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Abstract
Pluralistic ignorance is a puzzling social psychological phenomenon in which the majority of group
members privately reject a norm yet mistakenly believe that most others accept it. Consequently,
they publicly comply with the norm. This phenomenon has significant implications for politics, eco-
nomics, and organizational dynamics because it can mask widespread support for change and hinder
collective responses to large-scale societal challenges. The aim of this work is to demonstrate how
agent-based modeling, a computational approach well-suited for studying complex social systems,
can be applied to investigate pluralistic ignorance. Rather than providing a systematic literature
review, we focus on several models, including our own two models based on the psychological So-
cial Response Context Model, as well as two other representative models: one of the first and most
influential computational models of self-enforcing norms, and a model of opinion expression based
on a silence game. For all of these models, we provide custom NetLogo implementations, publicly
available at https://barbarakaminska.github.io/NetLogo-Pluralistic-ignorance/, which allow users
not only to run their own simulations but also to follow the algorithms step by step. In conclusion,
we note that despite differences in assumptions and structures, these models consistently reproduce
pluralistic ignorance, suggesting that it may be a robust emergent phenomenon.

1 Introduction
“How is this?” said the Emperor to himself. “I can see nothing! This is indeed a terrible affair!
Am I a simpleton, or am I unfit to be an Emperor? That would be the worst thing that could
happen—Oh! The cloth is charming,” said he, aloud. “I approve of it completely.” He smiled most
graciously and looked closely at the empty looms. No way would he say that he could not see what
two of his advisors had praised so much. Everyone with the Emperor now strained his or her eyes
hoping to discover something on the looms, but they could see no more than the others.

The above paragraph is a quote from The Emperor’s New Clothes, a classic fairy tale by Hans
Christian Andersen (Andersen, 1837), often cited in the context of pluralistic ignorance (Bicchieri,
2005; Bicchieri & Fukui, 1999; Centola et al., 2005; Tang et al., 2022), and with good reason.
It vividly illustrates the phenomenon despite being written nearly a century before the concept of
pluralistic ignorance was introduced (Katz & Allport, 1931). Privately, each individual disbelieves
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Figure 1: Illustration of the scene depicting the Emperor’s public fitting of clothes made from
a wonderful fabric woven by thieves, from the fairy tale The Emperor’s New Clothes by Hans
Christian Andersen (Andersen, 1837). Neither the Emperor nor any of the grandees of his court
can see the clothes, but they all claim they can and express their appreciation. Each voices an
opinion that does not align with their private belief, because each fears being the only one unable
to see the clothes. Thus, they all experience pluralistic ignorance and, at the same time, engage in
preference falsification. Illustration by Marcin Weron, 2025.

in the existence of the magical cloth. Yet, publicly, they express admiration for it. They believe
that others can genuinely perceive the cloth and that their own doubt signals personal inadequacy.
The situation escalates when the emperor agrees to wear clothes made from the magical fabric in
a parade. During the public fittings, he and the other members of his court claim that the fabric
is magnificent, even though they cannot see it, as illustrated in Fig. 1. This discrepancy between
private belief and public expression leads everyone to conform outwardly to what they mistakenly
think is the group consensus. Thus, the story captures the essence of pluralistic ignorance. At the
same time, it is a good example of preference falsification, the act of publicly expressing opinions
or preferences that differ from one’s true beliefs, usually to avoid social, political, or economic
repercussions (Kuran, 1998).

As noted by Taylor (1982), over the years several definitions of pluralistic ignorance, ranging
from broader to more narrow, have appeared in the literature. Here, we adopt the one used by
Bicchieri and Fukui (1999): “Pluralistic ignorance, a psychological state characterized by the
belief that one’s private thoughts, attitudes, and feelings are different from those of others, even
though one’s public behavior is identical.” According to Bicchieri and Fukui (1999), the term
“ignorance” is somewhat misleading because individuals are not entirely unaware or uninformed.
They rather make systematic errors in interpreting the motives, attitudes, and beliefs of others.
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These interpretations are guided by what they observe, specifically, the public behavior of others.
The central problem is that individuals mistakenly conclude that, unlike themselves, others must
genuinely think and feel the way they publicly act. This observation is absolutely fundamental and
we will return to it when discussing the assumptions of various computational models.

Pluralistic ignorance, understood as mistaken impressions of how other people feel and think
about various matters, is a well-documented phenomenon in public opinion research (Shamir &
Shamir, 1997). It affects many aspects of social life and often hinders collective action (for a recent
review, see (Miller, 2023)). Beyond its broad applications in political sciences (Kuran, 1998), it has
been used in economics (De Langhe, 2014; Wenzel, 2005), and in management (Abraham et al.,
2022; Halbesleben & Buckley, 2004; Halbesleben et al., 2007).

However, particularly compelling empirical findings have been recently reported in the context
of climate change. For instance, Sparkman et al. (2022) found that although 66–80% of Americans
support major climate mitigation policies, they estimate that only 37–43% of others do. Another
study (Sparkman et al., 2025) focused on proactive climate narratives that combine personal re-
sponsibility with support for policy-level action. It showed that such narratives are widely endorsed,
yet both the public and policymakers significantly underestimate their popularity. Furthermore,
although most people believe in human-caused climate change, this public consensus is collectively
underestimated. A recent study showed that people in 11 countries substantially misperceive others’
views on climate change (Geiger et al., 2025). These studies highlight how pluralistic ignorance can
conceal widespread support for change, thereby impeding collective responses to large-scale soci-
etal challenges. Understanding the dynamics of pluralistic ignorance and the collective behaviors
that emerge from it is therefore more important than ever.

One of the methods used to study pluralistic ignorance is agent-based modeling (Centola et al.,
2005; Duggins, 2017; Huang & Wen, 2014; Merdes, 2017; F. Seeme et al., 2019). In our view,
this is the most suitable computational approach for investigating a wide range of complex systems,
including societies and organizations, which becomes evident once you understand what a complex
system is and what an agent-based model (ABM) is.

As noted by Ladyman and Wiesner (2020), there is no universally accepted definition of
“complexity” or “complex system,” and it remains debated whether such a definition is even
possible or necessary. In fact, many different definitions have been proposed. However, these
definitions have one key, common feature: complex systems are composed of many interacting
elements, and their behavior arises not only from the properties of their components, but also from
the interactions among them. Typically, a complex system as a whole exhibits behaviors that none
of its parts exhibit on their own, a phenomenon known as emergence.

Agent-based models (ABMs), an approach that has been gaining popularity in psychology and
cognitive science (Bilewicz & Soral, 2020; Jackson et al., 2017; Madsen et al., 2019; Olsson &
Galesic, 2024), represent a system as a collection of autonomous entities, called agents. In our
context, these agents represent humans that can interact with one another as well as with external
factors. ABMs allow researchers to precisely define the behavior of any number of agents and to
study how individual-level interactions can generate complex, system-level outcomes.

The goal of this work is to explain how agent-based modeling can be used to study pluralistic
ignorance. Therefore, in Section 2, we describe the concept and the basic building blocks required
for an ABM of pluralistic ignorance. In Section 3, we present the development of our own
approach, beginning with its theoretical foundation in the four-dimensional psychological model
of social response proposed by Nail et al. (2000). Finally, in Section 4, we present examples

3



from two other ABMs of pluralistic ignorance (Centola et al., 2005; Gaisbauer et al., 2020).
While many ABMs have been proposed across various disciplines (Dong et al., 2024; Duggins,
2017; Huang & Wen, 2014; F. Seeme et al., 2019; Ye et al., 2019), with a short review available
in (Kamińska & Sznajd-Weron, 2025), we chose to focus only of these two models rather than
conduct a systematic literature review. This approach aligns with the goal of the paper, which is to
explain the methodology so that inexperienced readers can understand it and, in the future, read the
literature on ABMs of pluralistic ignorance. To facilitate reader understanding and engagement, for
all the models presented in Sections 3 and 4 we provide custom NetLogo implementations, which
allow users not only to run their own simulations but also to follow the algorithms step by step. All
are publicly available at https://barbarakaminska.github.io/NetLogo-Pluralistic-ignorance/.

2 Basic building block of ABM
First, we state that there is no such thing as the agent-based model of pluralistic ignorance because
many different models have been proposed across various disciplines (Centola et al., 2005; Dong
et al., 2024; Duggins, 2017; Gaisbauer et al., 2020; Huang & Wen, 2014; F. Seeme et al., 2019;
Ye et al., 2019). As reviewed by Kamińska and Sznajd-Weron (2025), different disciplines use
different terminology and sometimes the term "pluralistic ignorance" is not used, even though a
given model may still describe it.

Probably the best example of such a situation is one of the first, if not the first, formal models
that explicitly distinguishes between privately held and publicly declared preferences and therefore
can account for phenomena such as preference falsification and pluralistic ignorance as proposed
by Kuran (1987). The aim of his work was to explain why collective decisions are path-dependent,
a phenomenon also known as social hysteresis (Sznajd-Weron et al., 2024), rather than to study
pluralistic ignorance. In fact, Kuran (1987) does not even explicitly mention pluralistic ignorance,
although his model is applicable to research in this area. Moreover, he does not describe his
approach as agent-based modeling. In fact, although the approach later known as agent-based
modeling was already introduced in the social sciences by Schelling (1971), it was formally
established by Epstein and Axtell (1996) and Holland and Miller (1991), which came after Kuran’s
framework. Nevertheless, Kuran’s model can be presented as an ABM, and it will be done so later
in this section. But first, we need to explain what we mean by an agent.

The rise of the personal computer era in the late 1970s, followed by major advances in computer-
based modeling and machine learning from the 1990s onward, provided the computational power
that enabled the widespread adoption of computational methods across many disciplines. As
Holland and Miller (1991) emphasized, these advances enabled the creation and study of artificial
adaptive agents (AAA) in diverse artificial worlds over extended timescales. Such agents form
complex adaptive systems, i.e., networks of interacting entities in which emergent phenomena
appear as a result of these interactions. According to Holland and Miller (1991), an agent is
adaptive if its actions in an environment can be assigned a value (e.g., payoff, fitness) and it acts
to increase that value over time. Several years later, Epstein and Axtell (1996) wrote: "Agents are
people of artificial societies. Each agent has internal states and behavioral rules. Some states
are fixed for the agent’s life, while others change through interaction with other agents or with the
external environment." This means that we do not necessarily need to describe agents as utility
maximizers, which is the typical approach in economics and was suggested by Holland and Miller
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(1991). In fact, in our ABMs (Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025), which
will be described later, we do not introduce any utility or fitness.

However, in Kuran’s model (Kuran, 1987), agents explicitly maximize a utility function that
reflects not only material payoffs but also social and psychological factors. In his framework, the
decision to act, such as whether to express a political opinion, depends on the trade-off between
these different components of utility. His work is better described as a framework rather than
a single model, since Kuran (1987) presented several versions, starting from the simplest and
progressively adding complexity. It describes a society of 𝑁 agents indexed by 𝑖, each with a
private preference 𝑥𝑖 ∈ [0, 1] over two mutually exclusive policies: 𝑃 = 0 (e.g., status quo) and
𝑃 = 1 (e.g., alternative). An agent’s publicly expressed preference is denoted 𝑦𝑖 ∈ [0, 1]. In the
simplest version of the model, the private preference 𝑥𝑖 is fixed over time, but in the more advanced
versions it is allowed to evolve in response to new information or social influence.

The elements of Kuran’s framework described above can be seen as a basic building block for
an agent-based model of pluralistic ignorance – namely, an agent characterized by two variables:
private and public opinions. The latter is also called an expressed or external opinion in some fields,
as reviewed recently by Kamińska and Sznajd-Weron (2025). These opinions can change over time
under the influence of economic, social, or psychological factors. Of course, depending on the
ABM, agents can be more or less complex. For example, Centola et al. (2005) proposed a model
in which, in addition to private belief and compliance (public conformity), agents are described
by conviction strength and enforcement. We will describe that model in Section 4. On the other
hand, Jedrzejewski et al. (2018) and Kamińska and Sznajd-Weron (2025) proposed ABMs in which
agents are described only by their private and expressed (public) binary opinions.

At this point, we want to highlight an important assumption of all ABMs described here (Centola
et al., 2005; Gaisbauer et al., 2020; Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025;
Kuran, 1987): an agent’s perception of others’ opinions is based entirely on what those others
express. This assumption reflects the observation made by Bicchieri and Fukui (1999), mentioned
in the introduction, that people wrongly assume others must truly think and feel the way they
publicly act, even though they themselves do not. Finally, we note that throughout the rest of the
paper, we will refer to an agent using the pronoun “it” to make clear that the agent is not a real
person but a simulated representation of one.

3 From the psychological model of social response to ABM
In this section, we focus on the development of our own ABM (Jedrzejewski et al., 2018; Kamińska
& Sznajd-Weron, 2025). Although it was not originally designed to study pluralistic ignorance, the
model is well suited to this purpose. The inspiration for our model came from a four-dimensional
descriptive framework of social response proposed by Nail et al. (2000), later termed the Social
Response Context Model (SRCM) (MacDonald et al., 2004). SRCM categorizes individual re-
sponses to social influence along four dimensions: public and private opinions, measured both
before (pre-exposure) and after (post-exposure) an influence attempt. Each dimension is treated as
a binary variable, agreement or disagreement, resulting in 16 distinct combinations that represent
different types of social response, as shown in Fig. 2.

We emphasize that the symbolic scheme of social responses depicted in Fig. 2 has not appeared
in previous publications, but it was inspired by the diagram provided by Nail et al. (2000). We
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1 congruence

2 paradoxical 
compliance

3 anticompliance

4 anticonversion

5 compliance
/conversion

6 continued 
compliance

7 reversed 
anticompliance

8 disinhibitory 
anticonversion

9 disinhibitory 
contagion

10 reversed 
compliance

11 inhibitory 
independence

12 anticontagion

13 conversion

14 compliance

15 paradoxical 
anticompliance

16 independence

Figure 2: Possible responses to social influence, as defined by the Social Response Context
Model (MacDonald et al., 2004; Nail et al., 2000). In each triplet, the first circle represents the
target’s pre-exposure state, the second represents the influence source, and the third represents the
target’s post-exposure state. The outer circle denotes the public (external/expressed) opinion, while
the inner circle denotes the private (internal) opinion. Green (light gray in grayscale) indicates
agreement or acceptance; red (dark gray in grayscale) indicates disagreement or opposition; white
indicates an unknown opinion (a target cannot see private opinion of the source). In this example,
the source of influence displays public acceptance, but analogous picture could be done for the
situation in which the source of influence displays public opposition.
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created this version to align with the visualizations used in our earlier work (Kamińska & Sznajd-
Weron, 2025) and with our NetLogo implementation, available at https://barbarakaminska.github.
io/NetLogo-Pluralistic-ignorance/q-voter-EPO/.

Unlike traditional models, as reviewed by Nail et al. (2013), the SRCM captures the complex
and sometimes contradictory ways people may agree or disagree with influence sources, publicly or
privately. For example, within SRCM it is possible to distinguish between two widely recognized
types of conformity: conversion (conformity at both public and private levels) and compliance
(public conformity without private acceptance); see responses number 13 and 14 in Fig. 2. The
model also accounts for a particularly intriguing type of social response known as disinhibitory
contagion (response number 9 in Fig. 2), which, like conformity, involves a change in public
behavior toward that of an influence source. However, disinhibitory contagion differs in that it
begins with the internal, intra-psychic conflict of the influencee before any exposure to the source
of the influence.

To illustrate disinhibitory contagion, the following example was provided by Paul R. Nail: You
and your date are at a dance, but no one is dancing. You and your partner are inhibited from
dancing because you would be embarrassed to be the only couple on the floor. This is the ’force’
that prevents you from doing what you would like to do. At this point, however, one couple starts
dancing (viz., the initiators or triggers), then another, and another. You and your date join in,
and the dance floor quickly fills. Note that the influence of the initiators is contagious, as the
influence spreads, and the situation progresses from your initial internal conflict over dancing,
through influence, to your ultimate internal harmony, happy that you are dancing. In this case, it
is only your and the other agents’ public behavior that changes, not private opinions (Jedrzejewski
et al., 2018).

Another vivid example of disinhibitory contagion appears at the end of The Emperor’s New
Clothes, the same fairy tale we quoted at the beginning of this work. A little child suddenly says, “But
the Emperor has nothing at all on!” This statement then spreads like contagion, freeing the crowd
from the internal conflict of not seeing the clothes yet feeling compelled to praise them. Eventually,
everyone cries out, “But he has nothing at all on!”. The above example highlights another crucial
difference between disinhibitory contagion and other types of conformity: it spreads like a virus,
as a simple contagion, where a single person is enough to influence the target. Compliance, in
contrast, is not a simple contagion. According to classical Asch experiments, a unanimous group
of several people is required to influence the target, and once unanimity is broken, the likelihood of
compliance decreases dramatically (Asch, 1956). Both types of social response are implemented
in our ABMs (Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025).

Our ABMs describe a population of 𝑁 agents, indexed by 𝑖 = 1, . . . , 𝑁 , placed on the vertices of
a given graph representing a social network. Agents can interact only if they are directly connected;
such connected agents are referred to as neighbors. Different network structures can be considered.
For example, Jedrzejewski et al. (2018) studied the original version of the model only on a complete
graph, which corresponds to all-to-all interactions. In contrast, Kamińska and Sznajd-Weron (2025)
examined a modified version on both a complete graph and real social networks from organizations.
In our custom NetLogo implementation, we use a Watts–Strogatz graph, as shown in Fig. 3, one
of the most popular models of social networks (Barabási & Pósfai, 2017). In the limiting case, it
reduces to a complete graph, which allows us to reproduce the results of Jedrzejewski et al. (2018)
and Kamińska and Sznajd-Weron (2025).

Each agent is characterized by a private opinion and an expressed opinion, both binary variables
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AT: model

(a) (b) (c)

Figure 3: Basic elements of our agent-based model. (a) Each circle represents an agent, connected
to others by social ties (gray lines). Each agent has a private opinion (inner circle) and an expressed
opinion (outer circle), shown as either “agree” (green/lighter gray) or “disagree” (red/darker gray).
(b) At each step, one target agent (larger circle) is selected and can only observe the expressed
opinions of its direct contacts (white = unknown). (c) Only a subset of 𝑞 contacts (here 𝑞 = 3;
larger circles) is visible to the target at any one time, and these may influence its expressed opinion.
The subset changes over time, so agents never see all their contacts’ opinions simultaneously.

(e.g., agree/disagree, acceptance/opposition, green/red, +/−), as in the SRCM, shown in Fig. 2.
Both private and expressed opinions can change due to social influence from neighbors. The model
dynamics proceed as follows: at each update step, one agent is randomly selected from the entire
system to reconsider its opinion (the target agent), shown as a larger circle in panel (b) of Fig. 3.
The target can only observe the expressed opinions of its direct connections. Therefore, in panels
(b) and (c) of Fig. 3, the private opinions of other agents are shown in white, indicating they are
unknown to the target. After a target is selected, a subset of 𝑞 agents is randomly chosen from
the target’s neighbors, as shown in Fig. 3(c). These neighbors, also marked with larger circles,
can influence the target’s opinion. The target updates both its private and expressed opinions.
Specifically, the expressed opinion is updated as follows:

1. With probability 𝑝, the target agent decides to act independently of others and express its
private opinion, i.e., update the expressed opinion to match the private one.

2. With complementary probability 1 − 𝑝, the target decides to look at 𝑞 neighbors:

• If the target is initially in harmony (private and expressed opinions are the same), it is
less susceptible to social influence. Following the results of Asch’s experiment (Asch,
1956), all 𝑞 neighbors must express the same opinion to influence the target. If they are
not unanimous, the target does not change its expressed opinion, as shown in Fig. 4. If
they are unanimous, the target complies with them, i.e., updates its expressed opinion
to match that of the 𝑞 neighbors, as shown in Fig. 5.

• If the agent is in dissonance (private and expressed opinions differ), it is motivated
to resolve this internal conflict. In this case, it is sufficient that at least one of the 𝑞

neighbors shares the same opinion as the target’s private opinion to encourage it to
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AT: Nothing + independence

(a) (b) (c)

Figure 4: Visualization of the lack of sufficient influence for compliance and private inde-
pendence. (a) A target (larger circle, publicly and privately disagreeing with a given idea) and a
subset of 𝑞 = 3 contacts (larger circles white inside = unknown private opinions) are selected. (b)
The target updates its expressed opinion. Because it is not experiencing internal dissonance, it can
change its expressed opinion only through compliance. The chosen neighbors are not unanimous,
so they cannot influence the target. (c) The target updates its private opinion. Because the neighbors
are not unanimous, it can change its private opinion only through independence, which occurs with
probability 𝑝; in this example, it does.

“speak up,” i.e., set its expressed opinion equal to its private opinion. This type of
response corresponds to disinhibitory contagion and is illustrated in Fig. 6.

The private opinion can also change due to social influence, specifically:

1. With probability 𝑝, the target agent decides to change its private opinion independently of
others. In this case, the target changes its opinion to the opposite with probability 𝑓 , as
shown in Fig. 5, or keeps its current opinion with probability 1 − 𝑓 , where usually 𝑓 = 1/2
(Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025).

2. With complementary probability 1 − 𝑝, the target decides to look at 𝑞 neighbors. At this
point, the specific rule depends on the version of the model:

• Jedrzejewski et al. (2018) proposed the following: If all 𝑞 neighbors express the same
opinion, the target sets its private opinion to match theirs, as shown in Fig. 6. This can
lead to a situation in which the agent ends up in dissonance: even though it privately
agrees with the group, it continues to express an opposing opinion. Both conversion
and paradoxical anticompliance are possible.

• Kamińska and Sznajd-Weron (2025) introduced a mechanism to avoid cognitive dis-
sonance (Festinger, 1957): The target adjusts its private opinion to match that of a
unanimous 𝑞-panel only if it is consistent with the target’s expressed opinion (only
conversion is possible), as shown in Fig. 6.

To answer the question of whether there is a discrepancy between expressed and private opinions
on the level of society, which we take as a sign of pluralistic ignorance, we measure the fraction of
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(a) (b) (c)

AT: comploiance + independence (conversion)
Figure 5: Visualization of compliance and conversion in our EPO models. (a) A agent (larger
circle, publicly and privately disagreeing with a given idea) and a subset of 𝑞 = 3 contacts (larger
circles white inside = unknown private opinions) are selected. (b) The target updates its expressed
opinion. Because it is not experiencing internal dissonance, it can change its expressed opinion
only due to compliance. Because all 𝑞 chosen neighbors express the same opinion (agree), so the
target changes its expressed opinion to agree. (c) The target updates its private opinion. This can
occur either independently or due to the unanimous opinion of the 𝑞 neighbors. In this example, the
target changes its private opinion due to the influence of neighbors, resulting in a full conversion
during the update.

(a) (b) (c)

DC
Figure 6: Visualization of disinhibitory contagion in our EPO models. (a) A target (larger circle,
publicly agreeing and privately disagreeing with a given idea) and a subset of 𝑞 = 3 contacts (larger
circles white inside = unknown private opinions) are selected. (b) The target updates its expressed
opinion. Because it is experiencing internal dissonance, it can change its expressed opinion either
independently, with probability 𝑝, or due to disinhibitory contagion, with probability 1 − 𝑝, if at
least one of the 𝑞 neighbors expresses the same opinion as the target’s private opinion. (c) The
target updates its private opinion. Because the opinions of the 𝑞 neighbors are not unanimous, it
can change its private opinion only due to independence, which occurs with probability 𝑝.
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Figure 7: Change in the fraction of positive expressed (solid lines) and private (dashed lines)
opinions over time: the left panel shows the model proposed by Jedrzejewski et al. (2018), the
right panel the model proposed by Kamińska and Sznajd-Weron (2025). Results from 11 different
initial conditions are shown; the darker the line, the higher the initial fraction of positive opinions.
In this plot, agents are placed on a complete graph (all-to-all interactions), with the size of the
influence group 𝑞 = 3 and the probability of independence 𝑝 = 0.23.

agents with a positive (agreeing) expressed opinion and a positive private opinion. Results for both
versions of the model are shown in Fig. 7. This plot presents the results of a single set of model
parameters (𝑝 = 0.23, 𝑞 = 3) and several initial conditions. These specific values of parameters are
provided as an example. The full range of parameters was studied and reported in (Jedrzejewski
et al., 2018; Kamińska & Sznajd-Weron, 2025). Initially, all agents have the same private (dashed
lines) and expressed (solid lines) opinions, so we see pairs of dashed and solid lines overlapping
at time=0. Over time, these lines separate, and a clear discrepancy between private and public
opinions appear, which we interpret as the emergence of pluralistic ignorance.

As seen in Fig. 7, both the fraction of agents with a positive private opinion and the fraction
with a positive expressed opinion change over time due to social influence. After some time, these
fractions stabilize at certain values that, for each model, depend on the probability of independence
𝑝, the size of the influence group 𝑞, and, to some extent, the initial conditions. For a more detailed
analysis, see the original papers (Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025). For
the values of parameters shown in Fig. 7, the discrepancy between private and expressed opinions is
larger in the model with dissonance reduction. We also see that in the model without the additional
dissonance-reduction mechanism, as introduced by Jedrzejewski et al. (2018) the initial conditions
play a smaller role than in the model with such a mechanism (Kamińska & Sznajd-Weron, 2025).
This means that the second version of the model is more path-dependent, i.e., it exhibits social
hysteresis, a particularly intriguing collective phenomenon (Sznajd-Weron et al., 2024).

All results presented in Fig. 7 come from the setting in which, for each chosen target, we first
update the expressed opinion and then the private opinion. This naturally raises the question of
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which order is more appropriate, that is, whether the private or expressed opinion should be updated
first. Since social psychology does not provide a clear answer, we tested both scenarios for each
version of the model (Jedrzejewski et al., 2018; Kamińska & Sznajd-Weron, 2025). In the first
scenario, called Act then think (AT), the expressed opinion was updated first, followed by the private
opinion. In the second scenario, called Think then act (TA), the private opinion was updated first,
followed by the expressed opinion. Before updating the opinion at each level, private or expressed,
the source of influence is chosen independently.

For both versions of the model, as reported by Jedrzejewski et al. (2018) and Kamińska and
Sznajd-Weron (2025) , the two scenarios produced identical results at the aggregate level, at least
on the complete graph (all-to-all interactions). Consequently, Fig. 7 is identical for both scenarios.
On more complex networks, the results differ but only slightly, as shown by Kamińska and Sznajd-
Weron (2025). However, the results depend strongly on the model parameters. Interestingly,
Kamińska and Sznajd-Weron (2025) showed that when the source of influence is a single person
(𝑞 = 1), there is no discrepancy between the fraction of positive opinions expressed publicly and
the agents’ private opinions; in other words, pluralistic ignorance does not occur. As already
mentioned, if one person is sufficient to spread an idea, this corresponds to simple contagion, in
contrast to complex contagion (Centola & Macy, 2007), where influence requires more people.
The model shows that under simple contagion, pluralistic ignorance does not arise.

Most importantly, pluralistic ignorance also depends on the version of the model. Notably,
in (Kamińska & Sznajd-Weron, 2025), the additional mechanism of dissonance reduction causes
people to begin thinking in alignment with their expressed opinions. This means that pluralistic
ignorance may increase when individuals attempt to reduce dissonance by rationalizing their
expressed opinions. This effect may help explain the large-scale pluralistic ignorance observed in
climate-related issues, as discussed in the Introduction. We encourage the reader to experiment
with these parameters using our NetLogo implementation, as illustrated in Fig. 8.

4 Two other ABMs of pluralistic ignorance
In this section, we present two additional ABMs that can be used to study pluralistic ignorance
(Centola et al., 2005; Gaisbauer et al., 2020). Although many other ABMs have been proposed in
the literature, some explicitly designed to address this phenomenon (Anderson & Ye, 2019; Brown
et al., 2022; Duggins, 2017; Hoffmann et al., 2024; Huang & Wen, 2014; Merdes, 2017; Topuz &
Yücel, 2024), we deliberately focus on just two. Notably, one of them was not originally intended
to model pluralistic ignorance directly (Gaisbauer et al., 2020). However, under the assumptions
adopted in this paper, particularly that agents infer others’ beliefs solely from publicly expressed
opinions, it can be interpreted as capturing the dynamics of pluralistic ignorance, even though the
authors do not use that term.

Our goal is not to provide a systematic review, but rather to offer a deeper exploration of
selected models, accompanied by interactive implementations that allow readers to experiment and
gain hands-on understanding. The models we chose are relatively simple, making them easier to
explain, implement, and modify. The first, proposed by Centola et al. (2005), is one of the earliest
formal models addressing preference falsification and norm enforcement, and its influence on the
field is substantial. The second, developed by Gaisbauer et al. (2020), was originally intended to
model the spiral of silence, but as noted above, it can be reinterpreted as a model of pluralistic
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Figure 8: NetLogo model view, in which we can switch between version in which avoiding
dissonance is on, as proposed by Kamińska and Sznajd-Weron (2025), or off, as proposed by
Jedrzejewski et al. (2018). The model is publicly available at https://barbarakaminska.github.
io/NetLogo-Pluralistic-ignorance/q-voter-EPO/. There is possibility to run the model online, or
download offline version shown in this figure.
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ignorance.

4.1 Agent-based model of the “emperor’s dilemma”
In the model proposed by Centola et al. (2005) each agent 𝑖 is described by the following variables:

• Private Belief 𝐵𝑖 ∈ {−1, +1}. It indicates whether the agent is a disbeliever (𝐵𝑖 = −1) or a
true believer (𝐵𝑖 = +1). In the basic model it is fixed in time, but in the extended models,
agents may change belief from −1 to +1 if false enforcement persists and conviction is low.

• Conviction Strength 𝑆𝑖 ∈ [0, 1] represents the strength of the agent’s belief and is fixed in
time. For true believers (𝐵𝑖 = 1) 𝑆 = 1, for disbelievers 𝑆 is randomly drawn from uniform
distribution [0, 0.38], hence with mean value 𝑆 = 0.19.

• Compliance 𝐶𝑖 ∈ {−1, +1} indicates whether the agent complies with the norm (𝐶𝑖 = +1) or
deviates (𝐶𝑖 = −1). It is dynamic variable, updated at each iteration based on local social
pressure and conviction.

• Enforcement 𝐸𝑖 ∈ {−1, 0, +1} indicates whether the agent enforces deviance (𝐸𝑖 = −1), does
not enforce (𝐸𝑖 = 0), or enforces compliance (𝐸𝑖 = +1). It is dynamic variable, updated at
each iteration.

Agents update their compliance𝐶𝑖 and enforcement 𝐸𝑖 by observing the behavior of their neighbors,
that is those directly connected in the social network. They monitor how many neighbors comply
with the norm versus deviate from it, and how many actively encourage others to comply or deviate.
The compliance decision is made based on enforcement from neighbors and the strength of one’s
convictions. The decision to enforce is more complex and depends on whether the agent’s decision
to comply aligns with his beliefs. If so, the agent enforces if his convictions and perceived need
for enforcement are stronger than the cost. If compliance opposes his beliefs, the agent enforces
under the influence of neighbors if their influence exceeds the strength of his convictions and the
cost. Otherwise, he does not enforce anything. This mechanism models how individuals respond
to social influence in environments where norms may be privately rejected but publicly enforced.
Equations describing exactly how 𝐶𝑖 and 𝐸𝑖 are updated are given in (Centola et al., 2005). We do
not repeat them here to avoid any equations.

Centola et al. (2005) distinguish four types of agents: true believers (who publicly and privately
support the norm), true disbelievers (who publicly and privately oppose it), and false believers and
false disbelievers (whose public behavior contradicts their private beliefs due to social pressure).
They also identify three types of enforcement: by true believers, by true disbelievers, and by
false disbelievers (who privately oppose but publicly support the norm). They show that unpopular
norms spread through cascades of false enforcement following false compliance. Even though some
people disagree with the norm, they still comply with it (preference falsification). Furthermore,
under strong enough social pressure, they will even enforce behavior that goes against their beliefs.
However, these cascades of false enforcement require a locally clustered group of true believers
who initiate the enforcement as they change the perceived majority opinion in their surroundings.

The readers who would like to know all details of the model can check the original pa-
per (Centola et al., 2005) and our custom NetLogo implementation of the basic version of the
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model, in which private opinions are fixed, is available at https://barbarakaminska.github.io/
NetLogo-Pluralistic-ignorance/emperors-dilemma/.

4.2 A silence game and dynamics of opinion expression
Gaisbauer et al. (2020) proposed an ABM based on a silent game in which agents, indexed as usual
by 𝑖 = 1, . . . , 𝑁 , are described by two binary variables: opinion 𝑜𝑖 and action 𝑎𝑖. Opinions are
static variables, meaning they do not change over time. If agent 𝑖 holds opinion 𝑜𝑖 = 1, it belongs
to group 𝐺1, while if agent 𝑖 holds opinion 𝑜𝑖 = 2, it belongs to group 𝐺2. Each agent 𝑖 can take
one of two actions: publicly express its opinion 𝑎𝑖 = 1 (denoted additionally by 𝑒) or remain silent
𝑎𝑖 = 0 (denoted additionally by 𝑠). An agent decides which action to choose based on the state of its
neighbors. If it believes it holds the opinion of the minority, it becomes silent; if it believes it holds
the opinion of the majority, it expresses it. This judgment is made using only the information about
the opinions of others that are publicly expressed. The authors additionally assume that expressing
one’s opinion carries a constant cost 𝑐.

The update rule is as follows. Agent 𝑖 calculates two values: (𝑉𝑒) the expected number of its
neighbors who publicly agree with its opinion, and (𝑉𝑠) the expected number of publicly disagreeing
neighbors plus the cost of expressing an opinion. If𝑉𝑒 > 𝑉𝑠, the agent prefers to express its opinion,
which means it updates its action to 𝑎𝑖 = 1. If 𝑉𝑒 < 𝑉𝑠, the agent prefers to be silent, which means
it updates its action to 𝑎𝑖 = 0. If 𝑉𝑒 = 𝑉𝑠, the agent is indifferent and does not change its action 𝑎𝑖.
We note that Gaisbauer et al. (2020) do not explicitly introduce the values 𝑉𝑒 and 𝑉𝑠 but instead
provide equations that allow these values to be calculated depending on the opinion held by agent 𝑖.
We use this notation here to avoid introducing equations. The latter part of the paper also proposes
a more stochastic approach. The probability that an agent will express his opinion depends on his
willingness to express 𝑄. This is updated using reinforcement learning based on feedback from a
randomly selected neighbor.

The model of Gaisbauer et al. (2020) demonstrates the possibility of a minority opinion achiev-
ing public dominance. However, the authors do not explicitly refer to pluralistic ignorance, but
rather to the spiral of silence. As highlighted by Taylor (1982), both the spiral of silence and
the pluralistic ignorance theories examine how social perception shapes the formation of public
opinion. The spiral of silence framework assumes that people’s perceptions of public opinion are
fixed and investigates how these perceptions influence behavior. In contrast, research on pluralistic
ignorance focuses on the accuracy of such perceptions, frequently finding that individuals’ beliefs
about the majority opinion are often mistaken. Under the assumption outlined in the last para-
graph of Section 2, namely, that agents’ perceptions of others’ opinions are entirely based on what
those others express, we interpret the result obtained by Gaisbauer et al. (2020) as an example of
pluralistic ignorance, which is why we present this model here.

To enable the reader to better understand this model, or simply play with the model and
conduct their own experiments, we have prepared our own special implementation of this model in
NetLogo, publicly available at https://barbarakaminska.github.io/NetLogo-Pluralistic-ignorance/
opinion-expression/.
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5 A cautionary conclusion
We borrowed the title of this last section from Centola et al. (2005), who used it for their own
concluding section in the paper on ABM of the "emperor’s dilemma". In that section, they frankly
acknowledge that their study uses a highly specific model of social influence and that it is not
the only possible specification. They suggested to explore alternative models of the influence
process. Since their seminal work, many other ABMs have been proposed to address the puzzle
of pluralistic ignorance (Anderson & Ye, 2019; Brown et al., 2022; Duggins, 2017; Huang &
Wen, 2014; F. B. Seeme & Green, 2016; Topuz & Yücel, 2024). Each of these ABMs not only
uses different models of social influence, but also addresses pluralistic ignorance in other contexts.
For example, (Hoffmann et al., 2024; Kamińska & Sznajd-Weron, 2025) examine the problem of
pro-environmental change, noting that although many people have pro-environmental convictions,
they often fail to translate these beliefs into actual behavior.

Although the assumptions and rules of these models differ substantially, all are able to account
for the emergence of pluralistic ignorance. This convergence of outcomes across diverse ABMs
suggests that pluralistic ignorance may be a robust emergent phenomenon, not overly sensitive to
the specific assumptions or mechanisms of a given model. In other words, even when models differ
in how they represent agents, social influence, or decision-making, they can still produce similar
macro-level patterns, such as the persistence of unpopular norms or the discrepancy between private
beliefs and public behavior.

Looking at various ABMs, it seems that the key ingredients for the emergence of pluralistic
ignorance are (1) the existence of two levels of opinion, private and expressed (public), which do not
necessarily align, (2) social influence, which shapes public expression based on perceived norms,
and (3) a desire to reduce cognitive dissonance. However, the way these opinions are represented
(binary, continuous, or even distributions instead of scalars, as proposed by Brown et al. (2022)),
as well as the specific forms of social influence and cognitive dissonance reduction, seems to be
less important. This observation leads us to reflect on the concept of universality and the role of
ABMs in social modeling.

When thinking about universality, the first thought that comes to our mind is universality in the
physics of critical phenomena. One of the great discoveries of twentieth-century physics was the
observation that at criticality, various physical systems and mathematical models may display the
same behavior on the macroscopic (system-level) scale, independently of microscopic details, that
is, on the scale of particles or, in our case, agents. This critical behavior is described by so-called
critical exponents, and it was shown that various systems can have exactly the same values of these
exponents, and if so they belong to the same universality class. For a more detailed description,
but still accessible to an interdisciplinary audience, we recommend the textbook Introduction to the
Theory of Complex Systems by (Thurner et al., 2018). The association with critical phenomena
is not accidental, because critical phenomena are among the most surprising emergent, collective
phenomena that can appear in complex systems.

Of course, the universality we identified in the ABMs of pluralistic ignorance is much less
formal. We did not introduce any measures, such as critical exponents, that would demonstrate a
correspondence between different models, which, by the way, would be a desirable yet challenging
research task for the future. For now, we have only observed that the same phenomenon can emerge
in very different models. However, this observation brings us to the question of the role of ABMs in
social science. Are they a substitute for large-scale psychological experiments, a forecasting tool,
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a means to build scenarios that can qualitatively answer what-if questions, or a way to formalize
conceptual theories? This question, which we are not attempting to answer here, raises new ones.
Is it important to evaluate which ABM is best for a given purpose or to answer a given question?
How should we evaluate it?

Much has been written about the validation of agent-based models (ABMs) and how challenging
it can be, as discussed recently by Jedrzejewski et al. (2025). The natural answer is that we should
validate ABMs based on empirical data. However, our experience is that we can relatively easily
calibrate models to empirical data, or even reproduce empirical data within relatively simple ABMs
(Jedrzejewski et al., 2025; Sznajd-Weron & Weron, 2002; Sznajd-Weron et al., 2008). Of course,
we can reject some models because they fail to describe the data. We can also compare different
versions of models and evaluate which ones better reproduce the data (Jedrzejewski et al., 2025;
Sznajd-Weron et al., 2008), but that still does not mean we have found the one true model. Therefore,
in our opinion, it is not the particular ABM that matters; it is not about proving that there is one
and only one correct model. It is about identifying the most important mechanisms that influence
a given phenomenon. We can then also ask under which circumstances a given phenomenon will
not appear, or will be weaker.

We would like to highlight that what we wrote above is just our private opinion, which we
decided to express even though we believe that it may not be popular. After writing this concluding
sentence, one more thought came to mind: perhaps our private opinion is in fact shared by others,
and we are simply experiencing pluralistic ignorance.
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