-
scale experiment with 2,000 liberal and 2,000 conservative subjects in 80 bipartisan
groups (Figure 2.1). We implement two scenarios in which ratings are broadcast
immediately after launch: First, a scenario mimicking the development of a real-time
rating in an ideologically integrated network marked by many cross-partisan ties
and no clustering according to ideology. Second, we implement a scenario
representing the typical rating sequence in an ideologically segregated network,
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with individuals whose ideological identity is aligned with the content of a message
rating the message first and more critical individuals rating the message later. These
scenarios represent ideal-types and maximize our treatment as extreme cases of a
continuum along which more and less segregated real-world online communities
are positioned (Barbera et al., 2015; Cinelli et al.,, 2021). We further compare these
scenarios with a control condition resembling the setup in which crowd-based
ratings have been studied previously (Allen et al., 2021; Pennycook & Rand, 2019a):
namely, a scenario in which subjects rate messages independently and without
information about the rating decisions of others.

“UUS states enacting major tax cuts for the wealthy show higher growth rates
and economic prosperity, also for poor people, than states without tax cuts”

a]=-l=0] o ] =] Elﬂi?ﬁ?ﬁiﬁ:ﬁfﬁ

— — - — E
iTrue: = = Correct: 40%
:False: 20
— N O L N S S .L :
—' — — -
- == = |+ True: 16
-—p . 9%,
A—— E False: 34 Correct: 68%
S S 5% U O S §
E// i True: 22
_— 1 . 0
— ! False: 28 = Correct: 56%

S S S U 3 O 3

Figure 2.1 Study setup. Subjects were randomly assigned to ideologically segregated,
ideologically integrated, or independent groups and instructed to rate 20 informational
messages as true or false. Subjects rated messages sequentially. In segregated and integrated
groups, subjects were presented a count of previous group members’ rating decisions.
Subjects in independent groups made rating decisions without being exposed to previous
subjects’ decisions. Red (blue) icons represent self-identified conservatives (liberals). The
example message in the figure is false and has a conservative leaning. For each rating group,
we measured how many correct and incorrect rating decisions were made (right side of the
figure, data taken from exemplary groups observed in the experiment). We collected data
from 80 rating groups with 50 subjects each, amounting to a total of 80,000 rating decisions.

2.2 Theoretical model and expectations

The simulation model we introduce in this section predicts that if groups are
ideologically integrated, broadcasting the rating will trigger a positive feedback loop
that improves individuals' capacity to differentiate between true and false messages.
This happens despite strong ideological bias for or against such messages. Similarly,
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if true information is rated in segregated groups, early ratings from individuals with
an ideological bias in favor of the true message foster the development of a correct
rating. However, broadcasting the rating backfires and reduces correct identification
when false information is first rated exclusively by ideologically friendly users and
only later by ideologically opposed individuals.

In our model, individuals 1 <i < n make a binary rating decision C;with regard to
an informational message m with veracity v = 1 if the message is true, or v = -1 if the
message is false. Ratings are made sequentially. Individuals’ propensity to make a
correct rating decision Prob(C; = 1) is given by the following logistic function:

N A msxr) T
Prob(C;=1)= (1+ —-e (2.1)

The propensity to correctly classify is negatively impacted by how difficult it is to
correctly classify a certain message. This difficulty, d;, is the probability of incorrectly
classifying a message when this is done independently, in the absence of information
from others (0<di<1). di takes on the value of daign for ideologically aligned
individuals and dmis for misaligned individuals. The difficulty terms daiign and dmis
capture ideological bias stemming from cognitive mechanisms such as motivated
reasoning (Haidt, 2012; Mercier & Sperber, 2011) and confirmation bias (Nickerson,
1998): It is more difficult for aligned individuals to identify a false (aligned) message
as false, but less difficult for misaligned individuals to identify a false (misaligned)
message as false (v = —1- dg;gn > dps). Likewise, cognitive bias makes it less
difficult for aligned individuals to find true information true, but more difficult for
misaligned individuals (v = 1 - dgjign < dps)- Formally, dgign = d—(bXxv)/2
and d,,;s = d + (b X v)/2, where d denotes the average level of difficulty in the

population. As we use an equal number of aligned and misaligned individuals in each
(dalignz"' dmiS).Th
term b captures to what extent a message activates bias in individuals (0 <5 < 1) and

simulation as well as in the experiment we report on later, d = e

corresponds to the absolute difference in difficulty between aligned and unaligned
individuals: b = | daiign — dmis |. Individual i’s propensity to correctly rate a message
further depends on the previous classification decisions of others through the rating
ri, which is the average of previous decisions (Equation 2.2).

_ Zj<iCj
T, i>1 =7

(2.2)

riranges from -1 (= all prior user classifications were incorrect) to +1 (= all prior
classifications were correct). For the first individual, i = 1, ri equals 0. s denotes the
degree to which individuals are influenced by rating ri. We assume positive
susceptibility to the rating (s > 0), which implies that Prob(Ci =1) monotonically
increases with ri, and we assume that everyone is equally susceptible to social
influence.
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We derive hypotheses through simulation of this model. Each simulation run
starts with the first individual i = 1, making a first rating decision with Prob(Ci=1) =
1 — di in the absence of prior ratings. The decision of i factors into the rating signal
of the next individual i + 1, ri+1, influencing i+1’s rating decision. The simulation
stops after i = N has made their decision. We match population sizes of our
simulations with those in the experiment (N = 50). Similar results are obtained for
smaller and larger populations. Simulation runs are executed 10,000 times for each
parameter combination of interest. The dependent variable is the fraction of correct
rating decisions out of all rating decisions, computed as an average of fractions over
many simulation runs. We choose a target value that reflects average performance
rather than a group decision because real-time ratings do not intend to reflect a final
verdict (such as a majority vote) but aim to improve raters’ information detection
capabilities.

We investigate the interplay of rating order, message veracity and cognitive biases
in two real-time rating scenarios in which ratings are broadcast immediately: In the
segregated scenario, a message originates and spreads in the aligned cluster so that
aligned individuals sequentially rate first. The message then reaches the misaligned
cluster and misaligned individuals rate it until everyone in the population has made
their decision. In the integrated scenario, aligned and misaligned individuals
alternate in making ratings. These scenarios are compared with an independence
scenario in which choice order is alternating as well but in which the rating is not
broadcast so that individuals make choices without knowledge of others’ ratings
(i.e, s =0 implying Prob(C; = 1) =1 —d; V i).

In the independence scenario, the fraction of correct rating decisions equals the
inverse of the average level of difficulty in the population, i.e., 1 - d. In the integrated
scenario, it is to be expected that more individuals will make correct rating decisions
than in the independence scenario if d < 0.5 and fewer if d > 0.5 (Figure 2.2 A, left).
Namely, if d < 0.5, the first individual is more likely to make a correct rather than a
false rating decision. If the first individual makes a correct rating decision, they
influence the following individual to make a correct decision themselves, which
enhances the accuracy of the rating for the next individual, and so forth. A real-time
rating triggers a positive feedback loop for d < 0.5, where each subsequent ith rating
has a higher probability to be correct than the previous one (compare Figure 2.2 B,
left). Individual biases cancel each other out in the alternating ratings of aligned and
misaligned individuals. These theoretical expectations hold for true as well as false
messages equally since we assume no systematic differences in information
difficulty between true and false information. A negative feedback loop, or
‘backfiring’ on the opposite, is expected to be triggered for d > 0.5 since individuals
are more likely to make incorrect rather than correct decisions. We accordingly
formulate Hypothesis 1.
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H1: When it is not too difficult to classify a message correctly (d < 0.5), then
individuals in integrated groups (with information about previous rating
choices) classify true and false messages more often correctly than
individuals in independent groups (without information about previous
rating choices).
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Figure 2.2 Theoretical expectations. We simulate sequences of rating decisions in 30,000
groups of bipartisan agents (25 ideologically aligned and 25 misaligned agents per group).
The fraction of correct rating decisions is shown (A) as a function of difficulty and (B) as a
function of an agents’ position in the rating sequence. In integrated groups, agents classify
messages more often correctly than those in independent groups when average difficulty
d < 0.5, irrespective of message veracity. In segregated groups, agents classify messages
more often correctly than those in independent groups if true messages are being rated but
classify messages less often correctly if false messages are rated. Parameters used in all
panels: | daiign - dmis | = b = 0.2, v=[-1; 1], s = [0; 2.35]. Panel B: d = 0.45.

In the segregated scenario, aligned individuals give ratings first. Since they align
with the standpoint of a given message, they are more likely to correctly identify a
true message as true. On the other hand, compared to misaligned individuals, they
have greater difficulty identifying a false message as false. Since aligned individuals
are the ones to rate first, their decisions will determine the early accuracy of the
rating signal and influence later raters. If messages are true and difficulty among
aligned individuals daiign is below 0.5, the rating is likely to enter a positive feedback
loop. Later misaligned raters - although less likely to make correct rating decisions
due to their bias — will make a correct decision more often than those raters without
exposure to a rating signal (Figure 2.2 A, center). If messages are false and daiign is
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instead above 0.5, early raters are likely to make incorrect rating decisions and the
rating is expected to backfire, resulting in a lower fraction of correct ratings
compared to independent groups (Figure 2.2 A, right). This happens even if the
average difficulty across all individuals is below 0.5.

H2: When it is not too difficult for ideologically aligned individuals to
classify a message correctly (daiign < 0.5), then individuals in segregated
groups (with information about previous rating choices) classify true
messages more often correctly than individuals in independent groups
(without information about previous rating choices).

H3: When it is difficult for ideologically aligned individuals to classify a
message correctly (daiign > 0.5), then individuals in segregated groups (with
information about previous rating choices) classify false messages less
often correctly than individuals in independent groups (without
information about previous rating choices).

The center panel of Figure 2.2 B illustrates the evolution of the rating signal when a
true message originates in an ideologically aligned cluster, showing how the fraction
of correct decisions by an agent’s position in a sequence (averaged over 10,000
simulation runs) is strictly higher in the segregated scenario than in the independent
scenario. This can be attributed to the positive feedback loop that is likely to occur
when a true message with low aligned difficulty (daiign) accumulates an increasingly
accurate rating signal. The center plot of Figure 2.2 B also shows how the fraction of
correct decisions among misaligned individuals decreases in i’s position. Because for
true messages dmis > dalign, rating accuracy will decrease to some extent among
misaligned individuals. Conversely, if a false message originates in an ideologically
aligned cluster (Figure 2.2 B, right panel), high aligned difficulty will trigger a
negative feedback loop and the message accumulates an increasingly incorrect
rating signal. Ratings will also recover to some extent once misaligned agents rate
the false message because dmis < daiign. Taken together, we expect the following
dynamics:

H4: When it is not too difficult for ideologically aligned individuals to
classify a message correctly (daiign < 0.5), then in segregated groups (with
information about previous rating choices) classification accuracy first
gradually improves among aligned individuals (H4a) and then gradually
deteriorates among misaligned individuals (H4b).

H5: When it is difficult for ideologically aligned individuals to classify a
message correctly (daign > 0.5), then in segregated groups (with
information about previous rating choices) classification accuracy first
gradually deteriorates among aligned individuals (H5a) and then
gradually improves among misaligned individuals (H5b).
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Figure 2.3 Broadcasting ratings enhances subjects’ rating accuracy in ideologically integrated
groups (A) and, when messages are true, also in segregated groups (B). Ratings backfire in
ideologically segregated groups when messages are false (C). Left side of the figure: Each
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small, shaded circle represents the number of correct rating decisions divided by all rating
decisions in one group. Large circles represent means over groups. Right side of the figure:
Lines represent moving averages over three subjects. Nupjects = 4,000; Ngroups = 80. All messages
with d < 0.5; Panel B: true messages with dgiigned < 0.5. Panel C: false messages with daignea > 0.5.
See Methods.

2.3 Results

We tested our hypotheses by letting 80 groups of 50 participants sequentially rate
true and false informational messages in an online experiment
(N =4,000 participants with a total of 80,000 decisions). An equal number of self-
reported conservative or liberal subjects rated informational messages that clearly
supported either of the two ideological viewpoints. In doing so, we ensured that
participants had systematic cognitive biases in favor of or against certain messages.
Subjects were recruited from Amazon Mechanical Turk and Prolific. We
implemented the three conditions studied in the simulations: a segregated condition
(20 groups starting with liberals and 20 groups starting with conservatives), an
integrated condition (20 groups), and an independent condition (another 20
groups). Each rating group featured 25 liberal and 25 conservative subjects. In each
group, only one subject was active at a time to ensure a continuous, sequential
evolution of real-time ratings. Subjects were recruited in small batches according to
the number of available slots in experimental groups. Each subject answered to the
same set of 20 messages, totaling 1,000 rating decisions per group. See Figure 2.1,
Methods, and Appendix for details. Unless indicated otherwise, test results are
derived from two-sided randomization tests. We test hypotheses separately for
liberal and for conservative messages as to ensure a homogenous message sample
in each step of the analysis.

2.3.1 Integrated groups

Consistent with Hypothesis 1, broadcasting the rating in ideologically integrated
groups improved classification accuracy: The fraction of correct rating decisions in
integrated groups was higher than in independent groups, both when liberal
messages were rated (integrated 68.1% vs. independent 65.2%; ATE =2.9%, p <
0.011, N = 40) and when conservative messages were rated (integrated 68.8% vs.
independent 63.0%; ATE =5.7%, p < 0.001, N = 40). Figure 2.3 A illustrates this
finding. Importantly, the fraction of correct rating decisions was higher irrespective
of whether subjects rated true messages (integrated 71.6% vs. independent 66.7%;
ATE = 4.9%, p < 0.001, N = 40) or false messages (integrated 65.0% vs. independent
61.1%; ATE = 3.9%, p = 0.049, N = 40). Aggregating over liberal and conservative
messages further revealed a robust treatment effect, with 68.5% of rating decisions
being accurate in integrated groups and 64.0% in independent groups (ATE = 4.4%,
p <0.001, N = 40).
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2.3.2 Segregated groups

Supporting Hypothesis 2, subjects were more often accurate if a true message was
being rated and those who aligned with the connotation of the message were to do
ratings first (Figure 2.3 B). In segregated groups where liberals rated liberal-leaning
true messages first, the overall fraction of correct rating decisions rose by
6.2 percentage points as compared to independent groups rating the same messages
(independent 69.5% versus liberal-first 75.7.%; ATE = 6.2%, p < 0.001, N = 40).
Similarly, when conservatives rated conservative-leaning true messages first, the
fraction of correct rating decisions increased by 9.0 percentage points (independent
72.9% versus conservative-first 62.9%; ATE = 9.0%, p < 0.001, N = 40).

The right side of Figure 2.3 Billustrates how broadcasting the rating in segregated
sequences enhances rating performance: Compared to subjects in independent
groups, the average propensity of a subject to make a correct rating decision in
segregated groups increases after the first few ratings have been made, and then
consistently stays above the average accuracy of subjects in independent groups.
The large decreases in accuracy around the 25t% individual in Panel B reflect that
aligned subjects are likely to rate aligned true messages as true while misaligned
subjects are more likely to rate them as false.

Our third hypothesis postulates that ratings backfire when aligned subjects rate
a false message first. Comparisons of independent and segregated groups in
Figure 2.3 C show that this was indeed the case. In segregated groups where liberals
rated liberal-leaning, false messages first, the fraction of correct rating decisions
decreased from 50.1 percent in independent groups to 42.1 percent in liberal-first
groups (ATE = 8.9%, p = 0.013, N = 40). In segregated groups where conservatives
rated conservative-leaning, false messages first, the fraction of correct ratings sunk
from 60.6 percent in independent groups to 55.7 percent in conservative-first
groups (ATE = 4.8%, p = 0.033, N = 40). Backfiring becomes further visible in the
right side of Figure 2.3 C: Real-time broadcasting of rating decisions decreases
accuracy when aligned subjects make incorrect rating decisions in the beginning of
a rating sequence, which influences subjects to make incorrect decisions later in the
sequence.

Results of a multilevel logistic regression analysis show mixed evidence for
Hypothesis 4 (see details in Section 2.6, Table 2.4). For true messages (H4a), aligned
subjects’ likelihood to make a correct rating decision did increase relative to their
position in a rating sequence among conservative subjects (f= .020, p = .02).
However, this was not the case for liberal subjects (f =.015, p =.22). We did not find
decreasing tendencies for misaligned subjects to make correct rating decisions when
messages were true (H4b). The tendency for liberal misaligned subjects was positive
(8=.019, p =.01) and not significant for conservative misaligned subjects (f = -.00,
p =.44). Similarly, no evidence for Hypothesis 5 was found (details in Section
2.6, Table 2.5). Aligned subjects’ likelihood to make a correct rating decision did not
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decrease relative to their position in a rating sequence (H5a), both among liberal
aligned subjects (f =-.007, p = .53) and among conservative aligned subjects (f = -
.001, p = .87). Neither did we find increasing tendencies for misaligned subjects to
make correct rating decisions (H5b), irrespective whether they were liberal
(6=-.002, p=.89) or conservative (f =.004, p =.70).

While patterns are much clearer on the macro-level, it is likely that individual
idiosyncrasies contributed to the lack of clearly recognizable trends on the
individual level: Our theoretical model assumed identical susceptibility to the rating
signal and identical ability among subjects of the same ideological leaning to
correctly classify information. In reality, subjects differ along those dimensions,
contributing to noisier patterns that require more data for idiosyncrasies to cancel
out. It is also thinkable that our participants acted more heuristically than the fine-
grained interpretation of the rating signal used by agents in the simulation model.
The rating signal may have only influenced subjects’ rating choices when the
discrepancy between the count of true versus false rating decisions was sufficiently
large. If this were the case, trends on the individual position level would become
more static and less continuous than those suggested by the theoretical simulations
in Figure 2.2.

2.4 Discussion

Our findings identify a key condition for the viability of real-time user ratings as an
intervention against misinformation in online social networks: the presence of a
sufficient degree of ideological mixing. In bipartisan environments with only
moderate homophily, the enabling of real-time user ratings may succeed at
tempering belief and reducing spread at the crucial early stage of propagation.
Existing approaches such as professional fact-checking have not been able to
intervene in such a timely manner. The availability of information on the veracity
perceptions of previous others then allows individuals to more often correctly
classify both true and false messages than in the absence of such information. While
partisanship is often thought to amplify users’ belief in misinformation (Del Vicario
et al.,, 2019; Lazer et al., 2018), this finding speaks to the resilience of well-mixed,
balanced bipartisan communities (Shi et al, 2019). In ideologically segregated
environments, by contrast, false information is more often incorrectly rated as true
because systematically biased, early ratings mislead later decision-makers to make
incorrect rating decisions as well. Such backfiring poses a challenge to the benefits
of real-time ratings since many online social networks are marked by substantial
ideological segregation (Bakshy et al., 2015; Boutyline & Willer, 2017; Cinelli et al,,
2021; Del Vicario et al., 2016). Our study provides a systematic assessment of such
backfiring effects in a controlled experimental setting.

In order to achieve this control, we had to build an artificial experimental
environment that inevitably lacked contextual elements present on many real-world
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platforms. An example of such an element is the felt presence of like-minded others
in segregated online spaces, which is known to shift individual behavior towards
sharing information according to partisan identity rather than information veracity
(Barbera et al.,, 2015; Cinelli et al.,, 2021; Jun et al., 2017; Scheufele & Krause, 2019).
By hiding other community members’ ideological identities, our experiment
excluded such corrupting effects on individual behavior. Another example is that we
provided no incentives for correct veracity judgements. On the one hand that makes
our environment match online social media that do not provide formal incentives
either (Prior etal., 2015), but on the other hand there may be reputational incentives
on many platforms that lead some categories of users to care about veracity more
on such platforms than in our experiment. Future research examining backfiring
effects in more ecological environments would complement the present study, for
example by investigating ideological segregation and the temporal evolution of
veracity assessments on Twitter’s birdwatch or similar instruments on other
platforms.

Given our study’s finding that real-time user ratings backfire in ideologically
segregated environments, another important avenue for future research is therefore
to explore how such backfiring can be prevented. One approach toward achieving
this is the weighting of ratings by user ideology, which would prevent them from
becoming inaccurate when users’ ideological biases are correlated with rating order
or when populations are ideologically unbalanced. Alternatively, broadcasting a
rating could be paused in highly homogenous environments until the rating is
composed of a sufficiently diverse user base. Both these options, however, would
require that the ideology of users be known or derived from earlier sharing and
posting behavior. Moreover, initially paused broadcasting would come at the loss of
potentially being able to warn users about false content early in the diffusion
process.

The availability of a rating system can only limit the spread of misinformation if
itinfluences sharing behavior. Our experiment only studied accuracy judgments, not
the resulting sharing behavior. Another direction of future research is to investigate
the consequences of rating systems for user behavior. One such consequence may be
that users refrain from sharing information with a bad reputation because they do
not want to risk misleading others (Kim et al., 2019). Broadcasting ratings along
with a message will also make visible who shares information that is likely false. This
would make it easier for both network neighbors and the online platform to put
users under scrutiny who repeatedly share information with a bad reputation. As a
consequence, users might consider carefully if they want to share such information.
Recent research suggests that positive social cues facilitate sharing of information
more when it is true rather than false (Z. Epstein et al., 2022). Future research may
investigate if, conversely, users also avoid sharing information when social cues are
negative, and whether this occurs out of fear of backlash, or out of intrinsic
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hesitation to spread potential falsehoods. Platforms may also consider incentivizing
such reputational considerations to improve the functioning of user ratings: On
Twitter’s birdwatch, users can only publish a rating if enough other users have
identified their previous assessments as ‘helpful’. Reputational efforts can also be
incentivized by exposing distinguished users to fewer advertisements, granting
higher visibility to those with better reputations, or by rewarding especially diligent
community members with ‘badge systems’ as already implemented on Facebook.

Crowd-based rating systems require that the rating signal is informative.
Research suggests that online users are reasonably able to discern true content from
false content most of the time (Allen et al., 2021; Bail et al., 2020; Pennycook & Rand,
2019a, 2019b), and that they can be nudged to base their sharing decisions more on
veracity, thus ‘de-biasing’ users’ assessments (Maertens et al., 2021; Pennycook et
al, 2020, 2021; Pennycook & Rand, 2019b). Of course, rating systems may be
vulnerable to manipulation, e.g. by social bots or online trolls. This threat becomes
particularly severe when malevolent behavior in one dominant ideological direction
is concentrated among those who first rate a message, having similar adverse effects
as the ratings of ideologically friendly users in segregated networks. These various
limitations notwithstanding, we conclude that on ideologically integrated platforms,
real-time user ratings can be a promising intervention for identifying
misinformation early in its diffusion process and preventing users from believing in
it. On highly segregated platforms, however, rating systems are likely to make things
worse.

2.5 Methods

The experiment was pre-registered on the Open Science Framework and approved
by the Ethics Committee of the European University Institute, Florence. Data were
collected between August 18 and December 31,2021.3 All experiments and
subsequent data handling were performed in accordance with relevant guidelines
and regulations. We obtained informed consent from each participant prior to the
experiment. The Appendix section ‘Recruitment of experimental subjects’ provides
a detailed account of subject handling and consent procedures.

2.5.1 Informational messages

We used 20 true and false informational messages with either a liberal or a
conservative ideological connotation to be rated by the subjects. Subjects were
instructed to ‘read 20 statements and click true if you believe a statement to be true
and click false if you believe it to be false’. Within each experimental group, subject i
had to complete rating all messages before subject i+1 could start their task. True
messages summarized the main finding of a scientific article published in a social
science or general science journal after 2015 as to provide a ground truth (example:

3 Pre-registration and replication package available via https://osf.io/p5byq/.
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“Gender diversity in student teams measurably improves their productivity”). False
messages incorporated proven falsehoods by summarizing the inverted central
finding of a published scientific article (example: “Human-induced COZ2 levels in the
air have no measurable impact on the likelihood of wildfires in California”). We
ensured through pretesting that messages were indeed perceived as liberal or
conservative leaning. Messages had the length of a tweet (< 280 characters) as to
resemble pieces of information on online social media. We chose a balanced message
set of 5 liberal and false, 5 liberal and true, 5 conservative and false, and 5
conservative and true messages. See Section 2.6.3 ‘Message selection’ for a detailed
account of the message set.

2.5.2 Analytical strategy

We calculate average difficulty d (for each message) as the fraction of correct rating
decisions by the total of all decisions in the independence condition. daiign is
calculated as the fraction of correct rating decisions among those who align with the
ideological connotation of a message by all rating decisions from this group. Since
decisions are completely independent, values for d and daign do not have to be
computed at the sequence level but are aggregated over all decisions in that
condition. Throughout the analyses, we only selected messages with d < 0.5. This
was done to ensure that the average decision maker was better than random and to
prevent a real-time rating from backfiring regardless of group composition. For each
hypothesis, we then selected those messages that fell into the respective scope of the
hypothesis, determined by the values of d and daiign (e.g., for the test of H2 we select
only messages with daiign < 0.5). To test Hypotheses 1-3, we use a non-parametric
permutation test with 100,000 permutations. Hypothesis 4, unlike the other
hypotheses, concerns individual rather than group behavior and thus requires an
individual-level test. We use a multilevel mixed-effects logit regression in which we
regress individual rating decisions (correct vs. incorrect: 1 / 0) on the subjects’
position in the sequence (see Section 2.6, Table 2.4 ‘Regression results Hypothesis
4’). Note that d and daiign are estimates rather than ‘true values’ In the Appendix
section ‘Robustness of findings’, we present analyses taking statistical uncertainty of
d and dalign into account and obtain similar results for H1, H2, H4 and H5 at
conventional significance levels.
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2.6 Appendix

2.6.1 Recruitment of experimental subjects

Measuring performance at the level of 50-subject groups, our study required many
participants. We therefore recruited from two online crowd-working platforms,
Amazon Mechanical Turk (MTurk) and Prolific. 40 of our 80 rating groups were
occupied by subjects recruited from MTurk; the other 40 groups were recruited from
Prolific. Each set of 40 groups comprised 10 groups for each type of group / treatment
condition. Hence, both datasets comprised 2,000 subjects (1,000 liberals and 1,000
conservatives). On MTurk, data were collected between August 18 and October 12,
2021 and between November 10 and December 31, 2021 on Prolific. Participation was
restricted to US residents to ensure a homogenous participant pool responsive to our
informational messages. On MTurk, we recruited subjects by posting a general
advertisement for US ‘workers’ Prolific allows for a more selective targeting of
participants, and for this reason, we posted separate advertisements for liberals or
conservatives. Because a large share of US Prolific workers identifies as liberal or
conservative but does not indicate this in the platform’s pre-screening information, we
also recruited Democrats and Republicans (approximately 20% of the Prolific dataset),
and Biden versus Trump voters from the 2020 election (another 20% of the dataset).
On Prolific, we excluded active MTurkers to ensure independence of observations. Apart
from these slightly different recruiting procedures, the studies were identical. Because
only one subject per group could be active at a time, recruitment of subjects was
sequential, and advertisements were continuously adapted according to the availability
of liberal or conservative slots in our experimental groups.

After having clicked on our advertisement on MTurk or Prolific, subjects were
routed to a screener study in which they were asked a standard question about
ideological self-identification.* Subjects identifying as moderate were remunerated
$0.15 and excluded from the study. Remaining subjects were instructed on their task,
indicated their informed consent, and were asked the ideological self-identification
question a second time. Subjects whose ideological leaning did not match their self-
reported ideology in the initial screener study were remunerated $0.15 and excluded.
The self-identification question, informed consent form, and experimental
instructions are presented in Figure 2.4. Subjects who completed their task
successfully earned $1.5. When subjects entered the experiment, we informed them
that they were to do ratings in ‘groups’ and, depending on the condition, explicated
whether they could see others’ ratings or not. To mimic an online social media
platform, where no financial incentives for a certain individual behavior are present,
we chose to pay subjects flat fees instead of paying them for the accuracy with which
they classified true and false messages.

4 As implemented in the 2020 American National Election Studies Time Series Study:
https://electionstudies.org/data-center/2020-time-series-study/
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Task & payment
Thank you for accepting this HIT. This academic research study should not take more than 8 minutes.
1. You will see 23 short informational statements, which are either true or false.

2. Your task is to read the statements and then click ‘true’ if you believe a statement to be true
or click ‘false’ if you believe it to be false.

Example statement:

“Black and Hispanic students admitted to elite US colleges perform more poorly than Asian students.” -
True or false?

When you finish the HIT, you will receive a completion code to get paid. You will receive $0.15 + $1.5 upon
completion of the study.

Disclaimer

There are statements to check that you are paying attention and are not a robot. If you answer these
statements incorrectly, if you make your decisions too fast, or if you fail to finish your task in 10
minutes, you are excluded from this study. You can participate only once. Please do not close this tab
or reload the page during the task. If you leave the website during the task, you will not receive any
earnings.

Terms and Agreements

The data collected in this study does not include any personally identifying information about you. By
participating, you understand that the research data gathered during this study will be used by the
researchers. A dataset that contains your fully anonymous data may be published. A record of your
workerID will be deleted after this study.

The data for this study is collected and controlled by Arnout van de Rijt of the European University Institute
(EUI) and processed by Jonas Stein of the University of Groningen. Your data is protected by EUIs data
protection policy (PD10/2019). You may contact EUl's data protection officer through
data_protection_officer@EUl.eu. You have the right to withdraw your consent for participating in this
study at any time by closing this tab during the task. Upon withdrawal, your data will be deleted.

If you have questions concerning this study, please write to sociology.vanderijt@gmail.com

A copy of the consent form co-signed by the researcher can be obtained here.

Personal data

| have received sufficient information about this study and understand my role in it. The future processing
of my personal data has been explained to me and is clear.

Terms of service

| have carefully read and understood the above information, agree to the terms for participation in this
study, and am at least 18 years of age.

Before we start

Here is a 7-point scale on which the political views that people might hold are arranged from extremely
liberal to extremely conservative. Where would you place yourself on this scale?

" extremely liberal

" liberal

" slightly liberal

" moderate, middle of the road
" slightly conservative

" conservative

{ extremely conservative

Figure 2.4 General instructions
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2.6.2 Data quality

Apart from checking for consistent ideological leaning, we undertook further
measures to ensure high data quality. First, we excluded subjects who did not read
messages carefully. We excluded subjects from further participation if they made a
rating decision after having seen a message for less than three seconds thrice.
Second, if a subject took more than 10 minutes to finish their task, they were
excluded from the study. Third, we excluded subjects that failed at least one of our
three attention check messages (example: “Europe is in the southern hemisphere.”
True / False). Subjects who failed one of these quality checks were only paid the
remuneration for our screener study, $0.15. Excluded subjects were replaced with
new subjects and their rating choices were not considered in the counts that were
displayed as rating signals to subsequent subjects.

Of the 9,512 subjects who reacted on our study advertisement and went through
the screener tasks, 3,284 (34.5%) were excluded because they identified as
moderates, reported inconsistent ideological leaning, or had an active MTurk
account parallel to their participation on Prolific. 684 (7.1%) subjects chose to not
proceed with the experiment after the pre-screener or refused consent. 568 subjects
(5.37%) were unable to participate because they showed up at a time when no spots
for subjects of their ideological leaning were available. 975 subjects (10.3%) failed
at least one of our quality checks: 511 subjects (5.4%) had unreasonably short
response times, 387 (4.1%) failed an attention check question and 77 subjects
(0.8%) did not finish within 10 minutes. Overall, participation rates were similar
across samples. On MTurk, 41.4% of all individuals who reacted to our study
advertisement (2,000 out of 4,834 ) successfully finished the study; on Prolific, it was
42.8% (2,000 out of 4,678).
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2.6.3 Message Selection

Prior to the experiment, messages were calibrated through pretesting: Independent
evaluations of 350 conservative and 350 liberal subjects ensured that liberal
messages were more likely to be perceived as true by liberal subjects, and
conservative messages more likely to be perceived as true by conservative subjects.
Second, we ensured during the pretest phase that subjects were more likely to make
a correct rather than an incorrect evaluation of a messages’ veracity: The median
rating of a message always had to reflect the actual veracity of the message. Put
differently, each message had to have an average difficulty below 0.5 and a bias
greater zero. Both are scope conditions of this study: The wisdom of crowds requires
that more than 50 percent of the population make a correct rating decision in
independence (Baker, 1975; Condorcet, 1785), and there must be a difference in
message difficulty among aligned versus misaligned subjects for a segregated rating
orders to have any effect at all. Out of an original set of 144 messages used for
pretesting, we chose a subset of 20 messages as compared to more messages to
prevent subjects getting tired or inattentive after too many messages. Table 2.1
presents an overview of the message set used in the experiment.

Table 2.2 Subject behavior in the independence condition

Subject Message Message % thought
ideology ideology veracity true!l
conservative false 566
nservati vatv true 72.4
conservative iberal false 332
true 54.3
. false 19.1
conservative
. true 55.5
liberal
liberal false 51.3
true 84.5

1 per cell: Nsubjects = 500, Ndecisions = 2,500

2.6.4 Subjects’ rating behavior

Consistent with the scope conditions of this study, subjects were reasonably able to
tell true from false messages in the independent sequences of the experiment. On
average, subjects in the independent condition thought 66.7% of true messages to
be true, while this was the case for only 40.1% of false messages (paired t-test:
t=34.5,p<0.001, N=500). At the same time, subjects in the independent condition
found 66.2% of messages that aligned with their ideology to be true, but only 40.5%
of misaligned messages (paired t-test t = 28.0, p < 0.001, N = 500). This shows that
indeed, cognitive biases played a role in such a manner that messages supporting
one’s own viewpoint are more often thought to be true - independent of the actual
veracity of a message. It is noteworthy that liberals were especially inclined to find
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liberal true messages true (85.7% of messages in this category), while this was
rarely the case for false conservative messages (19.1%). Classifying false
conservative messages as false and liberal true messages as true made liberals better
at making correct rating decisions overall (average liberal subject: 67% correct vs.
conservative subject: 59%; t-test t= 11.3,p <0.001, N = 500). At the same time,
liberal subjects were more biased than conservatives: The difference between
finding aligned versus misaligned messages true was larger among liberals
(30.1 pp.) as compared to conservatives (20.1 pp.; t-test t = 5.5, p < 0.001, N = 500).
An overview of subject behavior by message veracity and message ideology is
presented in Table 2.2. Overall, independent subjects rated 63.5% of their messages
correctly, suggesting that ability in the population was indeed above 0.5 for at least
a sizeable portion of all messages. Subjects in the independent condition of the
Prolific sample were slightly better at making correct rating decisions than in the
MTurk sample (64.8% versus 61.9%, t-test t= 3.8,p<0.001, N = 500).
Simultaneously, the difference in finding aligned versus misaligned messages to be
true (bias) was higher among Prolific subjects as compared to MTurk subjects
(Prolific: 31.5 pp.,, MTurk: 19.9 pp.; t-test t= 6.4,p<0.001, N=500). Both
differences are consistent with prior studies finding subject quality higher on
Prolific (Eyal et al., 2021; Peer et al., 2017) - subjects may have read questions more
closely and thought of them more proactively. Indeed, a much lower number of
quality check failures (94 subjects on Prolific versus 881 subjects on MTurk)
suggests that fewer subjects showed satisficing behavior on Prolific. Because subject
behavior was slightly different in the Prolific dataset as compared to the MTurk
dataset, the following section reports additional analyses where underlying message
parameters were constructed for each dataset separately.

2.6.5 Robustness of findings

We report two analyses of the robustness of our findings. First, since subjects from
the MTurk dataset showed slightly different behavior than subjects from the Prolific
dataset (see previous section), we treat subjects from each dataset as different
populations and compute message parameters for each dataset separately. Second,
we take into account that message parameters are estimates and not true values and
only included messages whose 95 % confidence interval of average difficulty d did
not overlap with the 0.5 threshold. For Hypotheses 2, we excluded all messages for
which the upper confidence bound of daiign was below 0.5 and for Hypotheses 3 and
4, we excluded all messages for which the lower confidence bound was above 0.5.
Note that since parameters were computed separately per dataset, sample sizes
were smaller and standard errors larger. Table 2.3 presents an overview of how
many messages were selected for each Hypothesis and dataset. We then computed
the fraction of correct rating decisions per sequence and conducted the same
analyses as in the main results section.
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Consistent with Hypothesis 1, broadcasting ratings in integrated sequences led to
an improvement in rating performance. In integrated groups, the fraction of correct
rating decisions was higher than in independent sequences, both among liberal
messages (72.7% versus 68.5%; ATE = 4.2%, p < 0.001, N = 40) and conservative
messages (69.3% versus 63.7%; ATE =5.6%, p < 0.001, N = 40). The additional
results also support Hypothesis 2. Subjects were better at making correct rating
decisions in groups where those who aligned with the connotation of a message
were to do ratings first. In segregated groups where liberals rated first, the fraction
of correct rating decisions rose by 5.7 percentage points as compared to
independent groups (independent 71.4% versus liberal-first 77.0.%; two-sided
randomization test: ATE = 5.7%, p < 0.001, N =40). In segregated groups where
conservatives rated first, average accuracy increased by 9.0 percentage points
(independent 63.9% versus conservative-first 72.9%; two-sided randomization test:
ATE =9.0%, p < 0.001, N = 40).

Table 2.3 Number of selected messages per hypothesis

Hypothesis Mturk  Prolific

1 16 18
2 10 10
3 2 3
4 2 3
Messages 20 20

Different from the results in the main text, the fraction of correct ratings did not
decrease significantly in segregated groups when daiign was above 0.5. However,
results indicated effects of identical direction and similar strength: In segregated
groups where liberals rated first, the fraction of correct ratings decreased by 6.6
percentage points (independent 55.2% versus liberal-first 48.6.%; two-sided
randomization test: ATE = 6.6%, p = 0.126, N = 20). In segregated groups where
conservatives rated first, the fraction of correct ratings sunk by 3.4 percentage
points as compared to independent sequences (independent 54.4% versus
conservative-first 57.8.%; two-sided randomization test: ATE =3.4%, p = 0.108,
N =40).

Consistent with the main results for Hypothesis 4, a multilevel logit regression for
true messages did show significant increasing rating performance over conservative
aligned individuals’ positions (f =.019, p =.01), but no increasing performance for
liberal aligned subjects. No decreasing performance among misaligned conservative
or liberal subjects was found. Finally, in line with the main results for Hypothesis 5,
no significant decreasing rating performance over aligned individuals’ positions in
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rating groups was present; or increasing performance for misaligned subjects. We
conclude that results from our robustness analyses are similar to those in the main
text - Hypotheses 1, 2 and 4 allowed for identical conclusions, and Hypothesis 3
achieved similar effects despite lack of significance. The lack of significance for H3
can likely be attributed to the fact that fewer messages were considered in the
robustness analysis, and hence that less statistical power was given.

Table 2.4 Regression results Hypothesis 4

Multilevel logit regression on making a correct rating decision

Segregated Segregated
(Liberal first) (Conservative first)

Coef. SE Coef. SE
aligned subject
constant 2.520 *** 0.21 1.430 ™ 0.14
positioni (1-25) 0.015 0.01 0.020 * 0.01
misaligned subject
constant -0.103 0.29 0.880 * 0.41
positioni (26-50) 0.019 * 0.01 -0.008 0.01
N Observations 1.000 2.000
N Subjects 500 500
N Sequences 20 20

The regression models include an individual-level and a sequence-level variance term in the
regression, and standard errors are clustered at the individual level. Only decisions for true messages

with dalign < 05, d_ > 0.5.

Table 2.5 Regression results Hypothesis 5

Multilevel logit regression on making a correct rating decision

Segregated Segregated
(Liberal first) (Conservative first)

Coef. SE Coef. SE
aligned subject
constant -0.988 *** 0.25 -0.914 *** 0.17
positioni (1-25) -0.007 0.01 -0.001 0.01
misaligned subject
constant 0.299 0.48 1.563 *** 0.42
position; (26-50) -0.002 0.01 0.004 0.01
N Observations 1.000 2.000
N Subjects 500 500
N Sequences 20 20

The regression models include an individual-level and a sequence-level variance term in
the regression, and standard errors are clustered at the individual level. Only decisions
for false messages with daiign > 0.5; d > 0.5.
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How homophily can improve
collective decision-making in
diverse teams

This chapter is published as: Stein, J., Frey, V., & Flache, A. (2024). Talk less to
strangers: How homophily can improve collective decision-making in diverse teams.
Journal of Artificial Societies and Social Simulation, 27(1), 14.
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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,
homophilic interactions along shared identity dimensions can hinder information
exchange among dissimilar individuals and threaten successful exploitation 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 profile’ setting where some pieces of
information are known only to single individuals while other pieces of information
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 decisions: 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.
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3.1 Introduction

A large literature on work teams documents that diverse teams have a greater pool
of social, human, and cultural capital translating into a higher potential for team
performance (Phillips & O’Reilly, 1998). Yet, when diversity 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 patterns in diverse teams so
that they enhance team decision-making has become an increasingly important
issue, as a globalized division of labor, rising international migration, and
increasingly diverse workforces have led to a ubiquity of heterogenous decision-
making groups in organizations (S. E. Jackson et al., 1995). Research investigating
how this trend shapes collaborative work processes 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 tasks are complex because a conjunction of
diverse skills and perspectives is expected to enhance team creativity 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 consistently documented that individuals tend to associate

5 Identities satisfying these conditions could be, for example, ethnic identities in a team developing a
product targeted towards a diverse consumer base or team members’ disciplinary identities in a
scientific collaboration.
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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 studies (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 influence 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 extension 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-solving in groups (Estévez-Mujica et al.,
2018): especially in those groups where demographic diversity was high,
homophilous interactions prevented 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 between 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 explore the full spectrum of
possible decisions before exploiting suboptimal knowledge (D. Frey & Seselja, 2020;
J. Wu & O’Connor, 2021; Zollman, 2010). Similar to the opinion dynamics literature,
these works also suggest that ‘transient diversity’ will lengthen the deliberation
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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 diversity 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; Page, 2019; Peters, 2021; Phillips & Loyd, 2006).
Easily observable 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 by helping 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 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 interaction
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 deliberation
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 others with
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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 diversity 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 it is 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 individuals 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 observe 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 affecting team decision making quality, we also
contribute to the hidden profile literature itself. [dentity 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 assessing 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.

3.2 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.
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Figure 3.1 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. Individuals 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 organization, or
different academic disciplines in an interdisciplinary project. For simplicity, we
assume throughout that groups are assumed to be of equal size, i.e, we do not
consider unbalanced group sizes. We also abstract from power imbalances between
agents or the effects of multiple group memberships.

setup hidden profile deliberation dynamic

arguments sender receiver
* initialize
* determine option share argument

quality .

Sheiribie * choose argument * include argument

(common / unique) * choose receiver * update beliefs

* communicate beliefs

team members
* assign group lEpeat

membership
* form initial beliefs activate «— | ho "
* communicate beliefs next sender team

yes | «— | consensus?

|
v

stop

Figure 3.1 Overview of model procedure®

The virtual teams in our model face a decision problem, in that the best option
omax 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 3.1). 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.

6 A detailed representation of the model procedure in pseudocode is included in the replication package at

https://osf.io/76hfm/.
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3.2.1 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 = {aj, az, ..., ai} pertaining to a predefined
set of J decision options O = {03, 02, ..., 0j}. An example of a set of arguments and
decision options is presented in Figure 3.2 A. The set of arguments is fixed,
implementing 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 decision 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 | weights
reflecting the degree to which the argument supports the different decision options,
i.e. ai = {wi1, wiz, ..., wij}. Following the standard assumption 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
that wij € [0,1]. The sum of the weights associated with a decision option determines
its true quality Q; = i w; ;, and the decision option j with the highest quality is the
optimal option, omax.

(A) Arguments (B) Argument distribution in the team
decision options Group g1 Group gz
01 02 03 01 02 03 01 02 03
i o™
ai .76 0 0 2 a .76 2 a3 .63
az| 17 0 . S a 39 % _a 17
1%}
g as .63 g | 76 39 0 Qxj 17 63 0
E 39
%D as .64 01 02 03 01 02 03
~ <
as .55 2 .76 2 a3 .63
Q| 93 102 119 % a5 64 B as 55
qxj | 76 0 .64 qxj 0 .63 .55

* Empty cells represent weights with a value of zero.

Figure 3.2 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.

3.2.2 Unique and common arguments

The last ingredient needed to implement a hidden profile task is concerned with the
initial distribution of arguments across team members. In hidden profile
experiments, participants are provided with so-called ‘common’ and ‘unique’
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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 3.2 B). In this sense, common arguments can reflect certain
disciplinary basics 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 g1 receive C arguments
favoring option o3, agents in group gz receive C arguments favoring option oz, 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 decision 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 profile 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 favored 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’ that is held by single agents but not by
groups. Whether a task is ‘hidden’ and difficult or ‘manifest’ and easy is determined
by whether the optimal option omax 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 either 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 us in 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 dispersed
over agents across groups and must be brought together to outweigh common
stocks of arguments pointing to inferior solutions.
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3.2.3 Argument processing and communication

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

Over the course of the simulation, agents share arguments and update beliefs,
thereby deliberating which option 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 Section 3.6 show that results do not depend on
a sequential activation of agents but are also obtained when agents are activated at
random (see Figure 3.9). The first task of the active agent is to select an argument
she wants to share. Because the agent has limited capacities 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 o] she wants to support. Psychological
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 option j at a
given moment is formalized by Equation 3.1.

e.B* Q_x‘j

j=1

The parameter {3 reflects agents’ adherence to choosing an option of higher versus
lower perceived quality. When 3 — oo, the probability of choosing the option with
highest perceived quality approximates one while probabilities of choosing other
options are zero. When f3 is one, an option is chosen with a probability proportional
to its perceived quality. When f3 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 determines 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 3.2.

ﬁ* Wi,j*
pai (32)

Z§=1 eﬁ* Wi!j*
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Again, the f 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 3.1 and Equation 3.2 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.

3.2.4 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 homophilic 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 h which ranges from zero to one. The
greater h, 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
receiving agents Y = {y1, y2, ..., yn - 1}. Each agent y« is assigned a similarity value sk,
which takes on the value of h / 2 + 0.5 if sending and receiving agent share the same
identityand 1 - (h / 2 + 0.5) otherwise. Exactly one of the other members of the team
is chosen as recipient, where the probability of choosing agent yx as the receiving
agent is given by Equation 3.3.

Py = Ten (3.3)

When h = 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 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 ¢t 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 (¢t = 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

59



Chapter 3

agree on the best option if a simulation runs long enough. However, as we will show,
italmost 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.

3.3 Setup of simulation experiments

To investigate how homophily affects decision-making quality, we vary homophily
while holding all other parameters constant. For each homophily level, we simulate
5,000 teams and observe how often they obtain optimal consensus and how long it
takes them to reach consensus. Homophily is varied from h = 0 to 0.9 in steps of 0.1.
Between h = 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 atall (h = 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 concerns 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
preferred before and after a change. Our third question is whether our model is
consistent with previous claims that bounded interactions increase discussion time
(D. Frey & §e§e1ja, 2020; J. Wu & 0’Connor, 2021; Zollman, 2010). Hence, we track
the number of iterations needed until a team reaches consensus and compare
iteration numbers 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 teams in which arguments from both groups have to be
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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 decision-making quality when discussion time is limited.
To elucidate this question, we present the fraction of teams with high versus no
homophily that have reached optimal consensus, any consensus or no 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 3.1. 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 splitinto M = 2 groups, reflecting a setting where
relevant identities proxy a binary. In robustness analyses reported in Section 3.6, we
also present findings for multigroup settings (M > 2). A total of ] = 3 decision options
is chosen and, given the distribution of common 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 possible decision alternatives, Section 3.6 includes robustness
analyses of the effects of homophily on decision quality for J > 3. A total 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 € = 3 common arguments. There are thus 18
arguments - 2 groups * 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 - Section 3.6 reports on extensive robustness
analyses in which we vary the number of I arguments, C common arguments, N team
members and adherence values (3.

As a further check of our results, we also apply our model to a situation where
optimal solutions are not ‘hidden’ 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
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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.

Table 3.1 Overview of parameters (excluding variations for robustness analyses in
Section 3.6)

parameter description values used in simulation
N number of team members 6
M number of groups 2
1 number of arguments 18
Ji number of decision options 3
C number of common arguments per group 3
B adherence- to selecting stronger arguments and 35
better options (perceived)
h homophily 0-0.98
3.4 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 3.3 A shows, more teams form consensus on the optimal option as homophily
levels increase and agents tend to interact less with team members with a different
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. Considering 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.

62



% teams with consensus on ...
0 10 20 30 40 50 60 70 80 90100

| N N I N T S N N |
/

median number of interactions

0

600

100 200 300 400 500

option choice

optimal option

second option

— ——'= worst option

0 2 A .6 .8 1
homophily

discussion time

consensus on option ... '
optimal option

second option

— ——'= worst option

L

o
(V)

4 .6 .8 1
homophily

50 60

30 40

% of all belief changes
20

10

0

D

% teams with optimal consensus

80 low" 80 high2
70 n=o 70-
h=09

60 60 -

50 50
40 40

30 30-

20 20

101 101

0 0

Homophily in diverse teams

belief changes

belief changes about which option is best
second-best to optimum

—— — = worst to optimum
— — - worst to second-best

— — — second-best to worst
optimum to second-best
optimum to worst

I

0 2 4 6 8 1
homophily

intragroup argument potential

1no group can infer the optimal option without arguments from the other
2at least one group can infer the optimal option without arguments from the other

Figure 3.3 Option choice, belief changes and discussion time by level of homophily

The explanation provided here implies that as homophily increases and
interactions between members of different groups become less likely, fewer agents
should change their belief towards finding the second-best option optimal.
Figure 3.3 B 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 h =0 and h = 0.98. Similarly, since homophily limits communication
between groups both ways, fewer arguments supporting the worst option 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
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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 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?

3.4.1 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 3.3 C 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
comparison 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 members in 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 3.3 D
supports this conjecture, showing how homophily increases the share of teams with
optimal consensus to a great extent (i.e., from 51 % with h = 0 to 71 % with h = 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
consensus, 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. Altogether, 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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3.4.2 Homophily is crucial when tasks are especially difficult

In Figure 3.3, 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 option. 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 difference 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 3.4 A, we present the percentage of homophilous versus non-
homophilous teams with optimal consensus 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 and the worst option, on the other hand, lead to
lower proportions of optimal consensus. Comparing the fraction 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 explanation and shows that the positive effects of
homophily we observe generalize to a wide set of different combinations of option
quality.

However, Figure 3.4 B 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 especially 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.
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3.4.3 Homophily facilitates optimal intragroup consensus

The results from Figure 3.3 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, Figure 3.5 shows 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

7 Data grouped by quintiles of the distribution of distances scores to ensure that each cell represents at least
200 observations.
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group when homophily is high (dashed lines in Figure 3.5). This finding aligns with
previous results that homophily facilitates optimal consensus within a group
without influence from the other group (compare Figure 3.3 D). 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.

cumulative distribution of discussion time

1

— — — — in any group
team-wide

0 10 20 30 40 50 60 70 80 90100

% teams with optimal consensus ...

T T T
10 50 200 1000 5000
interactions (log scale)

Figure 3.5 Discussion time until the first occurrence of optimal consensus in
any group (dashed lines) and until optimal consensus in the whole team (solid
lines), by homophily level

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 at
t=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 despite 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 occur. 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 in
the other group, enabling them to establish a strong belief that another (suboptimal)
option is best. As discussions go on, the group with optimal consensus fails to receive
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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.

3.4.4 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 3.6 A 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 3.6 B). 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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Figure 3.6 Option choice and discussion time in manifest profiles

Altogether, our analyses reveal that in hidden profiles, homophilous interactions
along common group identities substantially improve collective decision-making
quality. Additional robustness analyses reported in Section 3.6 reveal this result to
be remarkably robust. When profiles are manifest, disadvantages in decision quality
are limited. In both profiles, higher levels of homophily prolong discussion time,
especially at the upper end of the homophily parameter range.

3.5 Discussion

Our model identifies homophilic interactions in diverse teams as a key factor to the
quality of a team consensus 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
discussions 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). However, 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
all information had been created prior to the task, its distribution could lead to
unfavorable situations in which non-homophilous interactions resulted in
suboptimal decisions. Extensive robustness analyses reported in the following
section reveal that this finding extends to different team sizes, argument
distributions, and multigroup settings.

Our results thus run contrary to expectations suggested by the opinion dynamics
literature - namely, that homophily will undermine team functioning. Regardless,
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our simulations feature two central commonalities with prominent opinion
dynamics models (Flache etal.,, 2017; Hegselmann & Krause, 2002; Mas etal., 2013):
homophilic interactions prolong discussion time, and they produce disagreement.
Different from opinion dynamics research, however, disagreements had a
transitionary character that eventually enabled better decisions. 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 factions
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 homophilic encounters on endogenously changing interaction
preferences based on beliefs. While this may result in unresolvable disagreements,
the necessity to study alternative means for making decisions arises. A common
approach in real-world teams is to rely on voting procedures and other aggregation
rules when failure to obtain consensus is immanent (Levy, 2007). Hence, studying
decision quality while assuming 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 performance.

Considering that in our model, individuals truthfully communicate the
information they consider most valuable 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 profiles identify
anchoring heuristics, 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 homophily 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; Wittenbaum
etal, 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 interactions could
again provide a crucial mechanism to improve deliberation tasks that would
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otherwise have been dominated by the group with the greatest influence. This
notion is supported by robustness analysis included in Section 3.6, 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 homophilic interaction 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 diversity 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 phenomena 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 (A.
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 decision, it is important to note that homophilous
interactions may have other, unintended consequences. Limiting interactions
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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 & Mais, 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
intervention 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 provides 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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3.6 Appendix

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 3.7, we measure
discussion time and the fraction of teams obtaining optimal consensus under high (h
= 0.9), medium (h = 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 3.7, Panel A shows that regardless of the number of total available
arguments I, homophily improves decision 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 arguments. 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.

From Figure 3.7, 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 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 3.7, Panel C we show that the positive effect of homophilous interactions
on decision quality persists under a rising number of available decision options J. To
ensure that each decision option had a constant number of available arguments
pertaining to it, we increased the number of total available arguments by six in each
additional option (hence, I =] * 6). As ] 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 members’ sets of unique
arguments and weakens the correlation between initial beliefs and group
membership. This weakens the effect of keeping groups separate. Additionally,
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greater ] 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.
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Figure 3.7 Optimal consensus-making and discussion time for variables I, C, /, N, M and
under high, intermediate, and no homophily

Figure 3.7, Panel D confirms that homophily improves decision quality
irrespective of the number of team members. 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 available arguments / and common arguments per group C are kept
constant, each agent holds fewer unique arguments relative to their common
arguments. Similar to the effects found in Figure 7B, 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 3.7, Panel E shows that homophilous interactions increase the fraction of
teams with optimal consensus also when more than 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
information different from those of other groups, we added one additional decision
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option with each group, and six arguments with each option (hence, N = M * 3;
J=M+1andI=]*6). As the number of groups and decision 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 3.7, Panel F reveals robust homophily effects under varying levels of the
adherence parameter 3 by which agents select a decision option to support and an
argument favoring this option. The homophily effect is smaller at low levels of f3,
which is due to a ceiling effect. Most teams reach optimal consensus also in the
absence of homophily. The high fraction of teams with optimal consensus results
from the fact that lower [ values result in an increasingly random selection of
arguments. This helps optimal unique arguments to be uncovered. High 3 values, on
the other hand, cause quasi-deterministic sharing of arguments that support agents
initial yet inferior beliefs. Discussion time is maximal when 3 is lowest because
randomly selected arguments allow for greater diversity in beliefs, which prevents
consensus and delays the deliberation process. Discussion time slightly increases
again at high (3 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.
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Figure 3.8 Optimal consensus-making and discussion for teams of
unbalanced group sizes under high, intermediate, and no homophily

Figure 3.8 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

75



Chapter 3

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 initially
supporting the second-best option is large. This is 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.

Lastly, Figure 3.9 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 3.3 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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Perceived cognitive differences
facilitate complex social learning

This chapter represents joined work with Vincenz Frey and Maxime Derex. A revised
version of it is under consideration at an international journal.
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Abstract

Humans learn from each other, enabling them to innovate tasks by integrating their
own approaches with those of others. Ample literature shows that individuals are
more likely to observe and integrate unfamiliar practices if they come from people
who are similar to themselves. Here we conjecture that this is indeed true when
strong identities inflate the perceived competence of ingroup peers and lead to the
rejection of behavior of dissimilar others. However, if comparisons are made along
cognitive characteristics instead, dissimilarity can create expectations of novelty and
individuals preferentially learn from those who are different from themselves. We
test our expectations in a preregistered experiment in which 859 individuals
develop suboptimal approaches to a problem-solving task and are subsequently
exposed to the behavior of a fictional demonstrator. The demonstrator pursues a
different but likewise suboptimal approach; and participants can learn to optimize
their approach by integrating it with that of the demonstrator. A 2x2 experimental
design varies whether observed behavior comes from a demonstrator with shared
or dissimilar characteristics, and whether (dis-)similarity relates to ideological
leaning or the outcome of a bogus ‘cognitive style test.’ Participants optimized their
approach most often after exposure to someone with a different ‘cognitive style,’
even though participants expected to learn most from an ideologically similar peer.
Participants also indicated a preference to observe ideologically similar and
cognitively dissimilar sources. Our findings challenge the common assumption that
people learn best from those who are similar to them, suggesting that perceived
cognitive differences can create expectations of novelty and foster observational
learning.
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4.1 Introduction

Humans are avid social learners and solve problems by integrating their own
approaches with those of others (Derex & Boyd, 2016). And yet, successfully
bringing together different practices can be difficult to achieve. Not only does any
recombination involve greater complexity than simple copying. It also involves
potentially many trial-and-error attempts, and it forces individuals to closely
observe others’ behavior. Humans have limited attention and cognitive resources,
making observation costly. This makes them often reluctant to study some else’s
behavior in the first place. Anchoring heuristics pull individuals to remain with
approaches they deem ‘good enough’ (Furnham & Boo, 2011), and risk aversion
keeps people from exploring alternatives, especially when their performance is
difficult to observe (Kahneman & Tversky, 2012). Hence, individuals frequently rely
on heuristics and proxies in their choice to pay close attention to someone else’s
behavior or not. A prominent proxy in this choice are other, easily observable
characteristics of the person demonstrating new behavior, and how they relate to
the observer.

A wide range of literature shows that similarity between demonstrator and
observer fosters attention, even if this similarity is unrelated to the task at hand.
Humans seem to preferentially learn from and adjust their behavior towards others
with shared attributes (Smaldino & Velilla, 2025). From a very young age, children
are more likely to mimic same-gender peers (Chartrand & Lakin, 2013), and
preferentially learn languages from people with the same native dialects (Kinzler,
2021). A bias towards similar others continues among adults, who learn cultural
knowledge from same-age peers (Reyes-Garcia et al., 2016), place more trust in the
buying offers of sellers with the same ethnicity (Levine et al., 2014), and are more
easily swayed by same-partisan peers to correct their false interpretations of climate
trends (Guilbeault et al., 2018).

Reasons for the widespread prevalence of similarity-biased social learning can be
summarized as follows: The first reason relates to the expected usefulness of new
behavior. Individuals often navigate complex and challenging environments, and
these environments can differ from person to person (Aoki & Feldman, 2014; Boyd
& Richerson, 1988; McElreath et al, 2013). Likeness on some trait can be an
indication that someone else’s behavior will be applicable to oneself. Say that, for
example, an individual needs to decide what game to hunt. By observing the hunting
strategies of others with similar traits, such as their equipment or physical
condition, the person tries to maximize chances that the observed strategies will
also be successful for themselves.

Second, aligning behavior often comes with coordination benefits (Ellison, 1993).
For example, speaking a certain language is only useful if one’s interaction partner
also understands and speaks it. Higher probabilities of interaction often correlate
with shared social categories, such as gender or ethnicity (McPherson et al., 2001).
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Provided that shared categories imply increased chances of interaction, this can be
a reason to learn behavior from similar others and adopt it accordingly (Cooper,
1999). In the same line of reasoning, increased interaction chances can also facilitate
adaptation towards mutually cooperative behavior (Efferson et al., 2008; Gross et
al, 2023; M. A. Nowak, 2006), implying that interactions with members of the same
category are less likely to be exploited.

In addition, social-psychological factors can influence the decision to dedicate
attention to similar others. We like to think of ourselves positively, and, by extension,
of those we have much in common with (Tajfel, 2010). This can make others with a
shared identity appear more competent, and hence individuals will have greater
expectations that their solutions are successful and viable. This is demonstrated by
a large experimental literature on social identity (Ellemers et al, 2002) and
conformity (Cialdini & Goldstein, 2004), showing that even arbitrary and ad-hoc
categories can lead to favorable evaluations of (similar) ingroup members and the
devaluation of dissimilar others.

However, similarity-biased social learning can also have drawbacks. Because
many of the tasks we face are complex and multi-faceted, they involve a wide range
of possible solutions and oftentimes require costly trial-and-error to improve
(March, 1991). Limiting one’s observation to the behavior of similar others makes
adjustments less risky, but it will also mean that not all approaches are considered.
In the long run, and as research on polarization shows (Bail et al., 2018; Hegselmann
& Krause, 2002; Mas & Flache, 2013), preferential interactions with similar others
can lead to clusters with correlated opinions, preferences, and behaviors (DellaPosta
et al, 2015) and hinder the transfer of potentially valuable knowledge and skills
(Ertug et al,, 2022). Hence, clusters often represent stable local optima because an
existing array of solutions is ‘good enough’, while finding a better one would involve
searching and adjustment without a guarantee of success.

Yet, the very fact that behavior often tends to cluster in individuals with shared
characteristics could also be a reason to strategically seek out different individuals
instead. If people associate the categories they belong to with certain behaviors -
which is a frequent assumption among humans (Schultner et al., 2024) - they may
deduce that observing someone similar to them renders redundant interactions.
Observing dissimilar individuals, on the other hand, could be a way to gain access to
valuable behaviors that are not available in the local environment. In other words,
someone’s different characteristics could be used as a proxy for learning potential
and novelty (Homan et al.,, 2007); and positively influence willingness to observe
their solutions. Such a strategy should also be favorable over individual trial-and-
error, which offers the most opportunities for novel exploration, but also renders a
high risk of failure (Lazer & Friedman, 2007; McElreath et al., 2013).

Nevertheless, few studies investigate whether perceiving someone as different
can enhance openness to learn from them. Studies on dyadic influence show that
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status discrepancies (V. Frey et al.,, 2024), and reputation effects (Baldini, 2013)
enhance influence, but these imply a hierarchical difference between sender and
receiver. Individuals listen to others because they have information making them
appear more successful or competent, and not simply ‘different’ from themselves.
However, some experiments on group decision-making suggest that visible
differences could enhance learning: Phillips (2003) and Phillips & Loyd (2006)
show that demographic differences make it more likely that novel information is
taken seriously and not ignored or forgotten, and work on mock jury trials
(Sommers, 2006) demonstrates that racially diverse groups exchange a wider range
of information and make fewer errors. Similarly, Antonio et al. (2004) find that
ethnic minority members have a positive influence on how much information groups
can remember and consider simultaneously. It hence appears that demographic
differences help to surface a diverse array of information, which in turn has a
positive influence on the decisions groups make. However, these works focus on the
role of information exchange, demographic differences and discussion quality in
groups, leaving unaddressed if people seek out and preferentially learn from
dissimilar others to adjust their behavior in response to an individual problem as
well.

In this study, we theorize that dissimilarity can indeed foster behavioral
adaptation, but only if observed differences lead to expectations of learning
potential. The mechanism for this is as follows: in complex environments that are
difficult to navigate, people anticipate that others pursue strategies that may be
complementary to their own. In the absence of immediate indicators of
performance, individuals rely on easily observable characteristics to build beliefs
about the viability of their behavior. If people connect someone’s characteristics
with the strategies they pursue, dissimilarity will lead to expectations of novelty, and
they will observe this person more closely. Similarity, on the other hand, will lead to
expectations of redundancy and diminish the attention paid to that person. The
argument we make here connects to earlier research on small group research,
suggesting that visible diversity stimulates people to think in unfamiliar ways
(Homan et al., 2007; Phillips, 2003; Phillips & Loyd, 2006).

Our conjecture rests on two important scope conditions. Dissimilarity-biased
social learning should mostly occurs in situations where payoffs do not depend on
strategic interaction with others. Otherwise, similarity may be associated with
frequent interaction and more cooperative behavior, and the expected advantages
arising from aligning behavior with ingroup peers can outweigh potential benefits
of learning from dissimilar others. Second, it must be clear that observable
characteristics do not influence the payoffs a behavior generates. If a certain
approach is only viable for someone with specific characteristics (say, the physical
condition to engage in hunting of a certain animal), then the behavior of dissimilar
others will be ignored.

81



Chapter 4

We also argue that even under the above scope conditions, dissimilarity-biased
social learning will not always be present. Namely, if observable characteristics are
tied to a strong notion of social identity, outgroup devaluation makes dissimilar
others appear less competent and overpowers associations of behavioral novelty. If
someone upholds positive stereotypes about their ingroup - for example, that they
are decent and sensible people - and negative stereotypes about an outgroup - that
they are irrational people whose actions are driven by false beliefs — then they will
brush off unfamiliar behavior from dissimilar others as nonsensical and ignore it.
This conjecture integrates research on identity-based social learning (Guilbeault et
al,, 2018; Zou & Xu, 2023).

Our aim is to empirically compare the conditions under which behavioral
adaptation becomes similarity-biased versus dissimilarity-biased. In doing so, we
integrate two competing strands of literature and shed new light on the occurrence
of social learning. We test our expectations in a preregistered task where
participants must learn to navigate an unknown two-dimensional environment.
They are first led to develop suboptimal approaches and are subsequently exposed
to the behavior of a fictional demonstrator who pursues a different but likewise
suboptimal approach. Through close observation and trial-and-error, participants
can realize the flaws in their own and the demonstrator’s behavior and optimize
their approach. As outlined in the next section, a 2x2 experimental design varies
whether the behavior is demonstrated by someone with shared or dissimilar
characteristics, and whether (dis-)similarity relates to an identity-based category or
‘cognitive traits’ that could be linked to their behavior. Identity is represented by
political ideology, which is known for its strong connection to affective devaluation
of opposite-partisan others (Iyengar et al., 2019; L. Mason, 2018; West & lyengar,
2022; Westfall et al.,, 2015). Cognitive traits are based on a fictional ‘cognitive style’
test that uses image recognition, and was designed specifically for the context of this
study. The outcome of the cognitive style test aims to maximize associations that it
is related to someone’s behavior, while simultaneously giving no indication of overall
performance. The actual behavior of the demonstrator was kept constant across
conditions, giving all participants equal opportunities to learn from the
demonstrator. In the Results section, we compare across experimental treatment
how often participants integrated their own behavior with that of (dis-)similar
others, thereby optimizing their approach. The Discussion section compares our
findings in light of existing research.

4.2 Experimental design

Testing our expectations requires a controlled comparison of two aspects: first, a
social learning task in which demonstrator characteristics imply a strong,
preconceived notion of group identity on the one hand versus novel characteristics
that could be linked to a behavioral strategy. The second aspect involves a
comparison of learning from dissimilar versus similar others. We implement both in
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a 2x2 preregistered experimental design with 859 US participants recruited via
Prolific.8 In the first phase of the experiment, participants were exposed to a stream
of experiences that led them to develop suboptimal and stable solutions to a
problem-solving task which we adapted from Rich & Gureckis (2018). In the second
phase, participants continued with the same task but could observe the behavior of
a fictional demonstrator pursuing a complementary approach to their own. The
demonstrator possessed characteristics that made them similar or dissimilar to the
participant, and these characteristics either related to the outcome of a bogus
‘cognitive style test’ or self-reported political ideology (liberal / conservative). A
final phase measured whether participants optimized their approach or failed to
integrate the information provided to them.
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Figure 4.1 Task and procedure. We instructed participants to ‘approach friendly aliens and
avoid hostile ones’. Approaching friendly (hostile) aliens resulted in financial reward
(punishment), avoiding aliens did not affect payment. Aliens were only hostile if two features
were present (A). Participants developed behaviors where they avoided all aliens where one
hostile feature was present (B). We introduced a demonstrator with dissimilar (Cond. A) or
similar characteristics (Cond. B). The demonstrator avoided all aliens with the second hostile
feature and approached aliens if this feature was not present (C). Through close observation,
participants could integrate behaviors and learn to only avoid aliens with both features (D).

8 Preregistration, survey and replication package available at:
https://osf.io/fjtac/?view only=d1e9be0558b9443cac7490cfc9b9e985
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4.2.1 Participant recruitment

We recruited 1600 US participants by posting a targeted advertisement on the online
crowd working platform Prolific. To maximize reliability of ideological identity, we
only invited participants with the following criteria: they either had to have voted
for Donald Trump in the 2020 US national election, identified as conservative and
considered themselves republican (25% of the sample, or 400 participants), or they
had to have voted for Joe Biden, identified as liberal, and considered themselves
democrats (75%, 1200 participants). Ideological leaning was checked and verified
during the experiment (see ‘Experimental conditions’). The study was advertised as
a ‘Task about pattern recognition and learning’ Upon arrival at our experimental
platform, participants received instructions and gave informed consent.

4.2.2 Approach-avoid task

The study consisted of an approach-avoid task adapted from Rich & Gureckis (2018).
We showed participants pictures of fictive creatures we called ‘aliens’, one picture at
a time, and let them decide to avoid or approach the alien by clicking on a
corresponding button. As illustrated by the left side of Figure 4.1 A, participants
were instructed to approach friendly aliens, in which case they were rewarded 2ct,
and avoid hostile aliens, in which case their bonus payment stayed unaffected. If they
approached a hostile alien, we subtracted 6¢ct from their bonus payment. Whenever
a participant approached an alien, they were immediately informed about whether
the alien was friendly or hostile. We did not reveal if an alien was friendly or hostile
if participants avoided an alien. Aliens differed along three binary dimensions
(antennae or hat, two or four arms, three or two eyes). One dimension was selected
as irrelevant. The other two dimensions made an alien hostile if a combination of
two specific features was present, for example, four arms and hats; otherwise, the
alien was friendly (Figure 4.1 A, right side). Hostile features and relevant dimensions
were selected at random. Through trial-and-error, participants could learn to
recognize the features that made an alien friendly or hostile and thereby improve
their bonus payment.

Participants were compensated with $2.00 upon successful completion, plus a
bonus payment according to performance between $0.00 and $1.20. The study was
approved by the ethics committees of the University of Groningen and the review
board of the Institute of Advanced Studies, Toulouse. Data were collected between
December 2, 2024 and January 10, 2025.

4.2.3 Learning traps

Participants made approach/avoid decisions on maximally eleven ‘blocks’ of eight
aliens each. During the ‘private learning phase’ consisting of the first five blocks,
participants developed ‘learning traps’ (Rich & Gureckis, 2018): that is, they
identified one feature that had to be present for an alien to be hostile but failed to
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identify the second feature (Figure 4.1 B). Learning traps serve as a persistent and
common representation of behavior that is not optimized but stable (Liquin &
Gopnik, 2022; Spreng & Turner, 2021): Individuals avoid all hostile aliens (where
both features were present) but also avoid some friendly aliens where the first
feature is present but the second is not. Because avoiding aliens means that their
nature remains unknown, participants do not learn that some are in fact friendly.

The first two blocks were designed to lead participants into a specific learning
trap: In these blocks, we excluded aliens where the first hostile feature was present,
but the second one was not. Because of this, participants were exposed to a stream
of experiences where aliens were always hostile when the first feature was present,
and therefore quickly arrived at the impression that this was the only feature that
mattered. In all subsequent blocks three and following, we presented aliens in a
random sequence without replacement such that each block featured all 8 different
aliens. We classified behavior as consistent with a learning trap when a participant
avoided all aliens with one relevant feature and otherwise approached aliens for 8
out of 8 decisions within one block. If a subject’s behavior was consistent with a
learning trap in block three or four, they immediately continued with block six.

4.2.4 Experimental conditions

Prior to block six, each participant was told that they would be ‘matched with an
earlier participant’ [i.e., a fictional demonstrator], shown ‘what decisions the earlier
participant made when they encountered the same aliens as you’ and that ‘in some
cases, observing their behavior could help you earn a higher bonus’. Before being
exposed to the demonstrator’s behavior, participants indicated their political
ideology and took part in a ‘cognitive style test. Representing experimental
conditions, we later used ideology and the outcome of the test as characteristics that
would make participants similar or dissimilar to a demonstrator. Cognitive style was
measured by presenting participants with an ambiguous image of the rabbit-duck
illusion® and asking them what they saw first in the picture (a rabbit or a duck). We
instructed participants that cognitive style was “related to how people perceive
patterns in the alien task” but left them otherwise uninformed about demonstrator
performance. We assessed political ideology using a standard 7-point self-
identification question ranging from ‘extremely conservative’ to ‘extremely liberal’
(ANES, 2020). Participants whose self-reported ideology did not match their pre-
screened ideology were excluded from the study.

We then assigned participants to experimental conditions at random and as
illustrated in Figure 4.2. In condition 1A, we told participants that the demonstrator
had a ‘different cognitive style’ as themselves, and in condition 1B that the

9 The rabbit-duck illusion is a popular ambiguous image dating back to the late 19t century. For our
experiment, we used a modern and less well-known adaptation available at
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demonstrator had the ‘same cognitive style’. In doing so, we exposed participants to
cognitive characteristics that could either be associated with behavioral novelty or
redundancy. In condition 2, the demonstrator either had a different political
ideology than the participant (Cond. 2A), or the same ideology (Cond. 2B).

We subsequently presented participants an information screen with the
characteristics of the demonstrator. The screen was followed by an ‘exposure phase’
with blocks six to nine, in which we exposed participants to the behavior of the
demonstrator, along with a graphical representation of their own and the
demonstrators’ characteristics. Demonstrator behavior was chosen such that it was
consistent with a different learning trap, i.e. focused on the second feature the
subject had not yet identified. For example, and as illustrated in Figure 4.1, if a
participant avoided all aliens with hats, the demonstrator avoided all aliens with
four arms. Following close observation and further trial-and-error, participants
could recognize their own learning trap and that of the demonstrator. Integrating
their own approach and the demonstrator’s approach enabled participants to
optimize: i.e., avoid all hostile aliens but approach all friendly aliens. Experimental
procedures, including the demonstrator’s behavior, were identical across conditions.
Only the demonstrator’s characteristics were varied.
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Figure 4.2 Experimental conditions. Participants completed a fictional
‘cognitive style test’ and self-reported their ideology (left side). They were
then matched with one of the four different demonstrator types (right side),
representing experimental treatments.

4.2.5 Optimization

The final two blocks 10 and 11 represented an ‘assessment phase’ in which we
measured whether a participant successfully integrated their own approach with
the approach of the demonstrator. These blocks included no information on the
behavior of the demonstrator and assessed if the subject correctly identified the
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combination of two features that would negatively affect their payment
(Figure 4.1 D). We classified behavior as optimized if participants identified 8 out of
8 aliens in one block correctly. Participants could finish the experiment early if they
optimized their approach from block 8 onward, in which case they were directly
routed to a study completion page informing them about their payment. After the
study, a detailed debriefing informed all participants that the demonstrator was not
areal person and that ‘cognitive style’ was a fictional concept.

4.2.6 Sample of analysis

We aim to assess when individuals integrate their own suboptimal behavior after
observing the behavior of someone else. This requires that individuals developed a
suboptimal solution on their own in the first place, which was not the case for all
participants. As pre-registered, we therefore restrict the final sample of analysis to
those participants who had identified a suboptimal solution before they were
exposed to information about the demonstrator’s behavior. That is, for participants
to be included in our sample, they had to have developed the specific learning trap
we designed for them prior to block six: they avoided all aliens with the first of the
two relevant features that made an alien hostile and otherwise approached all aliens
for 8 out of 8 decisions within one block. This was the case for 859 out of 1600
participants recruited for the task. Of the remaining 741 participants, 180 optimized
early, meaning that they identified both relevant features before being exposed to
the demonstrator. 77 participants developed an ‘unintended’ learning trap, i.e., they
identified the second hostile feature instead of the first, which meant that
participant behavior was identical with demonstrator behavior, rendering exposure
to the latter redundant. 471 participants followed no discernible approach, and 13
were excluded because they failed to verify their pre-screened ideology correctly,
tried to participate twice, or had implausible completion times.

In the final sample of analysis, average completion time was 10 minutes and 55
seconds. Participants made decisions on 68 aliens on average and were correctin 79
percent of their choices. At an average bonus payment of $0.66 and $2.00
compensation for successful completion, mean hourly compensation was $14.63.
The median age of the sample was 38 years and 57 percent identified as female.
Participant demographics in the final sample were statistically indiscernible from
the 741 individuals who were not included in it.

4.2.7 Data quality

We undertook the following steps to ensure high data quality. First, we only
recruited online participants with an approval rating above 99 percent, meaning
that they had to have completed nearly all of their previous tasks on Prolific
successfully. Second, we included timers on all instruction screens to avoid that
participants did not read them carefully. Third, we verified participants’ political
ideology on our experimental platform, excluding individuals whose pre-screened
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ideology did not match their ideology when we asked them again. Fourth, we
included an attention check during the experiment, asking participants in block
seven if they could recall the decision of the demonstrator to approach or avoid the
alien they were previously exposed to.

In line with our preregistration, the final sample of analysis also included
participants who failed this attention check, which was the case for 14.4 percent of
participants. This was done to exclude the possibility that we falsely excluded
participants who executed their task carefully but had decided to disregard
demonstrator behavior either because of their characteristics, or because they were
completely immersed in their learning trap. For sensitivity reasons, Section 4.5.2
presents the main analyses without participants who failed the check, showing that
results stay similar and retain their significance at conventional levels.

4.3 Results

Figure 4.3 presents an overview of participant behavior in our final sample of
analysis, pooling across experimental conditions. 859 participants developed a
learning trap before the end of the private learning phase, i.e. they identified one
feature that indicates hostility before block six, avoiding all aliens with that feature
and approaching aliens otherwise. 495 of these participants retained their learning
trap at the end of the experiment (57.6%) and were not influenced by the
demonstrator. During the exposure phase in blocks six to nine, between 6.9 percent
and 8.9 percent of participants left their learning trap and instead adopted the
demonstrator’s approach. However, this behavior shrunk back to 2.4 percent in the
assessment phase, suggesting that participants either copied the demonstrator
without learning the behavioral rule behind it, or returned to their own learning trap
because they failed to integrate approaches.

Optimized behavior started to appear among 12.1 percent of all participants at
the start of the exposure phase and rose steadily to 30.7 percent at the end of the
experiment. It persisted after demonstrator behavior was made unavailable during
the assessment phase (block 10 onwards), suggesting that some participants
understood the two-feature rule that made aliens hostile and did not simply use an
intuitive combination of demonstrator behavior and their own. Within the context
of our experiment, exposure to demonstrator behavior was sufficient to interrupt
stable learning traps and led to optimization among almost one third of participants,
even though the demonstrated behavior was not optimized itself.

As preregistered, we compare optimization after exposure to similar versus
dissimilar demonstrators, and separately for the cognitive style conditions and the
ideology conditions. If participants associated cognitively different and ideologically
similar demonstrators with learning potential, and observed them more closely,
then this is where optimization would occur most frequently. Figure 4.4 A provides
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an overview of this comparison. Unless indicated otherwise, test results are derived
from two-sided randomization tests.

In line with our expectations, more participants optimized after exposure to
a cognitively different demonstrator (36.7%), as compared to only 25.1 percent of
participants who optimized after observing a cognitively similar demonstrator
(p=0.006, N = 426). Keeping in mind that demonstrator behavior was the same
across conditions, this shows that an indication of cognitive dissimilarity tipped
participant behavior towards close observation and subsequent optimization.
Ideological (dis—)similarity, on the other hand, did not affect how often participants
integrated observed behavior: More participants optimized after being exposed to a
demonstrator with a similar as opposed to a different ideology (32.5% versus
28.3%), but this difference was not statistically significant (p =.41, N = 433).

To gain more insight into the mechanism behind observational learning from
(dis- )similar others, we implemented two additional measures. First, we asked
participants to indicate their agreement to the statement ‘I think that I can learn
something from the earlier participant’ [i.e., the demonstrator] after being exposed
to the demonstrator’s approach/avoid decisions for one block (i.e., 8 aliens). If
cognitively dissimilar and ideologically similar demonstrators are perceived as more
competent, more participants would agree they can learn from them. Similar to our
analysis of optimization, we compare perceived learning potential separately for the
cognitive style conditions and the ideology conditions.
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Figure 4.3 Overview of participant behavior. Participants developed learning
traps during the private learning phase. Optimization started shortly after the
introduction of a demonstrator in the exposure phase. In the assessment phase,
demonstrator copying diminished when participants made decisions without
access to the demonstrator’s decisions, while optimized approaches persisted.
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Figure 4.4 B shows that, as expected, participants more often agreed or fully
agreed if they were exposed to an ideologically similar demonstrator as opposed to
a demonstrator from the opposite ideological camp (48.7% versus 37.6%, p = 0.025,
N =433). This was the case even though demonstrator behavior was identical across
conditions, underpinning that ideological differences alone were sufficient to impact
impressions of competence. A greater proportion of participants (fully) agreed that
they could learn from a demonstrator with a different rather than a similar cognitive
style (53.0 versus 46.0 percent), though the result did not reach statistical
significance (p =.168, N = 426).

Second, before exposing participants to the demonstrator, we asked them if they
preferred ‘to be matched with someone with the same cognitive style or a different
cognitive style’, and someone ‘with the same ideology or a different ideology’
According to our proposed mechanism, participants would prefer a cognitively
dissimilar and an ideologically similar demonstrator if they expected greater
learning potential from them. Because demonstrator preferences were indicated by
all participants before the exposure phase, and independent from randomized
condition assignment, we simply test over the whole sample if preferences were
statistically different from chance.
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Figure 4.4 Dissimilarity-biased social learning arises from perceived cognitive
differences but not from ideological differences. Participants optimize their solution
more often after being introduced to a cognitively different demonstrator (A). They also
attribute greater learning potential to ideologically similar peers (B) and prefer learning
from cognitively different and ideologically similar demonstrators (C). n.s.p = 0.05,
*p <0.05,*p<0.01,* p<0.001.
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As illustrated in Figure 4.4 C, the majority of participants (60.7%) preferred a
demonstrator with a different cognitive style over one with the same style (Ho X =
50%; p < 0.001, N = 859). For political ideology, the pattern reversed: Only 33.4
percent preferred a demonstrator from the opposite ideological camp (p < 0.001, N
= 859). Considering that participants were incentivized to make correct decisions
and told that the demonstrator could be helpful in earning a higher bonus, this
finding suggests that they projected greater financial rewards onto learning from
cognitively different others and ideologically similar peers.

We then tested if higher rates of optimization in the cognitive dissimilarity
condition were independent from whether participants’ preferences were met,
which is important for the following reason: Figure 4.4 C showed that most
participants preferred ideologically similar others. Hence, due to random
assignment, more participants in the cognitive dissimilarity condition (1A) had their
preferences fulfilled than in the cognitive similarity condition (1B). This could have
led to a larger number of disappointed participants in the cognitive similarity
condition, spuriously causing lower rates of optimization. We tested this possibility
with a logistic regression on the sample of participants in the cognitive style
conditions (N = 426). Optimization was the dependent variable, and met preferences
and similarity treatment were the independent variables. The analysis revealed no
significant effect for met preferences (3 =-.07, p =.743) while the effect of cognitive
similarity persisted ( = -.57, p = .011). This shows that cognitive dissimilarity
fostered optimization, irrespective of whether participants sought it out or not.

Similarly, higher agreement to perceived learning potential in the ideological
similarity condition was unaffected by whether participants’ preferences were met.
We selected the sample of participants in the ideology conditions (N = 433) and
conducted a logistic regression with agreement as the dependent variable (binary,
“agree” or “fully agree” = 1). Met preferences and similarity were included as
independent variables. The effect of similarity remained positive (8 =.55, p =.010)
while the effect of met preferences was not (3 = -.25, p = .245), giving no indication
of confounding influence.

In sum, our results reveal the mechanism behind the occurrence of dissimilarity-
biased social learning. Exposure to behavior from a cognitively dissimilar
demonstrator resulted in more optimization, was tied to expectations of greater
learning potential, and was preferred by participants. Ideological leaning was
accompanied by a preference for similar others and an enhanced perception of
competence of same-partisan peers, but ultimately did not affect optimization.

Although not in the primary focus of our study, the question arises if similar
effects can be found among participants who did not develop a learning trap on their
own in the first place. To this end, Section 4.5.2 includes a replication of Figure 4.4
on the sample of participants with no discernible approach before block six
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(N =471). The results reported there show that participants preferred ideologically
similar demonstrators but otherwise no significant treatment effect of cognitive or
ideological (dis-)similarity. Potential reasons for a lack of treatment effects are
discussed ibidem.

4.4 Discussion

In this paper, we examined the conditions under which individuals improve their
suboptimal solutions after observing someone else take a likewise imperfect but
useful approach. We showed that, as hypothesized, learning and optimization
increased when demonstrator characteristics pointed towards cognitive differences,
whereas ideological leaning did not affect whether participants optimized. Our
findings identify dissimilarity to foster attention and integration of unfamiliar
behaviors, but only if this dissimilarity leads to expectations of novelty and learning
potential. In contrast to empirical literature showing that people tend to adopt
behaviors from similar others (Chartrand & Lakin, 2013; Guilbeault et al., 2018;
Reyes-Garcia et al.,, 2016), our findings present a more nuanced and optimistic view
of human learning. Rather than merely following ingroup members, humans are
capable of valuing dissimilar others more highly when they anticipate greater
learning opportunities from them.

In emulating a task where a combination of solutions from different individuals
produced a better outcome, our research sheds new light on an evident puzzle in the
literature. On the one hand, our findings resonate with those of Phillips (2003) and
Levine et al. (2014), suggesting that visible differences can foster openness to
thinking in unfamiliar ways. But they also connect to work that highlights diversity’s
role as a ‘double-edged sword’ (Milliken & Martins, 1996; Phillips & O’Reilly, 1998):
Diverse populations perform better because of a greater wealth of perspectives and
skills (Hong & Page, 2004; Page, 2019) but identity diversity can make it challenging
to fully use their potential (Flache & Mas, 2008; Lau & Murnighan, 1998). In line with
this, our study showed that individuals disfavored ideological difference and
attributed lower learning potential to it.

To overcome the challenges associated with different identities (Guilbeault et al.,
2018; van der Does et al., 2022), previous research has explored ways to build trust
and understanding among dissimilar peers. One possibility involves emphasizing
‘deep-level” similarities, such as shared interests and values (Peters, 2021; Phillips
& Loyd, 2006). However, the fact that in our experiment, participants optimized less
often when introduced to a ‘cognitively similar’ demonstrator suggests that
highlighting deep-level similarity can sometimes be counter-productive. In a
globalizing world where populations become increasingly diverse, our findings
imply that practitioners should not try to emphasize similarity at all costs but make
those differences salient that enable individuals to expect novelty and learning
potential from each other.
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Research on surface- versus deep-level diversity (Harrison et al.,, 1998, 2002)
inspires us to theorize how results would have been affected in a design where
participants were able to observe several characteristics simultaneously. It seems
natural that ideological affiliations and cognitive characteristics would interact in
such a way that people preferentially integrate behavior from others who are
ideologically similar but also cognitively different. However, other alternatives are
thinkable, calling for further empirical investigation. For example, depending on the
setting and the salience of different stimuli, cognitive dissimilarity could also cancel
out effects of ideological differences, or vice versa.

An important consideration is whether our results are not only valid within
dyadic learning tasks but also translate to group settings. Groups naturally
constitute much more complex interactive environments but also carry potential to
amplify the effects found here: Groups could exacerbate identity-driven similarity
bias because individuals want to signal alignhment with ingroup members (van der
Does et al., 2022). At the same time, groups could also make ingroup homogeneity
appear more obvious and therefore lead individuals to seek out different others
(Phillips, 2003). The complexity of group dynamics suggests that before we can
meaningfully theorize about the effects of diversity at the group level, we must first
understand how individuals interact in pairs. This study contributes to that
understanding.

Group settings also bring forth the question of how learning was affected if the
viability of a solution depended on who else is using it. Many human tools and
cultural practices involve coordination benefits (Henrich & McElreath, 2003). This
can make it more advantageous to strategically align actions with ingroup members
if those are the ones we are primarily interacting with (Gross etal., 2023; McPherson
et al, 2001). In line with the scope conditions outlined in the introduction, and to
test our proposed mechanism of dissimilarity-biased social learning in a clean and
parsimonious manner, we did not consider such possibilities in the present study.
However, advantages through coordination with ingroup members versus expected
gains from interactions with outgroup members could also be tested within the
same experimental setting, for example through research that features strategic
interdependencies in larger populations (Ehret et al, 2022) or networked
environments (Centola, 2010).

In addition, the focus of our study laid on observational learning, which included
that behavior was always transmitted truthfully, and with little room for
misunderstanding, misrepresentation, and noise. Real-world interactions may
involve strategic reasons to obfuscate certain behaviors, both to ingroup members
and for reasons of ‘brokerage’ (Stovel & Shaw, 2012), but also to outgroup members
to protect themselves from exploitation (M. A. Nowak, 2006).

Another question that remains is why in our study, perceived cognitive
differences enhanced social learning while ideological similarity did not. We
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attribute this to the fact that our experimental design excluded factors that amplify
similarity bias, such as coordination advantages, peer sanctioning, or a task where
the viability of different approaches may be related to the social categories someone
belongs to (Aoki & Feldman, 2014; McElreath et al., 2013). We do not exclude the
possibility that social psychological causes of identity are sufficient to trigger
behavioral adaptations. However, these causes may instead be more applicable to
settings where incentives to learn unfamiliar behavior are less strong (Guilbeault et
al,, 2024), and in more natural settings of human interaction, such as the exchange
of opinions in online social networks (van der Does et al., 2022)

Our study is circumscribed by the fact that we were primarily concerned with an
optimization task where individuals had already identified a suboptimal solution.
Section 4.5.2 of the Appendix presents an analysis of participants without a
discernible approach and compares the conditions under which these individuals
learned to adopt observed behavior. We did not find that perceived ideological
similarity or cognitive differences enhanced learning in this sample, likely because
the experimental paradigm we used was not designed for it, and because this sample
includes many participants who were not paying much attention at all. Future
research should investigate if dissimilarity can also foster attention and influence if
individuals had not identified a viable approach in the first place.

Lastly, while research on the evolution of culture has identified reasons for why
technological boundaries tend to coincide with social boundaries (Flache, 2018;
Roux et al., 2017), our study provides a novel mechanism that can help understand
how innovative practices sometimes do emerge from interactions across groups. We
hope that the mechanism we identify here will stimulate new avenues in research,
such as integrating dissimilarity-biased learning into agent-based models of cultural
evolution and experimental studies.
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4.5 Appendix

4.5.1 Sensitivity analyses

This section provides sensitivity analyses of the main results, selecting only those
participants who passed the attention check (see section ‘data quality’). 735
participants, or 85.6% of the sample correctly recalled the behavior of the
demonstrator in a previous decision in block seven and therefore passed the check.
Figure 4.5 gives an overview of results on this sample. As becomes evident from the
figure, results stay largely unaffected by the subsample selection. Similar to the main
results, more participants optimized their approach after exposure to the behavior
of a demonstrator with a different cognitive style (41.4%) as compared to the same
style (26.5%, p =.004, N = 362). Participants also agreed more often that they could
learn from an ideologically similar demonstrator (51.3%) as compared to an
ideologically different one (39.3%), and this difference was statically significant
(p=0.026, N = 373). Lastly, 62.3 percent prefer a cognitively dissimilar
demonstrator (Ho X = 50%; p <.001, N = 735), while only 32.8 percent prefer an
ideologically different one (Ho X = 50%; p < .001, N = 735). Repeating regression
analyses from the main analyses on this subsample revealed that differences in
perception and behavior were unaffected by whether participants’ preferences for a
(dis-)similar demonstrator were met (preference met, perception: § =-.23, p =.298;
behavior: 3 =-.002, p =.994).
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Figure 4.5 Main results on subsample of participants who passed the attention check
(N =735).
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4.5.2 Analyses on sample without learning trap

This section investigates if participants who did not develop a learning trap before
the exposure phase in block six were nevertheless influenced by cognitively or
ideologically (dis-)similar demonstrators. We conducted the same analyses as in
Figure 4.4, but this time on the sample of participants with no discernible approach
(N = 471). Figure 4.6 A shows that exposure to demonstrators with different
characteristics did not lead to significant differences in the percentage of
participants who optimized their approach, neither in the cognitive style conditions
(dissimilar 13.7%, similar 14.4%; p = .873, N = 235), nor in the ideology conditions
(dissimilar 18.8%, similar 11.1%; p =.105, N = 236).

Overall, 75.6 percent of participants agreed or fully agreed that they can learn
from the demonstrator, but Panel B shows that perceptions of learning potential did
not differ between participants exposed to a cognitively dissimilar versus similar
demonstrator (76.9% vs. 72.0%; p = .392, N = 235), or ideologically different versus
similar demonstrator (78.1% vs. 75.0%; p = .574, N = 236). Panel C illustrated that
participants preferred ideologically similar demonstrators (66.9%, Ho X = 50%;
p <.001). However, unlike our main sample of analysis, participants had no
preference for cognitively dissimilar demonstrators (53.9%, Ho X = 50%; p =.088).
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Figure 4.6 Main results for participants who did not develop a learning trap before exposure
to the demonstrator (N = 471).
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Despite the lack of differences in optimization rates, the possibility remains that
participants without a discernible approach at least learned to adopt the
demonstrator’s approach later on, and that this was more often the case for
participants who were exposed to ideologically similar and cognitively different
demonstrators. To test this possibility, we compared across experimental conditions
how often participants adopted the demonstrator’s learning trap in the assessment
phase in block 10 and 11. The analysis revealed that overall, only 14.4 percent of
participants were able to do so. We did not detect any statistically discernible
differences in adoption rates across experimental conditions: 16.2 percent of
participants took over the observed learning trap when the demonstrator had a
different cognitive style, as opposed to 12.7 percent with the same cognitive style (p
= .543, N = 235). 11.7 percent adopted the learning trap from an ideologically
different demonstrator compared to 15.7% from an ideologically similar one (p =
478, N = 236).

We attribute a lack of treatment effects across experimental conditions to the
following reasons: First, the sample is much smaller, meaning that analyses could be
underpowered. Second, optimization is much harder without viable approach in the
first place - overall, only 14.4 percent of participants in the sample optimized their
approach by the end of the experiment. This meant that a lack of different
optimization rates across treatments could have been caused by a floor effect. Lastly,
overall data quality was likely to be lower in this sample, either because the group
of participants without a discernible approach was inflated by participants who did
not pay enough attention to the task from the beginning, or because they became
frustrated with failing to identify a solution on their own.
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How argumentation styles and
preference perceptions affect
deliberation outcomes in groups
with conflicting stakes

This chapter is published as: Stein, ]., Romeijn, ]. W,, & Mas, M. (2025). Ill-informed
Consensus or Truthful Disagreement? How Argumentation Styles and Preference
Perceptions Affect Deliberation Outcomes in Groups with Conflicting Stakes.
Erkenntnis, 1-26.
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Abstract

In groups where members deliberate with limited information, consensus can
emerge where, under complete information, fundamental disagreement would
prevail. Using an agent-based model, we explore the factors contributing to group
consensus by comparing argumentation styles in two types of groups: agents in
groups of advocates communicate arguments for options perceived as personally
beneficial. Agents in groups of diplomats do the same but avoid disagreement in that
they bring up arguments supporting a second-best option whenever their
interaction partner perceives to benefit the least from what the sender finds best.
Results show that consensus depends on argumentation style, but also on what
members initially perceive as preferred. Diplomats are more likely to form
consensus when initial perceptions accurately align with full information
preferences, which diverge within the group. Conversely, and perhaps
counterintuitively, in the presence of inaccurate initial perceptions, groups of
advocates converge while diplomats part in disagreement. Our results imply that the
ideal argumentation style must be considered carefully in light of both the desired
outcome and the initial information distribution: when conflicting stakes produce a
trade-off between consensus and truthful perceptions, polite versus selfish ways of
deliberation may produce one or the other outcome, depending on the initial
information members are equipped with.
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5.1 Introduction

Since James March’s seminal work on ‘Exploration and exploitation in organizational
learning’ (1991), much research has investigated the notion that optimal group
performance requires a delicate balance between individual’s efforts to seek new
solutions and their ability to adopt existing approaches (Bernstein et al., 2018; Lazer
& Friedman, 2007; Levinthal, 1997; W. Mason & Watts, 2012). Across the contexts
studied, a common denominator is that individuals do not exhibit conflicting stakes,
in that the benefit of a solution is the same to everyone. Disagreement among group
members arises from heterogenous access to information, but not from group
members evaluating the same information differently.

Yet, in many groups, different solutions have inherently different qualities to
individual group members. Here, disagreement about a ‘best’ solution may prevail
even when everyone is faced with the same information: For example, members of a
hiring committee may prefer different qualities in candidates, and therefore disagree
on the choice of the right applicant. In the same vein, organizational board members
can have strategic motives to weigh executive decisions differently, or the
assessment of a political decision may depend heavily on what stakeholder is
involved in it.

In such situations, decisions are often obtained through voting. However, unless
the decision is unanimous, voting requires that everyone accepts the decision
irrespective of their own preferences. Alternatively, some or all actors must
compromise or bargain, knowingly disregarding what they prefer the most in
exchange for an alternative choice. Such compromises can be difficult to obtain as
they depend on actors’ willingness to sacrifice and may come along with prolonged
negotiations, tension, and conflict (Priem et al., 1995).

Here, we point to another possibility: ill-informed consensus. In the process of
deliberating arguments pro and con alternative decision options, there may be a
phase when all group members agree on the same option, simply because they are
not aware of all existing information. If the group makes the decision at this moment,
it would be based on a consensus despite diverging preferences. This approach is
different from compromising because group members do not settle for an option
they deem suboptimal. Instead, every group member individually comes to the -
warranted yet faulty - conclusion that a given decision option is best for themselves,
given the information they currently possess.

We propose an agent-based model to investigate such an emergence of consensus
despite diverging preferences. In the model, agents communicate arguments to form
and adapt perceptions of their preferences over three decision options. These agents
are categorized into two subgroups, each with distinct stakes that, under full
information, lead them to prefer different options. Preferences are modeled as a
zero-sum situation: the more one subgroup gains from an option, the less does the
other and hence, the greater the divergence of preferences. A third option represents

101



Chapter 5

middle ground in the sense that it is a second-best choice with equal value to
everyone. A group reaches consensus when deliberation has led everyone to
perceive that they prefer the same option. Notably, since truthful (full information)
preferences diverge, consensus can only be present when at least some group
members have inaccurate perceptions.

Our paper is structured as follows. In the next section we motivate our modeling
approach and spell out our specific goals with it. The model itself is presented in the
next section, and in section 5.4 we specify the simulations that we carry out on this
model. Section 5.5 contains the results of the simulations, and these are further
discussed and evaluated in section 5.6. Finally, section 5.7 summarizes the main
conclusions.

5.2 Motivating the model

The main concern of this study is to investigate how argumentation styles affect
decision-making in settings with conflicting stakes and incomplete information. In
addressing this question, we do not aim to determine how, in actual fact,
argumentation styles impact on decision-making, by making the models maximally
descriptively adequate. Instead, we offer possible scenarios and deliberative
mechanisms for how such argumentation styles might impact on decision making
under the given circumstances, with the aim of drawing tentative normative
conclusions about them. In line with simulation studies elsewhere in philosophy, we
intend to explore the conditions under which social deliberation is beneficial or
detrimental to collective opinion formation, focusing on distinctions between
conditions that are both empirically and theoretically salient.

To be sure, our model is certainly not free from empirical constraints. To the
contrary, and much in line with the sociological literature that our research is
embedded in, our modeling choices are underpinned and motivated by empirical
studies. In fact, we believe our model fares relatively well in approximating the
empirical facts of social deliberation on a number of relevant aspects. As evidenced
by the references below, the argumentation styles that we distinguish are ideal-
typical simplifications of how people have been observed to deliberate in
sociological experiments and field studies. Moreover, as argued in the next section,
the agents in our model advance arguments in a deliberation according to
procedures that resemble behaviors observed among actual deliberators. As said,
we do not strive for the full descriptive adequacy of our models. But since we want
to use the models for exploring possible deliberative mechanisms and, ultimately,
for drawing tentative normative conclusions about forms of social deliberation, we
need to ensure the approximate descriptive adequacy of our models in particular
respects.

In what follows, we will review a number of key modeling choices and provide
further motivations for them, mixing theoretical and empirical considerations.
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Further empirical motivations can be found in the next section, in which the model
specifications are reviewed more elaborately. Towards the end, the current section
also briefly discusses our models in view of a broader philosophical literature.

When asking how argumentation styles affect decision-making in settings with
conflicting stakes and incomplete information, what styles are we taking into
consideration? Considering an exhaustive list of argumentation styles hardly seems
possible and at any rate exceeds the scope of a single study. Instead, the model is
inspired by empirical and theoretical research on human behavior in deliberative
settings (Cialdini & Goldstein, 2004; Deffuant et al., 2000; Mercier & Sperber, 2011;
Wittenbaum et al.,, 2004) and sets out to compare populations of agents using either
of two ideal-typical argumentation styles. Advocates represent individuals who
communicate arguments supporting what they currently prefer, given the information
they possess. In this sense, advocates represent individuals who raise information that
is consistent with their own beliefs, without taking into account any characteristics of
the agent they are talking to. This specific type of agent is inspired by empirical
research on discussion settings (Mercier & Sperber, 2011; Stasser & Titus, 2003;
Wittenbaum et al,, 2004), suggesting that individuals are usually inclined to raise
arguments in favor of their own opinion. Theoretical models on social influence
(Flache et al.,, 2017; Hegselmann & Krause, 2002) and collective deliberation (Madsen
et al, 2018; Olsson, 2013) usually assume similar behavior according to which
individuals freely bring forth arguments supporting what they find best.

Intuitively, one would expect that groups of advocates rarely end up with
consensus when conflicting stakes are present. Pushing for what one finds selfishly
beneficial when a conversation partner has little to gain seems an unlikely way to
convince them. Communicating arguments with others who share the same
interests, on the other hand, will amplify latent preferences: new arguments will fall
on fertile ground and strengthen their belief in that option. As both types of
interactions are repeated many times within the group, patterns should emerge
where members with identical stakes become more similar in their convictions but
fail to agree on a decision with those opposed to it.

Despite the theoretical (Flache et al., 2017) and empirical (Mercier & Sperber,
2011) basis motivating our choice of advocate-type agents, many situations can be
thought of in which individuals deviate from arguing for what they find best. Social
conformity, for example, is a strong force in human behavior (Asch, 1956; Cialdini &
Goldstein, 2004) and may prompt individuals to steer clear of disagreements with
their conversation partners. Discussions in ‘Hidden Profile’ settings (Stasser & Titus,
1985) show that group members often fail to raise dissenting information because
they underestimate its significance (Lu et al., 2012; Wittenbaum et al., 2004).
Drawing on Social Judgement Theory (Sherif & Hovland, 1961), literature on
‘bounded confidence’ (Deffuant et al., 2000; Hegselmann & Krause, 2002) argues
that individuals will reject or ignore information that is too different from their own
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convictions. Prominent works on repulsive influence (Baldassarri & Bearman, 2007;
Flache & Macy, 2011; Mark, 2003) assume that trying to influence someone with
information perceived as too dissonant may provoke even greater opposition in
them. In all of these cases, strategic considerations would lead individuals to express
convictions more similar to their conversation partner than they actually are, either
out of fear of being sanctioned, or because a more honest expression would get
rejected right away.

For these reasons, we introduce a second argumentation style: Diplomats aim to
convince others of the option they currently prefer as well but are cautious to not
offend their conversation partner. Such agents arguably follow an ideal of reasonable
discussion that has deep roots in pragmatist philosophy: they are guided by a
communicative rather than a strictly instrumental rationality in their social
deliberations (Habermas, 1985a, 1985b) and occupy a shared space of reasons
(Brandom, 1994). In our simulations, as further discussed below, we attempt to
capture these ideas on reasonable debate in a specific deliberative format.

To be clear, philosophers like Habermas, Rawls and Brandom have argued for an
ideal of reasonable discussion primarily because of its potential to overcome
diverging preferences. But the same reasonableness may also prove its worth when
preferences are irreconcilable. In particular, we might expect diplomats to reach a
state of ill-informed consensus more often than advocates. This is so because
diplomats will raise arguments supporting a second-best option instead of trying to
convince their conversation partner of an option they prefer the least. On a group
level, this should enhance the circulation of arguments in favor of an option both
subgroups find neither worst nor best. In consequence, states may emerge where so
many arguments in favor of what is in fact the second-best option have been shared
that everyone ends up convinced that this is the most beneficial option.

Further developments in the philosophical understanding of social deliberation,
both in social epistemology and in political theory, lead us to question this intuitive
connection between an ideal of reasonable debate on the one hand and the
feasibility of consensus on the other. In the social epistemology of science,
researchers have discovered that a certain degree of fragmentation and dissensus,
fueled by constraints on information sharing, may be beneficial to the results of
social deliberation (Zollman, 2010). In political theory, the broadly Habermasian
ideal of reasonable debate has been challenged by so-called agonistic pluralism
(Mouffe, 1999), i.e., the view that a focus on reasonable debate cannot properly
accommodate the depth of disagreement between deliberators and in fact hampers
political representation. In short, both formal social epistemology and activist
political theory have offered arguments towards the overall idea that social
deliberation benefits from vocal participants that sustain and act out dissensus.

While these arguments against reasonable diplomats and in favor of vocal
advocates pertain in first instance to settings in which there is, at the level of the
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collective, a shared goal, like finding a correct scientific theory or achieving adequate
political representation in a pluralist society. They are not principally geared
towards the phenomenon of ill-informed consensus. Nevertheless, it is conceivable
that the beneficial effects of dissensus and advocacy once again carry over to settings
in which preferences are irreconcilable and in which consensus can only be reached
through faulty preference perceptions. It seems clear that if the positions of the
deliberators are fundamentally at loggerheads and entirely transparent to
themselves, consensus formation is impossible. However, if deliberators have
incomplete information about what serves their interest best, then following a
communication strategy that embraces rather than eschews conflict may offer
advantages.

All in all, we conclude that the debate over social deliberation offers arguments
pulling in opposite directions. Speaking generally and acknowledging that there will
be other ways to partition the debate into camps, we can place a Habermas-inspired
ideal of reasonable debate, represented by diplomatic interlocutors, against a
Mouffe-inspired ideal of agonistic debate, represented by vocal advocates. Both
camps have arguments going for them and this leads us to ask: which of these
strategies is more conducive to achieving an outcome of truthful disagreement or ill-
informed consensus?

In what follows we study such questions by means of simulation studies. We
describe how argumentation styles influence groups to either arrive at ill-informed
consensus or part ways in truthful disagreement, and what factors play a role in the
deliberation dynamics leading up to it. Because plausible settings exist where one or
the other outcome is more advantageous, we refrain from interpreting simulation
results normatively. For example, issues such as impending health crises or natural
catastrophes can be pressing enough that taking any kind of decision - even if
partially based on inaccurate knowledge - is preferable over further disagreement.
Conversely, ‘agreeing to disagree’ may be preferable in simple transactional
situations when disagreeing group members can find more fitting decision partners
elsewhere, and when failure to obtain consensus bears little consequences in the
first place. For this reason, lessons from our simulations must be assessed in the light
of the specific contexts in which decisions are made.

To this day, to our knowledge at least, the model we built is the first to study
collective deliberation in a context where group members’ individual preferences
diverge. There are of course game-theoretic models and simulations in which agents
are self-interested. But our focus is not on agents coordinating their actions to each
other, but rather on agents deliberating, i.e., exchanging arguments and investigating
the possibility of consensus. Most prominent models of normative deliberation
(Hegselmann & Krause, 2006; W. Mason & Watts, 2012; Olsson, 2013; Zollman,
2010) assume that the best option is the same to everyone, and that full information
will lead to natural convergence around this option. In our model, consensus only
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emerges when at least some group members have faulty perceptions about their
preference. Full information, on the other hand, prompts agents to discern their
individual stakes and preferences, and then disagreement is the natural outcome. In
light of the many plausible contexts where insurmountable disagreement is the most
truthful conclusion, we deem the approach taken here an important yet
understudied setting.

In addition, our model is among the few to study how argumentation styles affect
consensus-making in groups (see van Veen et al, 2020 for a related study).
Simulation research has investigated how network structure (Bernstein et al., 2018;
Lazer & Friedman, 2007; W. Mason & Watts, 2012; Shore et al., 2015), homophilous
interaction preferences (Stein et al, 2024) and cognitive characteristics of the
recipient of an information (Madsen et al., 2018; Zollman, 2010) shape collective
deliberation. However, less is known about the possible group-level consequences
on how people choose information they disclose - although it appears that the latter
should greatly affect the former. By comparing groups of agents who advocate for
what they think is best with agents who avoid harsh disagreement, our study takes
a first step in this direction. The choice of advocates and diplomats can also be seen
as a comparison of direct versus indirect communication styles across
organizational or cultural contexts (Hall, 1976). Of course, the two argumentation
styles we outline do not remotely capture all ways according to which humans
reason with each other. Instead, the focus of this study is to compare the status quo
in how most deliberation models assume actors to argue (Hegselmann & Krause,
2006; Madsen et al., 2018; Olsson, 2013; Zollman, 2010) with a more nuanced, and
perhaps more realistic argumentation style (Hahn & Harris, 2014). As mentioned,
competing theoretical expectations about whether diplomats or advocates form
consensus more often exist, underlining the importance of simulating discussion
outcomes in groups with different argumentation styles.

5.3 Model description

To represent a discussion setting where group members face diverging preferences,
we assume a group of N agents consisting of two subgroups {a, 3}. Every agent i
affiliates with one of the subgroups g. Agents are endowed with arguments that
support either option o out of three decision options {4, B, C}. Taken together, all
arguments pertaining to a decision option reveal the true preferences of a given
subgroup of agents for that particular option. Arguments contain subgroup-specific
weights so that the true preferences for a given option of one subgroup are different
from the true preferences of the other. The creation of options, arguments and
argument weights is outlined in the description below. Subgroups are assumed to be
of equal size.

During group deliberation, agents operate under limited information and form
preference perceptions based on the arguments they currently possess. At each
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round ¢t of the simulation, one agent attempts to influence another agent by sharing
an argument. The receiving agent then integrates the argument into their argument
set and updates their preference perceptions.

The discussion ends when the group forms consensus, i.e., all agents have
identical perceptions in terms of which option they prefer the most. Note that the
model is set up such that consensus is only possible before all agents possess all
arguments. Under full information, agents’ perceptions equal their true preferences,
which are different for the two subgroups. Unless consensus is obtained, we stop the
simulation when enough arguments have spread so that agents’ perceptions
approximate their true preferences, and no argument combination they receive
would be capable of changing their conviction.

5.3.1 Initialization

Prior to the deliberation process, we assume a fixed set of three decision options
0={A4, B, C} and [ available arguments A = {ai, az, .., ai}. Fixed sets exclude the
possibility that agents redefine options or create new ones, which would be hard to
design, track and explain in a simulation. Each argument a; contains weights for each
decision option, i.e. ai = {wi4, wis, wic} representing information about the benefits
of the different options. Following related models on consensus-making and
argumentation in groups (Stein et al., 2024; van Veen et al,, 2020), we assume that
each argument cannot support more than one option simultaneously. That is, we
assign each argument a positive weight to only one of the options and a weight of
zero for the other options. We further assume that each decision option has an equal
number of arguments with a positive weight pointing towards them. For a given
simulated group, weights are first randomly drawn from a uniform distribution so
that wio ~ U{0,1}. Subsequently, weights are normalized (wio / || Wio ||), such that
each option’s sum of weights equals that of another (Figure 5.1, Step 1 & 2).

In Step 3 of the argument creation process, we manipulate all arguments
pertaining to option A and B such that their weights are different for the two
subgroups. In doing so, we capture the aspect that options have divergent benefits
for members of different subgroups, and that this is reflected in the weights of the
arguments pertaining to them. We introduce a divergence parameter d € [0,1]. All
weights pertaining to option A are multiplied by 1 + d for a agents and by 1 - d for
agents, and all weights pertaining to option B are multiplied by 1 + d for 3 agents and
by 1 - d for a agents. Weights pertaining to option € remain unchanged, i.e. they have
the same value for members of either subgroup.

For an agent of a given subgroup, the sum of weights associated with a decision
option represent their true preference: Q, 4, = oy Wi ,.g- Summation reveals that

for any value of divergence 0 < d < 1, preferences of « members will correspond to
A > C > B, while preferences of § members correspond to B > C > A. True preferences
thus crucially capture the theoretical scope of the study, namely, a divergence of
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preferences among group members under full information, with a higher value of d
implying higher divergence. Note that although every individual agent has a strict
preference ranking, the incomparability of interpersonal utility (Hausman, 1995;
Robbins, 1938) makes it problematic to rank options on an aggregate (group) level.
We therefore do not make assumptions about the collective benefits (or ‘optimality’)
of either of the decision options.

Step 1. raw arguments Step 2. normalized arguments

A B C A B C
al 0.22 0 0 W; o al 0.33
a2 0.45 0 o Wi ol a2 0.67
a3 0.87 . a3 0.66
al 0.44 " ad 0.34
a5 0.34 a5 0.76
a6 0.11 a6 0.24
sum | 0.67 1.31 0.45 sum | 1.00 1.00 1.00

* empty cells represent weights with a value of zero

Divergence d

Step 4. argument distribution

Agent 1 (a)
A B C
al |0.38
a5 0.76
ab 0.24
q 038 0 1.00
random
Agent 2 (B) assignment
A B C
a2 |0.57
a3 0.76
ad 0.39

g 057 115 0

Perceived preferences (t = 0)
Qc1 > a1 = Gpa
QB2 = Qa2 > qcz2

Wiaa =Wia* (1+d)
WiaB = Wia® (1-d)

Step 3. final arguments

WigR=Wip* (1+d)
Wipg=W;p* (1—d)

Subgroup a Subgroup B
A B C A B C

al 0.38 0.28

a2 0.77 0.57

a3 0.56 0.76

ad 0.29 0.39

ab 0.76 0.76
ab 0.24 0.24
Q 1.15 085 1.00 [ 0.85 1.15 1.00

True preferences

QA.O( > QC.O{ > QB.-:(
Qpg > Qcp > CQag

Figure 5.1 Creation and distribution of arguments, argument weights and preferences

The last step of the initialization procedure is to assign arguments to group
members (Step 4 in Figure 5.1). Here, assuming systematic biases in agents’
information acquisition prior to discussion would make it possible to assign
arguments such that they mainly correspond to agents’ true preferences. However,
since we do not have a particular theoretical or empirical motivation that would lead
us to assume such assignment, we let agents take turns at randomly drawing from

108


https://www.zotero.org/google-docs/?d8fKZs
https://www.zotero.org/google-docs/?d8fKZs

Argumentation styles and conflicting stakes

the total set of arguments, one at a time without replacement, until all arguments
have been assigned. The appendix section of this chapter includes additional
analyses assuming lopsided initial argument distributions. Note that because
argument weights for agents of different subgroups diverge, assigning arguments at
random still generates initial preference perceptions that correlate with agents’ true
preferences. How agents form perceptions is outlined below.

5.3.2 Argument processing and communication

Similar to how a true preference Q,, is computed, an agent forms a preference
perception q, .. for each option o by summing over the weights of the arguments
they possess at round t. This allows agents to rank options from being perceived as
most to least preferred. Preference perceptions are based on incomplete
information and do not necessarily overlap with the true preferences of a group
member. Because preference perceptions of an agent can shift over time, they are
denoted with a subscript t. Subscript x denotes the individual agent.

Over the course of the simulation, agents communicate arguments, influencing
other group members with the arguments they share. Agents who receive
arguments integrate them and update their perceptions, using the weights that
correspond to their subgroup.19 Each round t of the simulation consists of the
following steps:

1. Asending agent and a receiving agent are activated.

2. The sending agent selects an argument to share with the receiving agent.
3. The receiving agent integrates the argument and updates their perceptions.

We compare groups in which the sending agent selects an argument according to
either of two argumentation styles: Agents who are advocates select arguments that
tend to strongly support the option they perceive to prefer the most, regardless of
the perceptions of the receiving agent. Diplomats do the same but avoid selecting an
argument that supports the option their receiver perceives to prefer the least.
Diplomats thus only differ from advocates when preference perceptions between
agents are opposed, and otherwise behave in an identical fashion.

Similar to many empirical settings, both diplomats and advocates are unaware of
the exact set of arguments of other agents, making it possible that agents
communicate an argument that others are already aware of. However, we do assume
that group members are aware of each others’ perceived preferences. This reflects
the notion that real-world decision-makers often do have an intuition of each other’s
positions but that underlying arguments remain private information. Awareness of

10 Take the following example as a short illustration of this process: if Agent 1 from Figure 5.1 shared
argument al with Agent 2, Agent 2 would add a value of 0.28 to their perceived preference for option
A, even though the same argument has a stronger weight (0.38) to Agent 1. The perceived preference
for option A4 of Agent 2 would thus be 0.57 + 0.28 = 0.85.
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perceptions enables diplomatic agents to know what options to avoid during
interaction, and lets agents realize when consensus is present.

Following standard procedure of canonical social influence models (Deffuant et
al, 2000; Flache & Macy, 2011; Keijzer et al., 2018), we randomly select a sending
and a receiving agent at each round of the simulation. The sending agent selects an
argument according to a two-step softmax function (Daw et al., 2006). Softmax
functions are commonly used for modeling human decision-making across a range
of fields (D. Guo & Yu, 2019; Harlé et al., 2015; Sutton & Barto, 2018)11, are capable
of predicting observed decision-making in experimental tasks (Daw et al., 2006; Witt
et al., 2024; C. M. Wu et al., 2024), and have properties that make them plausible
approximations of human choices (Reverdy & Leonard, 2015): a softmax function
assigns the highest choice probability to the option with the highest reward, choice
probabilities are sensitive to distances between options, and choices are influenced
by an adjustable degree of random deviation and noise. Similar to related collective
deliberation models (Stein et al., 2024; van Veen et al., 2020), we implement our
softmax procedure as follows. In the first step of the procedure, the agent chooses
an option o* they want to support. If the agent is an advocate, they consider their
preference perceptions and choose an option o according to the probability

p(0) = exp(T * qox¢) /20 €{A,B,C} exp(T * o) (5.1)

where the slope parameter 7 controls the degree of adherence (as opposed to
randomness) in agents’ decisions. The higher 7, the more their choice is determined
by selecting the option they perceive to prefer the most.

Diplomats select an option in a very similar manner, but with one important
difference: they exclude what their receiver perceives to prefer the least from the set
of options considered by Equation 5.1. Thus, when a diplomat considers which
option to argue for, they act as if the receiver’s least preferred option did not exist
and choose from the remaining options instead. In consequence, whenever the
option a diplomatic sender perceives to prefer the most is simultaneously the option
that the receiver perceives to prefer the least, she is most likely to choose the option
corresponding to her perceived second preference instead.

The second step of the discrete choice procedure concerns the selection of the
argument to be shared. This step is the same for advocates and diplomats alike. Here,
an agent regards the set of arguments A, . they currently hold and considers those
argument weights w; ,+ ; that correspond to their chosen option 0*. They pick one of
their arguments with the probability given by

p(a;) = exp(t* Wiorg)/ Xiea,, eXp(T* Wiog) (5.2)

11 Although the name varies across fields. ‘Softmax’ is used within biology, cognitive and neuroscience
studies, economics, sociology and consumer studies use mathematically equivalent ‘discrete choice’
functions (Blume et al., 2011; Greene, 2009).
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Again, the parameter 7 determines agents’ adherence to choosing stronger versus
weaker arguments pertaining to her chosen option. We assume that the value of ©
in Equations 5.1 and 5.2 is the same across simulations. By default, we set the
adherence parameter to t = 2 such that agents make choices neither
deterministically nor randomly, but according to probabilities that lie somewhere in
between these two extremes. This behavioral assumption is consistent with
empirically validated models employing similar choice functions (Daw et al., 2006)
and coherent with our understanding of human deliberation (Wittenbaum et al.,
2004). As shown in the appendix section of this chapter, main results do not depend
on the exact value of the adherence parameter but hold for any t>0
(cf. Figure 5.6 A).

After the sending agent has chosen an argument to be shared, the receiving agent
integrates the argument and concludes the round by updating her perceived
benefits. Since arguments represent information about the benefits of different
decision options, which diverge among subgroups, a receiving agent always
integrates an argument using the weights corresponding to their own subgroup.
These weights can be different from the sender’s weights.

The process of randomly activating an agent, sharing an argument, and updating
benefit perceptions of the receiver is repeated until either of two states are reached:
(1) all agents align in their perception of what they prefer the most, i.e. they form
consensus. (2) Two agents of opposing interest groups perceive to prefer what they
actually prefer, and no argument combination they receive can possibly change their
perception. In this case, consensus becomes impossible, and the simulation would
continue until all agents had received all arguments. Note that because this state
becomes more likely the more arguments are exchanged, consensus must emerge
early enough for all group members to be able to align on one of the options.

5.4 Setup of simulation experiments

We conducted simulation experiments to investigate deliberation outcomes in
groups with diverging preferences and different argumentation styles, tracking
whether the simulated groups reached one of the following states: (i) everyone in
the group perceives their second-best option C to be best. (ii) Everyone perceives A
or B as best, which is the best option for half of the group but the worst option for
the other. (iii) The group disagrees about which option is best and the discussion has
reached a point where perceptions cannot be altered. Argumentation styles were
represented by groups that either consist of advocates or diplomats. We
operationalized preference divergences by the parameter d, with higher values of d
implying higher divergence. Theoretical intuition led us to expect that diplomats
more often form consensus than advocates but gives no indication of the strength of
preference divergence to assume. For this reason, we started the analyses with a
simple comparison of the probability of ill-informed consensus in groups of
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diplomats and advocates under high (d = 0.6) and low (d = 0.2) divergence.12
Because this simple comparison revealed that discussion outcomes crucially
depended on the level of divergence, subsequent analyses vary d from very low
(0.05) to very high (0.95) levels in steps of 0.05, and compare discussion outcomes
in groups of advocates versus diplomats at each level.

For every parameter combination, we simulated 1,000 independent discussion
processes.13 We assume groups of N = 6 agents, which is not an unrealistic size in
decision-making settings. A set of [ = 90 arguments was used (30 arguments per
decision option) to create a set of arguments that is sufficiently large for
deliberation outcomes to not be determined by the coincidental spread of single
arguments. The adherence parameter 7 is set to 2, meaning that agents choose
options and send arguments that correspond well to their argumentation style while
still allowing for a small degree of randomness in argument communication.
Figure 5.6 in Section 5.8.2 demonstrates robustness of the main results at different
values for 7. Main results include additional analyses in which we vary group size
between 4 and 12 in steps of two, and the number of arguments between 30 and 300
in steps of 30.

The findings of this paper rest on a setting where arguments are initially
distributed at random. Yet, contexts can be thought of where cognitive heuristics
(Mercier & Sperber, 2011) or homophilous information networks (McPherson et al.,
2001) would lead individuals to acquire information selectively prior to discussion.
For this reason, additional analyses reported in Section 5.8.1 elucidate that
discussion outcomes may differ when initial argument distributions correlate with
subgroup membership, but that the underlying mechanisms stay the same.
Concluding sensitivity analyses investigate if mixed groups of advocates and
diplomats result in more or less consensus compared to groups using either
argumentation style exclusively.

5.5 Results

We start off by comparing how often agent groups of advocates versus diplomats
find ill-informed consensus under two levels of preference divergence (Table 5.1).
Under high divergence, groups of diplomats converge much more often on either
option (41%) than advocates (8%), which is consistent with the intuition that
Diplomats’ avoidance of harsh disagreement fosters consensus formation. Counter
this intuition, however, only 16% of diplomat groups converged on a consensus
under low divergence while more than 90% of advocate groups do. Intuitively, lower
divergence should foster consensus because weights are more similar for members

12 For reference, high divergence means that the true preference score of group members’ most
preferred option is 400% higher than their least preferred (1.6 and 0.4, respectively). Low
divergence, on the other hand, implies an increase of 50% (1.2 versus 0.8).

13 Simulation code, output and syntax to replicate this study available at https://osf.io/76hfm/
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of opposing subgroups, making it easier to converge. While this is clearly the case
for advocates, why can the same not be said of diplomats?

Table 5.1 Percentage of groups reaching consensus on
either option, by group’s argumentation style and level of
preference divergence d

preference divergence

low high

(d=0.2) (d=0.6)
Advocates 95% 8%
Diplomats 16% 41%

Figure 5.2 hints at a possible explanation for this puzzling finding, presenting a
more fine-grained examination of discussion outcomes across the divergence
parameter range. The dashed lines in Figures 3A suggest that both advocates and
diplomats are less likely to experience consensus on A or B as divergence levels rise.
This is explained by the fact that under higher divergence, weights of arguments in
favor of A or B are increasingly different for members of opposing subgroups, making
it harder for the group to converge around either of these options. Advocates are
especially likely to find consensus on A or B under low divergence because their
argumentation style has self-reinforcing characteristics: random initial majorities in
favor of an option will convince other group members, who will then advocate for
this option as well, leading to swift convergence. Diplomats, on the other hand, are
limited by what their interaction partner perceives to prefer least, making it hard to
find consensus when single individuals find worst what a majority finds best.

Among advocates, consensus on option C becomes increasingly rare under higher
divergence as well (Figure 5.2 A, solid red line), despite arguments weights in favor
of C being unaffected by d. An explanation for this finding becomes apparent from
the solid black line in Figure 5.2 B: as divergence gets larger, agents’ initial
perceptions increasingly align with their true preferences, meaning that members
of different subgroups start the discussion with diametrically opposed perceptions
already. As discussions evolve, advocates amplify this initial disagreement when
raising arguments according to what they perceive to benefit from the most, up to a
point where discussions are deadlocked and consensual agreement becomes
impossible. Figure 5.2 C supports this explanation, showing that the number of C
arguments sent in groups of advocates decreases in higher divergence (solid red
line).
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Figure 5.2 Discussion outcome, initial preference perceptions and agent sending
behavior, by divergence

[ll-informed consensus on option C in groups of diplomats, on the other hand,
follows a complex pattern (Figure 5.2 A, solid blue line): higher divergence implies
greater chances of consensus until d = 0.6. But divergence levels beyond 0.6
negatively impact the proportion of groups with consensus on € again. Contrary to
intuition, consensus in groups of diplomats occurs less often than among advocates
until d < 0.4. A closer look at Figure 5.2 B offers an intuition why diplomats rarely
form consensus: at low divergence levels, the proportion of group members initially
preferring C the least is relatively high (short dash-dotted line). Because of their
argumentation style, diplomats will avoid sending arguments favoring C to such
agents, making consensus on C unlikely. Higher divergence levels, on the other hand,
make it easier for diplomats to form consensus: more agents start the discussion
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with perceptions that correspond to their true preferences, meaning that agents of
different groups will have opposing perceptions about options A and B, and more
agents perceive C as second best. As divergence rises, diplomats raise more
arguments in favor of C (Figure 5.2 C, solid blue line), explaining a greater fraction of
groups with consensus on this option until d = 0.6.

o o

O ) O

~ C option ® diplomats ~
[ — A/ B option ® advocates 1

40 60 80
1

% groups with consensus on ...
20

o
I I I I I I I I I I I I I I I I
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
% group members initially perceiving % group members initially perceiving
to prefer option least to prefer option most

Figure 5.3 Discussion outcome at d = 0.30, by initial perceptions of group members

Divergence does not affect the initial distribution of arguments but changes the
way arguments are perceived by an agent. Higher divergence implies that an A
argument will have a much greater impact on an a-agent’s perception that 4 is best,
but a smaller impact on the perception of a f-agent. From this follows that at low
divergence, assigning arguments at random creates perceptions that are more
random, while random argument assignment at high divergence implies perceptions
that correspond closely to the ranking of true preferences among group members.

In sum, the results obtained here reveal a striking finding: at low divergence
levels (< 0.2), advocate groups are more than three times as likely to find an ill-
informed consensus on either option, but the opposite is the case for higher
divergence levels (> 0.6). The explanation we propose is that divergence impacts the
initial distribution of perceptions, which in turn interacts with agents’
argumentation style and their chances of finding consensus: advocates are more
likely to find consensus on an option when more agents initially perceive to prefer
this option the most. Diplomats, on the other hand, are more likely to establish
consensus on an option the fewer agents perceive to prefer this option the least.

We test the proposed explanation by zooming in on groups of diplomats and
advocates at a moderate level of d = 0.3 and analyze how often they find consensus,
depending on the proportion of agents in the group initially perceiving an option to
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be least (Figure 5.3 A) or most beneficial (Figure 5.3 B). The results overwhelmingly
support the proposed explanation: the proportion of diplomat groups finding
consensus sharply declines the more group members initially perceive an option as
worst, while advocates become more likely to build consensus the higher the
proportion of agents initially perceiving an option as best. Note that the two
variables are positively correlated: due to the random assignment of arguments
during initialization, allocating disproportionately few arguments in favor of an
option to some agents by chance implies that others will receive disproportionately
many. Because of this, almost 50% of advocate groups find consensus on C even
when two thirds of the group initially perceive this option as least preferred.
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Figure 5.4. Discussion outcome and initial preference perceptions of group members, by
argument pool and group size (d = 0.3)
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Figure 5.2 showed that divergence affects the consensus-making capacities of
advocates and diplomats through its influence on the initial distribution of
perceptions. We now investigate whether the same is the case for other substantial
features of the discussion setting, namely the number of available arguments and
group size. If the general explanation holds, any factor leading to a closer alignment
between initial perceptions and true preferences should positively impact
consensus-making for diplomats but negatively for advocates. Figure 5.4 shows that
this is indeed the case. As the number of arguments grows, agents hold more
arguments at the start of the discussion. Here, the law of great numbers implies that
initial perceptions that are based on more arguments will more closely resemble
their expected value (i.e. E(qx,0,0) = Qo / N) and are hence more often aligned
with agents’ true preferences (Figure 5.4B, left side). In consequence, more groups
of diplomats and fewer groups of advocates find consensus as the number of
arguments grows (Figure 5.4A, left side). Group size, on the other hand, has an
opposite effect (Figure 5.4A, right side): as groups get larger, the same number of
arguments is distributed over more agents, leading to less alignment of initial
perceptions with the ranking of true benefits, and, in turn, less frequent consensus
among diplomats.

In sum, the results presented here reveal striking insights into the deliberation
outcomes of simulated groups with diverging preferences: when many group
members initially misperceive an option as preferred, advocating for this option
regardless of others’ perceptions will be a very effective way to emerge with a
- likewise ill-informed - consensus. But when group members have initial
perceptions that closely align with their true preferences, consensus requires an
argumentation style that makes members bring forth arguments in favor of a
second-best alternative. Additional analyses in Section 5.8.1 show that this finding
persists when arguments are initially distributed in a lopsided fashion. Results are
robust to the level of strategy adherence 7, do not depend on random as opposed to
homophilous interaction preferences, and remain similar when a decision is made
at only four or five out of six group members perceiving to prefer the same option.
Further analyses reported in Section 5.8.2 reveal that results are not artifacts of
perfectly homogenous groups either; but persist in mixed groups where minorities
of agents using the opposite argumentation style are introduced to a population.

5.6 Discussion

Considering the complex relationship between discussion outcomes, argumentation
styles and preferences perceptions, our results offer a new perspective on existing
theoretical narratives. The simulations support the overall conclusion that the two
argumentation styles under consideration have their own merits and defects relative
to context. As indicated before, we do not believe that our models fully match real-life
deliberations but we believe them to be sufficiently descriptively adequate to lend
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normative force to the conclusions, in the sense that they can back up tentative claims
about the desirability, relative to a context, of one or other argumentation style.

Importantly, in this new perspective we cannot and do not take a stand on the
desirability of the outcomes of social deliberations: the merits and defects of ill-
informed consensus and truthful disagreement are context-dependent to the extent
that choosing an overall favorite would be nonsensical. Our main result is that
relative to what is deemed beneficial in a certain context, and on the assumption that
group members harbor a latent disagreement but start off with incomplete
information about their actual preferences, there are further specifics of the
deliberation setting that will make a diplomatic or an advocating argumentation
style the more effective one.

This relatively modest and qualified conclusion challenges overly simplistic
applications of ideal-type deliberative formats. In particular, assuming that the
context makes a consensus desirable, a simplistic reading of the agonistic approach
of Mouffe (1999) might suggest that groups in which individuals advocate according
to their best evidence will arrive at superior collective conclusions. However, our
results support this idea only when initial evidence is fragmented and noisy, leading
agents away from their true preferences from the onset, and then only if the
differences in preferences are not too pronounced. Conversely, echoing the
perspective of Habermas (1985a, 1985b), it may have seemed that groups where
members prioritize avoiding offensive engagement and maintain a common ground
often exhibit superior deliberative performance. Yet again, our findings only
partially align with this expectation: diplomatic argumentation enables consensus
only when agents have sufficiently accurate initial convictions, or when preference
divergence is high enough for disagreement to be obvious under more abrasive
argument sharing.

We hope that our results, apart from revealing the context-sensitivity of styles of
deliberation, stimulate a broader engagement of philosophical debate with insights
from computational sociology and formal social epistemology. It bears repeating
that we do not view our results, or indeed other results from these formal and
computational disciplines, as providing stand-alone support for some or other
communication style or format for public debate. Rather, we believe that studying
the consequences of such styles and formats from up close will help us in our
attempts to make public debate and social deliberations more fruitful, transparent,
and fair, through an understanding of the dynamics that drive them.

With our emphasis on the fact that our results depend on context, we do not mean
to suggest that contextual considerations cannot be accommodated, at least
partially, in further model developments. Argued from a utilitarian point of view, the
optimal outcome depends on the post factum consequences of the group decision:
disagreement can incur costs for both individuals and create unforeseen
externalities, but so can an ill-informed consensus. In our model, we assume that the
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consequences of the group decision - beyond what can be learned from the
arguments raised in the deliberation process - are unknown to group members, and
accordingly that they do not feature in the deliberation. However, relaxing this
assumption is certainly possible, and this would open a new array of strategic
considerations to be done by agents accompanied by further theorizing that exceeds
the scope of the paper.

Like in any simulation model, simplifying assumptions were made for reasons of
parsimony and to the benefit of understandability. This involves, for example, that
the relatively basic, additive argument structure used here enabled us to intuitively
trace and understand agents’ preference formation process. Bayesian preference
updating (Assaad et al., 2023; Madsen et al., 2018) is regarded as more ‘rational’
from the agents’ point of view, suggesting that exploring this updating approach is a
valuable avenue for future modeling work. Similarly, recent advances in the
development of large-language models make it possible to formally represent
argument communication in terms of realistic human language rather than the
abstract representation of arguments applied here (Betz, 2022; Du et al., 2023).
However, while LLMs are powerful tools to generate meaningful text, it is unclear
whether they also reliably represent human behavior in complex settings like a
debate in which individuals deliberate despite having competing preferences.
Another simplifying assumption concerns the focus on a dyadic interaction setting.
Restricting argument communication to only one receiver per interaction facilitates
an easy, straightforward formalization of an argumentation style that takes receiver
preferences into account. Multilateral communication, on the other hand, would
involve weighing a multiplicity of receiver preferences against specific persuasion
goals, introducing additional complexity and exceeding the scope of this study.

The two argumentation styles elucidated here served as prototypes of self-
serving versus cautious communication. Obviously, alternative ways to implement
these styles exist, and many alternative argumentation styles can be thought of that
should be considered by future research. Having studied groups that only consisted
of either advocates or diplomats, the question arises if new patterns of discussion
outcomes emerge if groups consist of a mix of individuals with different
argumentation styles: for example, whether groups with just one or two diplomats
are enough to steer the group towards consensus under high preference divergence.
Additional analyses reported in the appendix section of this chapter explore this
possibility and suggest that the deliberation outcomes do not depend on the
assumption that groups are homogenous in argumentation style: instead, mixed
groups simply produce discussion outcomes that resemble a linear combination of
outcomes in homogenous groups.

Next to alternative argumentation styles and mixed groups, another factor that
can potentially affect discussion outcomes is whether groups will only make
decisions after having reached consensus or whether they rely on voting procedures
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instead (Priem et al.,, 1995). Of course, investigating the full spectrum of possible
voting rules exceeds the scope of any sensitivity analysis, but we show in the
appendix that results are at least robust under a majority-based voting rule: low
preference divergence still facilitates decision-making among advocates when only
four or five out of six members must align in their convictions, while high divergence
fosters decision-making among diplomats.

In our model, subgroups impose a preference structure that is symmetric and
straightforward. But extensions of our model could weaken this symmetry and allow
for a multiplicity of individual stakes next to subgroup membership. Likewise,
additional biases and heuristics in the interaction between group members can be
implemented. A first step in this direction is investigated in Section 5.8.3, where we
show that discussion outcomes remain similar if agents interact in homophilous
(McPherson et al, 2001) instead of random encounters. Although group-wide
consensus becomes less likely the higher the homophily level, diplomats will
continue to find consensus more often than advocates under high preference
divergence, while the opposite is the case at low divergence.

Next to homophily, literature on affective polarization (Iyengar et al., 2019) and
bounded confidence (Hegselmann & Krause, 2002) suggest that individuals may
reject information that comes from disliked or dissimilar sources. While not part of
our model in a theoretical sense, our robustness analyses on homophily formally
include such behavior: whether individuals encounter outgroup members at a lower
probability or accept their arguments with lower likelihood is mathematically
interchangeable.

Besides advancing theoretical development to refine the model and validate the
robustness of our findings, empirical investigation holds promise in advancing the
discourse. Our model's key innovation, the incorporation of agents’ conflicting
preferences, presents fertile ground for empirical exploration. Preferences can be
rigorously quantified and experimentally manipulated in experiments along the
paradigm of behavioral game-theory (Camerer, 2011; Fehr & Gachter, 2000), making
it possible to create laboratory settings where human participants operate with
preferences akin to those in our model. An important empirical question to answer
is, for instance, what argumentation styles individuals are using and whether there
are conditions under which humans adopt different styles. Experimental work in
social psychology, for instance, suggests that individuals may strategically
misrepresent their positions when discussing with members of outgroups holding
different positions (Hogg et al., 1990).

Likewise, theoretical work would benefit from empirical work on consensus
formation in groups. We focused our analyses on the first time a group experienced
consensus in that all members perceive to prefer the same option. This consensus,
however, is ill-informed since a continuation of the discussion to the point of full
information would reintroduce disagreement. An important empirical question is
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whether individuals notice that they have reached consensus and stop the debate or
whether and under what conditions, they continue the exchange of arguments.

5.7 Conclusion

Our simulation analyses suggest that in groups with diverging preferences,
deliberation is shaped by the way members raise arguments as well as their initial
preference perceptions. Advocating for what one finds personally beneficial only led
to truthful disagreement when group members started the discussion with accurate
perceptions about their preferences already. Conversely, when initial perceptions
were noisy and inaccurate, random initial majorities often convinced the rest of the
group of an option they disfavored had full information been present. We compared
the behavior of such ‘advocates’ with that of ‘diplomatic’ agents who avoid
disagreement at the cost of speaking one’s actual mind. In these groups, initially
accurate (divergent) preference perceptions led to an ill-informed consensus.
Inaccurate initial perceptions, on the other hand, eventually resulted in truthful
disagreement. Here, the avoidance of disagreement made consensus hard because
majorities failed to convince other group members of an option they found least
preferable.
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5.8 Appendix

5.8.1 Lopsided argument assignment

The main results pertained to groups where arguments were distributed at random
prior to deliberation. Here we investigate discussion outcomes of simulated groups
where arguments are initially assigned in a selective fashion. We introduce an
additional parameter o, regulating the probability by which agents draw arguments
in support of their most preferred option. They take turns at choosing from the set
of available arguments A’, one at a time without replacement according to

p(a;) = exp(o * Wi,omax,g)/ Zi €{A4} exp(o * Wi,omax,g) (5.3)

where 0,4, represents the option members of a subgroup g prefer the most. Ato = 0,
arguments are drawn at random, mirroring the setup of discussion groups in the
main results. At o = 2, argument distribution is highly lopsided, with high chances of
A arguments being drawn by a members, B arguments drawn by S members, and C
arguments being drawn by members of both subgroups with equal probability. To
avoid that initial preference perceptions strongly correlate with group members’
true preferences independent of the level of o, the simulation experiments presented
here use a low divergence value of d = 0.1.
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Figure 5.5 Discussion outcomes and initial preference perceptions by sigmaatd=0.1

Figure 5.5 shows that higher o leads to discussion outcomes similar to higher
preference divergence (compare Figure 5.2). This is explained by the fact that both
parameters tighten the correlation between initial preference perceptions and true
preferences (Panel B), either directly through lopsided allocation (o) or indirectly
through differences in argument weights (d, see Figure 5.2 B). Variations of the o
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parameter always produce more consensus on option A or B than on C among
advocates, with the reason being the low value of preference divergence: at low d,
options A and B are more similar to members of both subgroups, making it easier to
align on either of these options.

5.8.2 Strategy adherence and group composition

Figure 5.6, Panel A reveals that across the range of the adherence parameter t and
consistent with the main results, diplomats are more likely to form consensus than
advocates at high divergence. At low divergence, consensus is more likely among
advocates than diplomats. Differences in the effects of the two argumentation styles
become bigger in 7. This is explained by the fact higher adherence implies less
randomness and a more deterministic selection of arguments according to agents’
argumentation styles. At very low adherence (7 < 0.5), argument selection for both
styles approximates randomness, resulting in similar probabilities to find consensus.
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Figure 5.6 Discussion outcomes by adherence 7 (A) and number of advocates in group (B)

Figure 5.6, Panel B elucidates discussion outcomes at different divergence levels
for mixed groups of advocates and diplomats. At high divergence, the probability of
consensus sinks almost linearly in a greater fraction of advocates and rises
monotonously at low divergence. Both results are consistent with the main results,
showing that consensus occurs more often among diplomats than among advocates
at high divergence, while the opposite occurs at low divergence. Only at moderate
divergence, a peak in consensus propensity appears at two diplomats and four
advocates, exhibiting a curvilinear relationship between consensus propensity and
the fraction of advocates in the group. Here, frequent consensus results from
diplomats’ tendency to raise C arguments, combined with advocates’ ability to raise
arguments even if they go against their opponents’ preference perceptions.
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5.8.3 Preferential interaction

The simulations that underlie the main results of the paper assume that agents select
any interaction partner with equal probability. Here, we test if results are robust to
two types of preferential interaction, namely, similarity in perceptions and similarity
based on subgroup membership. We regulate interactions between agents by
introducing a homophily parameter h, ranging from -1 to 1. The greater h, the more
likely a sending agent is to choose a receiving agent with the same trait. A sending
agent chooses a receiving agent according to

by = Sy/ Zy e(r} Sy (5.4)

where y denotes the individual receiver and Y the set of potential receiving agents.
sy represents the trait similarity between sender and receiver, taking on the value of
h / 2+ 0.5 if sending and receiving agent share the same traitand 1 - (h /2 + 0.5)
otherwise.

Consistent with the main results, Figure 5.7 shows that advocates are more likely
than diplomats to form consensus at low levels of preference divergence (d = 0.2),
while diplomats are more likely to form consensus at high preference divergence
(d = 0.6). This is true for the entire parameter range of perception-based homophily
(Panel A) and group-based homophily (Panel B). Generally, higher homophily levels
indicate lower probabilities of finding consensus. This is because preferential
interactions between similar individuals, either in perceptions or subgroup
membership, solidify convictions in line with true preferences and result in
disagreement as the final outcome of the discussion. Interesting to note is the
increase in consensus at low divergence as subgroup homophily reaches higher
levels, pointing to potential ‘transient diversity’ effects (c.f. Chapter 3).
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Figure 5.7 Discussion outcomes by perception-based (A) and subgroup-based homophily (B)
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5.8.4 Decision-making without consensus

Figure 5.8 reveals that groups would reach similar discussion outcomes if decisions
were not made according to full consensus, but accordingtoa5 / 6 or 4 / 6 majority
rule instead. Advocates are less likely to converge around any option as divergence
levels rise, regardless of whether 4 or 5 group members perceive to prefer the same
option. Diplomats tend to disagree more often as divergence levels rise as well, but
this tendency is offset by a local peak at around d = 0.6, regardless of the underlying
decision-making rule. The latter is, again, explained by diplomats’ ability to raise
arguments in favor of option C as divergence levels rise (Figure 5.8 B).
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Propositions

1. Identities are not only linked to what people know, they also influence how
individuals share knowledge with one another (this dissertation).

2. Ideological segregation can undermine crowd-based misinformation
detection (Chapter 2).

3. Indiverse teams, homophily can prevent early, suboptimal consensus and
improve team decision quality (Chapter 3).

4. Homophily can be beneficial or detrimental for collective decision-making,
depending on the setting (Chapters 2 and 3).

5. Ideological differences can reduce the perceived usefulness of information
from others, regardless of its actual value (Chapter 4).

6. When facing difficult problems, individuals may prefer to learn from
someone who is cognitively different to themselves, which can increase the
likelihood of finding a better solution (Chapter 4).

7. ldentity diversity can facilitate but also hinder the integration of epistemic
diversity in groups (Chapters 2-4).

8. When group members have strongly conflicting interests, avoiding
disagreement can help with finding consensus (Chapter 5).

9. Persuasive argumentation can foster consensus when group members have
initially inaccurate perceptions of what they think is best for themselves

(Chapter 5).

10. All of you are partly right and partly wrong - each of you is telling it
differently because you touched a different part of the elephant.

127






English summary

Diversity poses a ‘double-edged sword’ to collective decision-making in groups.
Epistemic diversity - i.e., differences in perspectives, skills, and knowledge - can
enhance the accuracy, creativity, and effectiveness of collective decisions. However,
epistemic differences are often tied to identity differences among group members.
Different backgrounds - cultural, ideological, or professional - can make it
challenging to build the mutual trust and open communication necessary to exploit
diversity in the process of making better group decisions. Therefore, group
diversity can be a potential asset, but not one that is automatically utilized.

Different scholarly fields have tried to identify ways to reap the benefits of
epistemic diversity while avoiding pitfalls of identity diversity. Organizational
research has gathered much observational data on the demographic composition
of work teams and their performance. Sociological simulation models have
illuminated how small-scale interaction patterns between individuals can breed
large-scale phenomena such as polarization. And formal philosophical work in
social epistemology has investigated the conditions under which groups can arrive
at epistemically justified, truthful decisions.

While specialization in these fields allows for a detailed examination of specific
aspects of the problem, it simultaneously risks that insights generated in one
domain may not hold when factors studied in other domains are taken into
account. A reliance on large-scale surveys in organizational research can make it
challenging to pin down precisely which micro-level interaction patterns give rise
to group-level performance. Sociological models mostly study opinion
distributions, making it difficult to draw conclusions about the quality of the
opinion distributions at which these populations arrive. And philosophical
accounts may overlook the influence of non-epistemic factors that are central to
human behavior.

This dissertation aims to bridge these gaps by integrating philosophical and
sociological modeling with empirical insights from organizational and social
psychology. In doing so, its aim is to outline pathways how identity diversity and
epistemic diversity can be reconciled for better decision-making in groups.
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Chapter overview

The first dissertation chapter provides an overview of the research problem. It
brings together different theoretical perspectives and proposes an integrative
framework: Decision-making in diverse groups is a complex problem. Researchers
need to take into account settings, group-level features of identity diversity and
epistemic diversity, deliberation dynamics in groups, and the epistemic
consequences of these deliberations. This framework is then used to connect
Chapters 2 - 5, which zoom in on specific aspects of group diversity and its
consequences for information exchange and decision-making in groups. Chapter 1
synthesizes the findings of these chapters and provides an outlook for future
research.

Chapter 2 approaches group diversity and decision-making from a network
perspective: It investigates how veracity ratings of informational messages evolve in
online bipartisan communities. Simulation-based analysis and a large-scale
empirical experiment reveal that ideologically segregated networks undermine
users’ ability to make accurate rating decisions: Network segregation initiates a
dynamic where early biased ratings influence subsequent users’ judgments,
resulting in a cascade of inaccurate evaluations. Ideologically integrated networks,
on the other hand, cause a positive feedback loop that improves overall rating
accuracy. Findings show how ideological diversity does not pose a challenge to
misinformation detection per se, but rather the network segregation that often
comes along with it.

Chapter 3 presents simulated discussions in small teams with subgroups of
different professional identities. It examines how homophily, a tendency of
individuals to preferentially interact with similar others, affects collective decision-
making quality. It shows how homophily initially creates disagreement between
subgroups, which extends deliberation time and allows critical arguments to surface
and spread. As a result, homophilous teams reach better decisions, while teams
without homophily are prone to consensus around inferior options. Findings
resonate with accounts of ‘transient diversity’, suggesting that group problem-
solving can benefit from boundaries in how much individuals should influence one
another.

Chapter 4 explores how identities affect peer-to-peer learning in problem-solving
tasks. A behavioral experiment shows that differing political identities (as opposed
to shared ones) are associated with perceptions of reduced competence. However,
when identities point to different cognitive styles, perceived dissimilarity enhances
attention and influence. This resulted in more frequent problem solving, challenging
the common notion that people learn best from those who are similar to themselves.

Chapter 5 investigates how groups can find consensus when subgroup members
have stakes in differing decision options. A simulation model shows how consensus
depends on both the way members raise arguments and the extent to which
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Summary

preferences diverge: Conciliatory argumentation styles foster consensus under high
divergence, whereas persuasive deliberation increases chances of consensus when
subgroup interests are similar. Findings add nuanced insights into the complex
dynamics of deliberation in groups with heterogeneous stakes.

Conclusion

The most important insight of this dissertation is that diversity may not always
manifest as a double-edged sword, in the sense that different identities necessarily
challenge the integration of otherwise valuable epistemic potential. Instead, and as
the different dissertation chapters show, the picture is much more nuanced: Identity
characteristics that point towards underlying cognitive differences can improve
learning from dissimilar others. Different professional identities can induce
constructive disagreement, which improves the decisions of teams in the long run.
But ideological differences in segregated, bipartisan communities can also backfire
and deteriorate the accuracy of their decisions. Lastly, identity diversity can be
associated with differences in interest-based stakes, which complicates how groups
can find agreement.

Whether identity diversity hinders or facilitates the integration of epistemic
diversity depends on many factors, such as the type of problem, the specific
identities at stake, and the way information is distributed in a group. These factors
influence how individuals exchange information with one another, leading to
interactional dynamics and decision outcomes that can be challenging to anticipate
intuitively.

As my findings illustrate, there are no one-size-fits-all prescriptions for leveraging
diversity in group settings. Yet, in an increasingly interconnected world, interactions
among individuals with different identities are a constant, and our reliance on
others’ input continues to grow. Therefore, an understanding of the specific
mechanisms through which identity and epistemic diversity impact individual and
collective decision-making remains crucial. This dissertation takes us one step
closer to reaching that understanding.
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Nederlandse samenvatting

Groepsdiversiteit wordt in de wetenschap vaak beschreven als een ‘tweesnijdend
zwaard’ voor collectieve beslissingen. Epistemische diversiteit - oftewel verschillen
in perspectieven, vaardigheden en kennis - kan de nauwkeurigheid, creativiteit en
effectiviteit van groepsbesluiten verbeteren. Tegelijkertijd gaan epistemische
verschillen tussen groepsleden vaak gepaard met identiteitsverschillen.
Verschillende achtergronden - cultureel, ideologisch, of professioneel - kunnen het
lastig maken om het wederzijdse vertrouwen en de open communicatie op te
bouwen die nodig zijn om diversiteit effectief te benutten. Diversiteit binnen
groepen biedt dus potentieel, maar dat potentieel wordt niet automatisch benut.

Verschillende wetenschappelijke disciplines hebben geprobeerd manieren te
identificeren om de voordelen van epistemische diversiteit te benutten, terwijl de
valkuilen van identiteitsdiversiteit worden vermeden. Organisatieonderzoek heeft
veel empirische data verzameld over de demografische samenstelling van teams en
hun prestaties. Sociologische simulatiemodellen laten zien hoe kleinschalige
interactiepatronen tussen individuen grootschalige fenomenen zoals polarisatie
kunnen veroorzaken. En formeel-filosofisch werk in de sociale epistemologie heeft
onderzocht onder welke voorwaarden groepen epistemisch gerechtvaardigde en
waarheidsgetrouwe beslissingen kunnen nemen.

Hoewel onderzoek binnen deze disciplines een gedetailleerde analyse van
specifieke aspecten van het probleem mogelijk maakt, bestaat tegelijkertijd het
risico dat inzichten uit het ene vakgebied niet standhouden wanneer factoren uit
andere domeinen worden meegenomen. Een sterke focus op grootschalige enquétes
in organisatieonderzoek maakt het lastig om precies vast te stellen hoe specifieke
interactiepatronen op microniveau prestaties op groepsniveau beinvloeden.
Sociologische modellen bestuderen vooral opinieverspreiding, waardoor het
moeilijk is uitspraken te doen over de kwaliteit van de uiteindelijke opinies.
Filosofische benaderingen ten slotte houden niet altijd rekening met de invloed van
niet-epistemische factoren die centraal staan in menselijk gedrag.

Dit proefschrift beoogt een brug te slaan tussen filosofische en sociologische
modellen enerzijds, en empirische inzichten uit organisatieonderzoek en de sociale
psychologie anderzijds. Daarmee onderzoekt het hoe identiteitsdiversiteit en
epistemische diversiteit met elkaar verenigd kunnen worden, om zo besluitvorming in
groepen te verbeteren.
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Hoofdstukoverzicht

Het eerste hoofdstuk van het proefschrift biedt een overzicht van de
probleemstelling. Het brengt verschillende theoretische perspectieven samen en
introduceert een integratief theoretisch kader: besluitvorming in diverse groepen is
een complex probleem. Onderzoekers moeten rekening houden met de context,
groepseigenschappen  van  identiteits- en  epistemische  diversiteit,
deliberatiedynamieken binnen groepen en de epistemische gevolgen van deze
deliberaties. Dit kader vormt de leidraad waarmee de hoofdstukken 2 t/m 5 met
elkaar worden verbonden. Elk hoofdstuk zoomt in op specifieke aspecten van
groepsdiversiteit en de gevolgen daarvan voor informatie-uitwisseling en
besluitvorming. Dit eerste hoofdstuk vat de belangrijkste bevindingen samen,
plaatst ze in onderlinge samenhang en werpt een blik op toekomstige
onderzoeksvragen.

Hoofdstuk 2 benadert groepsdiversiteit en besluitvorming vanuit een
netwerkperspectief. Het onderzoekt hoe gebruikers van sociale media elkaar
onderling beinvloeden in het beoordelen van het waarheidsgehalte van berichten,
en hoe dit zich ontwikkelt in online gemeenschappen met twee ideologische
kampen. Simulaties en een grootschalig empirisch experiment tonen aan dat
ideologisch gesegregeerde netwerken het vermogen van gebruikers ondermijnen
om accuraat te oordelen: segregatie leidt tot een dynamiek waarin vroege
bevooroordeelde beoordelingen die van latere gebruikers beinvloeden, met als
gevolg een kettingreactie van onjuiste beoordelingen. Ideologisch geintegreerde
netwerken creéren daarentegen een positieve feedbacklus die de algehele
nauwkeurigheid verbetert. De bevindingen laten zien dat ideologische verschillen
op zichzelf geen probleem vormen voor misinformatieherkenning, maar eerder de
netwerksegregatie die er vaak mee gepaard gaat.

Hoofdstuk 3 simuleert discussies in kleine teams met subgroepen van
verschillende professionele identiteiten. Het onderzoekt hoe de neiging van
individuen om vooral met anderen uit hun subgroep om te gaan, de kwaliteit van
collectieve besluitvorming beinvloedt. Een voorkeur voor individuen met dezelfde
professionele identiteit leidt aanvankelijk tot meningsverschillen tussen
subgroepen, wat de deliberatieduur verlengt en ruimte geeft voor Kkritische
discussie. Daardoor nemen deze teams betere besluiten, terwijl teams waarin
iedereen even vaak met elkaar omgaat sneller tot consensus komen rond inferieure
opties. De bevindingen sluiten aan bij theorieén over ‘transiénte diversiteit, die
suggereren dat collectieve besluitvorming kan profiteren van begrensde
wederzijdse beinvloeding.

Hoofdstuk 4 onderzoekt hoe identiteit het onderlinge leren beinvloedt bij
probleemoplossingstaken. Een gedragsexperiment laat zien dat bij verschillende
politieke wereldbeschouwingen (in tegenstelling tot gedeelde) deelnemers elkaars
competentie lager inschatten. Echter, wanneer identiteiten verschillen in ‘cognitieve
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stijl’ (vastgesteld door een fictieve persoonlijkheidstest), leidt waargenomen
verschil juist tot verwachtingen van nieuwe inzichten, hetgeen onderlinge aandacht
en invloed versterkt. Cognitieve verschillen blijken als gevolg daarvan de onderlinge
leereffectiviteit te vergroten, wat de gangbare opvatting ter discussie stelt dat men
vooral leert van gelijkgestemden.

Hoofdstuk 5 onderzoekt hoe groepen consensus kunnen bereiken wanneer
subgroepleden belangen hebben bij verschillende besluitopties. Een simulatiemodel
laat zien dat consensus afhankelijk is van zowel discussiestijl als de mate van
belangentegenstelling: cooperatieve, bemiddelende argumentatiestijlen bevorderen
consensus bij sterke voorkeursverschillen, terwijl persuasieve argumentatie de kans
op consensus verhoogt wanneer de belangen van subgroepen gelijkwaardig zijn. De
bevindingen bieden genuanceerde inzichten in de complexe dynamiek van
discussies binnen groepen met uiteenlopende belangen.

Conclusie

De belangrijkste bevinding van dit proefschrift is dat diversiteit niet per definitie een
tweesnijdend zwaard vormt, waarbij verschillende identiteiten de benutting van
waardevol epistemisch potentieel noodzakelijkerwijs belemmeren. Zoals de
individuele hoofdstukken laten zien, is het beeld genuanceerder: verschillen in
identiteit gebaseerd op cognitieve stijl kunnen leiden tot verwachtingen van
nieuwheid en daarmee het leren van andersdenkenden bevorderen. Verschillende
professionele identiteiten kunnen constructieve meningsverschillen creéren, wat op
de lange termijn tot betere besluiten leidt. Daarentegen kunnen ideologische
verschillen tussen gesegregeerde en gepolariseerde kampen juist contraproductief
zijn en de kwaliteit van besluiten ondermijnen. Tot slot kunnen
identiteitsverschillen ook van invloed zijn op de manier waarop argumenten en
keuzemogelijkheden worden beoordeeld, wat het bereiken van consensus in een
groep bemoeilijkt.

Of identiteitsdiversiteit de benutting van epistemische diversiteit belemmert of
juist bevordert, hangt af van tal van factoren: het soort probleem, de context waarin
communicatie plaatsvindt, de specifieke identiteiten in kwestie, en hoe informatie
binnen een groep is verdeeld. Al deze factoren beinvloeden hoe individuen
informatie met elkaar uitwisselen, en leiden tot interactiedynamieken en
besluituitkomsten die niet eenvoudig te voorspellen zijn.

Zoals deze bevindingen illustreren, bestaan er geen universele recepten om
diversiteit in groepsverband optimaal te benutten. Toch zijn interacties tussen
mensen met verschillende identiteiten in een steeds meer verbonden wereld een
constante realiteit en zijn we in toenemende mate afhankelijk van de inbreng van
anderen. De specifieke mechanismen begrijpen waardoor identiteits- en
epistemische diversiteit individuele en collectieve besluitvorming beinvloeden is
daarom van groot belang. Dit proefschrift brengt ons een stap dichter bij dat begrip.
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commands to able
seamen with a whistle

stores: supplies and
equipment required
for the navigation,
operation, and upkeep
of a ship

harbormaster: person
in charge of the
operation of a harbor

moor: to dock a ship

galley: ship’s kitchen
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During my passage, I crossed paths with many other ships
and their crews. Mentioning all of them lies beyond the
possible for this section, but I would like to acknowledge a few
of those scholars who shared a part of my journey with me,
even if it was not strictly related to my dissertation: I thank
Davide, Martina, and Shannon for conspiring with me. Marg,
for pushing along all matters fake news. Jornt, for bringing
family sociology into my network research. Wieteke, for our
shared work on multiple jobholders. The reading committee,
Leah Henderson, Scott E Page, and Heiko Rauhut I owe thanks
for inspecting my dissertation from bowsprit to taffrail. And I
would like to whistle a salute to my cursing, weather tanned
and wiry boatswain: Casper ‘Popeye’ Kaandorp - your self-
proclaimed title of code-god is well-deserved.

To the funding body SCOOP (and Rafael Wittek and Liesbet
Heyse in particular), I owe gratitude for acting as the ship’s
pursers. You ensured that the hold was stocked and that the
voyage could continue without fear of running short on
stores. The SCOOPies, the ICS community and the Norms and
Networks cluster represented the dockyards: Here, I could
inspect my (incomplete) ship, have it checked by experts and
collect ideas on how to make it seaworthy. Thank you for
providing a platform to present my work in progress, and for
dedicating countless hours to thinking along on how to
improve it.

The department of sociology at the University of
Groningen served as my home port - a safe and welcoming
place where 1 could weather storms and gather fresh
supplies. Special thanks go to Anita, the harbormaster, who
worked ceaselessly to ensure that there was always a spot at
the wharf for me to moor at.

My family provided the sailor’s home where I could rest my
sea legs while on shore leave. Frida, | am deeply appreciative
of the many times you checked in about my state of affairs and
made an effort to understand what I was up to. Christiane,
thank you for providing me with a home I could return to,
mentally and physically, whenever [ needed to. Nothing is
more comforting than a galley stocked with cheese after a
long night's drive. Wolfgang, it was amazing to have an
experienced captain like you to keep an eye on my journey,



provide external advice and spin yarn with. And Maggy, you
are the sweetest ship’s dog one could imagine.

Perhaps, the biggest gratitude I owe to my fellow mariners
in training, my closest PhD friends. I was blessed to be
accompanied by a couple of midship(wo)men with a special
fondness for lobsters: Elsje, in many ways you were like an
anchor to me, steadfast, reliable, and fiercely loyal. Anna, you
were my ship’s rigging: standing tough and tall, mastering any
storm that would be thrown upon you yet never expecting
gratitude for it. Julian, like the wind, full of wits and surprises,
sometimes mysterious but always indispensable to the
passage. Sofie L, you were the ship’s doctor, discreetly and
empathetically lending your ear to those who needed it.14

I must not forget my other messmates, whom I am deeply
grateful to have shared many jolly days at sea with: Amber,
who practiced Dutch with me from the start and made me
appreciate the North and its inhabitants like no one else
could. Marie, with her admirable fight for mid’s rights.
Ramona, whose sharp insights continue to enlighten me. Sofie
W, my kindred spirit in trekking adventures and Polish
delicacies. Rowan, who gets The Lighthouse like no other.
Stjoppa, with his curiosity and unmistakable way of thinking
outside the box.

That said, there are many other midship(wo)men who
deserve mentioning: Dan, who was always happy to share his
sailor’s pipe when taking a break. Dennis, an overflowing
cornucopia of unconventional projects. Alla, whose waters are
silent but deeper than any sounding can reach. Fernanda, the
real sailor of the two of us. Soren, lover of coffee, cats, and
cinema. Danica, explorer and connoisseur of fine spirits. Klee,
the most able top(hu)man in the rig. Hendrik, chief engineer
in the netlogo department.

A sailor’s life can be dull and dreary when the doldrums
strike. Thankfully, they never lasted long because my shanty
choir, Aquilo, would fill my sails again. Arjen, Ilse, Jasper,
Mareike, Rose, Suzanne, and Veerle, I am unspeakably happy
to have found such a fantastic vocal ensemble in you. Special
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spin yarn: tell a tale or
story

midshipman: naval
officer in training

mess: a space where
part of a crew eat and
sometimes live
together

sounding: measuring
the depth of the water

topman: a sailor
working sails and

rigging

doldrums: monotone,
windless weather near
the thermal equator

shanty: work song to
accompany rhyth-
mical labor

Aquilo: roman god of
northern winds

14 A part of a ship’s doctor’s responsibilities is to oversee pest control. To this end, it is not surprising

that you also made sure to keep the (male) ship rats in check.
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steward: ship’s cook

hard tack: dense
cracker made from
flour, water, and salt

scurvy: vitamin
deficiency caused by
lack of access to fresh
produce

first dog watch:

4 - 6pm in the
traditional maritime
watch-keeping system

crossing-the-line
ceremony: rite of
passage, celebration of
a sailor’s first crossing
of the equator
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thanks go to Mareike and Veerle, whose knowledge of the
local tongue proved invaluable for my Dutch summary.

With my Friesday friends, Lisa and Kimberley, [ was excited
to have shared many sticks of gold and numerous pleasant
evenings. My Duitsers in Diaspora, Nico, Inga, Timo, Alex,
Lena, and Stefan S kept Settlers of Catan close and
homesickness at bay. To my marine biologists, Alenya, Anni,
Maite, and Nino I am grateful to have been told much yarn
about the fascinating creatures that lurk in the depths of the
seas. Stefan P, thank you for the bike rides, bouldering
sessions, and intriguing conversations. Robert, chief steward,
my diet would be hard tack and scurvy upon me if it was not
for your creativity and skill in the galley. Friederike, expert of
Europe’s Eastern lands and beacon of hope for Thuringia,
thank you for our longstanding friendship. And [ would like to
thank Florian, my prized hiking buddy, passionate sociologist,
and trusting confidante.

Finally, to my partner Ann: You are the lighthouse keeper
who keeps the flame lit and the foghorn sounding. Your light
guides me in the dark and helps me navigate uncertain
waters. Thank you for your love, your companionship, and
your faith in me. I could not imagine how to reach shore
without you.

And with this, I will close the logbook of this passage. The
equator is near, first dog watch begins, and the time for my
crossing-the-line ceremony is nigh. May Neptun be with me.
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