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Abstract: We analyze the opinion dynamics in a bounded confidence model through the dynamics of triads,
defined as a group of three people, represented by a three-node subgraph. In particular, we focus on the clos-
ing and opening dynamics of triads as well as their transitions. It captures how structural relationships and
confidence between individuals evolve over time, highlighting the network of influence between people. Our
results show how some specific open and closed triads are involved in the convergence patterns obtained with
the bounded confidence model. This study contributes to a deeper understanding of the transient dynamics in
opinion dynamics and thus the emergence of opinion convergence patterns.
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Introduction

Analyzing social networks helps improve our understanding of human interactions, social dynamics, and infor-
mation dissemination (Freeman|2004; Wasserman & Faust|1994; Boyd & Ellison|2007). Social networks are com-
monly defined as representations of social relationships and interactions between individuals. These networks
can be analyzed using various network analysis techniques to uncover important properties such as centrality,
community structure, and information flow (Borgatti et al.|2009). Social networks provide insights into the con-
nections between individuals and the structure of relationships, but often fail to reveal the true influence that
one person has over another. Although individuals may be connected to others without being significantly in-
fluenced by them, there are cases where certain individuals wield considerable influence over many without
reciprocating the same level of influence. Thus, social networks may capture connections, but they do not al-
ways accurately reflect the dynamics of influence within those connections.

In recent years, there has been a growing interest in studying influence networks, which formalizes "the so-
cial process of attitude changes that unfold in a network of interpersonal influence" (Friedkin & Johnsen|2011).
Despite their similarities with social networks in terms of network representation, influence networks differ
substantially in their underlying assumptions and implications: the question is not to highlight only social con-
nections between individuals but also to highlight who influences whom. Although many of the social networks
studied are not directed, an influence network can be represented by a directed graph (Easley & Kleinberg2010).
Because opinions of people evolve in a complex environment in which a network of interpersonal influences is
a subset of the social network, both networks (influence and social network) enter into the processes of group
emergence and opinion dynamics.

Opinion dynamics (Xia et al.[2011} Castellano et al.|[2009; |Flache et al.[2017) have been studied in various do-
mains, especially from the perspective of modeling approaches such as the voter model (Holley & Liggett|1975;
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Castellano et al.|2003), the culture dissemination model (Axelrod|1997) or the bounded confidence (BC) model
(Hegselmann & Krause|2002; |Deffuant et al.|2000). In the BC model, opinion dynamics have been especially
analyzed in the context of extremism and the influence of extremist minorities (Galam|[2002; |Deffuant et al.
2000) having extreme opinions that never change. In fact, the way minority opinions spread within a popu-
lation (Galam|[2002) may explain the emergence of new opinions and groups in different areas (for example,
spreading a reform proposal) (Moscovici et al.[1969). In the BC model, extremist and moderate individuals are
characterized by the uncertainty around their own opinion. Individuals are then influenced by people with an
opinion sufficiently close to their own opinion, namely when the opinion difference is within their uncertainty.
This uncertainty reflects the propensity to be influenced by others, from which we can extract an influence net-
work and its network dynamics can then be analyzed.

We explore this question in the context of opinion dynamics with the use of triads (Siltaloppi & Vargo|2017). A
triad is a group of three people and is represented by a three-node subgraph in which the nodes may be con-
nected by asymmetric (directional) or mutual (bidirectional) edges. The triadic structure was used to analyze
the emergence of groups in some social networks (Holland & Leinhardt|1971;|\Wasserman & Faust|1994). The
group emergence can be analyzed by the dynamics of open and closed triads. A closed triad has three edges,
which means that the three people of the triad are connected to each other. An important issue is to analyze
how open triads become closed over time. The issue of triadic closure has previously been analyzed in social
networks to highlight how people can choose new relationships that are friends of my friends (Holland & Lein-
hardt1971) and has been analyzed through the lens of social media such as Twitter (Huang et al.|2015). As it has
been used for analyzing social media, our approach is to propose a similar analysis to study the influence net-
work in opinion dynamics through a modeling approach. Figure[I]represents the question of the triadic cluster
we address here. The moderate and extremist agents interact according to an existing social network, yielding
a closure of some open triads. The closure of these triads may then affect the opinion dynamics.

Therefore, the purpose of our study is to highlight the presence of transitory triads in opinion dynamics, which
contribute to different convergence type. As explained above, the issue of triadic closure has been previously
analyzed in social networks (Holland & Leinhardt|1971;|Huang et al.|2015) and seems appealing to mobilize itin
the context of opinion dynamics, through the use of the BC model that is first recalled in the next section. Then,
even without any simulation, we analyze the BC model through the lens of triadic structure, from a theoretical
perspective. The purpose is to highlight why some triads are possible (or not) because of the bounded confi-
dence mechanisms. Finally, we explore the dynamics of triads through typical convergence patterns of the BC
model, enabling a better understanding of emerging convergence patterns.
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Figure 1: Triadic closure and emergence of extreme clusters in the BC model. For the sake of simplicity,
we consider a social network from which everyone can discuss with everyone. Individuals influence each other
when the distance between their opinions is less than their uncertainty. This uncertainty reflects the propensity
to be influenced by other individuals and yields the influence network. We focus on triads (groups of three
individuals) and how open triads becomes closed (or open) over time. This triadic closure is essential in the
emergence of extreme clusters.
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The Bounded Confidence (BC) Model and its Convergence Patterns

Using computer simulations may provide some insight into the emergence of extremism. It enables us to test
different parameters and characteristics of individuals within a population and to analyze the corresponding
collective behavior. Several models have been developed to study the propagation of extreme opinions or mi-
nority influence (Axelrod|[1997; |Galam & Moscovicil(1991; |Castellano et al.|2009; Huet & Mathias||2018; [Flache
et al.2017). The rationale of these models is that an agent may or may not change their opinion, depending on
their local neighborhood (in the opinion space) that determines if the agent is under influence of another agent.
Among the different models of opinion dynamics, we consider the bounded confidence (BC) model (Deffuant
et al.|2000; Hegselmann & Krause|2002) which is grounded in the theory of social comparison (Festinger|1954)
and in the theory of social judgment (Sherif & Hovland|1961). In the BC model, an individual exhibits a personal
opinion, normalized between —1 and 1, with a constant uncertainty around this opinion. Agents influence each
other by slightly moving their opinions towards each other, if the distance between their opinions is less than
their uncertainty. This uncertainty reflects the propensity to be influenced by other individuals.

In terms of agent-based modeling (Deffuant et al.[2006), we consider a population of NV agents composed of
moderate and extremist agents. Moderate agents exhibit the same uncertainty u, whereas extremists exhibit
a very small value of their uncertainty u. compared to u (extremist opinions can be considered quasi-static).
For the sake of simplicity, we will consider u, = 0, which means that extremist opinions never change over
time. The community is modeled as closed, meaning no new agents are introduced, and no existing agents
leave during the simulation. The initial opinions of the moderate agents are uniformly distributed along an
opinion axis between -1and +1. An extremist agent exhibits the two following features: i) it expresses an extreme
opinion; ii) it has a high certainty about its opinions. The proportion of extremists in the population is denoted
pe: half of them initialize with opinion +1 and the other half with opinion —1. In what follows, we consider
that each individual can meet any individual in the population, meaning that we consider a social network in
which everyone is connected to everyone. Each agent is paired once in one period: N/2 random pairs interact
at each time step. When an agent 4 (with opinion z; and uncertainty ;) meets an agent j (with opinion z; and
uncertainty u;), opinion ¢ is modified as follows:

2i(t + 1) = zi(t) + p(a;(t) =z (Joi(t) — ()] < us) (1)

The opinion j is modified in the same way (by switching i and j in Equation[1). I(-) = 1if (-) is true and 0
otherwise: an agent is influenced by another agent only if the opinion of the latter is within his uncertainty.
The parameter . models the intensity of the interaction (generally 0 < © < 0.5). In what follows, we set p to
0.5. Population is composed of 200 agents (N = 200) and the default time horizon for simulations is 200. All
individuals’ opinions are updated simultaneously at each time step, yielding a simultaneous updating of the
opinions. The code is available in Appendix A. From this agent-based model,[Mathias et al.|(2016) identify five
main convergence patterns (Figure:

« The "multiple moderate clusters" convergence pattern (Figure[2a and the red area in Figure[2f) emerges
for low uncertainty values u. Moderate people are quite certain about their opinion and they are influ-
enced only by people with very close opinion. Therefore, a large share of the population is not influenced
by extremists;

« The "single moderate cluster"convergence pattern (Figure[2b and light blue on Figure[2f) emerge for val-
ues of uncertainty u between 0.5 and 1. There is consensus among the moderates towards a neutral
opinion;

« The "double extreme" convergence pattern (Figure 2k and green area on Figure 2f) corresponds to the
case where population is split into two extreme subpopulations. It is driven by the proportions of ex-
tremists within the population and the uncertainty of moderates;

« The "single extreme" convergence pattern (Figure 2d and orange area on Figure[2f) corresponds to the
case where the moderates tips towards one extreme (-1) or the other (1). This tipping toward single ex-
treme corresponds to an instability of the system (see (Mathias et al.[2017) for more details);

« When the uncertainty is sufficiently great (high values of ), the opinions do not stabilize (Figure[2e and
dark blue area on Figure2f). Even if we increase the number of time steps, the moderate opinions keep
fluctuating and do not cluster (Mathias et al.|2016,[2017).
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Figure 2: The five convergence patterns observed with the BC model, taken from [Mathias et al.|(2016). The
opinions of the 200 agents are represented at each time step in Figures a-e, with time in z-axis and opinionin y—
axis. Blue points correspond to moderates’ opinions whereas red points corresponds to extremists’ opinions.
In panel f, convergence patterns are represented with p., the proportion of extremists, and « the uncertainty of
the moderates for the map of convergence patterns (for interpretation of the references to colour in this figure
legend, see the paragraph 2.2).

Triadic Structure of the Influence Network in Opinion Dynamics

How agents’ opinions influence one another can be viewed as a network: a node is an agent; an asymmetric
edge from agent i to agent j indicates that agent j’s opinion is influenced by agent i’s opinion; and a mutual
edge between two agents indicates that they influence each other’s opinion. Once viewed as a network, an
arsenal of network analysis and concepts can be applied to the influence network to extract unique insights
that cannot be obtained - and therefore complement - those from other non-network approaches.

But which network approach? Recent network studies warned that basic network properties alone (e.g. density,
centrality, clustering, etc.) provide an inadequate picture for the system under consideration and emphasized
the importance of higher-order properties (e.g.,|Battiston et al.|2021} |Lotito et al.|2022). Here, we focus on the
triadic structure (see, e.g.,|Milo et al.[2004; [Faust|2010) of the influence network. In network analysis, a triad
refersto a group of three nodes (or vertices) and the relationships (edges) between them within a larger network
or graph. While being one of the higher-order network properties, triads are simple enough to lend themselves
to intuitive interpretation, which is particularly instructive in the context of the influence network (Figure[3).

To be sure, triadic structure has been studied for a wide variety of complex networks, including some social
networks (e.g.,|Milo et al.|2004;/Shutters & Muneepeerakul2012;|Pham et al.[2022;|Oh et al.[2024, as a few exam-
ples); however, this has not been done for the influence network and opinion dynamics. These local network
structures can play an important role in driving an opinion within a population and warrant deeper investiga-
tion.
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Figure 3: Sixteen triads analyzed through the lens of opinion dynamics. Because of the dynamics defined by Eq.
1, some triads cannot exist (red rows). Some triads may exist only for some specific values of u (yellow rows).
Moderate agents are represented in blue whereas extremists are represented in red and orange (orange extrem-
ists have the opposite opinion of red extremists). Note that illustrations are only for pedagogical purposes, and
additional combinations are reported in the last column.
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Before proceeding further, let us now introduce the triads in the context of the influence network in the BC
model. Theoretically, there are sixteen possible triad types. However, in the context of opinion dynamics re-
sulting from the BC model, not all these sixteen triads are possible. Here, triads must adhere to the dynamics
of Equation([I]and have the following properties that are straightforward:

+ Property 1. We consider an influence of agent i on agent j if |z;(t) — x;(¢)| < wuj, leading to a direc-
tional edge in the triad. It means that two extremists can have either no influence (different opinions) or
a mutual influence (same opinion), and therefore no unidirectional influence exist between extremists;

« Property 2. A unidirectional influence only represents the influence of one extremist on a moderate;

« Property 3. Bidirectional influences are only possible between two moderates or two extremists. In fact,
a bidirectional influence between an extremist and a moderate is not possible because it would mean
that moderate and extremist agents have the same extreme opinion (extremist uncertainty u.=0). This
is not possible because the opinion of a moderate agent may converge to the opinion of the extremist
without reaching it (the opinion difference is continuously divided by 2), always resulting in a difference
between them.

From the above properties, we analyze the potential existence of triads in Figure 3. In this Figure, moderate
agents are represented in blue whereas extremists are represented in red and orange (orange extremists have
the opposite opinion of red extremists). Note that illustrations are only for pedagogical purposes, and addi-
tional combinations are reported in the last column. The following insights follow (Figure[3):

« Sometriads cannot exist because of the specific rulesinvolved in opinion dynamics (red rows). Itis mainly
due to Property 3 described above;

« Some triads (yellow rows, such as triads 1 and 4) are possible for specific values of the moderate uncer-
tainty u. For instance, the “no influence” triad (triad 1) can exist only for a moderate uncertainty lower
than1(u < 1). Ifu > 1, a moderate agent cannot be isolated (and this triad necessarily implies a moder-
ate agent). The rationale is similar for the torn triads (triad 4);

+ We have one triad without edges (Figure triad 1), two triads with one edge (Figure triads 2-3), three
triads with two edges (Figure[3] triads 4-6) and only three triads with three edges (Figure[3] triads 7-9). It
shows the importance of open triads in our case;

« Five out of nine triads (3, 4, 5, 8, 9) are composed of unidirectional edge and necessarily involve an ex-
tremist, highlighting the importance of extremists in triplet interactions in the BC model.

Results and Discussion

Triad dynamics and bounded confidence convergence patterns

In what follows, we analyze the dynamics and compositions of these triads under five convergence patterns
typically emerging in the BC model (see the previous section). For each convergence pattern discussed be-
low, the following results are reported: location of its parameters in the "moderate uncertainty u- proportion
of extremists p." parameter space, an example of the opinion dynamics, time series of the triad counts for all
100 simulations, and the mean densities of the triads averaged across all 100 simulations. As shown by re-
sults reported in Appendix B, 100 simulations are enough to achieve representative dynamics of triads. The
main insights are summarized in Table[1} the details are discussed in the following subsections. Note that in all
convergence patterns, triad 7 is present at the end of the simulation (a proxy of clusters), and triad 6 is present
during the transitory dynamics. We now describe the transition dynamics of the triadic structure in more detail.
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Table 1: Main triads involved in the convergence patterns identified in the BC model. Triad 7 is present in all
convergence patterns at the end of the simulation (a proxy of clusters), while triad 6 is present during the tran-

sitory dynamics of all convergence patterns.

Triads at the quasi-
stationary state

Triads during tran-
sient dynamics

Main comments

ters

Multiple moderate clus-

Mainly: triads 1, 2, 3
and7

Triad 6

Triad 1 shows the existence of isolated
clusters

Single moderate cluster

Mainly: triads2and 7

Mainly: triad 6; Other

Triads are mainly composed of triad 7,

triads:1,3,8,5 showing clustering effect
Single extreme Mainly: triads 2, 7 Mainly: triads 6, 5 Triad 5 drives the instability causing
and 8 and 3 the tipping towards one extreme
Double extreme Mainly: triads 2, 3,7, Mainly: triads 6, 5 This convergence pattern results from
9and 8 and 1 the interaction of five triads
Opinions keep fluctuat- Mainly: triads 7 and Mainly: triads 6, 5 Triads 4,5 and 6 only exist in this case
ing 8; Other triad: 4 and 4 atthe quasi-stationary state: they may

maintain fluctuations

4.2 Multiple moderate clusters convergence pattern (moderate uncertainty v = 0.25, proportion of extremists
pe = 0.05, Figure[d): Triad 2 is significant throughout the dynamics. It corresponds to open triads with a mu-
tual edge and one isolated node: it means that a high proportion of agents are isolated pairs in the opinion
space. This corresponds to two agents in the same cluster who do not interact with other agents in other clus-
ters. Triad 1is also significant throughout the dynamics and corresponds to “no influence” triads (threeisolated
nodes): it means that a high proportion of agents are isolated in the opinion space in different opinion clusters.
More specifically, it represents the lack of interaction among three agents from three different clusters. Triad
7 (clustering triad) represents mutual interactions of three agents within the same cluster (either three mod-
erate agents or three extremist agents). Note that the presence of triads 7 increases over time showing the
convergence towards clusters whereas triads 6 disappear—closing of triads. Indeed, this latter corresponds
to transitory dynamics where opinions indirectly spreads within moderates: after convergence to cluster, this
triad type no longer exists. Finally, recall that "torn" triads 4 do not exist for a moderate uncertainty lower than
1(u<1).

a- Location of the triad analysis (black star in the red area)

b - Example of dynamics
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Figure 4: Dynamics of triads - multiple moderate clusters (moderate uncertainty v = 0.25, proportion of ex-
tremistsp, = 0.05): (a) the corresponding parameters in the u-p, space; (b) an example of the opinion dynamics
(one realizations); (c) the average normalized densities of the triads averaged over 100 realizations. Note the
high proportions of the open triads, namely the “no influence” (triad 1) and “pair influence” (triad 2), capturing
the interactions (or lack thereof) among agents belonging to different clusters.
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4.3 Single moderate cluster convergence pattern (moderate uncertainty u = 0.75, proportion of extremists p. =
0.05, Figure[5): Triad 7 (clustering triad) represents mutual interactions of three agents within the same cluster
(either three moderate agents or three extremist agents). In this case, triad 7 increases over time, corresponding
to the convergence towards the single cluster, whereas triads 6 decreases over time as they are being closed,
characteristic of the transitory dynamics where opinions indirectly spread within moderates. Another triad
that exists at the end of the simulations is triad 2 because of the presence of extremists who do not influence
moderate agents. Note that there is a peak of triads 5 and 6 during the transitory dynamics. Both triads spread
opinion in an indirect way - influence of two agents through a third agent.

o
a - Location of the triad analysis (black star in the light blue area) b - Example of dynamics
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¢ - Normalized dynamics of triad densities

Figure 5: Dynamics of triads - single central cluster (moderate uncertainty u = 0.75, proportion of extremists

. = 0.05): (a) the corresponding parameters in the u-p. space; (b) an example of the opinion dynamics (one
realizations); (c) the average normalized densities of the triads averaged over 100 realizations. At the end of the
simulations, the system is dominated by the “pair influence” (triad 2) and clustering (triad 7) triads. A triad 7
basically consists of three agents belonging to the same cluster, be it moderate or extreme. Triad 2 is observed
when one considers two agents of the same cluster with the third agent from another cluster.
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4.4 Single extreme cluster convergence pattern (moderate uncertainty u = 1, proportion of extremists p. = 0.1,
Figure[6): the triad dynamics of the "single extreme" convergence pattern are quite similar to that of a single
moderate cluster: triads 7 and 2 are significant, showing the convergence to a low number of clusters (one in
the previous case). The main difference lies in the dynamics of triads 8, which correspond to the influence of
an extremist on two moderate agents. Note that this triad will not disappear even in the long term. Indeed,
we may expect that triads 8 will become type 7 in the long term. However, this is a limit case; indeed, in this
particularimplementation, moderate opinions will never be exactly equal to the extremist opinions: we divided
the distance between opinions by 2, always leading to some residual opinion difference between moderates
and extremists.
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c - Normalized dynamics of triad densities

Figure 6: Dynamics of triads - single extreme clusters (moderate uncertainty u = 1, proportion of extremists
pe = 0.1): (a) the corresponding parameters in the u-p. space; (b) an example of the opinion dynamics (one
realizations); (c) the average normalized densities of the triads averaged over 100 realizations. At the end of the
simulations, the system is dominated by the “pair influence” (triad 2), clustering (triad 7), and 1E2M (triad 8)
triads. Here the dynamics is similar to the single extreme cluster case, with the distinction being the presence
of the 1E2M triads, consisting of two moderates and one extremist belonging to the same cluster.
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4.5 Double extreme clusters convergence pattern (moderate uncertainty u = 0.75, proportion of extremists p. =
0.3, Figure: triad dynamics of the "double extreme" convergence pattern are more complex than the previous
cases. We have five significant triads at the end of the simulations. The clustering (triad 7) and "pair influence"
(triad 2) triads are significant, showing the convergence to a low number of clusters for the moderates (two
clusters here). Unlike the "single extreme" convergence pattern, triad 2 is more significant than triad 7 because
of the existence of two clusters instead of one. "Single extreme" triads 3 show the influence of extremists on
moderates in the case of a divided population caused by the "double extreme" convergence pattern (leading
to anisolated agent in a triad 3). Triads 9 are also more significant in this case because all extremists influence
some moderates; in the single extreme case above, half of the extremists do not influence any moderates as all
the moderates converge to the other extreme. As in the single extreme, the dynamics of triads 8 correspond to
the influence of extremists on close moderate agents.
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Figure 7: Dynamics of triads - double extreme clusters (moderate uncertainty u = 0.75, proportion of ex-
tremists p. = 0.3): (a) the corresponding parameters in the u-p, space; (b) an example of the opinion dynamics
(onerealizations); (c) the average normalized densities of the triads averaged over 100 realizations. In this case,
at the end of the simulations, the system is dominated by triads 2, 3, 7,9 and 8.
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4.6

4.7

Opinions keep fluctuating convergence pattern (moderate uncertainty u = 1.75, proportion of extremists
pe = 0.1, Figure: dynamics are mainly driven by two triads: triad 7 and triad 8. Triads 7 shows the presence
of three-moderate interactions, whereas triad 8 shows the influence of extremists like the "double and single
extreme" convergence patterns. Torn triads 4 exist at the end of the simulation, unlike previous cases. This triad
4 enables opinions to keep fluctuating: many moderate agents are under the influence of the two extremes.
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Figure 8: Dynamics of triads - opinions keep fluctuating (moderate uncertainty © = 1.75, proportion of ex-
tremists p. = 0.1): (a) the corresponding parameters in the u-p. space; (b) an example of the opinion dynamics
(one realizations); (c) the average normalized densities of the triads averaged over 100 realizations. In this case,
the system is dominated by triads 7 and 8. Importantly, torn triad 4 remains in a non-negligible amount, reflect-
ing the mechanism that keeps the opinions fluctuate: many moderate agents are continually influenced by the
two extremes.

Effects of the moderate uncertainty « and the proportion of extremists p. on the triad
composition

In the previous section, we analyzed the dynamics of triads during the opinion dynamics for a given situation,
specified by a particular combination of the moderate uncertainty u and the proportion of extremists p... In this
section, we explore the composition and density of triads at the end of the simulation (when a quasi-stationary
state is reached) across a wide range of moderate uncertainty v and the proportion of extremists p, (Figure@,
corresponding to a wide variety of system outcomes/scenarios discussed above. We find that:

« The high density of triad 1 is a distinct characteristic of the multiple moderate clusters. This triad high-
lights the fact that there are isolated agents in the population which can only appear in the case of mul-
tiple moderate clusters. A low value of moderate uncertainty u is required for this isolation. This means
that, beyond a certain threshold, all agents are connected to at least one agent, making the completely
open triads 1 (without edge) impossible (Figure[dp).

 The density of triad 2 - pair influence - increases with the proportion p. of extremists: an extremist in-
creasingly plays the role of the isolated agent in this triad type, while the pair could be 2 extremists or 2
moderates.

JASSS, 28(2) 6, 2025 http://jasss.soc.surrey.ac.uk/28/2/6.html Doi: 10.18564/jasss.5634



Proportion . of extremists in the population Proportion p, of extremists in the population

Propartion p, of extremists in the population

Triad 3 contours show the density of unidirectional extremist influence on a moderate along with an iso-
lated extremist of the opposite opinion. The density depends on the interplay between the moderate un-
certainty v and the proportion p, of extremists: if p, is too high, most of the population are pair-connected
through triads 2 or triads 7. Triads 3 are found the most in the “double extreme” convergence pattern
where, by definition, there are many extremists of opposite opinions - an ingredient of triad 3.

Triads 4, 5 and 6 only exist in the case of “opinion keep fluctuating” convergence pattern. These triads
are suspected to maintain fluctuations at the quasi-stationary state even if there are few of them. Indeed
triad 4 highlights that a part of the population is always under influence of both extremes, leading to push
and pull between opposite extremes, slowing down the closing of triads.

The density of clustering triad 7 is influenced by the proportion p,. of extremists in controlling the amount
of triplet consensus. When the proportion p. of extremits is low, there are many moderates in the pop-
ulation who are sufficiently close in their opinions to form many “clustering” triads. Conversely, when
the proportion p, of extremists is high, the population is mainly composed of two clusters of extremists
(one cluster with an opinion of 1 and the other one with an opinion of -1) forming many ‘"clustering"
(extremist) triads.

Triads 8 and 9 (1E2M and 2E1M extremist triads) increase with the moderate uncertainty u: higher u means
more moderates are within influential reach of extremists.
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Figure 9: Contours of triad densities. The average densities across 100 realizations are shown. The conver-
gence patterns of Figure 2 are used as background to show clear connections between the triad density and

these convergence patterns.
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4.8

5.1

5.2

Discussion

Our results highlighted the presence of transitory triads in opinion dynamics, which play a significant role in
shaping their convergence patterns by impacting interactions and adjustments among connected individuals.
These transient structures often act as intermediaries, driving the alignment of opinions within the network
over time. As explained above, the issue of triadic closure has been extensively analyzed in social networks
(Holland & Leinhardt|1971;Huang et al.|2015). This phenomenon is critical in fostering clustering and stability
within groups, but its interplay with the transitory nature of triads highlights the dynamic and evolving nature
of social interactions. Understanding such effects offers deeper insights into how opinions propagate within
a population. For example, open triad 6 ("frustration") has been reported to have a high probability of form-
ing a closed triad in social media (Huang et al.|2015), showing its transitory existence in dynamical networks:
closing triad 6 and turning it into triad 7 is the common friend ultimately influencing her two friends’ opinions
sufficiently to the point that they can influence each other, thereby resolving their frustration (Brito-Montes
et al.2022). Similarly, open triad 6 is also present in many convergence patterns during the transitory phase
observed in our simulations but not at the stationary stage. Indeed, open triad 6 is either closed and transition
into triad 7 (“clustering” triad with three mutual influence, either three extremists or three moderates) or open
and transition into open triads 2 (“pair influence”) or 1 (three isolated individuals). For instance, in the case of
“multiple moderate clusters” convergence pattern, open triads 6 disappear as they transition into one of these
3 triads. However, triads 6 are all closed in the case of the “single cluster” convergence pattern because of the
convergence of all population towards the same opinion. The “single extreme clusters” convergence pattern
highlights similar triadic closure caused by the extreme cluster with closed moderate triads and closed triads
with one extremists. The existence of the open triad 4 at the quasi-stationary state is only observable in the case
where opinions keep fluctuating. This open triad, showing the influence of opposite extremists on the popu-
lation, leads to back-and-forth of individuals between both extremes, thereby preventing the population from
converging to a cluster.

Conclusions and Avenues for Further Development

Triadic transitions provide useful information for understanding the convergence of opinions within a popu-
lation. The use of triads may explain some opinion dynamics as the closing of triad 6 or the existence of the
open triad 4 when opinions keep fluctuating (see discussion in the previous section). However, the use of triads
for analyzing social networks, while insightful, has notable limitations. Triads simplify complex social struc-
tures to three-node interactions, which may overlook the nuances of higher-order network dynamics. Their
interpretation often depends on contextual factors like cultural norms or algorithm of social platform, limiting
the generalizability of findings. In large networks, analyzing numerous overlapping triads can become compu-
tationally intensive and less informative. Finally, an overemphasis on triadic closure may neglect other criti-
cal phenomena, such as bridging roles and non-transitive relationships, which are also key to understanding
broader network behavior.

This triad-based approach to bounded confidence may be developed and generalized to test hypotheses on
opinion dynamics within a population. Indeed, beyond application to social media, using triads for analyzing
results from opinion dynamics models may inform the theoretical processes involved in social networks. Us-
ing such a model may help us understand mechanisms involved in such social media and inform us about the
hidden social interactions between individuals. For instance, in Twitter, open triad 6 is expected to be closed
(Huang et al.[2015) as it has been observed in our results. In the case of Wikipedia, open triad 4 has been ob-
served as the main triad (Doran|2014). This latter triad has been highlighted in our study only in the case of
opinion keep fluctuating, suggesting a significant presence of individuals with fluctuating opinions in this social
media. On the other hand, triads 2 and 6 were highlighted in the case of Facebook (Doran|2014), which may cor-
respond to multiple moderate clusters in our case, suggesting the presence of many independent groups in this
social media. While the comparison of our results to existing networks is inherently limited and serves merely as
circumstantial evidence, it underscores the potential for testing hypotheses regarding individual interactions
to enhance our understanding of established social networks. Hence, conducting numerical experiments to
test hypotheses about social interactions within models of opinion dynamics (Xia et al.[2011};|Castellano et al.
2009) and subsequently comparing the results with data extracted from social networks may help understand
dynamics of opinions in social media platforms, which are the windows into the opinion dynamics of the pop-
ulation at large.
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@® Appendix A: Source Code of the Model

The source code for reproducing the dynamics of the bounded confidence model - and triads calculations -
can be downloaded here: https://forgemia.inra.fr/lisc/triadic-transitions-of-opinion-dyn|
lamics-in-a-bounded-confidence-model/-/tree/main

@® Appendix B: Dynamics of Triads

100 simulations have been done for representing triad dynamics for each convergence pattern.
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Figure 10: Dynamics of triads - multiple moderate clusters (v = 0.25,p. = 0.05). 100 simulations have been
done for representing triad dynamics.
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Figure 11: Dynamics of triads - single moderate cluster (v = 0.75,p. = 0.05). 100 simulations have been done
for representing triad dynamics.
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Figure 13: Dynamics of triads - double extreme clusters (v = 0.75,p. = 0.3). 100 simulations have been done

for representing triad dynamics.
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