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ABSTRACT

EXPRESSION DYNAMICS OF MINORITY OPINION IN
HOMOPHILY-ORIENTED NETWORKS

Minorities may remain silent for fear of social isolation. According to the spiral
of silence theory, minority groups underestimate their numbers in society. This under-
estimation leads minorities to speak up less and other minorities to feel less supported,
so minorities get caught in a spiral of silence. They can break out of this spiral by unit-
ing with each other. People seek similarity in their relationships, and this is referred
to as homophily in the literature. Under homophily, people can end their relationships
with different people and establish new relationships with like-minded people. These
dynamic networks are called homophily-oriented (H-O) networks. We investigate the
expression dynamics of the minority opinion in H-O networks using the agent-based
modeling approach, where we represent people as agents and the relationships between
them as links. In a case where agents end their relationships with the opposing side
but build relationships with anyone, we found that the minority can oppress the ma-
jority by distorting the perceptions of majority members because minorities increase
their opinion expression probability by lowering their expectations in the first place.
When agents connect directly with like-minded agents; they create echo chambers, and
both majorities and minorities can be fully expressive. We then introduce new agent
types into the model, representing three types of people: hardcore agents are always
expressive minorities, loyal agents do not change their social circle but their expres-
sion decisions, and valiant agents are both expressive and loyal minorities. Minorities’
loyalty to their social environment sabotages their expression in H-O networks but re-
duces echo chambers. Hardcore agents and valiant agents increase minority expression
in static networks; in H-O networks, minority expression is already at its maximum,

so they cannot increase it but valiant agents can decrease segregation in societies.



OZET

HOMOFILI YONELIMLI AGLARDA AZINLIK FIKRININ
IFADE DINAMIKLERI

Aznliklar yalniz kalma korkusuyla toplum iginde sessiz kalabilirler. Sessizlik sar-
mali teorisine gore azinlik gruplari toplumdaki sayilarinin oldugundan diigiik oldugunu
sanma egilimindededir. Bu da onlar: fikirlerini daha az ifade etmeye iter ve diger
azinliklar fikirlerini oldugundan daha az destekleniyor gibi hissettirir ve azinliklar ses-
sizlik sarmalina kapilabilirler. Ancak benzerlerle bir olarak bu sarmaldan ¢ikabilirler.
Bu benzerlik arayisi literatiirde “homofili” olarak anilir. Homofili varken, insanlar
karsit goriigliilerle iligkilerini sonlandirir veya benzer diigiinen insanlarla yeni baglar
kurar. Bu dinamik iligki agina, homofili yénelimli (H-O) aglar denir. Insanlar et-
men ve aralarindaki iligkileri baglanti olarak temsil ettigimiz etmen-tabanli modelleme
yaklagimi ile H-O aglarindaki azinlik goriisiiniin ifade dinamiklerini arastiriyoruz. Et-
menlerin karsit gortisliilerle iligkisini sonlandirdigi ancak herhangi birine baglandigi bir
durumda, azinliklar ilk etapta beklentilerini diisiirerek ifade olasiliklarini arttirir ve
bu da ¢ogunluk iiyelerinin algilarini ¢arpitarak azinlhigin ¢cogunlugu ezebilmesini saglar.
Tiim etmenler benzerleriyle baglant1 kurdugunda, yanki odalar1 yaratir ancak herkes
fikrini ifade edebilirler. Sonra modele ii¢ farkli insani temsil eden farkli etmenler ekliy-
oruz: fikirlerini her zaman ifade eden kararli azinliklar, sosyal ¢evrelerini degistirmeyen
ancak ifade tercihlerini degistirebilen muhafazakar insanlar ve degismeyen sosyalliginde
fikirlerini her zaman dile getiren azinliklar olan direngli insanlar. Azinliklarin sosyal
gevrelerine olan bagliliklari, H-O aglarindaki ifadelerini sabote eder ama yanki odalarini
azaltir. Kararli etmenler ve direncli etmenler, statik aglarda azinlik ifadesini artirirlar.
H-O aglarinda, azinlik ifadesi zaten maksimumdadir, bu yiizden onu artiramazlar, an-

cak direncli etmenler toplumlardaki ayrigmay: da azaltabilirler.
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1. INTRODUCTION

People prefer to live in and be a part of a society since societies provide major
benefits such as food, security, shelter, and sociability. However, they are expected to
abide by the rules of their society in order to fit in, or they choose the people they live
with while excluding other. One of the most common reasons people become outcasts
is their differences from the rest of society; this difference can originate from ethnicity,
religion, appearance, or opinion. In this study, our main interest is in the differences of
opinion among people and the effects of these differences on the dynamics of opinion

expression and the segregation of society.

It is not easy to exclude people from society just because they have different
opinions. This is because opinions can be hidden, unlike ethnicity and appearance.
Therefore, people could choose not to express their opinions because they are afraid of
isolation or they seek similar people to themselves to be able to express their opinions
freely. Even if they have other options, the right to freedom of expression is one of the
most important foundations of modern society and coexistence. It is protected by law,

as stated in Article 19 of the Universal Declaration of Human Rights [1]:

Everyone has the right to freedom of opinion and expression; this right in-
cludes freedom to hold opinions without interference and to seek, receive and
impart information and ideas through any media and regardless of frontiers.

It is necessary to define the opinion discussed in this study to understand what
opinion expression really means. The related studies go back to ancient Greece, where
the studies of epistemology began. They studied opinion to separate it from knowledge.
Plato, in his famous book “Republic” mentioned that opinion, in Greek doxa, is a way
of thinking; and knowledge, “episteme” in Greek, is a tool to act wisely [2]. Aristotle
explained that thought following a “truth” is knowledge, other types of thought are
opinion [3]. Kant, on the other hand, discussed that there is an additional form of

thought, and opinion is thought about a subject without being influenced by a fact



or a subjective passion. If it is an objective fact, it is knowledge; and if there is a
passion behind the thought, it is the person’s belief [4]. While there are many different
approaches to what an opinion is and what it represents in society, we will use Kant’s

approach.

So we know that opinions are subjective, naive and susceptible to bias, people
might find it difficult to express their own opinions and prefer to hide them. As a result,
it is observed that people with unsupported opinions become silent as Noelle-Neumann

proposed in the theory of the spiral of silence [5].

The dynamics of opinion expression is a crucial element of modern societies, and
it has long been studied in depth. Since the basis concerns politics, i.e. public opinion
and democracies, the first studies of opinion dynamics date back to the first decades
of the 20" century [6]. However, it was not developed until the late 20" century when
definitions of minority and majority groups began to appear in the literature [7,8]. In
recent decades, physicists also began to study opinion dynamics using physics equations

[9] and opinion dynamics has become an interdisciplinary field of research [10].



2. LITERATURE REVIEW

People have been using opinion expression to define themselves, communicate
with each other, discuss topics, and progress in those topics throughout history. It
is not common for people to want to express their opinions all the time but in this
study, we are merely interested in the occasions where all people want to express their

opinions.

We will use the voter model approach to opinion formation, which assumes a
dichotomy of opinions, i.e., whether one is for or against something on certain issues.
The voter model was first presented by Holley and Ligett in 1975 [11] and this model is
studied in opinion dynamics [12]. It is also worth noting that when we speak of opinion
expression, this means that people express their opinions in public and not in private

conversations, so people have a reason to fear of isolation [13].

Opinion expression by people could create conflicts in society and as a result, it
could force the minority in society to find different methods to fit into the group. The
easiest method for minorities seems to be changing opinions and blending in. In the
simulation model of Banisch et al. [9], all people express their opinions without fear of
isolation in a static network. People are exposed to the opinion that is the majority
in their neighborhood. After a long time, they change their opinion to fit in. As they
confirm the same opinions and express their dissatisfaction with other opinions in this
group, they exclude the opinions that clash with the opinion of the local majority,
eventually forming echo chambers that lead society to segregation. Echo chambers
are bubbles where people only hear the support of their own opinion and exclude the

others in their network [14].

Because the local majority could be different from the global majority, changing
opinions to fit in a group of people is not a valid solution. Moreover, it is claimed

that opinions are subjective thoughts [15] and reflect a person’s cumulative emotional



history [16], so it is not easy to change them. As a result, people have to find other
solutions to fit into society or to cope with the pressures they face. Some models
propose that the actual opinion and the expressed opinions by people can differ [17,18]
so that they pretend to belong to the group. However, this is a way to silence oneself
and stop expressing their real opinions and an example of people seeking comfort
to get away from clashing with the majority. While it is a survival method, it also
causes anxiety in people. Having conflicted opinions and not expressing them in social
circles could cause people to have psychological disorders like cognitive dissonance [19].
Therefore, it is crucial to understand the conditions that silence people and how to

overcome them.

Several topics under expression dynamic studies merit the study: the spiral of
silence, public spheres, selective exposure and homophily, congregation and segregation,

echo chambers, and majority illusion.

There are some cases where people feel alone with their opinions when they are
not in reality. In the famous story “Emperor’s New Clothes” [20], people remain
silent because they believe that they are the only ones who cannot see the Emperor’s
new clothes and do not want to clash with the socially accepted norm. When just
one of them speaks about the missing cloth, they all realize they are not alone and
start pointing out the truth. This story is about the truth, not opinions. However,
the motivations of people are the same: the silenced people fear both isolation and

authority. Furthermore, people’s behavior of seeking comfort is also similar.

People tend to overestimate the size of their group as we explore in detail in
the section on majority illusions. They do this because they want to be a part of
something big and feel supported [21]. However, in a society where the minority is
greatly outnumbered in local communities, members of minority groups remain silent
because people seek comfort and fear isolation and, they do not want to be outcasts in

their society [5,22,23].



People do not speak when they believe they are in the minority, so the opinion
they hold seems to have less support than it actually does.This lack of support for the
opinion in question makes people who hold it feel even lonelier, which starts a trend
of silence among all minorities. After a while, the entire group community falls into
complete silence. This phenomenon is called the spiral of silence and was first studied
by Elizabeth Noelle-Neuman in 1974 [5]. Spiral of Silence is an example of how local

convergences become a global convergence theory that Axelrod formulated in 1997 [24].

In forming a spiral of silence, people scan the opinion climate, perceiving it with
their “quasi-statistical senses” which is driven by their fear of isolation. People use
their “quasi-statistical senses” or “quasi-statistical organs” to predict the proportions
of minorities and majorities in a society [22]. Since they give people the illusion of
statistical certainty in their predictions, but these are only a perception, they are called
“quasi”. When all people perceive the opinion climate, they make their willingness to
express themselves dependent on it. While one group becomes the local majority, the
local minority is no longer willing to speak out. When the proportion of minorities in
society is small, it is statistically more likely that the local majority will be the global
majority. As a result, the minority becomes less and less expressive and eventually

falls into complete silence.

It is often studied in political science and Noelle-Neumann was herself a political
scientist, but it has also become a relatively popular topic in opinion theory. Many
studies revisit the theory of the spiral of silence [25,26]; some expect debunked results

but found even more concrete results [27].

One of the ways for minorities to deal with oppression is to reduce social pressure
through group support [28]. The behavior of people seeking similar people to feel safe is
called selective exposure or homophily [29]. People are likely to choose with whom they
communicate and with whom they form relationships [30]. According to McPherson,
homophily is inevitable in human life and influences the choice of partners, places of

residence, and friendships [31].



Schelling [13] stated that homophily leads to separation and segregation of races
and educational levels in daily life. Although there are political reasons for such segre-
gation, homophily could be caused not only by systematic discrimination but also by
cultural and genetic factors. Throughout history, similar groups have been observed
to merge and create congregations and it is not possible to distinguish congregation
and segregation from each other. We can say that echo chambers are reminiscent of

Schelling’s definition of the congregation.

The choice of seeking comfort rather than the truth or consensus could create
confirmation bias [32]. People do not have to exclude or clash with the other side,
society can be split into two different sides even if they only give each other positive
feedback in a static social network [9]. Giving and hearing only positive feedback
exclude trench warfare which is caused by the clashes of opinions and leads people
with opposite ideas to more separation. However, when people do not argue with
each other but tend to hear confirmations of their opinions, this would also lead to

confirmation biases, therefore, echo chambers [14].

In societies where people interact and where there is more than one opinion on a
single topic, segregation seems inevitable. There are several approaches to study echo
chambers in society in terms of how and where they arise. Studies suggest that social
media platforms are likely to create echo chambers [33] and societies may also create

echo chambers depending on political views [34].

While the studies we mentioned were often conducted in the real world, there
are also studies on online platforms [26]. In this day and age, people are no longer
restricted by their geographical borders and can connect with people from different
countries and backgrounds through the Internet. It was discussed that the Internet
and social media will create public spheres [35,36]. Public spheres are first introduced
by Habermas and he defines them as the best form of democracy, where people come

together and discusses their opinions without arguing [15].



Aside from the fact that not everyone can access the Internet, those who do have
access use the Internet to search for opinions similar to their own and to find references
that support their opinions [26,37] and create echo chambers [38]. It is also argued
that engaging with opposing opinions on the Internet could polarize people, similarly
with trench warfare [39]. This shows us that the Internet has become another tool to

divide and exclude people.

Moreover, with the development of technology, people can reach daily news
through mass media in seconds. However, it is claimed that people prefer to remain
silent when they are only oppressed by their social environment [24] and their opin-
ion climate is mainly determined by the personal relationships and not by the facts
or the news [5,40], and a spiral of silence could form without media or Internet [41].
Therefore, in this study, we exclude the impact of mass media and the Internet on

people.

Having dealt with the spiral of silence, selective exposure, and confirmation bias,
we will now examine the notion of majority illusion. In elections, where people make
their choices without any pressure from behind the curtain, people are often surprised
that their party received this small percentage of the vote, even though their social
circle is the supporters of their party. This is a consequence of the majority illusion.
In contrast to the spiral of silence, there are conditions that make people believe they

are in the majority even though they are in the minority and vice versa [21].

Majority illusion can also occur when minority groups behave like majority groups
and do not feel threatened to express their opinions. This may lead to an oppressed
majority since they may think that the minority group is the majority, and this illusion

lead the majority group into silence [42].

To understand the impact of social pressure on minorities, Gaisbauer, Banisch
and Olber [41] examine the conditions under which minorities are silenced. They

assume that expression of opinion comes at a cost. The cost is determined by social



factors; when the cost is low, people feel more comfortable expressing their opinions,
and vice versa. They found that the proportion of minorities in society is also an
important factor in the expression of minority opinions. The higher the proportion, the
greater the number of minorities expressing themselves, regardless of the cost; however,
minority opinions are suppressed at lower proportions at even low costs. Finally, they
claimed that minority opinion expression increases under homophily at all costs and

minority proportions.

Sohn and Geidner [43] study the influence of local perceptions on global recog-
nition of the dominant group and suggests that network properties influence the for-
mation of the spiral of silence. Network structures and sizes alter the number and
distribution of opinions to which people are exposed, and thus their perceptions. They
build a simulation model using an agent-based modeling approach in which they repre-
sent people as agents and relationships between them as links. They use thresholds to
decide whether people express opinions or not, and thresholds are individual properties
assigned to agents. They use them to measure the difference between the minority and
majority groups under these conditions, and found that people often make mistakes
when reading the opinion climate. This study argues that society tends to segregate
when people only perceive their close relationships and make decisions in this regard,
and that considering opinions in their social environment alone can lead people into a

spiral of silence.



3. RESEARCH OBJECTIVE

The studies mentioned in the previous section show that in static networks when
there is more than one opinion on a topic, the opinion of the minority is suppressed by
the majority; and the spiral of silence can occur in a society where the media is excluded
and people communicate with their friends and family only. It is also argued that the
percentage of the minority is an important factor in the dynamics of minority opinion
expression. We will study the dynamics of minority expression under the conditions

that lead to the spiral of silence in homophily-oriented networks.

In this study, people can stay with the same people, change their social circle
randomly, and they also have the opportunity to do the same under homophily. We
refer to them as static networks, random-dynamic networks, and homophily-oriented
networks, respectively. While the main aim is to investigate whether minority break
their silence in homophily-oriented networks, we will compare the other network types
to understand whether homophily-oriented networks make a significant difference in

expression dynamics.

If minorities are more expressive in homophily-oriented networks, we will examine
the conditions under which minorities express their opinions and what features of
a homophily-oriented network produce the most expressive minorities. We are also
interested in whether the occurrence of the spiral of silence correlates with the formation

of echo chambers.

We want to know whether the expressive minority group can oppresses the ma-
jority group. Moreover, we are looking for a case where both the minority and the

majority are fully expressive in a society without total segregation.

We know that people are endowed with different characteristics and that they can

change the expression choices of themselves and those around them. We will investi-
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gate whether people with different characteristics prevent the spiral of silence in static
networks. We will also examine whether these people with particular characteristics
also change the dynamics of majority expression and the formation of echo chambers

in homophily-oriented networks.

Finally, the research questions we intend to answer in this study are listed below:

e Can a minority group become more expressive under homophily?

e What properties of a homophily-oriented network cause the minority to be fully
expressive?

e [s there a case where the majority group is silent while the minority group is
expressive?

e [s it possible to have expressive people under homophily without complete segre-
gation?

e If part of the minority group is always expressive, would this change the expres-
siveness of the majority group or the rest of the minority group?

e If some minorities cannot change their social circle in homophily-oriented net-
works, would the percentage of expressiveness of the minority group decrease?

e If some majorities cannot change their social circle in homophily-oriented net-
works, would the percentage of expressive minority decrease?

e If some minorities are always expressive while maintaining their social circles,

how would they change the dynamics of minority expression?
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4. METHODOLOGY

In answering the research questions we formulated in the previous section, we
can use two different methodological approaches: the study of empirical data and the
construction of a simulation model. Some studies work with empirical data from social
networks such as Reddit and Twitter [44]. However, empirical data are associated with
noise that needs to be reduced, and using simplified models allows us to change the

conditions and network types, and freely analyze the results [45].

Among the simulation approaches, the agent-based modeling approach would be
the most appropriate because we want to study the interaction between people and
observe their interaction patterns [46]. ABM is based on individual decision makers
called an “agent” [47]. Even small populations can develop complex dynamics within
themselves, interacting with each other and creating unique patterns. With ABM, we
can easily track these patterns and change the agent and network types as needed [45].
It is argued that ABM is also the most appropriate approach to explore the spiral of
silence [24,43].

We will create a model in which we represent people as agents and the relation-
ships between them as links. We will assign them opinions that makes them a member
of either minority and majority groups, and let them decide their expression of opinion
in terms of their opinion climate; we will examine how the expression of opinion of mi-
nority and majority groups changes over time. The details of the model are explained

in the next section.
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5. MODEL DESCRIPTION

5.1. Model Overview

In this model there is an isolated society and by isolated society we mean that
no one leaves this society and no new members join. We assume that there is a
controversial issue in this society and everyone initially has an opinion, but not everyone
expresses their opinion. Closely connected people can have different opinions because

there is no opinion homophily in the network construction.

There are only two opposing opinions on the topic, there is no chance for a new
opinion to spread in this society and one side always remains in the minority. The
agents’ decision to express their opinion depends on their perception of the opinion
climate, and their decision will influence the opinion climate and indirectly the decisions
of other agents. The opinions assigned to agents will be binary and free of passion.
There are links between agents when they are neighbors, and neighbors represent all

types of relationships a person can have: family, friends, and real neighbors.

In building the society, the main parameters are population size (N), average node
degree (nd), minority percentage (m), and spatial proximity (r). We create agents and
assign minority and majority opinions to the agents based on the minority percentage.
We determine the values for these two parameters through experiments. The average
node degree represents the average number of neighbors that agents can have and is
assigned over the course of the experiments, taking into account population size and
minority percentage. Finally, “spatial proximity” represents the area surrounding the
agents. Agents create links with other agents in this area. We give the spatial proximity
an average value with respect to the model space of the simulation program we use. It
is seven and a pseudo-value since it is related with the simulation model but not the

real world.
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After creating the agents in population size, and determining what percentage of
them are in the minority and what the average node degree is, we proceed to build the
network. The agents establish links with other agents in their spatial proximity. The
agents try to reach the average node degree while creating links and stop when they
reach the average node degree value we set. Figure 5.1 shows the pseudo-code of the

network construction.

Calculate Average Neighbors of Agents;
while Average Neighbors of Agents < nd do
for agents =1,2,...,N do
if There are other agents in-radius r then
Create a link with one of other agents in-radius r ;
Calculate Average Neighbors of Agents;

else
end

end

Figure 5.1. Network construction algorithm.

Colors are assigned to agents based on their opinions and expressive choices. The
minority group is blue and the majority group is red. When the agents are silent, their

colors are pale blue and pale red, respectively.

The opinions in the neighborhood are the opinion climate of the agents. Each
agent looks at the opinion climate and decides whether to express his opinion. The
opinion climate influences opinion expression through a reward system. If agents share
the same opinion with an expressive neighbor, the reward increases; if opinion of the

expressive neighbors is different, it decreases.

The number of neighbors who both share and express the same opinion is called
Agreeable Neighbors. The number of neighbors who are expressive but have an op-

posing opinion is called Disagreeable Neitghbors.
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The silent neighbors in both the minority and majority groups are neglected

regardless of their opinion; the Current Reward is calculated as

Agreeable Neighbors;; — Disagreeable Neighbors;

Current Reward; = (5.1)

Agreeable Neighbors;, + Disagreeable Neighbors;

The indices i and t represent the agents and the time steps, respectively. The
range of C'urrent Reward is one to minus one. If all of an agent’s expressive neigh-
bors agree with the agent, its Current Reward is equal to one; and if they dis-
agree, Current Reward is minus one. If there is an equality between the number
of Agreeable Neighbors and Disagreeable Neighbors is equal, the agent’s Current

Reward is zero.

Agents do not change their opinion expression decision based on Current Reward
alone because it is an instant reward in a specific time step. They calculate their
Ezxpected Reward while multiplying the Current Reward by their learning rate («),
as

Expected Rewardy; = o x Current Reward; + (1 — o) x Expected Reward;i;—1y. (5.2)

The learning rate can take a value between zero and one. When it is zero,
agents are not affected by the Current Reward, they become expressive or silent with
their initial decisions. At a value of one, the agents’ Fxpected Reward is equal to
the C'urrent Reward. Its range is between minus one and one, just like the range of
Current Reward. This means that agents do not look at their past, but make their
decisions immediately, which is not realistic. The calculation of Expected Reward is
similar to reinforcement learning, and it is claimed that larger or smaller learning rate
values would lead the model to inaccurate results but there is no uniform truth about
determining the learning rate [48]. However, the commonly used value is 0.01 [49].
Therefore, we choose 0.01 as the learning rate. However, changing this rate would also
be a topic of another study, as there is a study on the effects of laggard society on

expression dynamics [50].
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We use the Expected Reward value in calculating the Expression Probability

as

B

v+ e(0x Expected Reward;)

(5.3)

Ezpression Probability; =

The parameters we use to calculate Expression Probability change the slope
of the curve and they are constant throughout the model. We take them as social
properties so that all agents have the same value for each parameter, but the values for
each parameter will be different. In the baseline; the value for § is one, for v it is also
one, and for ¢ it is minus five. With these values, the Fxpression Probability curve
will be as shown in Figure 5.2: the x-axis represents Fxpected Reward, the y-axis

represents Expression Probability.

Expression Probability

0
-1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

Expected Reward

Figure 5.2. Expression probability graph.

In Figure 5.2, we see that as Fxpected Reward increases, the slope of the curve
decreases for negative values of Expected Reward and increases for positive values of
Expected Reward. When Ezpected Reward is equal to zero, Expression Probability
is equal to 50%. It is important to note that we do not initially assign an expression
decision to the agents, but rather they use the Expression Probability equation to
make their initial expression decision. To give all agents a 50% chance of be expressive,

we initially set the Expected Reward to zero.
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In this setting of Fxpression Probability, society allows all people to express
themselves, regardless of their expected reward, but in different probabilities. We
see that the FExpression Probability is lower than 50% for the negative values of
Expected Reward and higher for the positive values. This shows us that in this society
the Expected Reward is important and the Expression Probability is responsive to
even a small change in the EFxpected Reward of the agents. In some societies, people
would express themselves at all positive Expected Reward values, or they may not
express themselves certain even when their Expected Reward is highest. For different
values of these parameter sets, the society would respond to the agents’ expression

decisions, and the different types of societies are discussed in the Appendix A.

Not all agents are required to make opinion expression decision at each time step,

but agents reconsider their decision if and only if;

e Their Expected Reward decreases and they are expressive,

e Their Fxpected Reward increases and they are silent.

for agents = 1,2,...,N do

Calculate Current Reward(Eq.: 4.1);

Calculate Ezpected Reward (Eq.: 4.2 );

Calculate Expression Probability (Eq.: 4.3 );

end

or agents = 1,2,...,N do

if Agent is silent then
if Expected Reward; ; > Expected Reward; ;_;) then
| Agent goes into expression decision process;

else
else

=ty

end
Agent is expressive if Expected Reward; ; <
Expected Reward; ;) then

‘ Agent goes into expression decision process;

else
end

Figure 5.3. Opinion expression process algorithm.
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We see the algorithm of the opinion expression process in Figure 5.3. It is fol-
lowed by the expression decision process; the agents express their opinion with their
Expression Probability. After, they adjust their colors accordingly. Agents perform

the same process until the model reaches equilibrium.

5.2. Network Variations in the Model

Up to this point our network has been static, but in this section we move to a
dynamic network. There are two different types of dynamic networks: random-dynamic
networks and homophily-oriented networks. We will talk about the general rules and
mention the differences between these two networks. We define two types of networks

depending on whether or not they are under homophily, as shown in Table 5.1.

Each agent has an initial number of neighbors, which we call base sociability.
Each agent tries to maintain its base sociability by creating links only when its current
number of neighbors is less than its base sociability. This is because we want to keep
the network type throughout the model. In this study, the network is built considering
the average number of neighbors of the agents, and we want to keep this structure in
dynamic networks as well, so that agents can only make connections when they cut
one of their links. If they do not maintain their base sociability number, agents would
make an excessive number of links under certain conditions and the network structure
would be similar to random graphs. These agents may also create links with other
agents that have fewer neighbors than their base sociability. We refer to agents that

want to cut links or rewire as “initiator agents” to avoid confusion.

Table 5.1. Network classification.

Random rewiring | Homophily in rewiring

Random link-cutting R-D Network H-O Network

Homophily in link-cutting H-O Network H-O Network
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5.2.1. Link-Cutting Process

We classify the links as suitable for cutting and not suitable for cutting. In
random link-cutting process, all agents volunteer to cut their links, and all their links
are suitable for cutting. However, agents only cut one of their links in a single time
step. Each initiator agent marks one of its suitable links as “cut”, but cannot cut all
links labeled as “cut” at the same time. This would destroy the base network and result
in two links per agent being cut since each link has two ends. Instead, we cut half of
the links labeled as “cut” to cut one link per agent based on their cutting probability.
The other half is not cut at this time step, but could be cut at later time steps. The

agents who cut one of their links become initiator agents.

We assign cutting probabilities to the links. These probabilities are distributed
among the links according to the normal distribution with a mean of 0.5 and a variation
of 0.12 to prevent the agents from having extreme values in the cutting probability. If
the probability is zero, these links are impossible to cut; if the probability is one, these

links will be cut for sure.

In the link-cutting process under homophily, suitable links and initiator agents
are selected by a set of rules. When agents want to change their environment, they
compare their Stmilarity Ratio with the homophily degree. These agents could be
both silent and expressive. The homophily degree represents the lowest percentage of
similarity that agents seek in their neighborhood, and it is the same for all people. The
Similarity Ratio represents the similarity in an agent’s neighborhood and is calculated

for each agent as
| Agreeable Neighbors;|

Similarity Ratioy = (5.4)

|Current Neighbors;|

If their Similarity Ratio is lower than the homophily degree, agents are dis-
satisfied with their opinion climate. Thus, they check their neighborhood if they have
suitable links for cutting. The agents they want to end their relationship with must be

expressive and must hold different opinions.
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Finally, if the agents are dissatisfied with their similarity ratio and their links are
suitable for cutting, they label one of their suitable links as “cut”. The rest of the
link-cutting process is the same as the random link-cutting process. They cut half of
the labeled links with the cutting probability and the agents become initiator agents.
The initiator agents keep their other links. The process of link-cutting is summarized

in Figure 5.4.

Link-cutling process
bagirs.

Agants calculale thair Is it
similarity ralio. under homogphily?

Agants compare their
similarity ratio with the

homaphily degree.

Each agant labals
ena of thelr links.

Are thare any agents
whasa similarity ratio is
lawer than hd?

Cut halt of the labeied Agants who cul links
links with cutting becoma initiatar

probability. aganis.

Stap the procass, da
ot cul links.

Aganls with a lower simbarity
ratio than hd label cne of their
sultabla for cutting links.

suitable links
far cutting?

Figure 5.4. Flowchart of the link-cutting process.
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5.2.2. Rewiring Process

After cutting links, agents begin to create links. Since agents want to maintain
their base sociability, agents that have fewer neighbors than their base sociability are
also the agents that want to rewire. We also refer to agents that want to rewire as
“initiator agents”. If the initiator agents cannot find agents to connect with at the
time step they cut links, they continue their search in the next time steps until they
reach their base sociability numbers. The process of creating a new link is based on
only one rule: the initiator agents create a new link with one of the other agents that
have fewer neighbors than their base sociability. In this way, no agent has a chance to
exceed its base sociability. The agents cut one of their links and rewire in a cycle until

no more links are cut or created, and eventually the model reaches equilibrium.

Agents can create links with other agents depending on the re-linking choices.
If we assume that all agents can create links with any other agent, this is called a
“random” re-linking choice. However, we can restrict the set of agents: agents can only
make a new relationship with other agents if they are in the same spatial proximity,
or they can only connect with their own neighbors” neighbors, in other words, their
second-degree neighbors. Since there may or may not be homophily in rewiring and
there are different choices, we can categorize the rules for rewiring as in Table 5.2. In
total, initiator agents can establish links with other initiator agents according to six

different re-linking rules. These re-linking rules are listed below.

e In unbiased re-linking rule, the initiator agent creates a link with one of the other
agents who has fewer neighbors than their base sociability,

e In geo-biased re-linking rule, the initiator agent creates a link with one of the other
agents who is in proximity and has fewer neighbors than their base sociability,

e In second-degree re-linking rule, the initiator agent creates a link with one of the
other agents who is a neighbor of one of the initiator agent’s neighbors and has
fewer number of neighbors than their base sociability,

e In opinion-biased re-linking rule, the initiator agent creates a link with one of the
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other agents who has the same opinion as the initiator agent and is expressive,
and has fewer neighbors than their base sociability,

e In geo-opinion-biased re-linking rule, the initiator agent creates a link with one of
the other agents who has the same opinion as the initiator agent and is expressive,
is in the proximity, and has fewer neighbors than their base sociability,

e In biased-second-degree re-linking rule, the initiator agent creates a link with
one of the other agents who has the same opinion as the initiator agent and
is expressive, a neighbor is one of the initiator agent’s neighbors and has fewer

neighbors than its base sociability.
In determining spatial proximity, we use the radius constant (r) that we use in
constructing networks. In other words, the rules geo-biased and geo-opinion-biased set

an alternative network to the original network.

Table 5.2. Categorization of re-linking rules.

Agent Choice | Random Rewiring | Rewiring Homophily

Random unbiased opinion-biased

Proximate geo-biased geo-opinion-biased

Second-Degree second-degree biased-second-degree

5.3. Agent Variations in The Model

Agents have the same attributes in the base model, but we know that people have
different personalities and different reactions to the fear of isolation. Agents could alter
society’s expressive dynamics by changing their attitudes and responses to the opinion
climate. We introduce three different agent types into the model. Since our main
concern is to analyze the expression dynamics of minority opinion, we will assign these
different personalities to the minority group. In other words, these three different types

of agents might just be from minority groups.
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The first agent type is mentioned by Noelle-Neumann [5] and studied in [27, 51]
as their hardcore personality could increase the percentage of opinion expressed by
minorities and help other minorities break their spiral of silence. They are called hard-
core agents and they express their opinions no matter what, so their learning value is
zero. In homophily-oriented networks, they can still seek comfort from others by cut-
ting their links with the opposite side and connecting with with the same opinionated

agents.

While hardcore agents try to find a social circle they fit into, some agents are
willing to adjust their expressions to fit their base social circle. These agents are called
loyal agents, and they do not break their links, and also do not allow their neighbors to
break their mutual links. They are not interested in rewiring, so the cutting probability

of their links is zero.

On the other hand, there are agents who remain expressive in their social circle.
They do not break their links or rewire because they do not try to fit into a social circle;
they are already expressive with their permanent neighbors. These valiant agents are
not affected by the opinion climate, so their learning value is zero. We make sure that
the cutting probabilities of their links are zero. These valiant agents are basically a

synthesis of hardcore and loyal agents.

5.4. Key Outputs

We look at some outputs to learn if agents are expressive and segregated. A
spiral of silence can be observed when there are two groups, and one group thinks
they are the minority in society and become silent after a while. This study is about
the dynamics of minority opinion expression, but there are some cases where majori-
ties behave like minorities, as well. We consider Silent Minority Percentage and

Silent Majority Percentage as indicators of the spiral of silence.
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The total size of the minorities is obtained by multiplying the minority percentage
by the population size and it is constant throughout the model. However, their size
could differ between different experiments. So we also took the total size of the minority

as a parameters, as well.

We calculate the Silent Minority Percentage by dividing the number of silent
minorities by the total size of the minority group (Nminor) in the model at each time

step as

|Silent Nmin,|

Silent Minority Percentage, = ,
Nminor

(5.5)

Silent Majority Percentage could be used to see if the majority group is op-
pressed in the model. It is calculated by dividing the number of silent majorities by
the total size of the majority group (Nmajor) in the model. This oppression can only
occur if the majority group believes that the minority group’s percentage is larger than
the minority group’s actual percentage. This is a consequence of the majority illusion.
The total size of the majorities is also constant throughout the model. We calculate
Silent Majority Percentage as

|Silent Nmajy|

Silent Majority Percentage; = - ) (5.6)
Nmajor

We expect the Silent Minority Percentage to converge to at least 90% to ob-
serve a spiral of silence. In homophily-oriented networks, we expect the Silent Minority
Percentage to decrease. To observe an oppressed majority, we expect the Silent Majority

Percentage to be larger than the Silent Minority Percentage.

Finally, to see if there is a correlation between the expression dynamics and the
formation of echo chambers we calculate the Total Expressive Percentage in the

model as
|NE;|

N

Total Expressive Percentage; = . (5.7)
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We look for majority illusion when Percentage in Friendship Paradox is more
than 50% in the model and we will look if it is in the following section. There are differ-
ent ways to measure majority illusion. We look at the local neighborhood of majority
agents to measure it. The average perceived minority percentage is calculated sepa-
rately for minority and majority groups. Each minority agent looks at the expressive
ratio of minority agents in their neighborhood, and the average of them is called the
perceived minority percentage by the minority. When majority agents do the same,
it is called the perceived minority percentage by the majority. The number of ma-
jority agents whose perceived minority percentage is greater than the actual minority

percentage is called Percentage in Majority Illusion.

We calculate how the perceived percentage of agents differs from the actual per-
centage of the minority because we want to know how the dynamics of opinion ex-
pression change depending on the opinion climate. It is calculated by looking at the
individual perception of each agent and its discrepancy from the actual minority per-
centage. Finally, we calculate the average of these deviations. For the minority group,
we call it Deviation by Minority, and for the majority group, we call it Deviation

by Majority.

Echo chambers form when two opposing groups cluster within their group. It is
important to know how many agents have accumulated in these echo chambers. We
use Percentage in Echo Chamber to count agents belonging to an echo chamber in
the model.To calculate Percentage in Echo Chamber we first compute Echo Chamber

Index (ECT) only for expressive agents as

ECI, — Agreeable Neighbors;;

. 5.8
|Current Neighbors;| (58)

Total size of an agent’s neighbors are represented as Current Neighbors. Percentage
in Echo Chamber is calculated by dividing the number of expressive agents, at least

half of whom agree and are expressive, by the total size of expressive agents (NE). We
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calculate Percentage in Echo Chamber as
INE with (ECT > 0.50)]
INE,|

Percentage in EC; = (5.9)

When we observe both Total Expressive Percentage and Percentage in Echo
Chamber output results converge to 100%; it means both groups are in echo cham-
bers and society is segregated. When Percentage in Echo Chamber output results
converge to 100%, Silent Majority Percentage converges to 0% and Silent Minority
Percentage converges to 100%; we can say that there is a spiral of silence and ma-
jorities form echo chambers to oppress the minorities. When both Total Expressive
Percentage and Percentage in Echo Chamber converges to 100%, we can say that

both groups are in echo chambers and society is segregated.

In experiments, we may need to know the minority and majority percentages in
echo chambers separately. So we define two more outputs: Minority in Echo Chamber

and Majority in Echo Chamber. We calculate Minority in Echo Chamber as
| Expressive Nminor with (ECI > 0.50)]

Minority in ECy = 5.10
ey | Expressive Nmin| (5.10)
and Majority in Echo Chamber as
E ve Nmaj ith (ECT > 0.50
Majority in EC, — |Expressive Nmagjor with (ECI > 0.5 )| (5.11)

| Expressive Nmagj,|

In conclusion, we can say that there are many different outputs when measuring

outcomes. We summarize the primary outputs and their descriptions in Table 5.3.
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Table 5.3. Primary outputs.

Name Description

Silent Minority Percentage Percentage of silent minority agents

within minority group

Silent Majority Percentage Percentage of silent majority agents

within majority group

Total Expressive Percentage Percentage of expressive agents in total

Percentage in Echo Chamber | Percentage of expressive agents which

(Percentage in EC) are in an echo chamber

Percentage in Minority Ilusion | Percentage of majority agents which

(Percentage in MI) think their percentage is less than the

actual percentage

5.5. Verification and Validation

We test the model and find that there are no running or syntax errors. We
verify that the commands work properly using output plots, output results, and model

visualizations.

In the model, the expressive minority group is blue and the expressive majority
group is red. When they are silent, their color is pale blue and pale red, respectively.
We look at the initial number of agents in these colors and compare them to the
population size and the percentage of minorities. If the population size is 1000 and the
percentage of minorities is 40%, we know that 600 agents belong to the majority and
400 agents belong to the minority. As mentioned earlier, we give them a 50% chance
to express their opinion. We test the model to see if this is true. First, we see that
in the model 201 agents from the minority group are silent and 298 agents from the

majority group are silent. These numbers show us that almost half of the agents are
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initially silent, while the other half are expressive. Of the 1000 agents, 201 are pale
blue, 298 are pale red, 199 are blue, and 302 are red. We see that the agents change

their colors when they change their expression decisions.

In the model description, we claimed that agents in dynamic networks try to
preserve their base sociability. To check the accuracy, we consider the number of agents
whose current neighbors are equal to their base sociability. For Figure 5.3, we use a
model with N = 500, m = 20% in the H-O network with opinion-biased re-linking rule
and hd = 75%. This model reaches equilibrium before 100-time steps, so it is sufficient

to show the time trajectory graph for 100-time steps only.

Figure 5.5 shows the number of agents that have the same number as their base
sociability and fewer or more neighbors than their base sociability. We see that the

majority of agents maintain their base sociability.

Current Neighbors Comparison with Base Sociability
500 in /""_'__'_'__ [ More Neighbors
[l Same Neighbors
Bl Less Neighbors

Number of Agents

o_ill M.

0 Time Step 100

Figure 5.5. Comparison of current neighbors with base sociability.

Figure 5.5. also shows that if the initiator agents do not find other initiator agents

to connect with, they cannot preserve their base sociability, but they continue their
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search. In subsequent time steps, they may rewire to preserve their base sociability if
they can find initiator agents. However, as we have claimed, in this model no agent

has more neighbors than its base sociability in the model.

It has been argued that agents choose to become expressive through the influence
of opinion climate in the formation of a spiral of silence [5]. In Figure 5.9, we run
the model with m = 20% for 500-time steps; 250-time steps in the static network, and
250-time steps in the homophily-oriented network with opinion-biased re-linking rule
with hd = 75%. We find that in the first 250 time steps, the minority’s perceived
minority percentage is 0% and they are in complete silence. However, their perception
changes as they begin to cut their links with majority agents and create links with with
minority agents; it increases to over 50%. While perception increases, the percentage of
silent minorities decreases. Thus, we observe that the influence of the opinion climate

changes the percentage of silent minorities in Figure 5.6.

Static and Homophily-oriented Network
1/ i T [ silent Minority Percentage
X [ Silent Majority Percentage
[l Deviation by Majority
[ Deviation by Minority

Percentage

0 tick 500

Figure 5.6. Expressiveness and opinion climate relation.

To observe majority illusion, it is claimed that we must observe the friendship
paradox in the network [42]. The friendship paradox is a condition when an agent’s

number of neighbors is less than half the number of neighbors of its neighbors, and it
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is measured by Friendship Paradox Index (FPI) as
|Current Neighbors;|

Friendship Paradox Index; = .
reenadsiup arador fnacti |Average Number of Neihgbors of Neighbor;|

(5.12)

and we calculate Percentage in Friendship Paradox as
|N with (FPI > 0.50),]
N .

Percentage in Friendship Paradox; = (5.13)

As we calculate it at each time step, we see that it is at least 80% in each of
the models with any parameters in each experiment. If the majority of people find
themselves in a friendship paradox, then it is sufficient for the majority illusion to
occur [42]. Thus, we know that the circumstances are favorable for the majority illusion

to occur.
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6. BASE MODEL EXPERIMENTS AND RESULTS

This study is about the change in expression dynamics of minorities in different
networks, mainly in homophily-oriented networks and our primary output is the silent
minority percentage, as we stated before. However, we also want to know how the ma-
jority is affected by the minority expression dynamics and if these two groups can form
echo chambers. Thus, the percentage in echo chamber and silent majority percentage
are also considered our primary outputs. We will look at other outputs we have defined

if they are necessary for the context.

The total population size in this model will vary between 500 and 1000 throughout

the experiments to reduce the time complexity of the experiments.

We want to examine the echo chamber formation in the model with dynamic
links, so we do not want to start with clustered local communities or disconnected
neighborhoods. We would also like to distinguish between neighbors, neighbors of
neighbors, and the agents near agents, since we have proposed different re-linking rules
for these groups of agents and will use these rules in the experiments on homophily-
oriented networks. When the clustering is high, we can find that the nearby agents
and the neighbors of neighbors are the same agents; the same is true for the neighbors
and the second-degree neighbors. So, we will determine the average node degree (nd)
with respect to these issues. We will calculate the clustering coefficient for different
population sizes (N) and determine which value we should use for the average node
degree parameter. We determine five different values for the average node degree,

which are shown in Table 6.1.

Table 6.1 shows that the clustering coefficient is at most 4.44% when the average
node degree is two. This means that, on average, the agents’ neighbors are neighbors
with each other at a ratio of at most 4.44%. The difference between the clustering

coefficient in different population sizes when the average node degree is equal to ten is
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too large, which could affect the consistency of the experiments. We now have three
different options and select the average node degree of six. Due to time constraints,
we will not conduct experiments with other average node degree values, therefore with

other types of societies. This could be a topic of another study in the future.

Table 6.1. Clustering coefficient in different nd and N values.

nd=2|nd=4|nd=6|nd=8|nd =10
N =500 | 4.44% | 14.73% | 23.66% | 32.94% | 42.22%
N =1000 | 1.61% | 7.15% | 11.24% | 16.37% | 19.94%

In all experiments, we get results from 50 repetitions. Some models reach equi-
librium in 100-time steps and some require more than 750-time steps. Therefore, we
will run each experiment for 1000-time steps. We are interested in the final results that
each model gives after reaching equilibrium. We will talk about the time trajectory of
the results if this is necessary for the explanation. We will also look at the variances
of these 50 replications to see if the model gives stable results, if necessary. In initial
time steps, agents in both groups express their opinion with a probability of 50%, as
we mentioned before. So we expect them to start the experiments with 50% of silent

percentage.

In the base model, there are three different types of networks: static, randomly
dynamic (R-D), and homophily-oriented (H-O). We start with the static network to
see how the percentage of the minority in the society and the population size of the

society affect the dynamics of minority opinion expression.

After comparing the results of the static network with the R-D network, we will
select the parameter sets that we will work with in H-O networks. We will study H-O
networks in terms of different homophily types. Finally, we will compare the networks

with the selected parameters with respect to the primary outputs.



32

6.1. Experiments on Static Networks

In studying the static networks, we start with two different population sizes (N)
and four different minority percentage (m) values. We chose a population size of 500
and 1000 and a minority percentage of 10% to 40% with a discrepancy of 10%. Since
the minority must always be less than half of the population, the highest value we use

for the minority percentage will be 40%.

Table 6.2. Results in static networks.

Silent Minority Percentage (%) Percentage in EC (%)
N = 500 N = 1000 N = 500 N = 1000
m = 10% | 100 100 88.69 88.47
m = 20% | 99.68 99.94 73.29 73.28
m = 30% | 96.74 99.79 55.09 54.93
m = 40% | 81.63 91.46 36.96 36.14

Table 6.2 illustrates that both the silent minority percentage and the percentage
in echo chamber decrease as the proportion of minorities in society increases, regardless
of population size. However, even when the minority percentage is 40%, the percentage

of the silent minority is above 80%.

Static Network (m = 10%)
1 — [ silent Majority Percentage
[ silent Minarity Percentage
I B Percentage in Echo Chamber

|

|

If
Al
=
p]
=
B
&

0 Time Step 100

Figure 6.1. Silent percentages in static network when m = 10%.
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Figure 6.1 and Figure 6.2 show that the percentage of the silent minority increases
directly from 50% and the percentage of the silent majority decreases directly from
50%, and the discrepancy between the percentages of the silent minority and the silent
majority decreases as the percentage of the minority increases. The percentage in echo
chamber is not calculated in the initial state which is the reason why the result is zero.

We observe that the percentage in echo chamber increases until equilibrium is reached.

Static Network (m = 40%)
[ silent Majority Percentage

1
[ sitent Minarity Percentage
I Percentage in Echo Chamber

Percentage

0 Time Step 100

Figure 6.2. Silent percentages in static network when m = 40%.

We select the parameter sets that yield maximum, minimum, and average values

with respect to the silent minority percentage in Table 6.3.

Table 6.3. Set of parameters that yields different levels of silent minority percentage.

Level Parameter Set

Max (100%) | N =500 and m = 10%
N = 1000 and m = 10%

Avg (99.68%) | N =500 and m = 20%
Min (81.63%) | N = 500 and m = 40%

In Table 6.3 we see that the maximum spiral of silence formation occurs when
the minority percentage is lowest, and the minimum spiral of silence formation occurs

when the minority percentage is highest. However, we can see that the maximum spiral
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of silence occurs at both values of the population size, but the minimum only occurs at
a population size of 500. Before analyzing the differences between the population sizes,
we test whether there is a statistically significant difference in key outputs between
the minimum, average, and maximum levels in the static network. We choose the
parameter set for the maximum level with 500 people and a minority percentage of
10% because we want to have the same population size for all levels. Therefore, the
comparison of these levels also tests the impact of the minority percentage on the

results.

We perform the two-tailed paired t-test when we examine whether there is a
statistically significant difference in output between two parameters. Because we are
interested in the differences between the models with the same outputs. In this study,
all values in the tables are the average of the final results from 50 different replicates
of the same model. When we compare the values, we mean that we are comparing the

values of a sample of 50.

Table 6.4. Silent minority percentage(%) comparison between different levels.

Compared Levels | Compared Values (%) | p-value
m = 10% - m = 30% 81.63 - 96.74 < .001
m = 30% - m = 40% 96.74 - 100 < .001

In Table 6.4 and Table 6.5, we test the hypothesis that “there is no statistically
significant difference between the compared values” with a confidence level of 0.99,
and according to p-values we reject the hypothesis. In other words, there is a statisti-
cally significant difference in the silent minority percentage and the percentage in echo

chamber between different minority percentages.

On the other hand, Table 6.5 shows that while the percentage of the silent mi-
nority decreases slightly, the percentage in the echo chamber decreases sharply as the
percentage of the minority increases. To interpret it, we calculate the total expressive

percentage. When we multiply the percentage of expressive minority and the majority
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by their total percentage, we find that 89.99% of the agents are expressive with 10% m,
79.97% with 20% m, 70.01 with 40% m, and finally 61.01% with 30% m. The decrease
in total expressive percentage is small compared to the decrease in the percentage in the
echo chamber. This means that people who express themselves are exposed not only
to their own opinion, but also to the opposite opinion, since there are now expressive

minorities in the model.

Table 6.5. Percentage in EC(%) comparison between different levels.

Compared Levels | Compared Values (%) | p-value
m = 10% - m = 30% 88.69 - 55.09 < .001
m = 30% - m = 40% 55.09 - 36.96 < .001

For the minority group, we do not see that their expressiveness does not increase
the percentage in the echo chamber. So we can say that the increased expression of
minority opinions does not increase the minority percentage in the echo chamber, but
also decreases the majority percentage in the echo chamber. We look at the percentage
of minorities and the majorities in the echo chamber separately to see if this is true.
To examine how they change, it is sufficient to look at these values in the minimum,

average, and maximum values from Table 6.3.

Table 6.6 shows us that our inference is correct and that the decrease in the
percentage in EC is directly proportional to the decrease in the percentage of the
majority in EC. The minority percentage in the echo chamber in the model is only
6%, even at its maximum level of expression. So the minority group are not clustered

within themselves and when they are expressive, they cannot form echo chambers.

We found that the silent minority percentage is lower when the population size
is 100 than when it is 500, when m = 30% and m = 40%. We perform a two-tailed t-
test to determine if there is a statistically significant difference in the percentage of the

silent minority between the different population sizes. We do not apply the t-test when
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the minority percentage is 10% because the average of the silent minority percentage

is 100% with a variance of 0% for both population sizes.

Table 6.6. Percentage in EC(%) comparison between minority and majority.

Percentage in | Minority Percentage | Majority Percentage
EC(%) in EC (%) in EC(%)

m = 10% | 88.69 0.00 98.54

m = 30% | 55.09 1.03 78.26

m = 40% | 36.96 6.27 57.43

According to the p-values in Table 6.7, there is a statistically significant differ-
ence in the silent minority percentage between N=500 and N=1000 when the minority
percentage is 30% and 40%, but not when the minority percentage is 20%. This is due
to the fact that the network density changes when the population size changes. When
we increase the population size from 500 to 1000, the network density decreases from
0.1224 to 0.0606. When it decreases, the expression dynamics in the static networks
changes, as it is claimed in [43]. As the minority percentage increases, we expect the
results to differ in both populations, and with higher density, the variance of the results

is likely to increase, as we see in Table 6.8.

Table 6.7. Silent minority percentage(%) comparison between different N values.

Parameter | Compared Values (%) | p-value
m = 20% 99.68 - 99.94 228

m = 30% 96.74 - 99.79 < .001
m = 40% 81.63 - 91.46 < .001

As the minority percentage decreases the silent minority percentage increases for
population sizes of 500 and 1000. We will continue our experiments with a selected

population size because both yield similar results. There is a difference between popu-
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lation sizes with larger minority percentages, so we are looking at variances because we

prefer a sample that produces results with less variance when we run the experiments.

Table 6.8. Variance(%) of sample set in silent minority percentage.

N = 500 | N =1000
m = 10% 0.00 0.00
m = 20% 0.02 < 0.001
m = 30% 0.09 < 0.001
m = 40% 0.84 0.80

The variance is zero for m = 10% in both population sizes, as we see in Table
6.8. For other minority percentages, the variance is smaller when the population size
is 1000. Because of this small difference and the fact that we can work with lower
variances, we choose a population size of 1000 for the base model. We will also look at
the results when the population is 500 when we perform the analysis of the minimum,

average, and maximum levels in selected networks.

6.2. Comparison of Static and Random-dynamic Networks

Up to this point, we have done all the experiments in static networks. We want to
find out how the expression dynamics of minorities and the formation of echo chambers
change when we allow agents to cut their existing links and connect to other agents
randomly in Random-dynamic networks. We start with the comparison of static and

R-D networks with respect to the silent minority percentage.

Figure 6.3 shows that the networks give different results when the percentage of
the minority is 30% and 40%. We expected this because the links are cut randomly and
the majority can become silent if they end up in a neighborhood whose local majority is
the global minority. Thus, we expect to observe a majority illusion when the percentage
of the minority is 30% and 40%. Therefore, we look at how the percentage in MI changes

when we change the minority percentage.
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Table 6.9 and Table 6.10 shows that when the minority percentage is at its lowest,
the percentage of the majority group which is in a majority illusion is zero. However,
as the silent minority percentage decreases, there are minority agents who get this il-
lusion. This tells us that there is an inverse relationship between the percentage of the
silent minority and the percentage of the majority illusion. Majority illusion means
that part of the majority agents think they are the minority and in this case, there
must be minority agents who think they are the majority. In R-D networks, randomly
cutting links and rewiring would face off the majority agents to expressive minorities
more. As the minority percentage increases, the number of expressive minorities also
increases; their existence in the neighborhood could cause the majority to think mi-
nority percentage is more than it actually is. As we know perception has more impact
than reality on expression decisions, we expect minority agents to express their opin-
ions more when there is a majority illusion. We observe that R-D networks give a lower
silent minority percentage and there are majority agents who are in this illusion except

when the minority percentage equals 10%.

m =40%
m=30%
m =20%

m=10%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mR-D mStatic

Figure 6.3. Silent minority percentage(%) comparison of static and R-D networks.

We look at the silent majority percentage to see if the percentage in majority
illusion and the percentage of the silent majority are in a relationship. Table 6.9 and
Table 6.10 show that the relationship of these two outputs are directly proportional in

static and R-D networks.
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We know that the model gives extreme values for the percentage of silent minori-
ties at m = 10%, and we do not want to work with extreme cases. Since we want to
distinguish the minority from the majority, we also exclude 40% of the minority per-
centage. Thus, we have two options that give similar results in the static network and
slightly different results in R-D networks. For time efficiency, we choose one of them.
From now on, we run all experiments with N = 100 and m = 20%, unless specified
otherwise, and call it the base model. Table 6.11 shows that the other key outputs
comparison when N = 1000 and m = 20%.

Table 6.9. Percentage in MI(%) comparison between static and R-D networks.

Network Type | m = 10% | m = 20% | m = 30% | m = 40%
Static 0.00 0.01 0.03 2.24
R-D 0.00 0.02 1.24 8.26

Table 6.10. Silent majority percentage(%) comparison of static and R-D networks.

Network Type | m = 10% | m = 20% | m = 30% | m = 40%
Static 0.01 0.05 0.08 4.02
R-D 0.05 0.23 4.21 18.47

Table 6.11 shows that the percentages of the silent minority are above 99%, and
the percentages in the echo chamber are above at least 73% for each network. We
apply a two-tailed t-test to test the hypothesis that “there is no statistically significant
difference in outputs between static and R-D networks” with a 0.95 confidence level.
We fail to reject the hypothesis according to p-values except for the percentage in echo
chamber. While the difference is statistically significant, the values are not significant,

so we neglect it.

Overall, we can say that in both static and R-D networks, the minority is op-
pressed by the majority, they fail to break the spiral of silence and an oppressed ma-

jority is not possible. While almost all majority group is expressive and almost all
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minority group is silent, the percentage in the echo chamber is only 73.28%. As we
know, the percentage in echo chamber is calculated for expressive agents only and the
expressive agents are from the majority group. When calculated, we see that 91.60%
of the majority group in echo chamber is in the static network. If the same calcula-
tion is performed for R-D networks, a similar result is obtained. This tells us that
the silent minority group is the majority in local neighborhoods of a few expressive
majority agents. However these silent minorities are not in the same neighborhood so

they cannot communicate with each other to form an echo chamber.

Table 6.11. Output results comparison between static and R-D networks.

Output Static Network | R-D Network | p-values
Silent Minority Percentage 99.94 99.81 027
Silent Majority Percentage 0.05 0.23 .004
Percentage in MI 0.01 0.02 228
Percentage in EC 73.28 73.22 .335

We want to learn how silent minority expression changes when we give them a
chance to nurture their relationships with other minority agents. Therefore, we look at

the dynamics of the expression of minority opinions in homophily-oriented networks.

6.3. Experiments on Homophily-oriented Networks

After analysing the results in random-dynamic networks, we look at how homophily-
oriented network changes the output results. We investigate whether the degree of
homophily and the different re-linking rules make a difference in the results. There are

six different re-linking rules in the homophily-oriented (H-O) networks.

To analyze the re-linking rules, we use the categorization of the rules based on

the choice of agents they link to in Table 5.2, as we mentioned in the previous sections.
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6.3.1. Analysis of the Homophily Degree and the Re-linking Rules

In this section, we will look at the impact of homophily degree and the re-linking
rules in the results in general. Before analyzing them, recall that we refer agents who
want to cut their links and rewire as initiator agents, establishing a new relationship
can only be done between initiator agents, and the rules determine the initiator agents

that connect to other initiator agents.

Initiator agents can choose any agents at random, they can choose one of the
agents nearby, or they can choose one of their neighbors’ neighbors. As we mentioned
earlier, selecting an agent nearby means that we build an alternative neighborhood to
the base neighborhood. We determine the nd value based on the re-linking rules. Our
concern was to distinguish these rules that allow initiator agents to establish links with
one of the agents from the cluster of neighbors of neighbors and the cluster of nearby
agents from the neighbors of initiator agents. Figure 6.4 shows that both re-linking

rules provide the initiator agents with different neighbors from their social circles.

Figure 6.4. Model visual of different agent groups.

In Figure 6.4, we color the initiator agent green to distinguish it from the other
agents. The pink-colored area represents the initiator agent’s spatial proximity in which

nearby agents are located, circle-shaped agents indicate the neighbors of the initiator
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agent, and the star-shaped agents represent the second-degree neighbors of the initiator
agent. We see that these three groups overlap, but they are not the same. When the
initiator agents are rewired according to these two rules, their neighborhoods do not

remain the same.

The homophily degree represents at least what percentage of similarity an agent
seeks in its “expressive” neighborhood and it is the same for all agents. We want to
analyze it because the homophily degree (hd) determines which agents can cut their

links in the network.

We begin with the analysis of the effects of homophily degree on the silent mi-
nority percentage. We take two values for the homophily degree to test whether it
makes a difference in the model: 50% and 75%. If the homophily degree is 50%, it
represents the agents who do not want to be in the minority in their neighborhood;
and if it is 75%, it stands for the agents who certainly want to be the majority in their

neighborhood.

Table 6.12 shows that a larger homophily degree gives a lower silent minority
percentage in all re-linking rules except second-degree re-linking rule. We conduct a
two-tailed t-test with the hypothesis “there is no statistically significant difference in
silent minority percentage between the model with 50% hd and the model with 75%
hd” for each re-linking rule with a confidence level of 0.99. According to p-values in
Table 6.12, we fail to reject the hypothesis for unbiased, geo-biased, and second-degree

re-linking rules and we reject it for the other re-linking rules.

Changing the homophily degree gives statistically significant different values for
the re-linking rules with homophily. We detect the lowest silent percentage occurs when
the homophily degree equals 75% with opinion-biased re-linking rule. The re-linking
rule opinion-biased allows agents to create links with any expressive agent in the same
opinion. Increasing the homophily degree makes more agents cut their links and as a

result, there are more agents with fewer neighbors than their base sociability. So, more
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agents want to create links with the same opinion agents. However, when we look at
the output results, we see that the difference is not significant so we neglect them even
though it is statistically significant. Thus, we can say that change in homophily degree
makes no significant difference in the silent minority percentage in any of the re-linking

rules.

Table 6.12. Silent minority percentage (%) comparison of different hd values.

Re-linking Rules hd = 50% | hd = 75% | p-value
unbiased 11.09 7.34 422
geo-biased 0.54 0.44 017
second-degree 61.79 64.87 .034
opinion-biased 0.36 0.05 < .001
geo — opinion — biased 0.53 0.28 < .001
biased-second-degree 0.52 0.27 < .001

Agents make connections to agents with the same opinions, and we know from
Table 6.12 that minorities also become expressive. We expect the percentage in echo
chamber to converge to 100% since agents are now both expressive and have links with
similar agents. The percentage in echo chamber with the opinion-biased re-linking rule

is 99.98% when hd equals 75%, as we can see in Table 6.13.

Table 6.13 shows that the percentage in echo chamber is lower when the ho-
mophily degree equals 50% for each re-linking rule. We test the hypothesis “there is no
statistically significant difference in the percentage in echo chamber between the model
with 50% hd and the model with 75% hd” for each re-linking rule with a confidence
level of 0.99.

We reject the hypothesis for the re-linking rules when there is homophily in
rewiring. Unlike the silent minority percentage test, we also reject this hypothesis for

geo-biased re-linking rule. Thus, we can interpret that there is a statistically significant
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difference in the percentage in echo chamber between the model with 50% homophily
degree and the model with 75% homophily degree for geo-biased re-linking rule. We
can explain this difference by the nature of this re-linking rule; geo-biased re-linking
rule allows initiator agents to connect with the others in a spatially close area only.
While increasing the degree of homophily gives more agents the freedom to cut links
with expressive majority agents, the number of initiator agents nearby remains the
same. In other words, the number of disagreeable neighbors of agents decreases, while
the number of agreeable neighbors remains the same as we increase the homophily

degree. So that the percentage in echo chamber increases.

Table 6.13. Percentage in EC (%) comparison between different hd values.

Re-linking Rules hd = 50% | hd = 75% | p-value
unbiased 67.66 68.50 .490
geo-biased 95.25 99.89 < .001

second-degree 82.33 82.39 .850
opinion-biased 97.57 99.98 < .001
geo-opinion-biased 96.21 99.92 < .001
biased-second-degree 97.91 99.89 < .001

The percentage in echo chamber converges to 100% when the silent minority
percentage converges to 0%. However, if the silent minority percentage is greater than
60%, the percentage in echo chamber is still greater than 80%. Thus, we cannot speak
of a correlation between these two results. Since the echo chambers are formed by the
total expressive size of the population, we need the total expressive percentage to see

if there is a correlation or not.

Figure 6.5 shows that silent majority percentage is significant in H-O networks
only with the unbiased re-linking rule since it is over 37% in both hd values and it is
greater than the silent minority percentage. We can say that minority oppress the ma-

jority. We look at the percentage in majority illusion to see if it gives a significant result
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and see that it is about 14% in both hd values. As these are significant results, it is
lower than the silent majority percentage, this means that majority group has difficulty
connecting with their own group even though they know they are still the majority, in
unbiased re-linking rule. So the reason behind the silence of the majorities must be
something different than the current state of the majorities. Because the percentage in
the majority illusion shows the current perception, the silence is a cumulative result.
To learn why majorities are oppressed by the minority, we will analyze the re-linking

rule in detail in as we refer to it as H-O Type 1.

biased-second-degree I
geo-opinion-biased 1
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second-degree i
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Figure 6.5. Silent Majority Percentage(%) comparison of different re-linking rules.

There are no significant difference in the silent minority percentage and the silent
majority percentage between the hd values; we select one of them for the analysis, 75%.

H-O Type 1 gives below 10% of minority and approximately 40% of majority as silent.

First of all, we will look at the time trajectory graph of H-O Type 1 to see how the
minority oppresses the majority over time. The word “oppress” is used here to define
the situation where the minority is more expressive than the majority in percentage
terms. To speak of oppression, the minority does not have to be fully expressive, but

we still expect at least half of the minority group to be expressive.

Figure 6.6 shows the time trajectory graph of the silent majority and the silent

minority in H-O Type 1. Percentage of the silent minority increases while the silent
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majority percentage decreases in the first time steps, just as in static networks. Even

though their behaviours in the first time steps show similarities with in the static

networks, behind the scenes initiator agents cut one of their suitable links for cutting
since this is a H-O network.
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Figure 6.6. Time trajectory graph of H-O Type 1.
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Figure 6.7. Comparison of similarity ratio satisfaction and becoming silent.

In the peak of the silent minority percentage, we see that almost 4% of the silent

group is expressive. This would not cause the majority agents to become initiator
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agents. To become initiator agents, agents must both be dissatisfied with their sim-
ilarity ratio, which means their similarity ratio is lower than the homophily degree,
and their links must be suitable for cutting. Majorities are mostly satisfied with their
similarity ratio as we see in Figure 6.7 and only 4% of the minorities expressive, so
only a few majority members have limited number of suitable links for cutting. Unlike
majorities, minority agents become initiator agents as we see in Figure 6.8 starting
from the first time steps. So we know that the first links cut are the links between
the silent minorities and the expressive majorities. When silent minorities cut their
links, they can only connect with other initiators who are expressive majorities and
the silent minorities. All silent minorities cut their links until they are satisfied with

their similarity ratio or they have no suitable links for cutting.
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Figure 6.8. Initiator agents population size.

Since the minorities are silent in the first steps and the majorities are expressive,
the current rewards of the minorities in the first steps are negative. After cutting
links with the majorities, who are all expressive, they become initiator agents. Since
we know that only the expressive majorities and the silent minorities are initiator
agents in the first steps, they could only create link with one of the majority agents or
the silent minorities. When silent minorities connect with a majority agent, nothing

changes and they remain silent. If they connect with another silent minority agent,
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they could become expressive. As we can see from Figure 6.9 and 6.10, a minority
agent becomes expressive when the number of disagrecable neighbors decreases. This
is because its expected reward was negative before it cut links. A current reward that
is still negative but has a higher value than the expected reward increases the minority
agent’s expected reward and agents reconsider their decision to express when their
expected reward increases. Thus, in this case, the minority becomes expressive. As
we see in Figure 6.9, expected reward of this minority agents is still negative when it
become expressive. However, after a while all majority neighbors of this minority agents
become silent. As the all expressive neighbors of this agent are agreeable neighbors,

this agent believe it is the majority in society. So we can talk about a majority illusion

in this case.

At this point, we need to recall how agents make their expression decisions.
Agents evaluate their expression decision precisely when they are expressive and their
expression probability decreases or when they are silent and their expression probability
increases. The change in the expression probability is caused by the change in current
reward and expected reward. Once an agent is silent, it will continue to be silent if its
current reward and expected reward are constant or decreasing; however, if the reward
increases, it will reconsider its decision. The probability of speaking up is higher when

the expected reward increases, so these agents are likely to speak up.
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Figure 6.9. Expected reward and expressiveness of a minority agent.
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When some minorities become expressive while reducing their disagreeable neigh-
bors, they increase the reward for some minorities who are still silent and encourage
them to speak out as well. While encouraging other minorities, we see that they also
decrease the current rewards and the expected rewards of the majority agents. In
Figure 6.11, we see how the expected reward of a majority agent decreases. As its
expected reward decreases, the majority agent also reconsiders his decision to speak
up and remains silent. As some majorities act similarly and remain silent, their silence
also decreases the expected reward of some majorities and, as in a spiral of silence,

part of the majority is silenced.

Neighbors
12 W Total
I Disagree
] Agree
£
=
-
&
=]
.
@
£
E I—l
3
N
e
0 E!
| Time Step 750

Figure 6.10. Expressive and total neighbors of a minority agent.

Now that majorities are no longer satisfied with their similarity ratio, they want to
cut links. Since minorities are now expressive, they have suitable links to cut. When
they cut links, the only initiator agents are the silent majorities and the expressive
minorities, so they can make connections with one of these agents. They have to rewire
at the time step they cut links due to the fact that the re-linking rule is unbiased and
the probability of not finding a suitable agent in this re-linking rule is zero. So they
have to cut their links just to connect to one of these agents. This does not increase

the expected reward, but may actually decrease it.

Unlike the silent minority case in the first time steps, the expected reward of these
silent majorities is non-negative. In the first steps, all majority agents were expressive,

so their current rewards were one and their expected rewards increased sharply. Thus,
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creating a link with other agents of the silent majority would decrease their expected
reward, since the current reward is still lower than the expected reward. Therefore,
the majorities are trapped in a silence with a non-increasing expected reward and they

have no chance to reconsider their decisions.
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Figure 6.11. Expected reward and expressiveness of a majority agent.

Overall, majority agents start with the trust to their position in society and let the
minority to change their social circles to find each other. However, minorities change
the opinion climate perception of some majorities by reconsidering their decisions to
become silent. Consequently, part of the majority is oppressed by the minority with a
non-increasing expected reward, and cannot connect to expressive majorities because
expressive majorities are still satisfied with their similarity ratios and do not become

initiator agents.

The increase in the silent majority percentage until the model reaches equilibrium
is similar to the formation of a spiral of silence of minority agents in a static network.
The initial indifference of the majorities to their environment causes the minorities to

become expressive. This triggers a trend that results in the majorities being silenced.

We have found that agents who are in the majority cannot be expressive because
they are trapped in silence due to their non-increasing expected reward. With this

statement, we claim that only a spark that would increase the expected reward of
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the majorities would change the situation. We make only one of the silent majority
agents expressive by force after the model reaches equilibrium. This single change to
the model leads to a cascade effect: all of the silent majority agents become expressive
within a very short time and oppress the minority to lead them complete silence as we

see in Figure 6.12.

unbiased Re-linking Rule
1l __ [ silent Majority Percentage
| [ silent Minrity Percentage

Percentage

0 Time Step 1000

Figure 6.12. Cascade effect in majority group in H-O Type 1.

In summary, we can say that majority agents are oppressed by the minority in
H-O Type 1. If an external force, as in Figure 6.12, makes only one of the majority
agents expressive, this would change the current reward of all majority agents in a
cascade. Thus, all majority agents become expressive in a very short time. This is the
explanation for what is happening in Figure 6.12. We must note that this model would
lead to completely different results for the silent percentages because of the presence
of randomness in both network construction and rewiring. Thus, when we look at the
results, we find that there are two outliers among the 50 replications that give the same
results as the R-D network. When we remove the outliers from the data, we see that
the percentage of the silent minority is on average 3.68% and the variance is 0.06%;
and the percentage of the silent majority is on average 39.71 and the variance is 0.61%.

These numbers are consistent with the equilibrium values in Figure 6.5.
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Since this model leads to a majority oppressed by the minority, we also look at
whether this is possible with different minority percentages. We analyze the model with
a minority percentage between 5% and 50% in 5% increments when the population size
is identical to the base model, 1000. At 50%, there is neither a minority nor a majority,

but we will use these terms to avoid confusion.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
m=5% m=10% m=15% m =20% m=25% m=30% m=35% m =40% m =45% m =50%

==@==Silent Minority Percentage ==@==Silent Majority Percentage

Figure 6.13. Silent percentages in H-O Type 1 in different m values.

Table 6.14 and Figure 6.13 show that there is a small difference between the
percentage of the silent minority and the percentage of the silent majority when the
minority percentage is 50%. When we perform a two-tailed t-test with a confidence
level of 0.99 to see if this difference is significant, we find that the p-value is .3889. Thus,
there is no statistically significant difference between the silent minority percentage and
silent majority percentage when minority percentage is 50%. We perform the same test
with minority percentage 15% and the p-value is .2964, so we can also say that there
is no statistically significant difference between silent minority percentage and silent
majority percentage when minority percentage is 15%. So we can say that these two
percentages give a similar percentage of the minority group and the majority group;
there is no oppression of any group, but they are still silent to the same extent. We
can accept these two percentage as the turning points since we observe an oppression
to minority below 15%, and an oppression to majority between 15% and 50%. As the
minority and majority groups interchange above 50%, we do not interpret them to

avoid confusion.
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The number of oppressed majority increase between minority percentages of 25%
and 40%. Figure 6.14 shows that the time trajectory graph when the minority per-
centage equals to 40% and we see similarities between Figure 6.6 and 6.11. When the
minority percentage is 40%, the minority group still has the advantage of being the
first initiator agents, but they are also more crowded now. As a result, they strongly

oppress the majority and minorities are completely expressive.

Table 6.14. Outputs results comparison of different m values in H-O Type 1.

Silent Minority | Silent Majority
Percentage (%) | Percentage (%)

m = 5% | 84.80 0.91

m = 10% | 51.94 8.76

m = 15% | 18.19 24.33

m = 20% | 7.34 38.14

m = 25% | 5.50 45.38

m = 30% | 8.56 49.92

m = 35% | 5.74 52.26

m = 40% | 5.51 56.89

m = 45% | 11.98 38.45

m = 50% | 23.63 17.82

Figure 6.15 shows us that minorities do not succeed in oppressing the majority in
the smaller percentages of minority. Since they are outnumbered, and even if they are
all expressive, it is hard to oppress majority since in some cases they cannot be local

majorities with this percentage.

In Figure 6.16 model reaches an equilibrium where the both groups have the
approximately same silent percentage. This shows us that one group cannot oppress
the other if their percentage in society is equal. However, in their local communities

they become local majorities so they can oppress the local minorities; as are results
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part of both groups are silent. The non-zero silent percentage of both groups support

this and also support the study [24] suggest people make decisions while looking at

their social circles only.
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Figure 6.14. H-O Type 1 when m = 40%
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Figure 6.15. H-O Type 1 when m = 5%.
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Figure 6.16. H-O Type 1 when m = 50%.

6.3.2. Comparison of Re-linking Rules

We will analyze whether the minorities are more successful in breaking spiral of
silence and cluster within themselves more when there is homophily in rewiring. In H-
O networks, we observe an increase in the silent minority percentage in the first steps.
The reason is that the agents in the minority must first cut their links and then find
each other. Therefore, the percentage of silent minority is about 50% in the beginning
and increases to about 55% in the first time step. If there is homophily in the rewiring,
both the silent minority percentage and the silent majority percentage fall toward zero.
When there is no homophily in the rewiring, the percentages may behave different, as

we see in the analysis of H-O Type 1.

When agents seek similarity in their new relationships, which means they rewire
under homophily, there is a significant difference in the percentage of silent minority,
regardless of the homophily degree. The only exception is the rule for re-linking where
nearby agents are selected. As mentioned before, proximate re-linking rules are special
cases since they limit the number of agents with which the initiator agent create link.
The number of agents nearby with the same opinion and the total size of the agents

nearby can be the same, so the introduction of homophily in rewiring would not effect
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the silent percentage of the minorities, contradictory to other re-linking rules as we see

in Table 6.15.

Table 6.15. Silent minority percentage(%) comparison of different re-linking rules.

hd Values | Agent Selection | No Homophily in Rewiring | Homophily in Rewiring
Random 16.61 0.36
hd = 50% Proximate 0.54 0.53
Second-Degree 61.79 0.52
Random 4.73 0.05
hd = 75% Proximate 0.44 0.28
Second-Degree 64.87 0.27

For the other homophily-oriented re-linking rules, the number of agents they
can create a link with is limited compared to the opinion-biased re-linking rule. It is
expected that opinion-biased re-linking rule yields the lowest silent minority percentage

among homophily-oriented re-linking rules; and also in H-O networks.

The largest difference in the percentage of the silent minority is between second-
degree and biased-second-degree; they are 60.87% and 0.52%, respectively. Agents can
connect with one of their neighbors of one of their neighbors in these re-linking rules.
For each minority, it is difficult to find other minority agents among their neighbors
of neighbors. To rewire, agents should break one of their links. If they miss other
initiator minority agents while they are also the initiator agents themselves, they have
to connect with one of the majority agents. Hence, they all fail to find each other to
break the silence. As a result, they remain silent since they fear of isolation. If there
is homophily in the rewiring, most of them can easily find each other and break the
spiral of silence together. Breaking the spiral of silence is not a matter of each person

speaking out on their own, the agents must act together to end their silence.
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The maximum silent minority percentage occurs when there is second-degree re-
linking rule in homophily-oriented network models, regardless of the homophily degree.
We can say that the second-degree re-linking rule is the least successful homophily-
oriented re-linking rule in terms of breaking spiral of silence. We compare the results
of the second-degree rule in the H-O network with the R-D network, because we want
to see if the least successful homophily-driven re-linking rule is still more successful in

reducing the silent minority than R-D networks.

Table 6.16. Comparison of selected H-O network with R-D networks.

Model Silent Minority | Silent Majority | Percentage in
Percentage (%) | Percentage (%) | EC (%)

R-D Network 99.81 0.02 73.19

second-degree 64.87 3.18 82.39

According to Table 6.16, it is not necessary to perform the t-test because we see
that there is a significant difference between the results of the R-D network and the H-O
network with the second-degree re-linking rule. Since there is no homophily in rewiring
when agents create links with others with second-degree re-linking rule. We can say
that having homophily only in link-cutting process is enough for some minorities to
become expressive. This is because they cut their links with the expressive majority
agents and majority agents no longer oppress them, as is the case in R-D. Based on

this result alone, we can say that minority expression is increasing under homophily.

As we know the percentages of the silent minority and the majority group now,
we can calculate the total expressive percentage. The percentage in echo chambers
is calculated for all expressive individuals combined. A high percentage in the echo
chamber tells us that the echo chambers trap both the minority and majority groups in
their own bubbles. We find that for any value of the degree of homophily, the correlation
between the total expressive percentage and the percentage of echo chambers in H-O

networks is greater than 0.999 in the base model.
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6.3.3. Comparison of Homophily Types in H-O Networks

We find that if people cut their links under homophily but rewire randomly, it is
enough to increase minority opinion expression. We want to know if it the same thing
applies when people only rewire under homophily. So we will do a comparative analysis
of these two different H-O networks. We found that the homophily degree makes no
significant difference in silent minority percentage, we choose 75% as homophily degree

value and do not make experiments with 50% hd.

Table 6.17. Output results in H-O networks without homophily in link-cutting.

Re-linking Rule

Silent Minority

Silent Majority

Percentage in

Percentage (%) | Percentage (%) | EC (%)
optnion-biased 0.01 0.00 100
geo-opinion-biased 4.13 0.00 99.96
biased-second-degree | 2.88 0.48 99.43

In Table 6.17, we see that the percentage in echo chamber converges to 100%
when there is no homophily in link-cutting; this means that homophily degree has an
impact on keeping different opinionated agents together. In addition, we see that the
silent percentages are below 5%, regardless of the re-linking rule or group. In other
words, the overall percentage of opinion expression is high and we can say that H-O
networks without homophily in link-cutting is successful in breaking the silence of the

minorities.

Table 6.18. Output results in H-O networks without homophily in rewiring.

Re-linking Rule Silent Minority | Silent Majority | Percentage in
Percentage (%) | Percentage (%) | EC (%)
unbiased 7.34 38.15 68.50
geo-biased 0.44 0.00 99.89
second-degree 64.87 3.18 82.39
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Table 6.18 shows that the geo-biased re-linking rule gives most expressive minority
percentage in the H-O network without homophily in rewiring. As in the unbiased re-
linking rule, homophily in link-cutting makes the minority more advantageous than to

the majority and can oppress majority.

When there is no homophily in link-cutting, each agent has an equal chance to
cut one of its links since we do not select initiator agents. Since both groups can change
neighbors simultaneously, we cannot expect the majority to remain silent. Overall, we
can say homophily-oriented links without cutting homophily are more successful in cre-
ating an expressive environment, but they lead society to total segregation, regardless

of the rules of re-linking.

6.4. Further Comparison of Selected Networks

Randomly dynamic networks have no homophily in both link-cutting and rewiring,
so we compare the different homophily-oriented network types with R-D networks. We
refer to unbiased re-linking rule when hd = 75% as H-O Type 1 in the previous sec-
tion, we select other H-O Networks and name them as following the enumeration. We
choose the opinion-biased re-linking rule among homophily-oriented network without
link-cutting homophily and opinion-biased re-linking rule since they give the lowest
silent minority percentage. We refer back to Table 5.1 and match it with our selected
networks in Table 6.19. The details of the selected networks are summarized in the

following list.

Table 6.19. Selected Network Classification.

Random rewiring | Homophily in rewiring

Random link-cutting R-D Network H-O Type 2

Homophily in link-cutting H-O Type 1 H-O Type 3

e R-D Network: There is no homophily in link-cutting and rewiring. We use the

unbiased re-linking rule.



e H-O Type 1: There is homophily in link-cutting with hd = 75% but no homophily

in rewiring. We use the unbiased re-linking rule.

e H-O Type 2: There is no homophily in link-cutting but homophily in rewiring.

We use the opinion-biased re-linking rule.

e H-O Type 3: There is homophily in both link-cutting with hd = 75% and rewiring.

We use the opinion-biased re-linking rule.

Table 6.20. Comparison of selected networks in the base model.

Network Type | Silent Minority | Silent Majority | Percentage in
Percentage (%) | Percentage (%) | EC (%)
Static 99.94 0.05 73.28
R-D 99.76 0.23 73.22
H-O Type 1 | 7.34 38.15 68.50
H-O Type 2 | 0.01 0.00 100
H-O Type 3 | 0.05 0.00 99.98

In overview, we see that H-O Type 2 is the most successful network type in
breaking spiral of silence but also in creating echo chambers. We can see that the
society is segregated in two and none of them talk with each other while each group is

totally expressive.

Figure 6.17 shows that there is a turning point in the percentage of silent minority
in H-O type 2. Up to this point, the model gives results as in the static network, but
thereafter the percentage of the silent minority drops to zero, while the percentage in
echo chamber rises to one. This is because link-cutting and after finding similar agents
takes time. Figure 6.18 illustrates that H-O Type 3 and H-O Type 2 have similar

results in all three outputs.

In H-O Type 1, we find that 7.34% of the minority group is silent and 38.15%
of the majority group is silent, and the percentage in echo chamber is the lowest and

is 68.50%. In this network, it takes longer than in the others to reach equilibrium
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because the rewiring process is random. We have thoroughly analyzed H-O Type 1 in
the previous sections, so we will not go into details here. The most important feature

of H-O Type 1 is that it leads to suppression of the majority, the reasons for which we

have already discussed.
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Figure 6.17. Time trajectory graph of H-O Type 2.
H-O Type 3
1 — [ silent Majority Percentage
[ Silent Minority Percentage
I Percentage in Echo Chamber
.* f/
f I!I \
(]
|
gl
&
’ 1
ol s
0 Time Step 100

Figure 6.18. Time trajectory graph of H-O Type 3.
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6.5. Minimum, Average and Maximum Level Analysis

We will check whether the parameters that yield the minimum, average, and
maximum values in the static network also give the minimum, average, and maxi-
mum values in other selected networks. Table 6.19 summarizes the results in selected

networks and different levels.

Static and randomly dynamic networks yield correlated results with static net-
works on all three outputs, and the percentage of silent minorities is at least 80% in
both static and R-D networks. This changes in homophily-oriented networks and we
observe full expression in both minority and majority. Table 6.21 illustrates that H-O
Type 2 and H-O Type 3 lead to complete congregation and segregation in both the

minority and majority, regardless of the minority percentage.

When the minority percentage is 30%, H-O Type 1 gives results similar to the base
model. However, we see that a minority is more successful when it comes to expressing
and oppressing the majority. We see that the percentage in the echo chamber decreases

as the total expressive percentage also decreases.

On the other hand, if the percentage of the minority in H-O Type 1 is 10%, we
see that the majority is not caught in a spiral of silence. This shows us that a lower
minority percentage cannot suppress the majority, even if it is in an advantageous
position with respect to the network type. When the minority percentage is 40%, the
population size of the minority and the majority are close to each other. Thus, the
advantage of being disadvantaged in the initial steps does not work very well for the
minority group under these conditions. The minority group is still more expressive than
the majority group in percentage terms, but we observe that the discrepancy between
the percentages of the silent minority and the majority decreases when the percentage
of the minority increases from 30% to 40%. This result is different from the results
we obtain in the analysis of the H-O Type 1 section; it is caused by the differences in

population size that affect network density as we discussed before. The oppression to
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majority in H-O Type 1 is related to the structure of the network, as mentioned before.
Overall, we see that the only networks affected by the minority percentage change are

static, R-D networks, and H-O Type 1.

Table 6.21. Output results comparison between different levels.

Output Network Type | m = 10% | m = 30% | m = 40%
Static 100 98.64 86.33
Silent R-D 100 99.55 92.78
Minority H-O Type 1 85.60 5.69 12.28
Percentage H-O Type 2 0.00 0.00 0.00
H-O Type 3 0.16 0.07 0.02
Static 0.01 0.40 6.22
Silent R-D 0.00 0.36 6.53
Majority H-O Type 1 1.62 48.65 32.65
Percentage H-O Type 2 0.00 0.00 0.00
H-O Type 3 0.00 0.01 0.01
Static 88.47 55.03 36.42
R-D 88.59 55.28 35,32
Percentage
L EC H-O Type 1 89.32 58.10 65.62
H-O Type 2 100 100 100
H-O Type 3 99.94 99.96 99.96
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7. EXTENDED MODEL EXPERIMENTS AND RESULTS

In this section, we will use the assumptions and definitions we used in the previous
chapter. We will use the same networks that we selected in the experiments with the

base model to compare the base model and the extended model.

We defined different agent characteristics in Section 5.3 and will conduct experi-
ments with each type of agent to learn how they affect the results. As a reminder, there
are three different types of agents. Hardcore agents are always expressive, loyal agents
maintain their original links but can change their expressiveness, and valiant agents

are always expressive and preserve their original links. We will work with selected

networks: static, R-D, H-O Type 1, H-O Type 2, and H-O Type 3.

7.1. Experiments With Different Minority Characteristics

We start in this section with the experiments where only the minority group can
consist of these types of agents because the dynamics of minority expression is our
main concern. The population size is 1000 and the minority percentage is 20%. The
experiments are conducted when half of the minority exhibit the characteristics, which
means 100 agents from the minority, of the agent type in question. We refer to the
minority agents that have the same characteristics as the base model as basic agents, as
mentioned earlier. The silent basic percentage refers to the percentage of silent agents
among the basic agents, and the expressive basic percentage indicates the percentage

of expressive agents among the basic agents.

Table 7.1 summarizes the effects of different types of agents on expression and
dynamics, as well as the percentage of agents in an echo chamber in different types of

networks. We will analyze them separately and comparatively.
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Table 7.1. Comparison of models with different minority types.

Model Type | Network Type | Silent Minority | Silent Majority | Percentage in
Percentage (%) | Percentage(%) | EC(%)

Static 99.94 0.05 73.28

R-D 99.76 0.23 73.22

Base Model | H-O Type 1 | 7.34 38.14 68.50
H-O Type 2 | 0.01 0.00 100

H-O Type 3 | 0.05 0.00 99.98

Static 49.04 1.26 72.93

Hardcore R-D 45.64 8.26 68.61

Minority H-O Type 1 | 15.66 6.98 84.42
Model H-O Type 2 | 0.01 0.00 100

H-O Type 3 | 0.02 0.00 99.98

Static 99.94 0.04 73.04

Loyal R-D 99.55 00.39 73.14

Minority H-O Type 1 | 50.55 26.13 62.63

Model H-O Type 2 | 47.04 1.25 88.24

H-O Type 3 | 48.45 00.03 88.55

Static 48.90 1.36 72.95

Valiant R-D 46.23 6.34 69.52

Minority H-O Type 1 | 13.38 25.20 64.79

Model H-O Type 2 | 0.05 2.57 88.30

H-O Type 3 | 0.00 0.56 88.89

We begin with the examining the effects of hardcore agents on the outcomes in the
model. For each network type, we assume that at least half of the minority is always
expressive since half of the agents are hardcore. Since they are always expressive,
we will look at how the expression of other minority agents change throughout the
model. In this case, silent basic percentage is important and we note that the number

of hardcore agents and basic agents is equal and 100. In the base model, less than
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0.1% of the basic agents are expressive. In hardcore minority model, almost 2% of the
basic agents become expressive. This result as the hardcore agents influence the base

agents’ expressive decisions, but this influence is not necessarily large.

As for the silent majority percentage, we expect the majority to become oppressed
by the hardcore minority, but only 8.26% of the majority is silent in the R-D network,
compared to only 1.26% in static networks. We can say that there is a statistically
significant difference in the percentage of silent majority between the base model and
the hardcore minority model in both static and R-D networks, but we cannot speak of

oppression because the minority is less expressive in percentage than the majority.

There is a difference in the silent minority percentage between the base model and
the hardcore minority model, but it is insignificant. We look at how the percentage of
hardcore agents changes the expression of basic minority agents; we define a parameter
called the hardcore percentage (hp), which is the percentage of hardcore agents in
the minority group. Table 7.2 shows the results of the model when the percentage of

hardcore agents increases from 50% to 90%.

Table 7.2. Results comparison between different hp values.

Silent Minority | Expressive Basic | Silent Majority | Percentage in
Percentage (%) | Percentage (%) | Percentage(%) | EC(%)

hp = 50% | 49.04 1.92 1.26 72.93

hp = 60% | 38.66 3.35 2.09 72.61

hp = 70% | 28.79 4.03 2.73 72.41

hp = 80% | 19.12 4.40 3.45 72.13

hp = 90% | 9.40 6.00 4.15 72.16

In Table 7.1 and Table 7.2, we cannot see a significant difference between the
percentage in echo chamber values in the static network between the base model and
the model with hardcore minorities. This means that the existence of hardcore agents

does not change the percentage in echo chamber in static networks.
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Table 7.2 shows that the hardcore agents fail to turn the basic minority agents into
expressive agents even when the percentage of hardcore agents is 90%; the percentage
of the expressive basic minority is 6% while the number of basic agents is 20. Thus,
it is not a significant percentage. As the number of hardcore agents increases, we see
that the percentage of the silent majority increases. Even though the percentage of
silent majority is still below 5%, it was below 0.1% in the base model. If there are
hardcore agents in a society with a higher percentage of minorities, it may be possible
to silence the majority. The oppression to the majority by hardcore minorities under

these conditions could be a topic for another study.

Loyal agents are not like hardcore agents, they change their expressions to fit into
their social circle. Since they are no different from basic agents except for their loyalty
to their neighbors, we observe no difference in outcomes in static and R-D networks,

as we can see in Figure 7.1.

Model with Valiant Agents
Model with Loyal Agents

Model with Hardcore Agents

Base Model

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Figure 7.1. Silent basic percentage (%) comparison of different minority agents.

Loyalty to the neighbors makes no difference in static and R-D networks, so
we observe no difference in the silent basic percentage between the hardcore minority
model and the model with valiant minorities. There is also no significant difference

between the percentage of silent majority and the percentage in echo chambers.
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Valiant agents have both the characteristics of hardcore agents and loyal agents.

This is because valiant agents are always expressive and do not change their social
circle. As we mentioned earlier, loyalty does not make a significant difference in any
of the results. We note that there is no significant difference between the models with

the hardcore agents and the valiant agents in static and R-D networks; this supports

that loyalty makes no difference in the results.

7.1.1. Hardcore Minority Model in H-O Networks

We know that H-O networks provide results in favor of minority expression. We

would like to know how hardcore agents would change this situation.

H-O Type 2 and H-O Type 3 are extreme cases in the base model, and we get
extreme results from these networks in the hardcore minority model. Figure 7.2 shows
that it is similar to the base model, except that the silent minority percentage does

not increase in the first time steps, but immediately decreases from 50% since hardcore

agents cannot be silent in any case.
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Figure 7.2. Time trajectory graph of hardcore minority model in H-O Type 3.
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What is interesting here is the increase in the silent basic percentage and the
decrease in the silent majority percentage in H-O Type 1. We expect these values to be
just the opposite if we make half of the minority agents always expressive. However, H-
O Type 1 is an exceptional network among the other selected networks. The existence
of hardcore agents increases the number of majority agents who cut their links to
maintain the similarity ratio at the beginning of the model and also presence of the
hardcore agents do not allow the expected reward of the majorities to increase as in
the base model. More majority agents cut their existing links with expressive minority
agents. The similarity ratio of silent minority agents is not lower as in the base model
because there are already expressive minority agents. As a result, fewer minority agents
become initiator agents and so they cannot find each other as they could in the base

model, and they cannot oppress the majority, as they could in the base model.

We also find that the percentage in echo chamber decreases in H-O Type 1. We
can explain this decrease by the fact that the total expressive percentage decreases and

the percentage in the echo chamber is calculated with expressive agents only.

7.1.2. Loyal Minority Model in H-O Networks

The silent minority percentage increases in all three homophily-oriented networks,
because loyal agents refuse to cut links and create new links as they should in the

homophily-oriented networks, they cannot connect with similar people.

H-O Type 2 always goes to the extreme in any experiment before, when we add
the loyal agents, almost half of the minority group is silent. Only 0.1% of the basic
minority group is silent; for the loyal minority group, the percentage is 94%. This
means that almost all basic agents are expressive and almost all loyal agents are silent.
These numbers tell us that agents who do not seek selective disclosure are destined to
be silent even if they are in a homophily-oriented network, and the expression decision
of the other half has no influence on the decision of the loyal minority group in the

homophily-oriented network.
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In H-O Type 3, agents can find similarities in opinion and select agents to connect
with. By becoming loyal agents, they cannot find similar agents to connect with. The
silent minority percentage has increased by over 900%, but we do not know whether

this increase was caused by the silence of the loyal agents or the basic agents.

To understand this, we look at the results separately. 96% of loyal agents remain
silent, while not even 1% of basic agents remain silent. These numbers also support

the inference that loyal agents remain silent in H-O networks.

We have explained the oppression to majority in H-O Type 1 with the advantage
that the minorities are the first initiator agents. However, with the loyal agents, their
advantage is reduced because the loyal agents cannot cut their links. As a result, the

minority becomes less expressive and we can no longer speak of oppressing the majority.

We observe a general decrease in the percentage in echo chambers when loyal
agents are added to the model. This is to be expected as the total expressive percentage
decreases. In the next sections, we will analyze the correlation between the total

expressive percentage and the percentage in echo chamber.

7.1.3. Valiant Minority Model in H-O Networks

We will look at the results of introducing valiant agents that carry the properties
of both loyal and hardcore agents. We will look at the results as we compare them

with the loyal minority model and the hardcore minority model.

There is no significant difference between the hardcore minority model and the
valiant minority model in terms of silent minority percentage. Valiant agents are
already expressive loyal agents so their permanent social circle cannot silence them.
Therefore, for hardcore agents, loyalty to neighbors does not affect the percentage of

the silent minority.
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There is a difference in the silent majority percentage between the hardcore and
valiant models. We perform a two-tailed t-test to determine if this difference is statis-
tically significant. Since the p-value for both H-O Type 2 and H-O Type 3 is < 000.1,
we can say that the difference is statistically significant. However, since the differences
are not significant, we can neglect them. This means that loyalty to neighbors does

not affect the silent majority percentage when agents are always expressive.

We see that the silent minority percentage is 13.38% and the silent majority
percentage is 25.20% in H-O Type 1 the valiant minority model. We find that the
percentage of the silent minority is different than that of the hardcore minority model
and this difference is not statistically significant as the p-value is .1492. We see that
this model gives similar results in the percentage of silent majority as the loyal minority
model. We look to see if there is a statistically significant difference. The p-value is

.8464 and there is no statistically significant difference as we predicted.

In summary, the hardcore minority attribute is the driving force for the silent
minority percentage and the loyalty attribute is the driving force for the silent majority
percentage in homophily-oriented networks. So, valiant agents can both increase the
expression and decrease the segregation level. Table 7.1 shows that the percentage in
echo chamber decreases when there are valiant agents in H-O networks. This decrease
can be explained by the links between minority and majority agents, which are not

suitable for cutting.

When the total expressive percentage is above 99%, the percentage in echo cham-
ber is above 99% in the base model and the model with hardcore agents in H-O Type
2 and H-O Type 3 networks. Although the percentage of expressiveness in the H-O
Type 3 network is above 99%, percentage in echo chamber is below 90% in the valiant

minority model.

The model with valiant minorities gives the lowest silent majority percentage,

silent minority percentage, and percentage in echo chamber in H-O networks. The
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only model that gives the results of total expression without total segregation is the

model with valiant agents in H-O Type 2 and H-O Type 3.

7.2. Loyal Majority Model Analysis

Majorities in static networks tend to be expressive, and giving them hardcore
properties would not change that. However, if we gave the majority of loyal properties,
we would get different results from the base model. We want to compare the majority
and minority models by defining only 100 agents as loyal to the majority group. This is
because we want to compare them when the average number of links of the loyal agents
is the same. Since the loyal agents in static and R-D networks make no difference, we

do not interpret them, but keep the results in the table to show that nothing changes.

Now that minorities are free to cut their links in H-O networks, they are more
expressive in the loyal majority model than in the loyal minority model in Table 7.3. As
we can see in Table 7.3, the silent minority percentage is lower than the silent majority
percentage, so we can say that certain percentage of the majority is oppressed by the
minority. However, since the difference between the percentages of the silent minority
and the silent majority is small, we perform a two-tailed t-test to determine if this
difference is statistically significant. We find that the p-value is .0952. Thus, there
is no statistically significant difference between the silent minority percentage and the
silent majority percentage. We cannot speak of oppression in this case. We look at the
data to understand it and expect to see outliers. In Figure 7.3, there are no outliers,
but the variance is very high, especially for the silent minority percentage. Figure 7.3
also shows that there are outcomes where the silent minority percentage converges to
100%, and the silent minority percentage to 0%. We look at the time trajectory graphs
to observe how these results are produced by the model. There are two cases in the
loyal majority model in H-O Type 1, which we refer to as loyal majority model case 1

and loyal majority model case 2.
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Table 7.3. Comparison of loyal minorities and loyal majorities.

Model Type | Network Type | Silent Minority | Silent Majority | Percentage in
Percentage (%) | Percentage(%) | EC(%)
Static 99.94 0.05 73.28
R-D 99.76 0.23 73.22
Base Model | H-O Type 1 | 7.34 38.14 68.50
H-O Type 2 | 0.01 0.00 100

H-O Type 3 | 0.05 0.00 99.98
Static 99.94 0.04 73.04
Loyal R-D 99.55 00.39 73.14
Minority H-O Type 1 | 50.55 26.13 62.63
Model H-O Type 2 | 47.04 1.25 88.24
H-O Type 3 | 48.45 00.03 88.55
Static 99.91 0.04 73.35
Loyal R-D 99.73 0.19 73.18
Majority H-O Type 1 | 29.78 33.25 64.35
Model H-O Type 2 | 1.27 1.41 98.59
H-O Type 3 | 0.36 1.50 98.63

In Figure 7.4, there is suppression of the majority by the minority as we see in
the base model. We see that silent minority percentage increases in the first time steps
and decreases in the following steps, just as in the base model, and the silent majority
percentage increases at the beginning and decreases after a while: which leads to an

oppressed majority.

Figure 7.5 illustrates the time trajectory graphs of the model with loyal majorities
case 2. In the first few time steps, we can see a similarity between case 1 and case 2, but
after a while, silent minority percentage remains the same instead of decreasing. We
know that loyal agents do not cut their links, nor do they allow their neighbors to cut

their mutual links. Since there must be minority agents who are neighbors of the loyal
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agents, these links between them would create a difficulty for minorities to find other

minorities without homophily in rewiring. Thus, while silent majority percentage is at

0%, the silent minority percentage is over 75%; in this case, the minority is oppressed.
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Figure 7.3. Box-plot graph of output results in H-O Type 1.
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Figure 7.4. Time trajectory graph of loyal majority model case 1.

Consequently, the loyal majority model is not consistent in its results. Because

links belong to loyal agents are assigned them in random and may or may not belong

to minorities. If they also belong to the minority, we see the results of case 2; if the
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links, in general, do not belong to the minority, we can see the results of case 1. Finally,
we know that this model leads to both oppressed minorities and oppressed majorities,

but there is no case in which groups cannot oppress each other, as the average results

suggest.
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1 [ silent Majority Percentage
[ silent Minority Percentage
= Percentage In Echo Chamber
i
]
&I
=
=4
& 1
i
2
o - £ -
{ Time Step 500

Figure 7.5. Time trajectory graph of loyal majority model case 2.

Finally, we will look at whether segregation increases as expression increases
in models with different agent characteristics. We found that there is a relationship
between the overall expression percentage and the percentage in the echo chamber in
the base model. However, we see that the percentage in the echo chamber behaves
differently when agents are loyal to the neighborhood. To understand the difference
between the base model and the extended model on this point, we look at Table 7.4.

When agents are fully expressive, the percentage in the echo chamber converges
to 100% even in the base model. If everyone is expressive and in echo chambers, people
exclude different people and we can speak of segregation in that society. If all people
are expressive but not all agents are in an echo chamber, some minorities and majorities

in the same neighborhood talking to each other.



Table 7.4. Total expressive percentage(%) and percentage in EC(%) results.

Model Type | Network Type | Total Expressive | Percentage in
Percentage(%) EC(%)

Static 79.97 73.28

R-D 79.86 73.22

Base Model | H-O Type 1 | 68.02 68.50
H-O Type 2 | 100 100

H-O Type 3 | 100 99.98

Static 89.18 72.93

Hardcore R-D 84.27 68.61

Minority H-O Type 1 | 91.30 84.41
Model H-O Type 2 | 99.99 100

H-O Type 3 | 100 99.98

Static 79.98 73.04

Loyal R-D 79.78 73.14

Minority H-O Type 1 | 68.99 62.63

Model H-O Type 2 | 89.59 88.24

H-O Type 3 | 90.29 88.55

Static 79.99 73.35

Loyal R-D 79.91 73.18

Majority H-O Type 1 | 67.45 64.35

Model H-O Type 2 | 98.62 98.59

H-O Type 3 | 98.73 98.63

Static 89.13 72.95

Valiant R-D 85.69 69.52

Minority H-O Type 1 | 77.16 64.79

Model H-O Type 2 | 97.93 88.30

H-O Type 3 | 99.55 88.89
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In the base model, we see that the minority is suppressed by the majority and
the minority is silent in static and R-D networks. While almost all agents of the
majority are in an echo chamber, we know that there are some silent minorities in the
neighborhood of the majority; so we can say that there are echo chambers in society,
but not all agents are separated from each other. In H-O networks, we see that there is

segregation in society because all agents are expressive and all are in an echo chamber.

As we see in Table 7.4, introducing hardcore minorities and loyal majorities to
the model does not change it in H-O Type 2 and H-O Type 3. However, we see that
there are still silent agents in H-O Type 1 when there are loyal majorities in the model,;
so we can say that most of the expressive agents are in echo chambers but the society
is not segregated. When we introduce loyal minorities to the model, we see that both
the expression and the number of agents in the echo chambers decrease. So we cannot

talk about segregation at all.

Finally, when we introduce brave minorities into the model, compared to the
baseline model, we see that expression increases in all networks and they make no
significant difference in the number of agents in an echo chamber. In H-O networks,
we see that the expression of both groups is similar to the base model, but we observe a
decrease in the percentage in echo chambers. In other words: while in the base model,
we observe segregation of society in H-O Type 2 and H-O Type 3, in the model with
valiant agents society is not segregated. In this case, there are expressive minorities

and majorities agents who talk to each other and stay in the same neighborhood.
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8. DISCUSSION

We have conducted experiments in different networks with different parameters,
and in this section, we summarize our main results. It is claimed that minority groups
become more expressive and can break the spiral of silence when the minority percent-
age increases in a static network [41]. While we observe a decrease in the percentage of
silent minorities, we cannot say that this breaks the silence because the silent minority
percentage in our model is still above 70%. We also found that in our model, the
complete silence of the minority group is certain when the proportion of minorities in

static networks is less than 20%.

We do not observe a significant difference between static and R-D networks in
terms of the percentage of silent minorities and the percentage in echo chambers. This is
because the construction of the network was also randomized and randomly changing
the links would not change anything about the network and thus the dynamics of
minority expression. The only difference is in silent majority percentage since R-D
networks yield a higher silent majority percentage. However, this percentage is small,

and we cannot interpret it as an oppression, so we neglect it.

In homophily-oriented networks, there are different types of homophily. The
effects of homophily in link-cutting and rewiring are analyzed separately and compar-
atively. When the re-linking rule is second-degree in an H-O network, we observe the
highest silent minority percentage among all types of H-O networks. However, the
percentage of silent minorities is still lower than for R-D networks.Thus, we can say

that minority expression increases under homophily, as claimed in [41].

When there is no homophily in cutting links, but agents seek similarity in rewiring,
i.e H-O Type 2, both minority and majority groups are expressive. This model means
that agents can rebuild the network from scratch under homophily, and agents only

make connections with similar agents. In other words, minority and majority groups
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form their echo chambers and exclude the other group from their social circles. There-
fore, people tend to join within their group, and the percentage in the echo chamber
is over 98%. Because there is a total expression for both groups and nearly all of the
agents in an echo chamber, we can say that there is a segregation in this society. This
means that nearly all agents only connect with like-minded people and do not have

links with different people.

Minority and majority agents are completely expressive when homophily is present
in both link-cutting and rewiring. This H-O network is referred to as H-O Type 3 and
yields similar results to H-O Type 2. The difference between them is that the initiator
agents are based on the homophily degree. The degree of homophily only affects the
percentage in the echo chamber, but not the silent minority. In this case, there is no
significant difference in the percentage in echo chamber between H-O Type 2 and H-O
Type 3.

The most interesting result of our study is that the majority is suppressed by
the minority in an H-O network, i.e., H-O Type 1, where there is no homophily in
rewiring, but there is in link-cutting. This can be explained by the social dynamism of
the minority agents. Minority agents change their social circles by cutting and rewiring
links until they find a neighborhood where they can freely express their opinion and
75% of the neighborhood has the same opinion as them. Since their expected reward in
the first steps was lower than zero, since almost all minorities were silent, even a small
increase in their expected reward would encourage minorities to voice their opinions.
The more minorities speak out, the expected reward of the other minorities start to
increase. As a result, more and more minorities start to speak out. Meanwhile, both
the current reward and the expected reward of the majorities decrease because there
are now expressive minorities and silent majorities. The majorities have no chance
to increase their reward, so they are stuck in silence with a non-increasing expected
reward. In other words, the minorities change the opinion climate of the majority
agents and distort their perception of the majority and the minority from the actual

conditions in society. As a result, members of the majority group feel lonely because
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they believe that their opinions are not supported, when in fact they are the majority
in global scale. In other words, they form a spiral of silence and find themselves in a
minority illusion. The minority illusion is used in this context to explain that there
are some majorities that believe they are the minority in society; meanwhile, we can
observe that minorities believe they are the majority in society and we can speak of a

majority illusion.

For the reasons we have explained, we can say that the minority illusion and
the majority illusion are two concepts that are not mutually exclusive but mutually
supportive. In this model, we find that the silent majority is waiting for just one person
to express the opinion of the majority so that they too can express their opinion. If we
make just one of them an expressive agent, all the agents of the silent majority begin
to express themselves in a cascade. The percentage of the minority plays a crucial
role in oppressing the majority in H-O Type 1. If the minority percentage is less than
or equal to 10%, the important part of the majority is expressive and the minority
cannot oppress the majority. This tells us that even though the minority is expressive
and still has the social dynamism, they cannot oppress the majority since they are

outnumbered.

If the percentage of minorities is 15% or both groups are equal in number, both
groups are 80% expressive; so we can say that neither group can oppress the other,
but there are still silent agents in both groups. Hence, local minorities and majorities
oppress the other group in local neighborhoods. When the percentage of minority
is between 20% and 45%, we can also observe an oppressed majority. The lowest
percentage expression of majority occurs when the minority percentage is 40%, because
in this percentage the social dynamism of minorities is still valid and their presence in
the neighborhoods of majorities is also higher than in the other cases, because their

number is higher.

Up to this point, all agents in the model were equivalent in their decision-making

process regarding utterance and the processes of linking and rewiring; we will refer
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to this model as the base model and the agents as basic agents. We would like to
know how the results in the static, R-D networks and the different H-O network types
we mentioned earlier would change if we assign different characteristics to the agents.
It is argued [5,51] that “hardcore” individuals who are always expressive increase the
expressiveness of the minority group. When we make half of the minorities “hardcore”,
we observe that the number of expressive minorities is increasing inherently. However,
when we look at the percentages of minorities without this trait in the different minority
percentages; we find that it is very low. So we found that hardcore people are expressive
but they do not encourage other people to break their silence. We expect that minorities
who are always expressive might oppress the majority, we do not observe it under these

conditions, as well.

If we convert half of the minorities into loyal agents who cannot change their
social circles but can change their expressions, nothing changes in the static and R-D
networks. They were completely silent in these networks and their loyalty to their
neighbors does not make them expressive. However, silent minority percentage de-
creases in H-O networks. We find that loyal minorities cannot be expressive even in
H-O networks and their loyalty to neighbors does not affect the expressiveness of their
basic neighbors. Basic minorities become expressive in H-O networks as they did in

other models but loyal minorities remain silent.

We make the same number of agents loyal majorities this time. Loyalty to neigh-
bors does not affect the expression decision of loyal majorities, these majorities are
still expressive. This is because their number is large compared to the minority and
the neighbors of the loyal agents are likely to be part of the majority group initially.
Therefore, they are not particularly affected and give similar results to the base model
in all networks except H-O Type 1. The loyal majority model can lead both the mi-
nority and majority groups to oppression in different cases, depending on the initial
conditions. The reason why the model leads to these two contradictory results is the

random selection of the loyal majorities and thus their neighbors.
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If half of the minorities are loyal to their neighbors and also always expressive,
they are valiant agents. The presence of valiant agents increases expressiveness and
decreases segregation compared to their absence in the model. The only models that
show almost complete expression and no complete segregation are the models with

valiant agents in H-O Type 2 and H-O Type 3.

We know that the total expressive percentage and the percentage in echo chamber
are highly correlated in the base models. However, introducing new agent characteris-
tics into the model decreases the correlation between these two values in H-O networks,
especially in Type 2 and H-O Type 3 because loyal agents decrease the percentage in

the echo chamber independent of the expressive percentage.
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9. CONCLUSION

In this study, we work with an isolated society which does not allow any people
to leave or no more people to join. We determine the population size of this society
with experiments. We do the experiments in this model while using a simulation
model, and we use the agent-based modelling approach and represent the people and
their relationships in the model. Increasing the population size changes the network

structure and the expression dynamics as suggested in the literature [43].

As there are only two opinions in one topic in this society; there are only two
opposing groups, as well. We determine one group to be minority and determine the
minority percentage in society with experimentation as well. We found that minority
become more expressive if the minority percentage increases as it was claimed [41] but

minority cannot break their silence.

In this study, there are different types of homophily; such as ending relationships
with opposing opinions and creating a new social circle based on similarity. They are

all analyzed under the name of homophily-oriented networks.

Model results suggest that almost everyone become expressive when homophily
prevails in building new relationships. However, as a price for their expressiveness,
both groups form echo chambers. Echo chambers do not allow people to hear other

opinions, which means that there is total segregation in these societies.

If there is homophily in ending the relationships, but people find new people with
whom to connect randomly, the majority is oppressed by the minority. When we look
at the percentages of minorities in society, we find that this oppression is significant
when the proportion of minorities is not very small, i.e higher than 15%, or when the

number of the two groups approaches each other, i.e less than or equal to 45%.
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This oppression is caused by the fact that minorities have really low expected
rewards and even a small improvement, like a slight increase in their expected reward,
would make them reconsider their expression decision. This small increase occurs
when the number of majority agents in their ”expressive” neighbors decreases, but
the number in their agreeable neighbors does not have to necessarily increase. So
that, they become expressive and make some majorities silence in time. Majorities
cannot increase their expected reward in a case where minorities act like majorities and
cannot connect with expressive majorities, as well. It is important to note that this
oppression towards majority is only caused since we limit agents with the constraints
in their neighborhood size and their consideration of their expression decision with
only change in their expected reward. If we change the rewiring process rules or the

expected reward equation, this oppression would not be happen.

The oppression of the majority by the minority shows that the illusion of the
majority and also the illusion of the minority is possible in this environment. As men-
tioned earlier, this society is a closed society in which each agent follows the same rules
in making expressive choices, in link-cutting process and in rewiring process. There-
fore, we cannot speak of an exogenous factor and none of the agents has a distinctive
character that causes the minority to oppress the majority. As a result, we come to
two main conclusions. The first is that the main factor that determines people’s ex-
pressiveness is not the facts or the actual majority in society but people’s perceptions,
as claimed in the literature and our results support this. The second important finding
is that minorities believe they are the majority in a closed society where there is no
external force but only their own dynamics with the majority group and even oppress

them.

In a case where minorities can end their relationships with opposing opinion hold-
ers but the people with whom they can connect are limited to neighbors of neighbors,
they cannot create a comfortable space in which to express their opinions. However,
minorities are also more expressive in this homophily-oriented network type than in

the random- dynamic and static networks.
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In societies, not all people have the same characteristics, the same resistance to
public pressure, and the same fear of isolation. Some minorities express their opinions
with determination, but their hardcore characteristics are not very helpful for other
minorities to express their opinions in static networks. This is because they still seek
comfort in their relationships, find each other to form their echo chambers, and become
the local majority and exclude other people. Among these excluded people, there are
some silent ones who believe they are alone. In homophily-oriented networks, we
observe similar results as in the model without hardcore minorities. This means that
some of the minorities, who are always expressive, do not affect expressiveness in

homophily-oriented networks.

To encourage other silent minorities, expressive minorities should also maintain
their social circle without hesitation. These courageous minorities who want to stay
in their social circle while expressing their opinions are called valiant people. They
encourage other minorities to express themselves without silencing the majority. When
there are valiant minorities in society, all people become expressive. Moreover, valiant
people become a bridge between the minority and majority groups; they reduce the

level of separation in society.

Minorities who maintain social circles without having the determination to ex-
press themselves do not have much influence on minority expression. If the decision to
speak out rests with them, loyal minorities cannot be expressive in homophily-oriented
networks. In other words, minorities remain silent and their social circle is permanent
under homophily. On the other hand, if some majorities are loyal to their social envi-
ronment, we find that both the majorities and the minorities are fully expressive when
there is homophily in rewiring. However, they are still oppressed by the minority when
there is no homophily in rewiring, albeit with a lower probability. The interesting result
is that the majority is equally likely to oppress the minority under these conditions.
Thus, if a part of the majority does not transform its social circle under homophily in

homophily-oriented networks, this would lead to the oppression of one of the groups.
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In this study, we simplify society by assigning the same learning rate and so-
cial parameter values to all people, which changes the expression environment. The
experiments and results can be applied to different types of societies. Moreover, we
give limited individual characteristics to people. Analyzing the expression dynamics
of giving different traits to different groups or introducing leaders who have more re-
lationships than everyone else and give multiple rewards to their neighbors would be
topics for other studies. We limit people to only two options, agree and disagree, and
this is the main reason for the conflicts; and also to have two opinions, another opinion,
which means two minority groups and one majority group in this society, would also

be the subject of another study.

We assign links probabilities to cut to distinguish the relationships between peo-
ple; some people can break their relationships with other easily, while some relation-
ships, such as parents, children and siblings are not very easy to end and people have
to sustain these relationships. However, we analyze the results at the people level, it
means we did not look how these relationships and their strength affects the expres-
sion of minorities and the segregation in society. Classifying links as strong, medium,
and weak based on their link strengths and analyzing their effects on expression and
segregation would provide concrete results that support [52] and this could be a topic
for another study. We also use a specific network for the experiments. Other network
topologies such as Random Graph, Small World, and Barabasi-Albert would provide

different and significant results and could be analyzed comparatively.
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APPENDIX A: SOCIETY PARAMETER ANALYSIS

The parameters we use to compute Expression Probability change the expres-
siveness of the agents. Since we have taken the same values for each parameter, these
parameters actually determine the dynamics of the society in terms of expressiveness
relative to Expected Reward. Thus, we will look at how the change in the parameters
affects the relationship between Expression Probability and Expected Reward. Since
these parameters denote the characteristics of societies, we will refer to them as social

parameters.

We refer the parameters which we take to calculate in the base model as baseline
values. We will change the values of these parameters one at a time, which means that
the values of the other two will correspond to the values of the baseline. Changing
the values of the social parameters may result in probabilities greater than one. Since
this is not possible, we assume that they are equal to one and show them that way in

Figure A.1, Figure A.2, and Figure A.3.

Expression Probability

-1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

Expected Reward

B=05 B=15 —B=2 —B=1

Figure A.1. Expression probability graph in different 3 values.

We start with g. Figure A.1 shows that as 3 increases, agents would be more

likely to express themselves in the same rewards; when its value is two, all agents
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with non-negative Fxpected Reward express themselves with probability 100%. If
we give 3 a value between zero and one, we find that the Expression Probability
curve flattens. At a value of 0.5, the Expression Probability is 50% at the maximum

Ezxpected Reward; agents are likely to remain silent, regardless of their group.

In Figure A.2, we see that the curve flattens and the Expression Probability
for all Fxpected Reward values decreases as the value of v increases above one. The
sensitivity of Expression Probability to Expected Reward decreases and the agents
who are fully supported by their neighborhood express their opinion with a probability
of 20%. Thus, agents tend to remain silent. When it decreases, agents with zero
Expected Reward express themselves with a probability of over 60%, and most agents
with positive Fxpected Reward express themselves with a probability of 100%. So we
can say that people are expressive when v is low, and are more likely to remain silent

when v increases.

Expression Probability

=1, -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

Expected Reward

—vy-=1 y =05 y=2 —y=5

Figure A.2. Expression probability graph in different v values.

Figure A.3 illustrates that the expression probability curve resembles a line as we
increase the value of . As the value decreases, some agents express their opinions with
a probability of 100% at different Expected Reward values and some agents certainly
do not express their opinions. At low values such as -20, we observe that almost all

agents with a positive Expected Reward express themselves and almost all agents with
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a negative Fxpected Reward remain silent; it resembles a threshold probability model
where the threshold is zero. Agents with an Expected Reward of zero have 50% to

speak up, regardless of the value of 4.

Expression Probability

-1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1
Expected Reward

—05=-5 6=-1 6=-10 ——&=-20

Figure A.3. Expression probability graph in different ¢ values.

These three parameters change the agents’ opinion expression probabilities along
with the the learning rate. We can call these four variables the environmental indicators

that represent the relationship between society and individuals.

If we assume lower values than the baseline value for d, we see that when people
are the local minority, they remain silent, and when they are the local majority, they
become expressive. So in this type of society, people must be the majority in their local
neighborhood, otherwise they cannot be expressive. This means that in this society,
there is no possibility for all people in society to express themselves and to get in

contact with others.

At higher 3 values or lower « values, local majorities in these societies are certainly
more expressive and local minorities are encouraged to be more expressive. At lower
[ values or higher yvalues, even the local majorities express their opinions with a very
low probability. Even if there is no authority in these societies, this would be a case

for an invisible authoritarianism and would silence all people.



