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Abstract: Recent research has been conducted on “oil spill polarization”, whereby preferences for topics that
are not inherently politically nuanced become polarized based on political identity. Previous studies that ex-
plored the mechanisms of oil spill polarization through simulations demonstrated that this phenomenon oc-
curs among intense partisans. However, empirical studies have shown that oil spill polarization occurs even
among the general public and individuals with relatively moderate partisan identities, indicating a divergence
between the simulation results and the phenomena observed in reality. We hypothesize that this discrepancy
might be because of network homophily, a phenomenon often observed in social media communication. To
address this, we conducted experiments using a multi-agent simulation model that implements network con-
struction based on homophily. Our findings indicate that, when network construction is based on homophily,
oil spill polarization arises among moderate partisans and diverse partisans.

Keywords: Oil Spill Polarization, Network Homophily, Multi Agent Simulation, Social Media, Partisanship, Cog-
nitive Balance Theory

Introduction

Social media and polarization

1.1 Polarization is a critical issue in modern communication environments. Polarization describes a situation wherein
people’s opinions become more extreme particularly on certain binary or conflicting topics, leading to a division
into groups with differing views (Sunstein 2007). Polarization has intensified over the years, especially on po-
litical topics (Gentzkow 2016). Intense polarization increases the conflict between people with differing views.
Moreover, it makes constructive debate more difficult. Hence, extreme political polarization could threaten
democratic societies (Ross Arguedas et al. 2022).

1.2 Communication via social media is a key factor in the recent increase in political polarization (Terren & Borge
2021; Guess et al. 2018). Social media’s pervasive spread has alleviated the geographical constraints and cost
of communication for individuals. Hence, modern individuals can interact with others who share similar views
more often (Bakshy et al. 2015).

1.3 Network homophily theory explains why people actively engage with others who share similar preferences
(McPherson et al. 2001). According to this theory, individuals actively seek out and agree with opinions aligning
with their preferences and avoid those that contradict their preferences (Klapper 1960). Social media communi-
cation is performed through an information network controlled by the user’s own follow relationships (Conover
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et al. 2012). Individuals are less likely to encounter information contradicting their existing beliefs and perspec-
tives in such environments (Kwak et al. 2011; Sibona & Walczak 2011).

1.4 Communicating selectively with like-minded individuals leads to the intensification of their existing views and
increased polarization of their preferences. Network homophily among individuals with similar preferences
strengthens their existing opinions, potentially leading to more extreme views (Del Vicario et al. 2016). Re-
peated behavior reinforces increasingly extreme views, deepening divides between conflicting preferences.
This is considered the mechanism by which polarization intensifies through communication via social media
(Bright 2018).

1.5 Research on opinion polarization on social media has focused on political identities, often highlighting the con-
flicts between conservatives and liberals (Kubin & von Sikorski 2021). Polarization based on binary oppositions
related to specific ideologies is more likely to escalate into an aggressive debate aimed at defeating the oppos-
ing side’s views instead of fostering constructive discussions aimed at negotiation (Wojcieszak & Warner 2020;
Jenke 2024). This is known as “affective polarization”, where rhetoric that provokes stronger emotional reac-
tions is more likely to be supported. Therefore, communication spheres where affective polarization occurs
become better breeding grounds for conspiracy theories aimed at discrediting opposing factions and spread-
ing sensationalized fake news (Bessi et al. 2015; Lelkes 2018).

1.6 Conspiracy theories and fake news extend beyond online communication spheres, causing significant harm in
real-world society. In the 2016 US presidential election, the negative campaign against democratic candidate
Hillary Clinton escalated into conspiracy theories. These conspiracies were driven by affective polarization and
ultimately resulted in a shooting incident at a real-world establishment (Bleakley 2023). In the 2020 US presi-
dential election, former President Trump’s supporters, believing in election-related fake news, attacked the US
Capitol to protest alleged election fraud. These attackers mostly belonged to polarized information networks
that amplified and over-interpreted Mr. Trump’s posts (Hitkul et al. 2021). Therefore, polarization stemming
from political conflict has become increasingly worrying, and research on polarization remains active.

“Oil spill” polarization

1.7 Much polarization research has focused on cases based on the binary axis of political identity (e.g., conserva-
tive versus liberal). However, such conflicts do not emerge from political identity alone. Issues such as gun
control, same-sex marriage, and abortion legalization are not inherently related to political identity. However,
as these sensitive topics sometimes provoke strong arguments, they have often been used by political identity
opponents for attacks (Hunter 1991; Conway 2021). The radicalization of discourse on sensitive topics in align-
ment with political identity has further polarized opinions and beliefs on these sensitive topics, which are now
also frequently aligned with political beliefs (Conway 2021). Furthermore, political conflicts often intersect with
issues that evoke intense emotions, possibly leading to affective polarization (Hunter 1991).

1.8 However, alignment with political identity is confirmed not only in sensitive “hot-button” topics. Lifestyle and
consumption preferences that are less influenced by political factors – even preferences such as “liberals who
prefer latte beverages” and “conservatives who prefer bird hunting” – are skewed to align with political identity.

1.9 The term “latte-liberal” has been coined to describe this problem (DellaPosta et al. 2015). This phenomenon
has been observed in both beverages and sports and in music and movies. van Zoonen (2013) states that this
phenomenon is more prevalent in today’s information society, where online personal identities are categorized
based on various marketing information, making it easier for a wider range of preferences to be integrated into
a single identity. DellaPosta (2020) described the extension of political identity-based conflicts into various
lifestyles as “oil spill polarization”.

1.10 Polarization occurs when individuals with similar preferences for a particular topic are deeply involved with
each other (Sunstein 2007). Polarization is problematic as it can exacerbate the existing divisions between indi-
viduals with differing viewpoints. This impedes constructive negotiation and compromise (Bright 2018). Con-
versely, “oil spill polarization” is problematic not because of the depth of people’s engagement with a topic but
rather the wide expansion of the range of other topics to which they align with a particular topic (e.g., political
identity). Rawlings & Childress (2024) indicates that not only drink preferences (e.g., lattes) but also a diverse
array of lifestyle preferences (e.g., movies, sports, and music) are correlated with political identity. Addition-
ally, DellaPosta (2020), in a time-series analysis of social survey data, found that various topics have become
increasingly polarized over time, aligning with a particular topic preference (presumably political).

1.11 Moreover, this phenomenon has been observed in social media communication. Essig & DellaPosta (2024) re-
vealed that networks of politically neutral terms in the Twitter (now X) biography closely align with those struc-
tured around political preferences. Social media can significantly amplify polarization, and this type of oil spill
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polarization could more extensively spread through communication on platforms (Bright 2018). Despite the
mentioned studies having primarily focused on the US (with its two-party political system), the overlap be-
tween certain nonpolitical cultural and political clusters on social media has also been observed in regions
with multiparty political systems (Takikawa & Nagayoshi 2017; Kubin & von Sikorski 2021).

1.12 The spill of political polarization into lifestyle preferences may further intensify affective polarization (Kobel-
larz et al. 2024; Westheuser & Zollinger 2025). As various lifestyle choices become associated with political af-
filiation, relatively insignificant differences may even become criteria for distinguishing allies from adversaries
(Talaifar et al. 2025; Shook & Fazio 2009; Bednar 2021). In the 2024 US presidential election, the Republican
politician JD Vance categorized democratic candidate Ms. Harris as a “Childless cat ladies”. This statement was
made using a completely apolitical topic (e.g., preferences for animals), with the intention to undermine the
opposing candidate by portraying them as an adversary (Kogan et al. 2024). This case can be considered an
example of affective polarization becoming apparent because of the expansion of the political identity oil spill.
These perceptions are observed not only among the general public but also among political elites.

Mechanism of “oil spill” polarization

1.13 Oil spill polarization of lifestyles is considered to occur as a result of cognitive changes based on Heider’s bal-
ance theory (Heider 1958). Consider a situation wherein individuals A and B have established a positive rela-
tionship based on political preference alignment. A prefers drinking lattes, whereas B dislikes them. In this
case, A experiences cognitive dissonance on both B and lattes as their preference for drinking lattes conflicts
with that of B, whom A considers a close acquaintance. In this case, A may adjust the balance of preferences
toward the object by changing their perception of either B or lattes from a positive to a negative one. This is the
concept of the cognitive balance theory.

1.14 Preference changes by cognitive balance theory occur on various topics, but political identity and hot-button
topics are less susceptible to cognitive balance, and beliefs are more likely to be fixed (Goren & Chapp 2017).
Thus, oil spill polarization is considered intensified by the cognitive balance theory among people with match-
ing preferences for fixed political beliefs (DellaPosta et al. 2015).

1.15 Although cognitive balance theory concerns interactions between individuals, the agent-based simulations
conducted by DellaPosta et al. (2015) have demonstrated that oil spill polarization occurs when this interaction
occurs in many people. In this simulation experiment, the communication occurs so that among the connected
individuals, those who have similar opinions about the agent’s own political preferences and other lifestyle
preferences are more likely to be selected as communication targets. When there is cognitive dissonance on
a lifestyle topic with an individual whose political preferences match, the agent achieves cognitive balance by
changing some of their own lifestyle preferences to match those of their partner. In this case, political pref-
erences and preferences on hot-button topics remain unchanged. The simulation of multiperson interactions
based on this model demonstrates that the mutual cognitive balancing of agents leads to oil spill polarization
based on political identity. Despite cognitive balance theory being a well-established social psychology model,
this research has demonstrated that oil spill polarization can occur even in communication models based on a
simple mechanism.

1.16 The DellaPosta et al. (2015) experiment used a fixed connected caveman graph. Therefore, it is not assumed
that online communication does not have geographic limitations, as in modern social media. Hence, Törnberg
(2022) examined an extended model that allowed communication targets, which were previously fixed, to vary
randomly. Additionally, the model implemented a tolerance on the agents for others with different preferences.
Low tolerance for others further limits the probability of communicating with others whose preferences do not
align. The experiment revealed that, when agents have a low tolerance for those with differing preferences and
the probability of communication targets being randomly swapped is high, polarization of preferences was ob-
served on lifestyle topics in alignment with political preferences. Therefore, in an unfixed information network,
oil spill polarization is because of the adjustment of cognitive balance among individuals with low tolerance for
opposing viewpoints.

Challenges of previous research

1.17 Oil spill polarization on social media occurs in situations where information networks are highly random and
tolerance for communication partners is low. However, the DellaPosta et al. (2015) and Törnberg (2022) models
are subject to two limitations when considered in the context of contemporary social media communication
and the occurrence of oil spill polarization.
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1.18 The first issue is in network building. Törnberg (2022) conducted an experiment wherein the model reflects a
setting in which information networks are swapped randomly. This model was designed to represent online
communication, such as that which occurs on social media platforms, without geographical constraints. Sec-
tion 1.1 showed that in actual social media environments, like-minded users construct fixed networks based on
homophily (Cinelli et al. 2021; Khanam et al. 2023). Social media’s information networks are constructed by fol-
lowing relationships based on users’ own preferences. Hence, network homophily has a particularly significant
effect (Conover et al. 2012). Therefore, an environment wherein information networks are randomly replaced
even among people with already aligned preferences is considered an inadequate representation of the actual
social media environment.

1.19 Second, oil spill polarization relies on individuals’ tolerance toward others. Agents’ intolerance to those with
differing opinions is similar to that of individuals with strong political partisanship. Goren (2005) and Luttig
(2018) demonstrated a correlation between individuals with low tolerance for differing preferences and strong
partisan affiliation toward a specific political party.

1.20 However, oil spill polarization observed in real-world societies is not exclusive to individuals with strong par-
tisanship. DellaPosta (2020) acknowledges that contentious issues (e.g., gun control and same-sex marriage),
as argued by Baldassarri & Gelman (2008), are both more strongly partisan and divisive. Nevertheless, regard-
ing other lifestyle-related oil spill polarization, they indicated that these attitudes are not exclusive to partisan
groups but also prevalent among individuals with general political interests. Furthermore, Talaifar et al. (2025)
found that even among individuals who do not hold strong stereotypes on lifestyle partisanship, they are more
likely to associate a specific lifestyle with party preferences. This phenomenon has also been observed in social
media communications. Praet et al. (2021) analyzed “like” networks on Facebook and found that the strength
of partisanship had no effect on oil spill polarization in lifestyle-related pages with a low political component.

1.21 Hence, oil spill polarization occurring in practice is not limited to individuals with extreme views on partisan
identity but also occurs among those with relatively moderate political preferences. However, existing models
have demonstrated that oil spill polarization does not occur among such moderate individuals. This indicates
a gap between these models and real-world oil spill polarization.

Aim of this paper

1.22 This study aims to clarify two issues. First, we aim to clarify whether oil spill polarization based on political pref-
erences emerges when networks are built on agents’ homophily. Second, we aim to elucidate how the partisan-
ship strength, equivalent to people’s tolerance for those with different preferences, affects oil spill polarization
in networks based on homophily. Compared to previous studies, this study emphasizes network homophily
in the context of social media, which has been identified as a key aspect of network building. If oil spill polar-
ization occurs even among individuals with high tolerance for others and a moderate political identity when
networks are constructed on homophily, then communication via social media may contribute to the ongoing
oil spill polarization.

Methodology

Initial setup of the model

2.1 This experiment adopts multi-agent simulation based on the Törnberg (2022) model, as mentioned in Section
1.3. The Törnberg model is easy to adapt for building a homophily network based on agent preferences, which
we’re examining in this study, because it already incorporates partner swapping. This also allows for a clear
comparison between the results of random networking and homophily networking. We conducted the simula-
tion in a two-dimensional lattice network space constructed with w vertices at each side. We placed agents at
each vertex of the network. In the initial state, each agent is assigned the following group I comprising eight
agents located in its Moore neighborhood. Each agent has two preferences types: one static preference S and
N dynamic preferencesD.

2.2 Static preferenceS represents political preference. Each agent is randomly assigned a static preference of either
conservative or liberal. Throughout the simulation, S remains unchanged. Each agent is randomly assigned a
static preference of either conservative or liberal. This reflects that, as mentioned in Section 1.3, some prefer-
ences – such as for political ideologies – are not significantly influenced by others, even over time.
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2.3 Dynamic preferences D represent various lifestyle-related preferences, including favorite types of music or
sports teams. Lifestyle topics are considered to be more varied than political preferences, and the model im-
plements N topics (set to 10 in this study), which is a greater number than S. Unlike S, D has the potential to
fluctuate based on the cognitive balance adjustments from the communication between agents. Additionally,
the preferences for topics ofD are not necessarily binary. Hence, each agent can select one preference fromL
options (with L = 10 fixed in this study) for each of their N dynamic preferences D. In the initial setup of the
simulation, referenceDnl (n ∈ N , l ∈ L) for each topic inD is randomly assigned to each agent.

2.4 Moreover, each agent is assigned a strength of political partisanship. This factor is categorized into three types:
“moderate”, “firm,” and “extreme” with the intensity of partisanship increasing from moderate to extreme. Par-
tisanship intensity influences the partisan correction value a (see Section 2.6).

a = 1 + random[0, 2.0] if partisan = “moderate” (1)

a = 3 + random[0, 2.0] if partisan = “firm” (2)

a = 5 + random[0, 2.0] if partisan = “extreme” (3)

Modification of preferences because of others’ influence

2.5 In this simulation, an agent i is randomly selected at each step. Agent i selects one agent j from their following
group I , and it engages in communication with that user. In this case, the agent j selected by i is formulated
based on a probability that is influenced by the similarity of attitudes between i and j. In this model, “attitude”
is represented as the overall set of an agent’s preferences. This encompasses both their static preferenceS and
dynamic preferencesD.

2.6 At the current step t, the similarity of attitudes δij,t between agents i and j is obtained from the following equa-
tion:

δSij =

{
1, if Si = Sj ,

0, otherwise
and δDij =

{
1, ifDi,l,t = Dj,l,t,

0, otherwise.
(4)

δij,t =
a δSij +

∑
n∈N δDij,n,t

a+N
(5)

2.7 From Equations 4 and 5, the similarity δij,t, increases as preferences of agent j align more closely with those of
agent i, both in terms of S andD. From Equation 5, the static preference S is influenced by a correction factor
a. This is based on the intensity of the agent’s partisanship. Agents with more intense partisanship and larger
a prioritize the alignment of static preferences S when calculating attitude similarity δij,t.

2.8 Next, the probability pij of selecting agent j as communication partner is calculated based on δij,t.

pij,t =
δaij,t∑
j∈I δ

a
ij,t

(6)

2.9 Equation 6 shows that the probability of selecting agent j increases as attitude similarity δij,t with agent i be-
comes larger. Equation 6 also shows that the correction value a, based on the intensity of political partisanship,
is implemented as a tolerance for agents with differing preferences. In this model, the more partisanship inten-
sity and the larger the value ofa, the lower the probability that individuals with smaller attitude similarity will be
selected as communication partners. This is based on previous findings (Goren 2005; Luttig 2018), suggesting
that as partisanship intensifies, tolerance toward individuals with differing preferences decreases.

2.10 If preference value l (l ∈ L) within the dynamic preferenceDn (n ∈ N ) between i and j is different, agent iwill
adjust by modifying one of thoseDinl (Dinl ̸= Djnl) via cognitive balance adjustment. If, for allDn,Dinl, and
Djnl are consistent, iwill not adjust their own preference.

Updating the following group based on network homophily

2.11 Immediately after the process in Sections 2.5-2.10, i updates the members included in i’s following group I .
The updating methods include two approaches: random matching and homophily matching.
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2.12 In random matching, members of I are updated randomly based on probability, similar to Törnberg (2022)
model. Before the preferences are modified Sections 2.5-2.10, each agent j included in Ii is swapped with
another random agent with a probability of γ.

2.13 In homophily matching, the members of Ii are updated based on their similarity in preferences with i. This sim-
ulates network management based on homophily in actual social media platforms (e.g., unfollowing or block-
ing others with conflicting attitudes). If there is an agent j in the members of Ii whose similarity δij,t is below
the partisanship threshold {a/10}, one of them will be unfollowed. Therefore, if the intensity of partisanship a
is low, a follow relationship can be maintained with different-minded users. However, if a is high, a stable fol-
low relationship cannot be established unless preferences align on many topics across S and D. This method
is based on the argument in previous studies (Peralta et al. 2024) that partisanship strength is correlated with
the tolerance for individuals with differing preferences.

2.14 Additionally, when i unfollows an agent in the homophily matching, i selects another agent to follow. This
ensures a fixed number of members in the following group, maintaining the simulation environment. In this
case, the new agent k selected as the new follow target is randomly chosen from those whose preference value
lmatches at least one topic inS orD of agent i. If no such agent is found, another is randomly selected from all
agents to be chosen as the follow target. This method considers the recommendation feature of social media
platforms, which suggests users with similar preferences based on the user’s own preferences.

Measuring “oil spill” polarization

2.15 This simulation experiment repeats the processes of preference updating (in Sections 2.5-2.10) and following
group updating (in Sections 2.11-2.14). It stops when either the simulation step count reaches upper limit T or
no change in the dynamic preferences of all agents is found over the last 10 communication rounds. At simu-
lation end, we evaluate how much other dynamic preferences have polarized in alignment with the static pref-
erences. First, for the evaluation, we calculate dij using Equation 7. This represents the degree of alignment in
dynamic preferencesD between any two agents.

dij =

∑
n∈N δDij,n,T

N
(7)

2.16 In this study, following Törnberg (2022), we use ψ, defined as the difference Qsame (Qsame = {dij | i, j ∈
w2; i ̸= j;Si = Sj} dij for agents with matching static preferences S minus Qdiff (Qdiff = {dij | i, j ∈
w2; i ̸= j;Si ̸= Sj}) dij for agents without matching S, as an evaluation metric for oil spill polarization.

ψ =

∑
Qsame

|Qsame|
−

∑
Qdiff

|Qdiff |
(8)

2.17 ψ reaches a maximum value of 1.0 when agents with the same S share allDnl values and do not share anyDnl

values with agents who have different S. Additionally, ψ takes 0.0 when all agents share the same Dnl values,
regardless of their S values. Essentially, the closer ψ is to 1.0, the more the dynamic preferences D related to
the lifestyle of all agents are in oil spill polarization relative to S. Conversely, the closer ψ is to 0.0, the more it
indicates either a state whereDnl is uniformly shared by all agents or a situation where many agents, regardless
of their political preferences, maintain own lifestyle.

Results

Experimental conditions

3.1 The simulation sphere comprises a 14× 14 toroidal lattice network. We set the simulation parameters to align
with conditions from Törnberg (2022), with the total number of agentsw2 = 196, a step limit of T = 1000000,
the number of dynamic preference topicsN = 10, and the number of dynamic preference typesL = 10.

3.2 Under these conditions, we conducted experiments in two scenarios: random matching and homophily match-
ing. In random matching, we examined three conditions based on followee swapping probability: low proba-
bility (γ = 0.1), moderate probability (γ = 0.5), and full followee replacement (γ = 1). For each scenario, we
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evaluated four patterns of agent partisanship intensity: (1) “moderate”, (2) “firm”, (3) “extreme”, and (4) “mixed”.
In (4) “mixed”, the agents’ partisanship is randomly selected from “moderate”, “firm”, and “extreme”. Here, we
compare and evaluate the oil spill polarization rate, ψ, under each condition. We then present the results re-
garding the conditions under which oil spill polarization occurs.

3.3 Figures 1a-c show the distribution of ψ at the end of 100 simulations under each condition for random match-
ing. The vertical axis represents the ψ values, while the horizontal axis shows the conditions related to agents’
partisanship. In all of (a) through (c), the condition wherein all agents have extreme partisanship demonstrates
a high value of oil spill polarization, ψ. Furthermore, as γ increases and the agents’ followed swapping more
frequently, oil spill polarization rate tends to stabilize at a higher value. In this experiment, agents with extreme
partisanship had lower tolerance toward others with different preferences. Therefore, the pattern observed
by Törnberg (2022) was confirmed in this experiment, showing that agents with lower tolerance toward others
and frequent interaction with others lead to the progression of oil spill polarization. Conversely, in the case of
homophily matching as in Figure 1d, the highest ψ value is observed when the agents’ partisanship is moder-
ate. Moreover, in the cases of firm and mix, oil spill polarization occurs less frequently in homophily matching
compared to random matching. While extreme partisanship was a condition for high ψ in random matching,
it remained stable at a lower value in homophily matching. This suggests that, in a situation where users fol-
low others based on network homophily, the results directly oppose those observed in an environment where
followers are randomly swapped.

Figure 1: Boxplot of the oil spill polarization rate.

3.4 Table 1 presents the mean and variance ofψ as well asQsame andQdiff values used to calculateψ. In random
matching, the ψ values were low under the moderate, firm, and mix conditions. Conversely, both Qsame and
Qdiff showed high values in all cases. Therefore, the dynamic preferences are aligned with the preferences of
those who share the same static preferences and those who do not. In this scenario, as most agents share the
same dynamic preferences, oil spill polarization based on specific partisanship does not occur. In the extreme
condition, as the probability γ (swapping followers rate) increases, Qdiff decreases. Thus, as γ increases, the
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dynamic preference alignment with users who have different static preferences decreases, leading to an in-
crease in ψ.

3.5 Meanwhile, under homophily matching, the decrease in Qdiff in the moderate condition led to increased oil
spill polarization rate ψ, rising to about 80% compared to random matching. In the firm condition, Qdiff de-
creased compared to random matching. However, as Qsame also decreased simultaneously, ψ increased to
around 40%. In the mix condition, bothQsame andQdiff presented values between those of the moderate and
firm conditions, withψ also aligning at an intermediate value of approximately 43%. Conversely, while extreme
partisanship exhibited a strong oil spill polarization rate of over 80% in random matching, Qsame significantly
decreased in homophily matching. Therefore, dynamic preference alignment was no longer observed among
same-static-preference users.

Table 1: Means (and SD) of the oil spill polarization rate.
moderate firm extreme mix

ψ Qsame Qdiff ψ Qsame Qdiff ψ Qsame Qdiff ψ Qsame Qdiff

Random 0.000 0.993 0.993 0.134 0.991 0.857 0.793 0.997 0.204 0.280 0.996 0.715
(γ = 0.1) (.003) (.024) (.024) (.332) (.022) (.337) (.264) (.012) (.264) (.413) (.012) (.416)

Random 0.000 0.995 0.995 0.156 0.997 0.841 0.827 0.994 0.167 0.353 0.994 0.641
(γ = 0.5) (.002) (.018) (.018) (.345) (.011) (.344) (.160) (.019) (.159) (.424) (.016) (.424)

Random 0.000 0.997 0.997 0.295 0.990 0.695 0.851 0.997 0.147 0.342 0.997 0.665
(γ = 1.0) (.002) (.009) (.010) (.408) (.037) (.407) (.111) (.010) (.110) (.432) (.010) (.433)

Homophily 0.803 0.970 0.167 0.309 0.397 0.089 0.136 0.239 0.102 0.426 0.553 0.126
(.193) (.095) (.173) (.172) (.162) (.049) (.090) (.088) (.041) (.335) (.349) (.118)

Discussion

4.1 This study aims to examine how the partisanship strength and the associated level of tolerance toward oth-
ers affect oil spill polarization when communication networks on social media are constructed based on ho-
mophily. Through experiments in scenarios where following relationships were constructed based on network
homophily, we found that oil spill polarization can occur even among agents without extremely strong parti-
sanship. Oil spill polarization affects not only those with strong partisan identities but also the general public
(DellaPosta 2020), including those with relatively neutral political stances (Talaifar et al. 2025). This study pro-
vides mathematical simulations to support the robustness of phenomena identified in previous studies. Here,
we discuss the mechanism behind these results for each condition of agent political partisanship.

Moderate

4.2 “Moderate” refers to a state where all agents have weak partisanship, allowing some interaction with those
holding different preferences. In random matching, agents’ followees are randomly swapped, regardless of
preferences. Therefore, agents with different static preferences may appear in each other’s following group.
In this study, the partisanship strength is associated with tolerance toward others with differing preferences.
Thus, moderate agents are more likely to engage in interactions with individuals who hold differing opinions.
Furthermore, when an agent interacts with another holding a different dynamic preference, the agent adjusts
their dynamic preference to align with the other agent through cognitive balance theory. In the moderate con-
dition, this alignment occurs even between users with different static preferences. This leads to dynamic prefer-
ences aligning across most agents, regardless of their static preferences. Consequently, bothQsame andQdiff

increase, indicating that oil spill polarization does not occur, similar to Törnberg (2022).

4.3 In homophily matching, agents can maintain a fixed follow relationships with those sharing their preferences
align with their own. Random matching may exclude users whose preferences align from the following group.
However, agents can maintain follow relationships with such users in homophily matching. Moderate agents,
tolerant of different opinions, more easily maintain fixed follow relationships. Additionally, in this model, mod-
erate agents also tend to prioritize the alignment of static preferences, albeit with limited intensity. Conse-
quently, users with similar static preferences are more likely to construct stable networks. Consequently, the
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stable group of users with similar static preferences influences each other. This leads to an increase in Qsame.
However, when preferences align to some extent, the probability of swapping in the following group decreases.
This leads to fewer interaction opportunities with agents holding different static preferences compared to ran-
dom matching. Consequently, there are fewer opportunities to align dynamic preferences through interactions
with agents holding different static preferences. This leads to a decrease in the Qdiff value compared to the
random matching scenario. This suggests that oil spill polarization occurred among the moderate agents.

Firm

4.4 The firm condition represents agents with higher partisanship than moderate but lower than extreme. In ran-
dom matching, similar to the moderate condition, agents can influence each other’s dynamic preferences through
interactions with individuals holding different preferences. Therefore, both Qsame and Qdiff remain high, re-
ducing the likelihood of oil spill polarization.

4.5 In the homophily matching scenario, both Qsame and Qdiff are lower compared to the moderate condition,
with an oil spill polarization rate of 40%. Firm agents, compared to moderate agents, prioritize aligning of static
preferences and have lower tolerance for differing preferences. Hence, firm agents will have difficulty establish-
ing fixed follow relationships with those who have conflicting static preferences on homophily, limiting their
interactions to individuals with shared similar static preferences. This is considered to be the reason for the
decrease inQdiff .

4.6 Additionally, the lower tolerance of firm agents toward differing preferences leads them to interact more with
agents within their follow network who have relatively high dynamic preference alignment and similar overall
attitudes. Firm agents tend to engage more closely with those whose specific attitudes match, unlike moderate
agents who align dynamic preferences with all agents within their follow network. They are thus less likely to
interact with others based solely on static preferences. Consequently, it is unlikely that the cognitive balance
adjustment caused all dynamic preferences to match among agents with the same static preferences. This is
thought to have reducedQsame.

Extreme

4.7 Extreme agents have extremely high partisanship, prioritize aligning static preferences, and show low tolerance
for differing preferences. Consequently, they have limited interactions with agents holding different stating
preferences from their own. Therefore, in random matching, they primarily interact with users whose static
preferences align. In this scenario, extreme agents interact almost only with users who share the same static
preferences. This enhances Qsame through dynamic preference adjustments and reduces Qdiff by avoiding
interactions with others holding conflicting static preferences. This suggests a high likelihood of oil spill polar-
ization.

4.8 In homophily matching, extreme agents are less likely to construct fixed follow relationships with diverse agents
compared to moderate or firm agents. They have a high preference adjustment value a. In this model, main-
taining a follow relationship requires the attitude similarity δij,t between agents and exceed the threshold a.
Hence, extreme agents can construct stable follow relationships only with users who share a high degree of sim-
ilarity in both static and dynamic preferences. For instance, simply sharing the same static preferences, such
as a conservative stance, may not adequately surpass the threshold a. Instead, additional alignment on other
topics, such as being conservative and opposing gun control, becomes necessary. That is, alignment in static
preferences alone is insufficient to establish stable relationships.

4.9 However, if extreme agents manage to overcome these stringent conditions and form stable relationships with
one another, they will exhibit exceptionally high similarity in their attitudes. The probability of interaction be-
tween the agents is calculated based on this similarity; extreme agents are subject to an additional adjustment
determined by high a. Hence, extreme agents primarily interact only with those agents with whom they have
successfully constructed stable follow relationships. Consequently, widespread oil spill polarization based on
static preferences does not occur. Instead, only intense communication occurs within a small, narrowly defined
group of members whose preferences closely align. Such communication is a trait of political polarization,
which has been mentioned in previous studies. Consequently, these conditions increase severe polarization
and conspiracy theory risks.
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Mix

4.10 In the mix condition, agents are randomly assigned an intense partisanship, which can be either moderate,
firm, or extreme. Under these conditions, the results tended to vary depending on the initial state and the
swapping of followees, leading to significant fluctuations in the data patterns across both random matching
and homophily matching. However, in both scenarios, the median tends to be closer to the firm case. This
indicates that the situation is generally somewhere between moderate and extreme.

4.11 In the mix state, under homophily matching, extreme agents only interact with agents who have high similarity
in both static and dynamic preferences. Conversely, moderate and firm agents construct stable follow relation-
ships and engage in interactions with extreme agents through weak ties based on the similarity of matching
static preferences. Consequently, this combination of high Qsame from moderate agents and low Qdiff from
extreme and firm agents leads to a higher oil spill polarization rate compared to random matching.

4.12 Considering that real-world social media environments are composed of individuals with diverse partisan in-
tensities, considering this mixed state as the most representative of reality is reasonable. According to Della-
Posta (2020), the correlation of other topics based on political ideology (and related beliefs) was approximately
40% in 2010. The average rate of oil spill polarization based on the static preferences for other topics in the
mixed state of this experiment was 42.6%. Although slightly higher, the results of this experiment are generally
considered to reflect values close to those observed in reality.

Conclusion

4.13 This paper examined how the effects of network homophily on social media influence oil spill polarization in
the lifestyles of the general public, particularly those who are relatively neutral and more tolerant of differ-
ing opinions. To investigate this, we constructed a MAS model in which political identity is defined as a fixed
static preference, whereas lifestyle-related preferences are represented as dynamic preferences that fluctuate
through communication. We conducted a simulation experiment using this model to investigate whether oil
spill polarization spreads among agents in their dynamic lifestyle preferences based on their political prefer-
ences.

4.14 Our results showed that the construction of networks through homophily leads to oil spill polarization among
individuals with moderate partisanship, that is, those with tolerance for others with different preferences. Fur-
thermore, oil spill polarization was observed in communication spaces where individuals with diverse parti-
sanship co-exist. These findings support empirical research suggesting that oil spill polarization occurs not
only among individuals with extreme political partisanship but also among those with neutral stances, as well
as within the broader public composed of individuals with diverse partisanship (DellaPosta 2020; Talaifar et al.
2025; Rawlings & Childress 2024).

4.15 Notably, under conditions where network homophily occurs, oil spill polarization was primarily prevented among
individuals with moderate partisanship. Moreover, among people with extreme partisanship oil spill polariza-
tion is less likely to occur. In our model, which is based on the concept of network homophily, an agent es-
tablishes the following relationship with others when the overall attitudinal similarity, which comprises both
static and dynamic preferences, exceeds the agent’s own threshold. The threshold for maintaining the follow-
ing relationship is dependent upon the strength of the agent’s partisanship. This partisanship-based threshold
variation may have affected the agents’ selection of communication targets and influenced the prevalence of
oil spill polarization.

4.16 Individuals who hold moderate partisanship are more tolerant of those with differing opinions and thus have a
lower threshold for similarity in preferences regarding the following relationship. Hence, when the condition of
matching static preferences is fulfilled, it is possible to exceed the threshold of the following relationship. Con-
sequently, it is more straightforward to establish fixed-following relationships based on the static preference
alignment. Furthermore, moderate partisans are tolerant of others who hold differing preferences. Therefore,
they have opportunities to communicate with others who have relatively low preference alignment and are sus-
ceptible to influence on various dynamic topics through cognitive balance adjustment. This repetition among
people in fixed-following relationships based on alignment of static preferences may have allowed oil spill po-
larization to spread widely among those with the same static preferences. Therefore, oil spill polarization can be
considered to spread through a network of weak ties, based on static partisanship alignment via social media.
Rawlings & Childress (2024) showed through social surveys that oil spill polarization occurs in various lifestyles
surrounding political polarization. However, these phenomena are not intense conflicts between individuals
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with extreme political beliefs. Rather, they are “shallow and wide” when partisanship is the axis of analysis.
The results of this study support the findings of this empirical investigation.

4.17 Meanwhile, individuals with extreme partisanship who are less tolerant of others have a higher threshold for
establishing the following relationship. Therefore, in contrast to individuals with moderate partisanship, a fixed
relationship cannot be established on the basis of a mere alignment between static preferences. Conversely,
other individuals who surpassed these thresholds aligned not only with the static preferences but also with
multiple aspects of the dynamic preferences. Individuals with extreme partisanship tend to have lower levels
of tolerance for those with differing preferences. This, in turn, reduces the probability of communication with
those who hold differing views. Therefore, individuals with extreme partisanship do not engage in communi-
cation that could potentially influence them to alter their own preferences. Instead, they tend to communicate
with others whose preferences align closely with their own. Consequently, a comprehensive alignment of the
dynamic preferences based on the matching of the static preferences is improbable. However, a sectarian dis-
course will emerge among those with narrowly aligned static and dynamic preferences. This phenomenon of
opinion radicalization through deep communication within a narrow range is analogous to the concept-based
polarization that has previously been identified as a cause for concern (Diaz Ruiz & Nilsson 2023).

4.18 This study suggests oil spill polarization among people with neutral political positions and the general public
may depend on the construction of communication networks based on homophily, as in social media. Polariza-
tion research often focuses on communication among people with strong partisanship owing to their significant
social influence (Guess et al. 2018). However, oil spill polarization, which is considered one factor in intensely
affective polarization, may involve broad networks formed by simply static preference alignment among the
general public and moderates. This study highlights the risk that communication among the general public on
social media could also contribute to polarization.

4.19 Finally, we outline some of the limitations and remaining challenges of this experiment to offer guidance for
future research. This study was conducted with the objective of examining the effects of network homophily
observed in social media communication by comparing them with previous research. Consequently, it was nec-
essary to approximate the previous research except for the network construction rules. Therefore, it should be
noted that this model is a kind of idealized one, and there are parts of it that do not account for the character-
istics of actual social media communication.

4.20 For instance, our model’s design is based on a primitive social media platform where users can only interact
with those they follow. However, modern social media platforms have a mechanism that shows users posts
from others they do not follow, based on their preferences. Additionally, it is considered that the selection of
preferences on topics is influenced by various external factors beyond their innate preferences. Demographic
factors such as family background, geographic location, education, and income shape the cultural exposure of
individuals (Bourdieu & Passeron 1990; Kiley & Vaisey 2020).

4.21 These factors are expected to influence oil spill polarization. However, considering too many new factors would
make it difficult to compare our results with those of previous studies. Hence, we did not include these factors
in this study. In the future, to conduct simulations that more closely approximate real-world phenomena, it will
be necessary to incorporate these factors and develop a model that can reproduce actual data.

4.22 Next, we outline several challenges related to the topic. In this study, political identity is assigned to a static
topic that does not change because of influences from others. However, it is considered a common situation
that some individuals fix their identity to preferences regarding topics other than political identity. That is,
political identity could change under the influence of other topics (Goren & Chapp 2017). In such a situation, it
should examine whether oil spill polarization based on political identity occurs.

4.23 Additionally, this study simulates two types of preferences: static preferences that are fixed and dynamic prefer-
ences that frequently change through interactions. However, real-world topics also include “quasi-static topics”
that fall between these categories – preferences that do not change as easily as dynamic topics but are not as
fixed as static preferences (Baldassarri & Gelman 2008). These hot-button topics are linked to political identity,
making it essential to consider their correlation.

4.24 Finally, we mention partisanship. This study focuses on two opposing identities as represented by a two-party
political system like that of the US. However, polarization is also a concern in regions with multiparty systems;
study under such conditions will be necessary. Research on oil spill polarization in these regions is limited.
Therefore, when extending this study to a multiparty system requires combining empirical studies and simula-
tions to better understand the current situation and mechanisms.
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