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Abstract

Political polarization represents a rising issue in many
countries, making it more and more important to un-
derstand its relation to cognitive-motivational and social
influence mechanisms. Yet, the link between micro-level
mechanisms and macro-level phenomena remains un-
clear. We investigated the consequences of individuals
striving for cognitive coherence in their belief systems on
political polarization in society in an agent-based model.
In this, we formalized how cognitive coherence affects
how individuals update their beliefs following social in-
fluence and self-reflection processes. We derive agents'
political beliefs as well as their subjective belief systems,
defining what determines coherence for different individ-
uals, from European Social Survey data via correlational
class analysis. The simulation shows that agents polarize
in their beliefs when they have a strong strive for cognitive
coherence, and especially when they have structurally dif-
ferent belief systems. In a mathematical analysis, we not
only explain the main findings but also underscore the ne-
cessity of simulations for understanding the complex dy-
namics of socially embedded phenomena such as political
polarization.
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Highlights

» We formalize and analyze a model of belief dynamics in which individuals change
their political beliefs in social interaction striving for cognitive coherence, while co-
herence can mean different things to different individuals (based on their individual
belief system structure).

* The model is both data-driven and grounded in psychological theory.

* The model illustrates how striving for cognitive coherence in one's belief system fos-
ters political polarization, and accounting for differences in belief system structures
amplifies the effect.

» With mathematical analysis of the model, we confirm these findings and at the same
time highlight the importance of agent-based simulations for understanding the dy-
namics of socially embedded phenomena.

INTRODUCTION

Political polarization is a concern in many countries. In the United States, in the last couple
of decades, the political beliefs of voters for Democrats and Republicans have become more
extreme and more aligned (e.g., Danilla, 2024; Sgambati & Ayduk, 2023). Similar tendencies
are evident in some European countries as well (Turner-Zwinkels et al., 2023). This threatens
societal cohesion and social harmony, with the political debate being increasingly undermined
by a personal dislike and distrust for the “others” (affective polarization; Huddy & Yair, 2021;
Iyengar et al., 2019).

Polarization can result from a top-down process, where the polarized political spectrum
leads individuals to polarize in their beliefs, or a bottom-up process resulting from the psy-
chology of internal belief dynamics irrespective of the political landscape (Federico, 2021).
So far, the underlying cognitive mechanisms of political polarization are poorly understood
(Rollwage et al., 2019). A bottom-up process that has been assumed to drive polarization is
cognitive coherence (Jost et al., 2022; Simon & Read, 2023). Theories of cognitive coherence
state that beliefs are related and interdependent; they can be coherent or incoherent, and peo-
ple strive for coherence in their beliefs (Thagard, 2000). Research into coherence theories has
provided considerable insights into the cognitive processes of individuals; yet, less is known
about the consequences of the belief change of individuals that strive for cognitive coherence
over time and in social interaction, in particular when individuals do not share the same con-
cept of what coherence means (Goldberg & Stein, 2018). Apart from coherence, another sug-
gested bottom-up driver of polarization is social influence: Individuals align their beliefs to
trusted peers (e.g., Flache et al., 2017). However, the cognitive and social levels are less often
studied together, as psychologists tend to highlight the individual and sociologists highlight
the social level.

Research has only recently started to connect individual-level belief coherence and macro-
level dynamics of belief patterns (Dalege et al., 2024; Goldberg & Stein, 2018). Understanding
the ways that micro- and macro-level processes interact demands new methodologies in po-
litical psychology (Rollwage et al., 2019), and one such is agent-based simulation (Bilewicz
& Soral, 2020; Homer-Dixon et al., 2013). By using agent-based simulation, we explore the
effects of cognitive coherence and map out its consequences considering the social and tempo-
ral dynamics within a virtual society of agents. Building on existing agent-based approaches,
agents in our model change their beliefs based on self-reflective and social influence processes.
They strive to maximize belief coherence. Such coherence (or incoherence) of an agent's beliefs
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depends on how its belief system is structured. In contrast to most existing agent-based sim-
ulations, we apply a data-driven modeling approach and derive agents' belief systems from
survey data (for an exception, see Dalege et al., 2024). Via correlational class analysis, we ob-
tain groups of individuals with similarly structured belief systems, which allows us to consider
belief system heterogeneity. In simulations of our data-driven agent-based model, we explore
the effects of striving for coherence and differences in belief systems on belief polarization.

In this chapter, we first elaborate on the theoretical background of cognitive coherence
(Section “Cognitive coherence”). Then, we introduce a conception of belief systems, which
defines what is (in)coherent (Section “Belief systems”), and subsequently, we propose the idea
that individuals differ in their belief systems (Section “Individual differences in belief sys-
tems”). Next, we apply a dynamic perspective, describing influences that trigger belief change
(Section “Changing beliefs to improve coherence”). Finally, we outline our approach in the
present work (Section “The present work™).

Cognitive coherence

The general idea underlying cognitive coherence is that people dislike having beliefs that are in
opposition to each other, which has also been called consonanceldissonance (Festinger, 1957),
consistency (Kruglanski et al., 2018), or balance (Heider, 1946) among others. A conse-
quence of this is that people tend to develop a more coherent set of beliefs (Festinger, 1957,
Thagard, 2000), but there is some terminological and conceptual confusion. Festinger's under-
standing was sometimes couched in purely logical terms. He postulated that two elements, x
and y, are consistent if one of these implies the other and the elements are inconsistent if one
follows from the opposite (Festinger, 1957).

However, coherence has also been construed as a wider, more subjective concept that does
not necessarily involve pure logical reasoning (Thagard, 2000). Thagard defined coherence as
the “satisfaction of multiple positive and negative constraints” (Thagard & Verbeurgt, 1998, p.
1). This notion of coherence is a property of a whole set of beliefs rather than a pairwise rela-
tion as in Festinger's theory (Festinger, 1957). While according to Festinger, any inconsistency
between two beliefs in the belief set makes that set logically inconsistent as a whole, the notion
of coherence following Thagard implies that a set of beliefs might become niore coherent by
adding a new belief even if that belief is logically inconsistent with some of the other beliefs,
as long as it is sufficiently coherent with the rest to balance the inconsistency. For instance,
if a person believes in human rights but opposes homosexual rights and transgender rights,
they might experience incoherence. According to Thagard (but not Festinger), the coherence
of the set of beliefs can be raised by adding a new belief such as also opposing women's rights:
Although this belief too is inconsistent with human rights, alignment with opposition to ho-
mosexual and transgender rights may overshadow this.

There are different ideas about the underlying motives in striving for coherence, such as
a preference for a good “form” (i.e., “Gestalt”; Wertheimer 1923/Wertheimer, 1938) or inco-
herence being a threat to the self-concept (Aronson, 2019). Coherence theories also closely
relate to theories of motivated reasoning (Gawronski, 2012; Kruglanski, 1980; Kunda, 1990).
Therein, the notion is supported that reasoning is influenced by people's motivations, which
relates to the assumption that beliefs (or inference of those) tend to be coherent with the in-
dividual's goals and emotions (Thagard, 2000). While there are different ideas on why people
strive for coherence, the fact that coherence is important is considered central to cognitive
reasoning (Simon & Read, 2023). Simon and Read (2023) have attempted to integrate the vari-
ous theories on cognitive coherence, motivated reasoning, and other types of biased reasoning
into a general framework of coherence-based reasoning. In line with this and Thagard's work,
we assume in the present work that the coherence of beliefs does not relate to a strict logical
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relation of beliefs but that it depends on a person's subjective reasoning. In the example above,
this means that it depends on the person whether support for homosexual rights and for human
rights is considered incoherent (or at least to what extent).

Belief systems

In their coherence framework, Simon and Read (2023) define coherence as the similar acti-
vation of positively linked elements and dissimilar activation of negatively linked elements
in a network of interconnected nodes (i.e., elements). Coherence can thus be described as a
state of such a belief network, denoted as the belief system (Gawronski, 2012; Gawronski &
Brannon, 2019). Belief systems define how beliefs are related to each other, which is the szruc-
ture of the belief system, as well as how each belief is expressed, meaning the content of the
belief system. The structure and content of a belief system can be represented as networks
of interconnected beliefs (Baldassarri & Goldberg, 2014; Brandt & Sleegers, 2021; Dalege
et al., 2017). Two individuals who disagree on political issues (i.e., the content) may still have
similarly structured belief systems if they share the underlying logic of which beliefs are con-
gruent (or not) with one another. For instance, person A might consider homosexual rights and
women's rights positively related and support both, while person B might oppose both while
sharing the underlying logic with person A that women and homosexual rights are positively
related.

Empirical investigations of belief systems and their structural properties are relatively new
(Section “Individual differences in belief systems”). In their belief network analysis, Boutyline
and Vaisey (2017) suggested inferring belief systems as the correlations between participants'
responses on different political issues and thereby inferring which beliefs “belong together.”
Using social correlations has become the standard for inferring belief systems (e.g., DellaPosta
et al., 2015; Turner-Zwinkels & Brandt, 2022). It is this relational notion of belief systems that
we use to conceptualize cognitive coherence in the present paper. We define belief relations
through positive or negative (social) correlations and define cognitive coherence as how an in-
dividual's set of beliefs fit with these relations. In other words, coherence is the fit of the belief
system content with the belief system structure.

Individual differences in belief systems

In belief network analysis, the belief system is an aggregate property of a population and
hence, its members possess the same or a very similarly structured belief system (Boutyline
& Vaisey, 2017; DellaPosta et al., 2015). Relational class analysis (Goldberg, 2011) and its suc-
cessor correlational class analysis (Boutyline, 2017) are network-based methods developed to
find groups with shared cultural schemas. These methods have also been applied to cross-
sectional data of political beliefs, estimating the relations between the beliefs as a proxy of the
structure of the belief system. Studies of belief system structures have demonstrated that there
is heterogeneity among people not just in their beliefs but how they relate beliefs (Baldassarri
& Goldberg, 2014; Brandt & Sleegers, 2021; van Noord et al., 2024). For instance, van Noord
etal. (2024) analyzed the European Social Survey data on 23 countries using correlational class
analysis and found that belief system structures differ both within and between countries, with
different sub-populations having differently structured belief systems.

In correlational class analysis (CCA hereafter), similarity between two individuals is deter-
mined by the strength of the Pearson's correlation of their beliefs. Individuals are then grouped
using a modularity-maximization algorithm (for details, see Newman, 2006), which returns a
partition of individuals such that individuals within the same group relate different beliefs in
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similar ways. Hence, individuals are sorted into groups with a shared belief system structure.
Modularity maximization is known for finding “spurious” modules in networks when there
are none by definition of the generative mechanism (Peixoto, 2023). However, our use case is
not based on network data but the correlation matrix of several individuals, suggesting that
CCA is a suitable approach for deriving differently structured belief systems from survey data.

In reality, each individual presumably has their own belief system (Brandt & Morgan, 2022;
Goldberg & Stein, 2018), yet inferring a belief system structure for every individual separately
is impossible with correlations and there is a lack of good alternatives for the correlational
logic (Brandt, 2022). In order to derive belief system structures from data, the assumption
that some individuals share a belief system structure with some others can potentially be a
useful approximation (DellaPosta et al., 2015; Turner-Zwinkels & Brandt, 2022; van Noord
et al., 2024).

Assuming that people are somewhat successful in achieving cognitive coherence, empiri-
cally derived belief systems can serve as a proxy of how individuals construe coherence and
how polarization on a collective level may arise from this (Dalege et al., 2024). This is our ap-
proach. We assume that there are interindividual differences in belief systems and apply CCA
to survey data as an estimate of the different belief system structures in the population.

Changing beliefs to improve coherence

Incoherence or dissonance in one's beliefs is considered a psychologically uncomfortable state
that people tend to alleviate using reduction strategies such as changing their beliefs (Harmon-
Jones & Harmon-Jones, 2007). Empirical evidence documented participants' belief change
aiming for greater coherence (for reviews, see Read & Simon, 2012; Simon & Read, 2023). In
repeated measures studies, participants' beliefs (or attitudes) changed toward greater coher-
ence after being presented with new information, making a decision, or forming a judgment
(e.g., Brehm, 1956; Chaxel et al., 2016).

Belief change may be initiated by self-reflective processes either after a decision or judgment
is made or simply by contemplation (Bandura, 2001a, 2001b). Apart from that, belief change
may be initiated by social influence exerted between two agents. Social influence includes
shifting someone's attention to new information or suggesting an alternative belief to them
during communication (Ajzen, 1991). But we are also socially influenced by observing how
others act and inferring what they might believe (Bicchieri, 2016).

The impact of social influence on belief change and polarization is a core element of the
agent-based simulation literature on belief formation or opinion dynamics (e.g., Castellano
et al., 2009; Flache et al., 2017). For example, Nowak et al. (1990) assumed that beliefs are
binary objects (approval or disapproval) and may flip if an individual holding them is sur-
rounded by (persuasive) individuals with contrasting beliefs. Other models account for biased
assimilation; for example, bounded confidence models assume that individuals only accept
social influence attempts— and change their beliefs accordingly— if the suggested belief is
sufficiently similar to their existing one (Deffuant et al., 2000; Hegselmann & Krause, 2002).
Self-reflection is typically implemented as a random fluctuation of individuals' beliefs (Pineda
et al., 2011; Steiglechner et al., 2024). However, few models have attempted to incorporate cog-
nitive coherence as a principle for belief change. Moreover, few models have simultaneously
studied this interplay in the context of social and self-reflective processes.

In the following, we provide a short, non-exhaustive overview of some related approaches,
studying the effects of coherence on belief change. Dalege and van der Does (2022) assumed
that people have moral and social beliefs and conceptualized them as nodes in a network with
links representing their interrelations. Using partial correlations of such beliefs from survey
data, Dalege and van der Does inferred a single belief network. They found that individuals did
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change specific beliefs over time to reduce (social and moral) incoherence (there: dissonance),
meaning tension produced by beliefs that do not fit the belief network. The authors did not in-
vestigate how this aggregates to collective belief patterns such as belief polarization over time.

Dalege et al. (2024) used a similar framework to study belief dynamics accounting for inco-
herence (there: dissonance) in personal belief networks (as well as perceived social beliefs, which
we neglect in the present study). In their framework, dissonance—or coherence—of a set of
beliefs is defined as the degree to which an agent's beliefs align with the belief network relations,
an approach we also adopt. Specifically, Dalege et al. related coherence to the notion of energy
minimization in a Hopfield network. Such Hopfield networks, well known from research on
memory and learning in neural networks, store information as specific patterns of node val-
ues. The network's energy measures how stable these patterns are—lower energy means greater
stability. The nodes keep changing their values until the network reaches this most stable, low-
energy state. Similarly, in Dalege et al., beliefs are related to other beliefs through coherence- or
dissonance-inducing links. Individuals change beliefs to minimize dissonance, meaning they
aim to align positively linked and misalign negatively linked beliefs to reduce the number of
conflicts (see also Monroe & Read, 2008; Shultz & Lepper, 1996). This can also be understood
as a constraint satisfaction approach to coherence: coherence as maximizing satisfaction of a set
of positive and negative constraints (Thagard & Verbeurgt, 1998). Dalege et al. illustrate that
attention to (different types of) dissonance can produce several belief patterns such as polar-
ization or group extremism. However, their results depend on the assumption of a shared belief
network among all agents. Although the authors compare their simulations with empirical be-
lief patterns for plausibility, the simulations are theoretical without the option of heterogeneous,
empirical belief system structures and without a plausible, empirical initialization of beliefs.

Also taking a constraint satisfaction approach, Goldberg and Stein (2018) formalized coher-
ence (there: constraint satisfaction) as the fit of an individual's perceived associations between
beliefs (there: concepts) to observed co-occurrences of beliefs (or behavioral practices). Similar
to our framework, they argue that it is not beliefs themselves that are relevant for coherence,
but the relations of beliefs. In their model, the belief relations are socially transmitted rather
than the beliefs themselves.

Schweighofer, Garcia, and Schweitzer (2020) and Schweighofer, Schweitzer, and
Garcia (2020) combined and extended dissonance theory and balance theory (Heider, 1946),
introducing coherence (there: balance maximization) in a triadic relation with individuals and
beliefs (there: political issues). If two individuals have both a positive (or both a negative) as-
sociation of several beliefs, their social relation will more likely be friendly than antagonistic.
Beliefs and social relations align to increase coherence (there: converge to a balanced triangle).
The model illustrates a link between belief and affective polarization and is able to generate
hyperpolarization, meaning the coexistence of belief extremeness and belief interdependency
in a multidimensional belief space. Other conceptualizations define a belief system as a spatial
representation of beliefs and encode relations between beliefs (and thus coherence) as subjec-
tive distortions of this space (e.g., Baumann et al., 2021; Steiglechner et al., 2025).

What all of these models of belief dynamics under coherence seeking have in common is de-
fining coherence in terms of belief relations. We adopt this notion of coherence in our work—
particularly, we define coherence of the belief system content with the belief system structure
as analogous to energy in a Hopfield network, equivalent to Dalege et al. (2024)—and focus
on the internal cognitive coherence consideration of individuals with heterogeneous belief sys-
tems. So far, most computational models that tied polarization to the dynamics of cognitive
coherence in belief systems did not consider empirically calibrated belief systems (for an ex-
ception, see Dalege et al., 2024) and, more importantly, they did not consider interindividual
differences in belief system structures. This is the route we take in the present work, applying
a data-driven modeling approach and combining a coherence framework with the assumption
of heterogeneity not only in belief systems content but also in belief system structures.
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The present work

We use agent-based simulation to study collective belief dynamics under the influence of cog-
nitive coherence seeking. This allows us to define individual and heterogeneous agents, who
hold and change political beliefs by interacting with each other, being influenced by the beliefs
of other agents and by self-reflection. What counts as an (in)coherent set of beliefs depends on
the agent's particular belief system structure. We derive agents' beliefs and their belief system
structures from survey data, namely the European Social Survey. Using correlational class
analysis, we obtain groups of individuals that share more similar belief system structures than
others. Our research questions concern the effects of cognitive coherence on polarization. First,
we investigate how the importance of belief coherence (i.e., a stronger strive for coherence in
all agents) affects belief polarization or consensus. Second, we investigate how differences in
belief system structures affect the polarization dynamics. For this, we compare simulations
of agent populations who hold heterogeneously structured belief systems with simulations of
agent populations with just a single, shared belief system structure.

Polarization is a multifaceted phenomenon (Bramson et al., 2016), but here we focus on two
aspects: (1) the extremeness of beliefs in a group (see also group polarization effect; Myers &
Lamm, 1976; Sunstein, 2002) and (2) the diversity of beliefs (or bipolarization) where the most
polarized society is one that is split into two equally sized groups with opposite and maximally
extreme beliefs (Gestefeld et al., 2022).

METHOD

In the following, we introduce the European Social Survey data and describe how we process it
to initialize and parametrize the model (Section “Survey data”). We then describe our formali-
zations of cognitive coherence and belief systems (Section “Formalization of cognitive coher-
ence and belief systems”). Next, we present the agent-based model, including its processes and
initialization (Section “An agent-based model of cognitive coherence”). In Section “Deriving
different belief system structures from data using correlational class analysis”, we introduce
correlational class analysis, which we applied to derive groups of individuals with similarly
structured belief systems.

Survey data

We initialize the agents' beliefs with data from the German sample of the European Social
Survey 2018, consisting of N=2203 participants after removing participants with missing data
(n=131). We selected five items from the survey data (Table 1), using only those items that
distinctly measure political beliefs. As the scales of the selected belief items differed, we trans-
formed values to range between [—1,1], where —1 represents strong disagreement and 1 repre-
sents strong agreement.

Formalization of cognitive coherence and belief systems

We define an agent's beliefs as a vector x in the 5-dimensional space [1, 1]’ and initialize these
belief vectors with the responses to the five belief items' from each survey participant (N =2203).

'The formalization naturally extends to systems with more dimensions, but here, we present the equations for the specific case of
five beliefs.
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TABLE 1 Selected belief items from the European Social Survey.

Belief item ESS name Item description ESS original scale
Pro gay/lesbian freehms Gays and lesbians should be free to live life as 1=Agree strongly
they wish S=Disagree strongly
(scale reversed)
Pro redistribution  gincdif Government should reduce differences in 1=Agree strongly
income levels S=Disagree strongly
(scale reversed)
Political right Irscale Placement on left-right scale 0=Left
10=Right
Pro immigrants impentr Allow many/few immigrants from poorer 1=Allow many
countries outside Europe to come and live here 4=Allow none

(scale reversed)

Pro EU euftf European unification should go further or O=already gone too far
already gone too far 10=should go further

Note: All belief items have been linearly rescaled to range from —1 to +1. The scales of the belief items pro gay/lesbian, pro
redistribution, and pro immigrants have been inverted for easier interpretation, making more positive values relate to the belief
item name.

Abbreviations: ESS, European Social Survey; EU, European Union.

Coherence is the extent to which the values in an agent's belief vector follow the relations of
beliefs. In other words, coherence is the extent to which the agent's belief system content fol-
lows the belief system structure. As stated in the introduction, we use the notion of energy in a
Hopfield network to formalize belief coherence in personal belief networks, equivalent to
Dalege et al. (2024). We define belief relations using correlations between belief items in the
empirical data. If an agent considers two beliefs as positively related, holding positive values
on both (or negative values on both) beliefs contributes to the coherence that an agent experi-
ences. Equation (1) defines the coherence ¢'(x) of a vector of beliefs, x=(x,, ... x;), for an indi-
vidual i, based on a correlation matrix, R, describing its belief system structure as in
Equation (2).

Peon T i i i i
) =12 xT (R =1) - x =115 X] Xy 4+ 7 (13) X X3+ .. +1 45) X4 X5 M
i i i i

Lory iy g s
i i i i
na b3 1oy 1o

i | i i i

Ri=[rs rny 1 1y, 1 (@)

i i i i
Ma Taa Tia 1 7ys
i i i i
s Ths T3s Tas 1

In Equation (2), the sign of each element of R,, r by indicates whether belief dimensions
a and b should be correlated (positive s1gn) or antlcorrelated (negative sign) according to the
belief system structure. The magnitude of r* (b indicates how important this relation is to the
agent's belief system. If 7' wap =0 the agent perceives beliefs « and b as independent.

Figure 1A shows the correlation matrix of beliefs for the five belief items from the European
Social Survey (2018) data across German survey participants, which we equate with the global
belief system structure R'. According to this belief system structure, an individual, i, considers
the beliefs pro EU and pro immigrants positively related (' =.31). For simplicity,

EU-immigrants —
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FIGURE 1 A belief system structure (A) and the corresponding first eigenvector (B) of five political beliefs.
Data are from the European Social Survey 2018 for the German sample, N=2203. The direction of the normalized
eigenvector is an arbitrary choice (i.e., all signs could be flipped).

let us use this smaller example of only those two beliefs instead of all five. The coherence
calculation in Equation (1) would then reduce to ¢'(x)=.31 - xg; * X, grants That means for
individual 7, believing in maximum support of the EU (x;=1) and support of economic im-
migration (x; .. =1) results in high belief coherence (¢'(x=(1, 1))=.31). In contrast, max-
imum support o% the EU (x;=1) and opposition to economic immigration (ximmigrams= =.5)
are perceived as incoherent by the individual with ¢'(x=(1, —.5))=—.16. For individual i, the
extreme belief vectors x=(1, 1) (i.e., pro EU and pro immigrants) and x=(-1, —1) (anti EU and
anti immigrants) are equally coherent and the most coherent according to our formalization of
belief coherence (further discussed in Section “Limitations and future research”).

To better understand coherence maximization with respect to the belief system structure
shown in Figure 1A, we analyzed the eigenvector of the belief system structure with the largest
eigenvalue (i.e., the first principal component of the belief items) as shown in Figure 1B. One
can think of this first eigenvector as the “principal axis” or the “most important/dominant
trend” of a belief system, showing how agents should change their beliefs to achieve maximal
coherence. The first eigenvector of the belief system in Figure 1 explains 33.8% of the variance
of the standardized belief items. While a lot of variance is explained by the other four principal
components, it illustrates that coherence can be increased most strongly along this eigenvector
(see Appendix A, for a more detailed mathematical analysis of the static model of coherence
maximization). Maximal coherence according to the belief system structure in Figure 1A is
thus to self-identify as politically left and be in support of gay/lesbian rights, redistribution,
immigrants, and the European Union (bars shown in Figure 1B); or to self-identify as politi-
cally right and be in opposition to other issues. These are the two poles that individuals who
have this particular belief system structure aspire to for maximizing coherence. Lorenz (2025)
shows that the structure of the first eigenvector is very similar for different years in Germany
and also for different European countries.

An agent-based model of cognitive coherence

While mathematical analysis allows us to better understand how agents should change their be-
liefs to maximize coherence, the dynamics of belief change in social interaction might lead to
different results over time. For this, we propose an agent-based model, in which heterogeneous
and autonomous agents interact and change their beliefs. While the agents strive for cognitive
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FIGURE 2 Thesocial influence process (A) and the belief update probability depending on the importance of
belief coherence & (B). In the social influence process (A), an interaction partner suggests a new belief (in this case
for the second of the five belief dimensions). The agent then determines the coherence of its existing and updated
belief set. This coherence difference determines the probability of belief updating depending on the parameter k,
which denotes the importance of coherence to the agents (B).

coherence individually, they are part of a virtual society, in which the agents influence each
other and make imperfect decisions regarding coherence. The social and temporal dynamics
allow for social patterns to emerge over time (for introductions to agent-based modeling see
Jackson et al., 2017; Smith & Conrey, 2007).

Each of the 2203 agents in our agent-based model represents a survey participant in the
European Social Survey (2018, German subset) with its five beliefs and a particular belief sys-
tem structure (see Section “Formalization of cognitive coherence and belief systems™). While
the belief system structure remains fixed, belief system content changes when agents self-reflect
or interact with other agents (i.e., social influence). While agents generally aim to increase co-
herence, they are subject to error (representing situational influences, misjudgments, social
biases, and other factors which we do not model explicitly).

The beliefs of agents are updated in discrete time steps following (1) social influence and
(2) self-reflection processes. To let agents interact socially, they are connected via a fixed
sparse small-world social network (average degree 10, rewiring probability .1, see Watts &
Strogatz, 1998). Social interaction is restricted to those agents directly connected in the net-
work. In each time step of a simulation, all connections between two agents are activated with
a certain probability (50%) for pairwise social interaction. One of the two agents is presented
with one (randomly selected) belief from its interaction partner. The agent then compares the
coherence of its existing entire set of beliefs with the coherence if it were to hold the suggested
belief (Figure 2A). An agent accepts the suggestion with a probability that depends logistically
on this coherence difference Ac: p(Ac)=1/(1 +e* A (see Figure 2B), and updates the belief in
the direction of the suggested one (moving a share of .2 of the distance towards the new belief).
The parameter k describes the importance of belief coherence when adapting to a suggested
belief. For small values of &, belief updating is independent of coherence. The larger k, the
more likely it is that the agent accepts and updates the belief if and only if the suggested belief
improves the agent's coherence (and the less likely if it decreases). If the suggested belief would
reduce the agent's coherence, the suggestion is rejected and the belief remains unchanged.

Besides social interactions, an agent's beliefs can also change through self-reflection. Each
time step, all agents are selected in random order and engage in self-reflection with a certain
probability (50%). Self-reflection follows the same principle as social influence, just that the
suggested belief is a random fluctuation of one of the agent's prior beliefs randomly selected.
That means the suggested belief is the existing belief plus a random number drawn from a nor-
mal distribution (mean 0, standard deviation .1), truncated to the bounds of the belief space
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FIGURE 3 Belief system structures (A) and corresponding first eigenvectors (B) of five political beliefs for
each group of the 3-CCA grouping. Data are from the European Social Survey 2018 for the German sample,
N=2203. The direction of the normalized eigenvectors are arbitrary choices (i.c., all signs could be flipped).

[-1, 1]. The possible change is evaluated and might probabilistically occur on the same basis as
for social influence.

Deriving different belief system structures from data using correlational class
analysis

As described in Section “Individual differences in belief systems”, we assume that people
may differ regarding which combinations of beliefs they consider coherent. In other words,
they may have different belief system structures. The case of a universal belief system struc-
ture—shared by all individuals—is the correlation matrix of the belief data of all individu-
als (Figure 1 and Section “Formalization of cognitive coherence and belief systems”). This is
called the no grouping case in the following.

We use CCA to derive groups of individuals with similarly structured belief systems (Section
“Individual differences in belief systems”). Applying CCA to the European Social Survey data
returned three groups (with 562, 601, and 1040 respondents). We will refer to this as the 3-CCA4
grouping in the following. Figure 3 shows the calculated correlation matrices of beliefs for each
group (which we consider the groups' belief system structures) and their first eigenvectors for
all 3-CCA groups analogously to Figure 1, showing the dominant trend associated with each
belief system structure. As intended, there are significant structural differences in the belief sys-
tems of individuals between the groups. For example, while beliefs pro redistribution and be-
liefs pro immigration increase coherence for individuals in Group 1 (rimmigramyre distribution = -21s
they are considered incoherent with the belief system structure of individuals in Group 2
(rimmigmt&re distribution = —-29) and more independent with the belief system structure of individ-
uals in Group 3 (rimmigmmsfredistribution=.08). Some structural aspects of the belief systems are
also shared across groups. For example, pro EU beliefs cohere with pro immigration beliefs (or
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anti-EU beliefs with anti-immigration beliefs) across Groups 1, 2, and 3 (rEqumigramS:lS, A1,
and .23). Depending on the initial belief distributions of individuals in a group, being more or less
polarized, also belief relations that are similar can have very different implications for the group's
belief dynamics (Section “Readdressing the research questions”). Individuals might agree or dis-
agree about their beliefs both within and between groups on specific issues, but a crucial point is
that the meaning of certain combinations of beliefs in terms of coherence also differs between the
groups (see Appendix B, for a more detailed description).

The outcome of CCA—in particular, the number of groups obtained—depends on whether
all correlations between pairs of individuals are used to cluster these individuals or whether
insignificant correlations between individuals are excluded. Including all correlations of be-
liefs for the clustering results in the 3-CCA grouping. For comparison, we additionally applied
CCA with the advised significance level of .01, setting all insignificant correlations to zero (see
Boutyline, 2017). With five belief items, this results in seven groups (with group sizes ranging
between 185 and 422). We refer to this scenario as the 7-CCA grouping. In Appendix B, we
show the belief system structures of each group for both groupings, characterize the single
groups, and show that the 7-CCA grouping can be seen as a fine-grained version of the 3-CCA
grouping.

RESULTS

In Section “Importance of coherence”, we investigate our first research question regarding
the potential effect of striving for cognitive coherence on political polarization in general by
varying the importance of coherence in agents' belief change processes. For reasons of sim-
plicity, the importance of coherence is considered identical in all agents. Being interested in
the general effects of striving for coherence, we investigate the no grouping case, assuming
that all agents have a shared belief system structure. In Section “Differences in belief system
structures”, we drop this assumption to investigate the influence of differences in belief system
structures on belief dynamics by comparing patterns when all agents share a belief system
structure (i.e., no grouping) to when they possess different ones (i.e., 3-CCA and 7-CCA group-
ing). In each section, we first illustrate the dynamics with example simulations and proceed
with systematic simulation experiments.

To assess the systematic effects, we use two measures of belief polarization: diversity and
extremeness. Belief diversity measures the standard deviation of agents' beliefs averaged over
all belief dimensions. Diversity ranges from 0 (full consensus in all belief dimensions) to 1
(full bipolarization in every belief dimension, i.e., two equal-sized subgroups each with oppo-
site extreme beliefs). Belief extremeness measures the mean absolute values in the five belief
dimensions averaged over all agents (also known as the Manhattan distance). Extremeness
ranges from 0 (the beliefs of all agents are 0) to 1 (all beliefs are either 1 or —1). High extreme-
ness but low diversity represents a case where all beliefs are clustered around the same extreme
value. High extremeness and high diversity represent a high degree of (radical) polarization.
Additionally, to shed light on the underlying reasons for emergent patterns in the outcomes,
we show the average level of belief coherence, meaning the coherence of an agent's set of beliefs
averaged over all agents.

We evaluate all measures after 200 simulation time steps. In additional analyses, we show
that our findings are very similar after 1000 time steps (Appendix C). Note that during one
time step, around half of all social links (around 10 per agent) are activated, triggering a po-
tential belief change, and around half of the agents engage in self-reflection on one particular
issue. We present the outcome variables over 100 simulation runs with different random seeds
that affect the network as well as the order and acceptance of belief updating during social
influence or self-reflection. In sensitivity analyses (Appendix C), we show the effects on belief
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extremeness and diversity when we vary the model parameters: (1) the frequency of social
influence/self-reflection and the speed of belief change following these processes, and (2) the
social network. While the values of the polarization measures do change, varying these pa-
rameters does not change the functional form of the relation between coherence importance
and these outcome measures. We also show that the small-world social network we chose does
not change the results qualitatively compared to a fully connected network with random social
interaction (Appendix C).

Importance of coherence

To illustrate the effects of the importance of coherence on belief polarization, we present two
general patterns for exemplary simulation runs with high versus low importance of coherence
(k) in Figure 4. With low importance (k=1, left column), initially diverse beliefs on all issues
become highly similar, and these consensus beliefs are relatively moderate. Social influence
here dominates over the strive to maximize personal belief coherence. With high importance
of coherence (k=100, middle and right columns), beliefs become more extreme, and some
agents diverge from the extreme consensus, align their beliefs internally, and become immune
to the pressure of social cues from the consensual majority.

In Figure 5, we show how the importance of coherence (k) affects belief extremeness, di-
versity, and coherence more systematically. When coherence is not important to the agents
(low values of k), agents' beliefs converge to a shared, moderate consensus, corresponding
to low extremeness, low diversity, and also low belief coherence for the average agent. As co-
herence becomes more important (high values of k), naturally the average coherence of their
beliefs increases (Figure 5C), but so do collective diversity and extremeness in agents' beliefs
(Figure 5A,B).

Differences in belief system structures

Our second research question investigates the effects of agents having differently structured
belief systems in our model (Section “Deriving different belief system structures from data
using correlational class analysis”). Figure 6 shows the dynamics of agents' beliefs in exam-
ple simulation runs with low/high importance of coherence (analogous to Figure 4) for the
scenario of three groups with different belief system structures (3-CCA grouping). Again,
moderate consensus is related to low importance of coherence and belief polarization to high
importance of coherence—a pattern obtained irrespective of assuming shared or different be-
lief system structures. The histograms in the right column of Figure 6 illustrate that polariza-
tion under high importance of coherence, k=100, may result from agents with the same belief
system structure, whose beliefs differ (e.g., Group 2 in Figure 6F,I) as well as from agents with
different belief system structures, whose beliefs converge within the group but remain different
between groups (e.g., Figure 60).

Under high importance of coherence, belief updating nearly deterministically follows co-
herence maximization. In this case, we can compare the emerging belief distribution of the
three groups (histograms in the right column of Figure 6) to the direction of the dominant
eigenvector of the correlation matrices shown in Figure 3 (Section “Deriving different belief
system structures from data using correlational class analysis”). For example, Group 1 con-
verges to a narrow and extreme consensus on all beliefs (pro gay/lesbian, pro redistribution,
being left in the political spectrum, pro immigrants, and pro EU) as reflected in the eigen-
vector of that group's belief system. Similarly, the agents in Group 3 converge mostly unan-
imously to the extreme beliefs consistent with the direction of the first eigenvector of their
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FIGURE 4 Example simulation runs showing belief change over time on five political beliefs under low and
high importance of coherence when all agents share the same belief system structure. Each line shows the belief
of one agent (N=2203). The rows correspond to the five belief dimensions. The left and middle columns show the
cases of low (k=1) and high (k=100) importance of coherence. The right column shows a histogram of the beliefs
at the final time step of the simulation (time=200) with high coherence importance (k=100). All agents share the
same belief system structure (i.e., no grouping).

belief system: being pro gay/lesbian, pro redistribution, and left in the political spectrum, but
anti-immigrants and anti-EU. In contrast, Group 2 polarizes on some issues (redistribution,
left-right placement, and immigrants), while mostly agreeing on pro gay/lesbian and pro EU
beliefs (at least temporarily, see Appendix C). To explore whether this within-group polariza-
tion can only be explained by the social influences of agents from other groups, we addition-
ally ran simulations for each group separately, showing that Group 2 still polarizes (slightly
differently) on several issues when interacting exclusively within the group (Appendix D).
Such issue-wise within-group polarization cannot be explained from the direction of the ei-
genvector alone, but also depends critically on the initial beliefs of the individuals and the
interactions with other individuals—it needs to be simulated.

In Figure 7, we systematically compare the scenario in which all agents share the same
belief system structure (i.e., no grouping, as previously shown in Figure 5) to scenarios in
which agents have differently structured belief systems (i.e., the 3-CCA and 7-CCA grouping).
Belief extremeness and diversity increase with higher importance of coherence (k), regardless
of whether agents have the same or different belief system structures. However, the extent to
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FIGURE 5 Belief extremeness (A), diversity (B), and coherence (C) depending on the importance of
coherence in agents’ belief change process with all agents sharing the same belief system structure. Extremeness,
diversity, and coherence are averaged over agents and the five beliefs after 200 simulation time steps. We show the
average results for 100 simulation runs. All agents share the same belief system structure (i.e., no grouping). The
importance of coherence is represented on a log-scale to highlight the differences between extremely low and high
importance of coherence.

which these outcome measures increase with k differs. The beliefs of agents with different
belief system structures are slightly less extreme but substantially more diverse than those of
agents with the same belief system structure (Figure 7A,B). Moreover, the critical level of im-
portance of coherence that disrupts consensus and triggers a sharp increase in diversity (i.e.,
polarization) is lower in scenarios with different belief system structures (Figure 7B). This
effect is more pronounced with higher granularity of belief system structures (i.e., 7-CCA vs.
3-CCA grouping).

The increase in overall polarization for higher importance of coherence (k) is closely fol-
lowed by within-group polarization in the 3-CCA grouping scenario (see Figure 7D-F).
However, the strength of the effects of coherence importance on these measures, particularly
on diversity, differs between the groups (the same pattern appears for the 7-CCA grouping, see
Appendix E). Note that the differences between groups are not obvious (e.g., Groups 2 and 3
are similar in extremeness but quite different in diversity).

DISCUSSION

There are different aspects to the rising societal issue of polarization. In this work, we have
focused on extremeness and diversity. Extremeness describes the degree of deviation from
neutral beliefs. Diversity concerns the divergence of beliefs between individuals, relating to
bipolarization. Thus, the absence of diversity implies consensus, be it on moderate or extreme
beliefs. Despite the interest in the topic of polarization, there is little understanding of its
interplay with micro-level cognitive dynamics—in particular, those related to striving for co-
herence—and in interaction with social influences. In the present work, we propose an agent-
based model as a tool to bridge the gap between cognitive mechanisms and their sociopolitical
consequences. Formalizing and simulating belief coherence, we investigate how striving for
coherence and differences in what individuals consider as coherent (their belief system struc-
tures) affect the dynamics of the belief system content. We derive belief systems from survey
data and use this data to initialize agents' beliefs. This extends the idea of data-driven agent-
based simulation (e.g., Hassan et al., 2010; Lorenz, 2021) and goes beyond a theoretical study
of cognitive coherence.
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FIGURE 6 Example simulation runs showing belief change over time on five political beliefs with low versus
high importance of coherence when agents have different belief system structures. Each line shows the belief of
one agent (N=2203). The color denotes the agent's belief system structure according to the 3-CCA grouping. The
rows correspond to the five belief dimensions. The left and middle columns show the cases with low (k=1) and high
(k=100) importance of coherence. The right column shows histograms of the beliefs at the final time step of the
simulation (time=200) with high importance of coherence (k=100) for each group.

Readdressing the research questions

By varying the degree to which individuals seek coherence during belief change, we show that
moderate consensus is reached if coherence is unimportant for agents, with agents effectively
averaging their beliefs in social interaction. The more coherence plays a role in belief change,
the more individuals end up with coherent beliefs, leading to higher levels of collective belief
diversity and particularly extremeness, although not to full bipolarization of the population.
Our results generally show that cognitive coherence is a driver of political polarization, which
supports previous theoretical and empirical work (Jost et al., 2022; Simon & Read, 2023) as
well as simulation research (e.g., Dalege et al., 2024; Lorenz et al., 2021).

On the individual level, some empirical studies pointed in a similar direction, showing
that participants' political beliefs became more extreme after having been presented with
counter-attitudinal (i.e., dissonance-inducing) information (Hart & Nisbet, 2012; Leeper &
Slothuus, 2014), called backfiring; but there are other cognitive-motivational mechanisms that
can be explained as striving for coherence, such as selective avoidance of counter-attitudinal
information (Iyengar & Hahn, 2009) and disconfirming evidence that contradicts one's beliefs
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FIGURE 7 Belief extremeness, diversity, and coherence depending on the importance of coherence and
differences in belief system structures. Extremeness, diversity, and coherence are averaged over agents and the
five beliefs after 200 simulation time steps. We show the average results of 100 simulation runs. In the top row
(A)-(C), we compare scenarios with the same (i.e., no grouping) and different belief system structures (i.e., 3-CCA
and 7-CCA grouping). In the bottom row (D)-(F), we show the results on the group-level for the 3-CCA grouping
scenario. The importance of coherence is represented on a log-scale to highlight the differences between extremely
low and high importance of coherence.

(Glinitzer et al., 2021). These effects are, however, highly context dependent (e.g., Bolsen
et al., 2014) and do not always replicate (Guess & Coppock, 2020; Kube et al., 2024). In our
model, agents do not backfire, but extremization and polarization appear through belief rein-
forcement in (sometimes opposite) directions.

Our coherence-based social influence model establishes these polarization dynamics in
three ways: first, individuals tend to change their beliefs in line with the dominant trend of
their belief system (i.e., the direction of the first eigenvector). The dominant trend allows
for two convergence options associated with equivalently high coherence, which means that
agents tend to change their beliefs in only one of these two, maximally opposed directions
when striving for coherence maximization. Second, it creates reinforcement of beliefs toward
these extreme poles because coherence is generally stronger with more extreme beliefs—a ten-
dency that is built into our coherence function (Section “Limitations and future research” and
Appendix A). This extremization, however, occurs at different speeds, depending on the con-
tribution of the belief dimension to the first eigenvector of the belief system. Third, our belief
change mechanism creates motivated cognition in the sense that belief change only occurs if
the suggested new belief is in line with the existing ones (Lorenz et al., 2021). When the agent
has already achieved some coherence (in line with the first eigenvector of the belief system), en-
countering a belief that is incoherent with existing beliefs will likely not trigger belief change,
and in particular will not trigger a crossing from support to opposition on some issue. For in-
stance, if a person has achieved some coherence by slightly supporting both homosexual rights
and immigrant rights, which are positively related according to this person's belief system, it
is more likely that this person develops stronger support for both issues rather than objecting
to one of them, which would mean a decrease in the experienced coherence. If both (and in
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our model: all five) beliefs could be changed at the same time, coherence could be maintained.
Yet, in our model, changes from support to opposition (or vice versa) are unlikely to happen
as only one belief can be changed at a time during social interaction or self-reflection. In other
words, agents tend to become locked in on one of the belief poles either supporting or opposing
an issue. As a result, agents with the same belief system structure can develop opposing beliefs
and bipolarize (Appendix D). Similar dynamics—reinforcement of beliefs toward an extreme
and motivated cognition of new information creating bipolarization—show through social in-
fluence mechanisms in one-dimensional belief dynamics (Banisch & Olbrich, 2019; Baumann
et al., 2020; Lorenz et al., 2021).

In our second research question, we explore how heterogeneity in belief system structures
affects polarization and consensus. Accounting for interindividual differences in belief systems
amplifies diversity, indicating stronger differences between individuals, while belief extreme-
ness remains similar. The more heterogeneous belief system structures are in the population
(i.e., when there are seven different structures rather than three or just one global structure),
the more fragile belief consensus becomes when increasing the importance of coherence in the
individual's belief change process.

While our main interest lies in studying belief extremeness and diversity as aspects of polar-
ization, the agent-based simulation demonstrates two further common polarization aspects:
belief alignment and belief partisanship. Belief alignment is characterized by beliefs on multi-
ple conceptually independent beliefs becoming more and more correlated in the population.
Eventually, belief dimensions collapse to essentially only one dimension, with individuals sort-
ing themselves to one of the two poles. With heterogeneous belief system structures, we ob-
serve different versions of alignment in our model. Some groups reach within-group consensus
and thus alignment (e.g., Group 1 in Figure 6), but not all. Alignment occurs quickly when the
first eigenvector of the group's belief system has high explanatory power. This is relevant be-
cause the first eigenvectors of the belief system of the five issues that we study here have indeed
become stronger across European nations (Lorenz, 2025). In contrast, however, we observe
within-group polarization in some groups on some issues. This occurs when a relevant fraction
of the individuals in the group holds initial beliefs on either side of the belief continuum. For
example, individuals in Group 2 polarize on the question of immigration (see Figure 6 and
Appendix D) but agree on supporting the EU. Group 2 eventually polarizes on all issues; how-
ever, this phenomenon takes very long (see longer simulation runs in Appendix C).

Belief partisanship is characterized by increasing differences between the beliefs of differ-
ent (social, political, or identity) groups, often accompanied by increasing similarity of beliefs
in the groups (Baldassarri & Goldberg, 2014; Kozlowski & Murphy, 2021). Our model illus-
trates how groups with different belief system structures can converge toward extreme beliefs
at different ends of the spectrum on some but not all issues. For example, Group 1 and Group 3
shift toward the political left and stronger support for redistribution measures, but the groups'
beliefs about the EU diverge. Note that in our case, we do not assume that the groups derived
from CCA resemble partisan or identity groups. Interestingly, we find that these phenomena—
consensus, diversity, alignment, and partisanship—occur simultaneously when we allow belief
system structures to be heterogeneous, given our data-based initial configuration of beliefs
within the groups.

So far, there is little empirical evidence of the effects of belief system diversity on belief
polarization. A cross-sectional, multinational study of belief systems showed that affective
polarization was greatest when belief systems were similarly structured (Turner-Zwinkels
et al., 2023). There, sharing belief system structures made people viewing ingroup partisans
more positively and outgroup partisans more negatively. Similarly, political beliefs seem to
be more tightly correlated (indicating stronger belief systems) in more polarized countries
(Gonthier & Guerra, 2022). Our model provides a potential explanation for these empirical
findings: that more polarization can come with more similarly structured belief systems. When
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belief systems of individuals differ (more), there are more than two poles that individuals can
converge to, leading to diverse and simultaneous patterns of (extreme) consensus or polar-
ization for different issues. If individuals, however, change beliefs following a universal belief
system structure, they likely move in (at most) two opposing directions, which favors bipo-
larization on «l/l issues along this one dominant trend of their belief system or convergence
towards the same extreme beliefs on all issues. In simulations of our model, this outcome
depends on the initial distribution of beliefs on the selected issues.

Generally, the mathematical analysis on belief systems and coherence maximization can
explain some of our main simulation findings. Yet, a crucial result from the present study is
that it is not ad hoc obvious whether individuals with the same belief system structure will po-
larize along the two opposing directions suggested by coherence maximization or whether the
individuals will reach a consensus on one of those directions and extremize along that (same)
direction. Such dynamics are path dependent and thus are affected by the initial beliefs, the
group size, the belief system structure as well as the social ties. As such, it is vital to run com-
puter simulations and not sufficient to mathematically analyze states of optimal coherence
within the belief system structures of different groups to better understand how and when
political polarization may emerge.

Limitations and future research

Our approach is one of many possible routes toward a better understanding of the relation be-
tween cognitive coherence and political polarization. For instance, we have chosen a specific
formalization of belief systems and cognitive coherence (building on previous formalizations,
e.g., by Dalege et al., 2024; for an alternative approach modeling attitude networks as relations
of belief item responses rather than beliefs, Liiders et al., 2024). This formalization implies that
belief extremeness can increase coherence. If two beliefs are correlated, extreme support for
both is more coherent than moderate support (see Appendix A). As argued in previous studies
(Dalege et al., 2024), this may be a reasonable assumption given that more extreme beliefs are
less ambiguous and, thus, reinforce coherence. Nevertheless, it is psychologically plausible that
there are individuals that experience strong coherence by holding neutral or moderate beliefs.
It remains to be investigated whether this is in fact a quality of real-world coherence and, if so,
whether it is due to striving for coherence or other cognitive mechanisms.

In the present work, the decision to change beliefs depends only on coherence, but other
mechanisms, such as repulsion of beliefs that are presented from dissimilar other individuals
(e.g., Schweighofer, Garcia, & Schweitzer, 2020) or rejection of suggested beliefs, when too
dissimilar from the existing ones (e.g., bounded confidence, Hegselmann & Krause, 2002; ho-
mophily, Flache et al., 2017), often play a role. As we argued above, our model establishes a
similar mechanism to the latter: it is unlikely that individuals influence each other when they
are on different sides of their corresponding eigenvector's direction. Future work could explore
the combination of cognitive coherence and the tendency towards homophily among other
factors, enabling us to better understand how two factors can reinforce (Schweighofer, Garcia,
& Schweitzer, 2020) or potentially balance each other.

Correlational class analysis (CCA), which we used to empirically infer different belief sys-
tem structures, comes with some uncertainties. As the significance threshold derives from the
number of variables, more belief items can lead to different groupings. By comparing two dif-
ferent types of groupings, we tested for the effect of the significance level and aimed to general-
ize our conclusions independent of the specific grouping. Future work may compare the results
from the CCA to other methods for partitioning individuals such as relational class analysis
(Goldberg, 2011). The same approach might be repeated with different and more belief items,
different countries than Germany, and different data sets entirely. However, we demonstrated
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that the data-driven approach to agent-based simulation (e.g., Lorenz, 2021) is possible for
cognitive modeling and that inferring heterogeneous belief systems significantly changes the
results. Moreover, we showed that a (data-based) mathematical analysis of states of optimal
coherence can only partly predict the results obtained by dynamic, agent-based simulations.

CONCLUSION

In this work, we investigated the consequences of striving for cognitive coherence in one's
belief system on political polarization. We demonstrated how agent-based simulation enables
the combination of social, cognitive, and political psychological perspectives by allowing us
to study the temporal and social consequences of belief change processes of individuals that
strive for cognitive coherence—either with homogeneous or heterogeneous belief system struc-
tures and different degrees with which they matter. As with many simulation models of social
processes, it is difficult to validate the macro-level results due to missing data or because of
the general limitations when modeling complex systems with many coupled processes. Even
though these processes can often not be directly validated, applying psychological theory to
social dynamics allows examining what an individual psychological theory would mean for
the macro-level.

For this purpose, we developed, formalized, and simulated a dynamic, data-driven psy-
chological theory. Simulation runs showed that striving for cognitive coherence in one's belief
system can foster belief polarization, and accounting for interindividual differences in belief
systems amplified the effect and led to the simultaneous emergence of polarization and con-
sensus on different issues. This may represent a starting point for future extensions in various
directions: investigate the interplay with other cognitive mechanisms, explore the influence of
contextual factors, or enhance data utilization to increase model validity. Doing so may con-
tribute to better understanding how political beliefs change and which factors drive or impede
belief polarization.
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