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Most previous works have studied the evolution of opinions based on the
Hegselmann—Krause model, the Deffuant—Weisbuch model, and the Sznajd
model. However, the influence of social influence on opinions is discussed less.
Based on the social influence theory and the Hegselmann—Krause model of
opinion dynamics, we introduce the affinity and social noise in the
Hegselmann—Krause model of opinion dynamics and propose an affinity and
social noise Hegselmann—Krause model (ASNHK). The influence of affinity
degree, affinity threshold, social noise, and personnel heterogeneity on
opinion evolution is discussed in experimental analysis. Experimental results
show that the affinity between people can improve opinions to form a
consensus positively, but the affinity threshold has a negative role contrarily.
Moreover, when the social noise increases, the opinions will form a consensus.
When it increases to a certain value, the opinion will be decentralized.
Furthermore, personnel heterogeneity has different effects on opinion
evolution. Open-minded individuals are more likely to form a unified
opinion, while closed-minded individuals have difficulty unifying their
opinions. Overall, this research provides a clearer explanation of the group
opinion evolution from social influence.

KEYWORDS

group opinion evolution, Hegselmann—Krause model, social influence, affinity, social
noise, bounded confidence

1 Introduction

Opinion is people’s insights and understanding of something. It is a kind of idea,
opinion, judgment, or emotion generally held by the public [1]. Exploring the evolution of
public opinion can help people understand the evolution mechanism of opinion and
behavior, respond to public opinion crises, and guide public opinion dissemination. At
present, scholars have carried out relevant research on the evolution of ideas, but the
behavior and opinions of the public still need to be further explored. For example, with the
advent of COVID-19, it was believed that the Shuanghuanglian oral liquid can act on the
COVID-19 virus, based on an internet finding, and then many people began to form
opinions. What is the mechanism behind this phenomenon and how are the opinions
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FIGURE 1
Illustration of the affinity and social noise Hegselmann—Krause model.

affected and formed? What factors play a role? To our best
knowledge, there is still no research that can provide a clear
explanation.

Until now, scholars have researched group opinion dynamics
from different perspectives [2-5]. According to the type of
opinion, the opinion dynamic model can be divided into
many types, such as the continuous model, the discrete
model, and the continuous opinions and discrete actions
model (CODA model). The common continuous model
contains the Hegselmann-Krause model (HK model) [6-9],
the Deffuant-Weisbuch model (DW model) [10-12], and
other models. In terms of the Deffuant-Weisbuch model, [13]
proposed an adaptation of the Deffuant-Weisbuch model that
incorporates both implicit and explicit opinions; [14] discussed
the higher-order interactions that destroy phase transitions in the
Deffuant-Weisbuch opinion dynamics model; based on the
Deffuant model, [1] considered attitude-hiding behaviors and
proposed an agent-based model of opinion dynamics with
attitude-hiding behaviors. The common discrete model
contains the Sznajd model [15-18], the Voter model [19-21],
and the Majority model [22, 23].

Current scholars have explored different opinion models
from different perspectives. However, few researchers consider
the social influence. In fact, the study of opinions is often
inseparable from the individual and the environment in which
the individual lives, but existing research has not observed this.
Social influence theory indicates that proximity to others and the
affect
comprehensively. On one hand, people cannot survive

social ~ environment  can people’s  opinions
independently, and it is necessary to establish a relationship
with people around [24]; on the other hand, it is impossible for
people to escape from the social environment. Therefore,
relationship and social environment are two important factors
[25].

that can influence people’s behavior To express
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ASNHK model

conveniently, we use affinity and social noise to indicate the
relationship and social environment. If the relationship among
people is good, the affinity is large; on the contrary, if the
relationship is not good, the affinity is small. Similarly, if the
influence of the social environment is strong, the social noise is
large; on the contrary, the social noise is small. To explore
opinion evolution under the influence of social influence
theory, this study discussed the evolution mechanism of group
opinion by introducing affinity and social noise. Finally, an
experimental analysis is carried out, and the simulation results
are discussed. The illustration of the affinity and social noise
Hegselmann-Krause model is shown in Figure 1.

There are the following contributions to this research. First,
this study extends the Hegselmann-Krause model and conforms
the opinion evolution more to human interaction activities.
Second, affinity and social noise are introduced to the
Hegselmann-Krause model based on the social influence
theory. Third, this research will shed light on and help people
understand the opinion evolution mechanism well. Moreover,
distinct from the HK model, this research used mathematical
models and equations to portray affinity and social noise, and it
enriched the opinion dynamics model greatly and can be applied
to the fields of public opinion governance, intervention, and
control. The research considers interpersonal and environmental
influences in the evolution of opinion and further extends the
boundaries of opinion dynamics.

The article is arranged as follows: the introduction is shown
in Section 1. In this part, we introduce the current research on the
the the
Hegselmann-Krause model, social influence theory, affinity in

opinion dynamic models; related works on
public, and social noise are introduced in Section 2; in Section 3,
the affinity and social noise Hegselmann-Krause model
(ASNHK) construction is described; section 4 presents the

experimental analysis of the ASNHK model. Finally, we
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discuss the experimental results and summarize the conclusion in
Section 5 and Section 6, respectively.

2 Related work

2.1 Opinion dynamics in the
Hegselmann—Krause model

As a kind of bounded confidence group opinion dynamics, the
HK model has attracted the research interests of many scholars since
it was put forward by Hegselmann and Krause [6] in 2002. After that,
scholars used different methods to extend this model. [26] integrated
the Hegselmann-Krause model into the process of product
improvement and explored the relationship among the evolution
of opinion, product scheme, and design iteration; [27] proposed a
bounded confidence model which considered the opinion priority of
leaders and divided the group into “opinion leaders” and ordinary
people groups; based on the HK model, [28] considered social
learning and explored the agent’s opinion evolution when they
are influenced by the truth or a conflicting source. In addition,
some researchers discussed the consensus and convergence in the HK
model [29, 30]. The aforementioned research provided some insights
to the following scholars on the HK model, and these research studies
broaden the research boundary of opinion dynamics.

2.2 Social influence theory

As a kind of sociological and psychological theory, social
influence theory has been given more and more attention by
scholars [31]. Social influence comes from two aspects. On one
hand, an agent will be influenced by the role of another. Under the
influence of others, an individual will more or less change in one way
or another. On the other hand, the surrounding environment will
form a kind of normative force, promoting members’ psychology to
form a kind of group pressure and making its members be in line
with the group [4, 32]. In terms of social influence, [33] explored the
effect of social influence based on the Durkheimian opinion
dynamics by constructing a social influence function with the
social ranking (SR) and the distance; [34] also introduced
individuals’ social influences in social networks to highlight the
heterogeneity of individuals in opinion evolution; [35] considered
the individuals’ influential power and explored the authority effect
and the Matthew effect in opinion dynamics. In addition, some
researchers also explored individuals’ social influence on themselves
in opinion dynamics [36].

2.3 Affinity in public

As an indicator of people’s estrangement, affinity is an

important factor that influences people’s attitudes and
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behavior. In opinion dynamics, [37] proposed a model to
simulate the process of opinion formation and explored the
role of mutual affinity between interacting agents; [38]
developed a statistical method to find affinity relations in a
large opinion network; [39] took the mutual affinity between
agents into the model and explored the process of opinion
formation in an open community; [40] used the opinion
dynamics to explore the partisan conflicts in recent America
and discuss the change of affinity among co-partisans; [41]
explored the nonlinear interaction of ideological affinity with
the psychological reaction of agents in the frame of a
multiparametric mathematical model of opinion dynamics. It
can be seen from the aforementioned research that affinity has
gradually gained the attention of scholars and has been applied to
sociology, opinion dynamics, and other fields.

2.4 Social noise

In addition, in the process of evolution, social noise can also
influence people’s behavior or opinions [42]. At present, [43]
explored the HK model under the influence of noise and found
that the fragmentation of HK dynamics tends to vanish when
persistent noise was present; [44] explored the influence of noise
on the HK model and found that the system presented an orderly
to disordered phase transition with the increase of noise in the
HK model; [45] also found that noise was helpful in adjusting the
split phenomenon of viewpoint through the study of HK model
noise; [46] used an agent-based modeling and a computational
social science approach to explore the opinion evolution with
various noise levels; [47] introduced the noise into the Degroot
framework and proposed a new Degroot-type social learning
model.

The aforementioned scholars explored opinion dynamics
from different perspectives. Few studies have explored the
affinity and social noise in opinion dynamics based on social
influence theory systematically. To bridge this gap, this study
takes the affinity and noise into the HK model and constructs an
affinity and social noise Hegselmann-Krause model. In this
model, we explore opinion evolution and propose the
evolutionary rules and algorithm. After that, experimental
analysis is carried out, and some conclusions are discussed.

3 Model formulation

3.1 Introduction of the
Hegselmann—Krause model

Within the limited confidence threshold, we assume that
thereisasetA,A=1[1,2,3,...,1,j, N], the set A has Nindividuals,
and the opinion of individuals i and j is assigned as x! and x; and
x! and x? € [0, 1], respectively; if |x} — x; | <e, then:
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where aforementioned model [Eq. (1)] is the

model of opinion dynamics[6], x
indicates the individual’s opinion, «; is the influence weight
of individual 7 on the individual j, o € [0, 1], and Z;\il“ij =1.1If
the a;; is larger, it indicates that one individual’s influence on
other individuals is more obvious; ¢ is the opinion threshold, and
the smaller the ¢ is, it is difficult for an individual’s opinions to
influence each other. In addition, the aforementioned model is a
simplified model; it ignores the order in which ideas are
presented and is suitable for simultaneous group updates,
such as a group meeting and an exchange within a forum.

3.2 Affinity and social noise
Hegselmann—Krause model

Based on the HK model, according to the group opinion
dynamics’ characteristics, we focus on the affinity and social
noise in the opinion evolution. Affinity always exists in the
relationship among people. If the relationship between two
individuals is good, the affinity is large; on the contrary, if the
relationship between two individuals is bad, the affinity is small.
To take into account the affinity, we use the rfj to indicate the
degree of opinion influence:

. max(Rij - (lxﬁ - x§.| - e,-),O)

i max(le - i, (p) ’ @

where R;; € [0, 1] is a real number of N x N nonnegative and
asymmetric matrix of R, and it indicates the affinity degree
between people. If the R;; is smaller, the relationship between
them is worse; instead, if the Rjis larger, the relationship between

them is good. x! is the opinion value of i, and x? is the opinion
t
i
the influence degree of individual j on i in the f round. ¢ is a

value of j. r}. is the degree of opinion influence, which indicates
number that is not equal to 0. To avoid the denominator being
equal to 0, we set ¢ as a minimal number, here ¢ = 0.001.
Especially, if |x} — x?l > ¢;&R;; < §, the opinion influence weight
is 0, and to measure the degree of opinion influence weight, we
define p;; is the opinion influence weight, which is given by Eq. 3.
Here, the ¢ is the affinity threshold, and this parameter shows
that if the opinion difference between two individuals does not
exceed the opinion influence threshold, the affinity between
individuals can also affect the evolution of opinion.

otherwise

t
rh,
= l]
Py { 0, iflx - x> &Ry <0 @)

By standardizing the influence degree of the aforementioned
opinions, the following CDZTI indicates the opinion influence
weight of individual j on individual i.
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Furthermore, to take into account the social noise, the

extended HK equation in opinion dynamics can be

constructed as follows.

Z D;x; (t) + & (1),

JEN Gox (1))

x; (8) = i () + (1 - ) ®)

where p; indicates the initial opinion persistence, &; is the social
noise, and it obeys the random uniform distribution. Moreover,
the social noise is independent and identically distributed (i.i.d.)
with E& (1) = 0, Ef? (1)>0 [48,49]. y; is the persistence of
individual 7, and 1 — y; indicates the sensitivity of individuals to
the opinions of the public around them. The initial persistence
generally follows the normal distribution, that is to say, most
people’s persistence of opinions is neutral, and the persistence of
few individuals is extreme. When the mean value of the normal
distribution is large, it is easy to form multiple opinion clusters,
but not easy to form a consensus. On the contrary, if the majority
of people’s opinions is amiable, individuals’ opinions are easily
influenced by other individuals and finally form a consistent
opinion.

The conditions for the evolution of opinion are as follows:

NG, x(t) ={(j € v)lx; (1) - x: ()| <&}, e€ (0,1]. (6)

At the t + 1, the opinion evolution equation is as follows:

1, X (1)>1
x(t+1) =19 x;(t), x%€[0,1],Vie N,t>0 %)
0, x; (1) <0

To clearly explain the algorithm, we have shown the
of the affinity
Hegselmann-Krause model in Figure 2.

calculation  process and social noise
Based on the aforementioned model construction, the affinity
and social noise Hegselmann-Krause model is built, and the

specific parameter note is shown in Table 1.

4 Experimental analysis
4.1 Experiment setup

Generally speaking, in real life, the persistence of opinion is
neutral, and the opinion of small people is extremely close to 0 or
1. Therefore, we can assume that the distribution of people’s
opinion persistence belongs to normal distribution. Default
settings for the parameters used in the experiments are shown
in Table 2.
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Algorithm 1 The affinity and social noise Hegselmann-Krause model

Input: opinion value z, opinion persistence g, opinion threshold e, affinity

threshold 4, social noise £
Output: final opinion status
initialize parameters;
initialize the opinion value;
build an affinity matrix;
while & SN (2! — 2t > e do

if |$i — CL‘t| > EL&RU < § then
Pij = Y5
if 7 = j then

t+1 _ 4.
| e =1
else

t+1 _ .
| 2 =0;
end
else

it
Pij = Tij )
t+1 Pij .

q)ij T Xken ik’

end
end

y(t) = pawi(t) + (1= 1) 25 en i w(ey) Pigs () + &i();
standardize the opinion influence weight;
start to update the opinion values;

FIGURE 2

Algorithm of the affinity and social noise Hegselmann—Krause model.

TABLE 1 Parameters in the model.

Parameters Range Explanation

R [0,1] Affinity among public

x [0,1] Opinion value

0] [0,1] Opinion influence weight

& [0,1] Social noise from public

u [0,1] Opinion persistence

5 [0,1] Affinity threshold

€ [0,1] Opinion threshold

@ Constant A constant on the denominator

TABLE 2 Default settings for the parameters used in the experiments.

Parameter Default setting

R Non-negative and asymmetric matrix between 0 and 1
x Random uniform distribution 0 and 1

0] Between 0 and 1

& Random uniform distribution between 0 and 1

u Normal distribution between 0 and 1

é Constant between 0 and 1

€ Constant between 0 and 1

® 0.001

4.2 Influence of affinity degree on opinion
evolution

In the proposed model, the first analysis is performed by
simulating the influence of affinity degree on opinion evolution.
In terms of parameter setting, we set the affinity degree R;; to 0.1,
0.5, and 0.9. At this moment, the threshold of the affinity is
0.8 and the opinion numbers are 100. Also, we keep other
parameters unchanged, and the simulation result is shown in
Figure 3.
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As shown in Figure 3A, we find that the opinion evolution is
related to the affinity degree. In Figure 3A, when R;; = 0.1, the
opinion will be stable at 200 steps, and the opinion will form six
opinion clusters; when R; = 0.5, the opinion will be stable at
50 steps, and the opinion will form five opinion clusters in
Figure 3B; as the affinity continues to increase, when the
affinity degree increases to 0.9, at this moment, the opinion
will form one opinion cluster in Figure 3C. Based on the
aforementioned simulation results, we can see that affinity can
improve the opinion to tend to an agreement, and the result is
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FIGURE 3 FIGURE 4
Opinion evolution result under the different affinities R, (A) Opinion evolution result under different thresholds of affinity,
R; =01, (B) R; = 0.5 and (C) R; = 0.9. (A)0 =0.5,(B) 6 =0.8 and (C) 6 = 0.9.
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also consistent with the social influence theory. Meanwhile, the
aforementioned results indicate that affinity among people has a
positive effect on opinions. If the affinity among individuals

increases, the opinion will be easier to reach an agreement.

4.3 Influence of threshold of affinity on
opinion evolution

Different thresholds of affinity may have different influences
on opinion evolution. To further explore the influence of the
threshold of affinity on opinion evolution, we carried out a
related simulation about the threshold of affinity. In the
simulation, we set the affinity as 0.5, and the thresholds of
affinity are 0.5, 0.8, and 0.9. Keeping other parameters
unchanged, the simulation result is shown in Figure 4.

As shown in Figure 4, opinion evolution has different results
when the threshold of affinity takes different values. In Figure 4A,
when § = 0.5, at this moment, the affinity is equal to the threshold
of affinity, the opinion will be stable at 100, and the opinion will
form one opinion cluster finally. As shown in Figure 4B, when the
threshold increases, for instance, if § = 0.8, we can find that the
opinion will be stable at 80, and the opinion will form six opinion
clusters, compared with Figure 4A. This result indicates that the
larger difference between affinity and the threshold will prevent
opinions from forming a consensus and lead to a split of opinion.
In Figure 4C, when the § = 0.9, at this moment, the difference
between affinity and the threshold is increasing continuously,
and the opinion will form more clusters. It indicates that if the
difference between affinity and the threshold is larger, the
opinion will be more dispersed.

4.4 Influence of social noise on opinion
evolution

In the ASNHK model, social noise is an important factor that
can affect opinion evolution. In terms of social noise, as an
external factor, social noise can give individuals some pressure or
influence and promote the evolution of individual opinion. To
explore the influence mechanism of social noise, we set the
affinity to 0.5, set the threshold to 0.8, and kept other
parameters unchanged. Moreover, we set the interval of social
noise distribution to &; € [ — 0.01, 0.01], ¢; € [ = 0.02,0.02],and ¢; €
[ — 0.03, 0.03] uniformly. The simulation result is shown in
Figure 5.

As shown in Figure 5, we find that the opinion will form
different evolution results when the social noise increases to
different values. In Figure 5A, when there is no noise in opinion
dynamics, the opinion will be stable at 95 steps and form five
opinion clusters. Based on Figure 5A, when the interval of social
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noise distribution increases to [ — 0.01, 0.01], the simulation
result is shown in Figure 5B. As shown in Figure 5B, the number
of final opinion clusters is 4. This result indicates that social noise
can urge the people to form more consensus opinions.
Furthermore, in Figure 5C, when the interval of social noise
distribution increases to [ — 0.02, 0.02], the number of the final
opinion cluster is reduced from 4 to 3, and the opinion gets more
close. As the social noise increases continuously, for example [ —
0.03, 0.03], the simulation result is shown in Figure 5D. From
Figure 5D, we can find that the final opinion is disorderly,
dispersed, and inconsistent. The possible explanation is that
social noise has a critical influence. When social noise is
greater than the critical value, an individual’s opinion will get
dispersed. It also indicates that a phase transition exists under the
influence of social influence. The aforementioned conclusions are
also consistent with those of the research of Su et al.[43, 45].

4.5 Influence of personnel heterogeneity
on opinion evolution

In the process of opinion evolution, because people have
different characteristics, people react differently to opinions, that
is to say, people’s character has certain heterogeneity [50]. According
to the heterogeneity, people can be divided into three types roughly:
closed, easygoing, and open. We set the opinion thresholds ¢; € [0.01,
0.05], [0.2, 0.3], and [0.4, 0.5] separately. ¢; € [0.01, 0.05] indicates
that people are closed; ¢; € [0.2, 0.3] indicates that people are easy-
going; and ¢; € [0.4, 0.5] indicates that people are open. To explore
the influence of different heterogeneity in the opinion evolution and
keep other parameters unchanged, we perform the related
simulations on the personnel heterogeneity. In addition, to make
the evolution of ideas clearer, we also use the histogram to display
the result of opinion evolution. The specific result is shown in
Figures 6, 7.

As shown in Figures 6, 7, we can find that different
heterogeneity can different
Figure 6A, when the opinion threshold ¢ € [0.01, 0.05], it
indicates that people are closed in the community. At this

cause evolution results. In

moment, the opinions will form nine clusters, and the
convergence steps will stabilize at 49. We also find that the
final opinion will distributed in [0, 1] almost uniformly in
Figure 7A; From Figure 6B, when the opinion threshold
increases continuously, for example, ¢ € [0.2, 0.3]. This
threshold the
community. The evolution result forms four opinion clusters,

indicates that people are easygoing in
and convergence steps will stabilize at 200. The final opinions will
be distributed around 0.5 in Figure 7B. In Figure 6C, when the
opinion threshold ¢; € [0.4, 0.5], it indicates that people are open
in the community, the opinions will form three opinion clusters,
and the steps will stabilize at 200. The final opinions are
distributed around 0.2 and 0.8 in Figure 7C. At this moment,

people’s opinions are easier to form an agreement.
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5 Discussion

Opinion dynamics has been explored by most scholars in
recent years [51-53]. However, few researchers explored the
opinions of affinity and social noise systematically. As a kind
of social influence, affinity and social noise affect an individual’s
opinion and have an impact on others and the environment.
Considering the aforementioned two factors, this study built an
affinity and social noise Hegselmann-Krause model and
explored the influence of affinity, the threshold of affinity,
social noise, and personnel heterogeneity on opinion
dynamics. The research result will extend the boundary of
opinion dynamics and has certain practical significance. First,
affinity has a positive effect on opinion dynamics. If the affinity
among individuals increases, the opinion will quickly tend to be
consistent. Compared with the HK model, the affinity can
accelerate the integration and alignment of opinions. Thus,
affinity is important to be considered in opinion evolution.
Second, social noise has a critical influence on opinion
dynamics. Within a certain range, when the social noise
increases, the opinions will be convergent. Once the social
noise exceeds the critical value, the opinions will be divergent
[44], implying that social noise has an important influence on
opinion dynamics, and it should be reasonably controlled and
guided in public opinion management. Third, personnel
heterogeneity has different effects on opinion evolution. When
the opinion evolves, public opinion management should develop
individualized strategies for guiding public opinion, as the
heterogeneity of groups can affect the evolution of opinions.

6 Conclusion

Group opinion evolution is an interesting research topic. At
present, scholars have carried out some research about it.
However, few types of research focus on the influence of
affinity and social noise comprehensively. Based on the
Hegselmann-Krause model of opinion dynamics, this study
constructs the ASNHK model by introducing affinity and
social noise from the perspective of social influence. Then, it
explores the influence of affinity degree, affinity threshold, social
noise, and personnel heterogeneity on opinion evolution. The
results show that first of all, affinity between people can improve
the opinion to form a consensus positively, but the affinity
threshold has a negative role on the contrary. When people’s
affinity increases, it is easier for them to form an agreement on
their opinions. Moreover, when the social noise increases, the
opinions will form a consensus. When it increases to a certain
value, the opinions will get decentralized. Furthermore,
personnel heterogeneity has different effects on opinion
evolution. Open-minded individuals are more likely to form a
consistent opinion, while closed-minded personalities make it
difficult to form a consensus. The research extends the opinion
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dynamics from social influence and will shed light on the
interdisciplinary study of psychology, sociology, and opinion
evolution dynamics.

This study explored opinion evolution based on the social
influence theory. It introduced the affinity and social noise in the
opinion dynamics model. In this research, the influence of affinity
degree, affinity threshold, social noise, and personnel heterogeneity
on opinion evolution is discussed. Although we obtained some
valuable conclusions, there are still some limitations given as
follows. First, in terms of research content, this study explored the
influence of affinity, social noise, and personnel heterogeneity on
opinion evolution. However, it does not consider the network
structure of people. Different network structures of people may
have a different social influence on opinion evolution. Thus, in
the future, the network structures of people will be introduced to the
model. Second, this study constructed a new model based on social
influence theory and carried out some simulation analysis. However,
no algebraic analysis was carried out. Future work will focus on the
numerical analysis, and some convergence values will be calculated.
Third, although some simulation analyses are mentioned in this
article, the real data need to be considered in the opinion evolution.
Future work will use real opinion data from some media to explore
opinion evolution.

Overall, this research explored the model of opinion dynamics
from social influence and provided some theoretical and practical
insights for the following research. In theory, this study introduced
the affinity and social noise in the Hegselmann-Krause model of
opinion dynamics, provided a new perspective on the social influence
theory, and enriched the application of this theory to opinion
dynamics. In practice, this study explained the mechanism of
influence of affinity in interpersonal relationships and social noise
from the external environment. It provided some methods for
managing public opinion; for example, improving interpersonal
relationships and affinity between people can be conducive to a
convergence of opinions. Moreover, reasonable control of external
noise can facilitate a consistent opinion. In conclusion, this research
can provide some new perspectives on the study of opinion dynamics

and public opinion management.
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