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Abstract

In this paper, from the perspective of opinion dynamies-theory, we investigate the
interaction mechanism of a group of autonomous agents in an e-commerce
community (or social network), and the influence power of opinion leaders during the
formation of group opinion. According to the\opinion’s update manner and influence,
this paper divides social agents within a\soecial network into two subgroups: opinion
leaders and opinion followers. Then,.we-establish a new bounded confidence-based
dynamic model for opinion leaders.and followers to simulate the opinion evolution of
the group of agents. Through numerical simulations, we further investigate the
evolution mechanism of group opinion, and the relationship between the influence
power of opinion leaders ‘and/three factors: the proportion of the opinion leader
subgroups, the confidence levels of opinion followers, and the degrees of trust toward
opinion leaders. The 'simulation results show that, in order to maximize the influence
power in e-commerce, enhancing opinion leaders’ credibility is crucial.

Keywords:. E<commerce network, opinion dynamics, bounded confidence rule,
opinion leader subgroup, herd behavior.

1. ‘Introduction

The rapid development of Internet technology and Web 2.0 has stimulated the
growth of customer-centered e-commerce, which has recently received increased
attention in the fields of business applications, business strategies, and user behavior
[34]. Within the e-commerce environment, agents access social knowledge and share
experiences peer-to-peer (P2P) or through word of mouth (WOM), and then make
their own decisions. In such a collective decision-making process, opinions play a

fundamental role since they can deeply interact with each other [3].



During the public opinion dissemination process, we find some agents who can
exert influence on the opinions, decisions, and actions of the majority of other agents.
These agents are referred to by scholars as opinion leaders; they can be found in
various social situations and have various definitions in the fields of social,
management, and information sciences [9, 25, 10].

In the propagation process of public opinion, opinion leaders have a profound
impact on the opinion formation of ordinary agents. In the field of business- and
marketing, Rogers [23] showed that a small group of influential opinion leaders
determines the utility ratio of a given innovation. Compared to the spread,of public
opinion in a social network without opinion leaders, opinions tend tospropagate faster
in a social network with opinion leaders [17]. In addition, a number‘of zealot opinion
leaders with definite objectives were employed in [22] to, generate’ momentum and
influence voters’ decision-making behaviors, while Amblard“and Deffuant [2] and
Deffuant et al. [6] applied bounded confidence theory to construct opinion dynamics
models to analyze the influence of opinion leaders.in social networks. The results
revealed that, as long as the confidence levels of ordinary agents in a social group are
sufficiently high, even if the initial opinions\of the ordinary agents are dissimilar to
those of the opinion leaders, the opinion-leaders are eventually able to guide the
ordinary agents to accept their desired opinions. Considering that, in some cases,
opinion leaders cannot always help spread the desired opinion, Afshar and Asadpour
[1] extended the traditional Deffuant-Weisbuch model and built an informed agents
model. According ta<this model, informed agents are common agents possessing
desired information=They:initially pretend to have opinions similar to those of others,
and gradually”change their opinions toward the desired information through
intentional“interactions.

In_e-commerce networks, the role of opinion leaders is mainly reflected in two
aspects: influencing consumers’ decision outcomes and dispersal of opinions by word
of.mouth (WOM). According to Chaudhry and Irshad [4], average consumers will
often consider the opinions of opinion leaders in their purchase decision-making
processes. Moreover, it was pointed out in [28] that the degree of discrepancy in
opinion leaders’ impact on the purchase decisions of average consumers is mainly
caused by differences between the cultural background and product focus of both
opinion leaders and average consumers. Villanueva et al. [30] believed that opinion

leaders could provide product information and advice for purchase decisions to other



consumers through frequent WOM communication, and thereby affect the attitudes,
beliefs, and behaviors of other consumers. Samson [24] pointed out that opinion
leaders with a higher confidence level are more willing to become WOM
communicators, and can enhance consumers’ purchase intentions through positive
WOM communication. Further, WOM communication focuses on the process of
“opinion leader — WOM communication — consumer behavior”; however, most
studies tend to divide the process into two stages (opinion leaders and WOM
communication, and WOM communication and consumer behaviors) and analyze,the
relationship between the two variables involved in each stage, respectively. Liu et al.
[17] used a time-varying hypergraph to model online social .networks, and a
domain-aware approach to identify effective opinion leaders. Asfar as we know, there
is no quantitative research that focuses on the evolution ‘of opinion interaction
(consumer behavior) as a direct relationship between opinion leaders and opinion
followers (consumers). In order to understand the’ impact of opinion leaders on
opinion followers, it is necessary to consider the mechanism of opinion interaction
between opinion leaders and opinion followers.

The dissemination process of public.opinion is a complex system of co-evolution
of opinions and networks, and involves many variables, such as network structure, the
number of agents involved, and description of opinions. Besides, it is difficult for
probability- or statistics-based mathematical models to describe the dynamic
evolution of collective opinions. ©pinion dynamics models focus on the interaction
mechanism between opinions,-and assume that agents will decide their own opinions
based on those of their opinion neighbors in the network. On that account, an opinion
dynamics model 1s, more suitable for the study of the opinion dissemination
mechanismron user relationship-based social media platforms.

The main purposes of this paper are (1) to explore both the influence of opinion
leaders on the decision-making process and opinion formation of ordinary agents
during the dissemination of public opinion in social networks; and (2) to provide a
theoretical basis, as well as suggest feasible measures, for enterprises, undertakings,
and government departments to design appropriate measures to guide and control
public opinion. In this paper, opinion leaders have definite target opinions and are
interested in influencing the updating process of opinion followers’ opinions. In
addition, the opinion leaders in this paper are not necessarily leaders based on social
class, nor from official organizations, and may not even possess observable leadership



qualities. In fact, opinion leaders on social media platforms could be ordinary agents
that have the ability to exert significant influence on others’ opinions due to their
professional background or familiarity with specific events.

The paper contributes to literature by building a new opinion dynamics model for
a social group with two opinion leader subgroups with opposite target opinions, based
on the bounded confidence principle. It analyzes the relationships between the
influence power of the opinion leaders and some factors, such as the proportion.of the
opinion leaders, the confidence levels of the followers, and the trust degrees of.the
followers toward the opinion leaders.

The rest of this paper is organized as follows. Section 2 provides a background
on bounded confidence opinion dynamics and social network theory. Section 3 first
gives a motivation example for opinion leaders, and then ‘builds novel bounded
confidence opinion dynamics models for opinion followers;“positive and negative
opinion leaders, respectively. Section 4 presents seme quantitative results through
computer simulations to study the influence power of opinion leaders and the
evolution of the group opinion. Section 5 concludes the paper.

2. Background

This section introduces the basic knowledge regarding opinion dynamics and
social network modeling.

2.1 Bounded confidence opinion dynamics

Opinion dynamics is” an. important class of social dynamics that studies the
formation and dissemination,.of public opinion on social networks. Based on the
methods by which™epinions are manifested, opinion dynamics can be classified as
either discrete/or continuous. Since the 1960s, researchers have proposed a series of
models with the continuous updating of opinions in order to study the sufficient
conditions for /a group of experts to reach a consensus [26]. These were pioneer
studies that modeled and analyzed the evolution of continuous opinions. In 2002,
Krause and Hegselmann [8] and Deffuant and Weisbuch [32] proposed, respectively,
two bounded confidence-based opinion dynamics models—the Hegselmann-Krause
(HK) and Deffuant-Weisbuch (DW) models. Specifically, the original HK model is
described by

aijxj (t)

Xi (t+1) — j:lxi(t)_xj ( 34 , (2_1)

a;

Jix (1)=x; (Dl<e



while the original DW model is described by

(t+1Ext(Hu x [t £t
X, (t+ 1% t(Du x It £X) t (2-2)

for the case |x(t)—x;(t)[<&, where Xx(t) is the opinion of agent i, ¢ is the

confidence level, a

; s the interaction weight of agent j onagent i,and u isthe

convergence parameter. The main difference between these two models is that the DW
model adopts an asynchronous opinion updating process, while the HK model adepts
a synchronous updating process. The bounded confidence rule suggests, that each
agent has his/her/its own confidence range when trusting others; only when the
differences between the opinions of other agents and his/her/its own are not greater
than a specific threshold or confidence level, will he/she/it“share, and exchange
opinion with those agents.

In a bounded confidence model, the confidence level and initial opinion of an
agent usually determine the opinion neighbors that he/she/it is likely to communicate
with at different time instants. There are three possible final states of collective
opinions simulated by a bounded confidence model—-consensus, opinion polarization,
and opinion fragmentation—that are closely related to the confidence levels, initial
opinions, and some convergence parameters.“On_the one hand, researchers commit
themselves to consensus measures ory optimal consensus under some specific
conditions. For example, some consensus measure algorithms were proposed in [7]
and [35], for online-offline social networks and large-scale group decision-making,
respectively. For group decision-making, [13, 14] built some interesting optimal
consensus models based on-minimum cost and maximal return. On the other hand,
many researchers devote‘themselves to studying the relationships between the final
opinion pattern (not just consensus) and influence factors. For example, for bounded
confidence modelsy=L.orenz [18, 19] categorized agents from a social group into high-
and low-confidence subgroups, and proposed respectively heterogeneous HK and DW
models. In the modified models, agents within the same subgroup have the same
confidence levels,while those in different subgroups have different confidence levels.
In addition to considering the heterogeneity of agents, Lorenz [20] also examined the
evolutionary mechanism of public opinions in a dynamic social network, where the
inter-agent influence changes according to a Markov chain. Mirtabatabaei and Bullo
[21]+also considered a heterogeneous HK model with a time-varying communication
network, which assumes an equilibrium exists in the collective opinion
dynamics.They then applied the nonlinear system theory to analyze the convergence
of the collective opinions. For the Erdos-Renyi social network topology, based on the
traditional HK model, Su and Liu [27] examined the coevolution of opinions and the
interconnection network, and obtained some results on consensus or fragmentation for
group opinions. The original HK and DW models were applied in [31] to investigate
online consumer reviews in e-commerce networks, and to analyze some influence
factors in the opinion evolution. \Very recently, for a heterogeneous social network, a



horizontal and vertical division principle for agents has been proposed for agents, and
multi-level heterogeneous HK models and leader-follower opinion dynamics models
have been constructed, to systematically analyze the impact of different factors on the
spread of public opinion [11-16, 37-39]. Motivated by [16], a time-varying confidence
level update rule was proposed in [36], based on in-degrees and out-degrees of agents
to extend the original HK model.

2.2 Social network topology

The dissemination process of public opinion on social networks is essentially a
coevolution of opinions and the associated network topology. In this subsection, we
give a network description of the relationships among agents.

In this study, we assume that opinion leaders have definite target opinions and,
thus, are not affected by the opinions of opinion followers. The opinionileaders only
exchange opinions with other opinion leaders in the same subgroup. Moreover,
opinion leaders play dominant roles in the formation of collective opinions, and are
concerned with guiding opinion followers.

—

Figure 1: Opinion exchange in a network with two opinion leader subgroups at a fixed time

Figure 1 shows the interactions between opinion followers, as well as opinion
followers and opinion leaders, at a certain time instant. As shown in Figure 1, the 20
agents are divided into three subgroups (described with dotted lines) according to
their different target opinions. Agents marked with a star shape (labeled 1-6) are

opinion leaders with positive target opinions, those in the upper right corner (marked



with a triangle shape and labeled 7-11) are opinion leaders with negative target
opinions, and those remaining (marked with a circle shape and labeled 12-20) are
opinion followers. Opinion leaders from the two subgroups have their own explicit
target opinions; opinion followers, however, do not have a specific target opinion, and
only exchange their opinions with agents within their confidence ranges, including
opinion leaders. If the opinion leaders in the same subgroup have the same target
opinions and confidence levels, then the interactions among leaders within the‘same
leader subgroups are symmetrical. Considering the diversity and universality. of
opinion followers, we assume that their confidence levels are heterogeneous and
satisfy a uniform distribution within the interval [0,1]. Based on these assumptions,
the opinion exchange between the opinion followers may net respect the same
bi-directional symmetrical mode as that of the opinion leaders. When the opinion
difference of two opinion followers is less than the confidence level of one of the
agents, an exchange of opinions may be asymmetrical, such,as that between agents 12
and 16, 15 and 16, and 14 and 17. At a given time~t, only when the opinion
difference between any two given opinion followers is not greater than the confidence
levels of both agents, can there be a symmetrical exchange—such as that between
agents 13 and 14, 12 and 15, and_15 ‘and _18. Since this paper assumes that the
opinions of the opinion followers do not influence those of the opinion leaders, and
the opinion leaders from different leader subgroups do not communicate due to their
dissimilar target opinions, thereare no edges between the two opinion leader
subgroups. The edges between the opinion leader group and opinion follower
subgroup are directed toward the opinion follower group. Specifically, opinion leaders
1and 7, as well'as 3.and 9, belong to two different subgroups; hence, they do not have
an opinion‘exchange. However, the opinion leaders 4 and 5 (from the positive opinion
group). have an influence on the opinions of the opinion followers 12 and 13,
respectively, and the opinion leaders 7, 9, and 11 have an influence on the opinions of
the_opinion followers 13 and 14; yet, the aforementioned opinion followers cannot
affect the opinion updating of the corresponding opinion leaders.
3. Modeling the Influence Power of Opinion Leaders

By utilizing social network service platforms as a channel to communicate and
exchange opinions, users or agents have formed large-scale social networks that
connect “acquaintances of acquaintances.” Although social network platforms are

applications of technological architecture, they can eventually lead to the formation of



various types of real-life relationships. Generally, opinion leaders are believed to have
an important influence on consciousness, decision-making, and the behavior of
ordinary agents in the dissemination process of public opinion. For example, [36]
proposed a trust evaluation algorithm for opinion leaders in the cloud networks by
using the opinion leaders' recommendations and removal of the troll entities. A new
graph-based comprehensive reputation model and a hybrid trust-based recommender
system were built in [33] and [40], respectively, to improve the role of opinion leaders
in social commerce. Additionally, an online survey experiment was conducted in'[29]
to show that opinion leaders’ recommendations could increase the trustiof ordinal
agents on some particular media.
3.1 A motivation example

In this paper, the opinion leaders are defined as the agents that have definite,
unwavering target opinions The agents except opinion leaders‘in a social network are
called opinion followers. The leaders are not affected by the opinions of the opinion
followers during the opinion update processes. They have the intention to influence
the opinions of others. Additionally, the opinion leaders in this paper are not required
to be important agents in any official organization or institution, and can be ordinary
agents who have a significant amount of\information about the object or event in the
public opinion. The agents, except opinion leaders in a social network, are called
opinion followers. For example, peer-to-peer (P2P) lending is a classical social
network service in the field offinance. It is well known that, with the quick
development of internet and,e-commerce, many P2P lending companies—such as
Zopa, Prosper, Lending »Club Funding Circle, and RateSetter—provide online
investment platforms to attract lenders and investors to identify and purchase loans.
All of the-countries in the world have high expectations for P2P lending in financial
innovation; however, in China, a P2P lending company called Ezubao launched in
July 2014 and was subsequently shut down in February 2016 because it was accused
of.a Ponzi scheme. Consequently, about 900,000 customers and their 50 billion
Renminbi were involved in the Ezubao case. Two classes of opinion leaders
essentially influenced the opinions of agents: (1) Ezubao, as well as some associated
media and experts; and (2) the third-party P2P rating organizations. In order to
persuade more agents to use Ezubao, the company made significant investments into
advertisements in certain well-known media, such as China Central Television, local

television stations, metros in big cities, and experts’ popularization. Moreover, the



third-party P2P rating organizations often published some advanced-risk warning
suggestions and reported that Ezubao was rated as Level C. Thus, when opinion
leaders hold polarized or even fragmental opinions, it is interesting to investigate how
the opinions evolve for opinion leader subgroups as well as for the whole group. The
questions surrounding the key factors associated with the opinion leaders’ influnece
power remain to be further explored.

3.2 Bounded confidence-based opinion dynamics

We now construct a new model to analyze the influence power of' opinion
leaders, based on the framework of the bounded confidence theory. We further reveal
the evolutionary mechanism of group opinions under the influence of multiple
opinion leader subgroups. In reality, there are more than two opinion‘leader subgroups
in a given social network group. The differences in the targetopinions held by these
subgroups are not necessarily substantially large. In order=toysimplify the analysis
process, without loss of generality, this paper assumes a\situation where only two
subgroups of opinion leaders exist in a given sociak network. Each leader subgroup
has its own target opinion. Moreover, the leader subgroups are referred to as positive
and negative if the target opinions are completelypositive and negative, respectively.
By establishing a model of influence “power for opinion leaders, this paper
systematically investigates the relationships between the influence power of opinion
leaders and some associated factors, such as the proportion of opinion leader
subgroups, the confidence levels-of opinion followers, and their degrees of trust
toward the opinion leaders.

Suppose there“is a soeial network with N agents, among whom N, is opinion
followers, Nyis opinion leaders with a positive target opinion, N, is opinion
leaders with. a“negative target opinion, and N, +N,+N, =N . Then, when an event
occurs, agents’ initial opinions of the event may be diverse; specifically, agents can
hold an opinion somewhere between the completely positive and completely negative
opinions of the event. When the opinions at time t of all agents are denoted by
Xi(t), without loss of generality, the completely positive and completely negative
opinions of the event are, respectively, defined by x (t)=1 or 0.5 and x(t)=-1
or 0.5, for i=1---,N. We assume that the initial opinions of all agents x.(0)
obey a uniform distribution within the interval [-1,1] or [-0.50.5]. At any time t,
the opinion of agent i satisfies x(t) e[-11] or [-0.5,0.5]. For convenience of
description, we denote X (t) = col (x,(t), X, (t),---, X, (t)) e R" as the vector of the



collective opinions, and X (0) as the initial opinion profile at time t=0.

An opinion-updating model is proposed for the opinion followers as follows:

X (t+) =0~ - )~ Za.,(t)X (t)+a “a;(1)x (1)

N (t) ()J N+

1 ) (3-1)
+:Bi W j=N§N2+laij (t)xj (t),
L x@®-x;0)|<& |

:11'”!N1| j =11'”1N ]
0, otherwise

where the updating weight a(t) ={

N,
and & represents the confidence level of the opinion follower i. N&(t)= > a;(t)
=1

is the total number of opinion neighbors in the opinion follower subgroup of opinion
N, N3
follower i at time t, and NS (t)= X a;(t) and N'(t)= 3, 7a;(t) are the

j=Ny+1 j=N3+N,+1
numbers of opinion leaders who are the opinion neighberswof agent i from the

positive and negative leader subgroups, respectively<.«,, 4., and 1—a, —f. are the

degrees of trust assigned to the positive opinien.leader subgroup, negative opinion
leader subgroup, and opinion follower . subgroup, respectively, and

o, [, 1-a-p €[01] . When «, =0 or A~=0, opinion follower i completely
distrusts the positive or negative opinion-leaders, respectively. Contrarily, if o, =1

or B =1, then opinion follower iis completely influenced by the opinion leaders

from the positive or negative opinion subgroups, respectively.

According to theiridefinition and characteristics, opinion leaders tend to have a
relatively comprehensive range of information on the same event, when compared to
the opinion.followers. In addition, their target opinions are very specific, and they
only exchange opinions with the opinion leaders that meet their confidence levels in
the same subgroup. In order to achieve a common goal, the confidence levels between
opinien leaders in the same subgroup are relatively high. Thus, a relatively moderate
value”s” = ¢ =0.25 is assigned as the confidence level for the opinion leaders.
Then, the opinion-updating model of opinion leaders with the positive target opinion
can be described as follows:

X+ =A-w)—— > a,O)x,O)+wd, i=N,+L-N+N, (3-2)

NS ()J Nt )



X ®-x )| <& ;
) &;

. is the confidence level, and
0, otherwise

1 |
where g (t) =

N, .
N"(t) = _ % 1aij(t) is the number of neighbors of positive opinion leader i. The
J=Ng+:

variable d is the value of the target opinion of the positive opinion leader subgroup,

which is a constant that falls in the interval [0,1]; w, and 1-w. are the influence

weights of the target opinion d and of other positive opinion leaders that satisfy the

condition ||xi(t)—xj(t)||£gip on the positive leader i, respectively. Further, for
simplicity, the values of w, are assumed to be the same, that is, w, =w:

Similarly, the opinion-updating model of the opinion leaders with the negative

target opinion can be described as follows:

L% amx®+20,  I=NEN, +1 N, (3-3)

xNt+D)=0U-z
I ( ) I) Nip (t) J=N;+N,+1

x () —x (D)<
"() J()H & ) ONN() = % a;(t) represents the number

1,
where a;(t) = ‘
0, otherwise J=Ng#N, 1

of neighbors of negative leader i; g is'avalue of the negative target opinion, which

is a constant between [-1,0};=and z~ and 1-z are respectively the influence

weights of the target opinions and other negative opinion leaders on the negative

leader i . In addition/the values of z, are assumed to be the same.

By establishing the “opinion dynamics models of the opinion followers and
leaders, we define the influence power of the opinion leaders as the ratio between the
number of the opinion followers eventually led by the opinion leaders and that of

opinion followers at the initial stage, which can be described as follows:
77 = (3-4)

where N, is the number of the opinion followers that have similar opinions as those
of the opinion leaders. The next section is devoted to the analysis of the relationship
between the influence power of the leaders and the fraction of the opinion leaders, the
opinion followers’ confidence levels, and the degrees of trust toward the opinion
leaders.



4. Simulation Results and Quantitative Analysis
4.1 Data preparation

Based on Models (3-1), (3-2), and (3-3), a computer simulation method is
adopted to investigate the influence power of the opinion leaders and the evolution of
the collective opinions.

As shown in [38], the evolution of the collective opinions tends to become
relatively stable when the network size reaches 2,000 nodes. This indicates that a
further increase in the network size will have no significant impact on the_influence
power of the opinion leaders and the opinion evolution process of the.whele group.
Therefore, this paper assumes that the size of the considered network is“N ‘= 2000.
For all of the computer experiments, the Monte Carlo simulation is‘<conducted 1000
times. Unless otherwise specified, the following assumptions are applied to all of the
experiments:

(1) the size of the social network is N =2000;

(2) the initial opinions of the opinion followers and positive and negative opinion
leaders all obey a uniform distribution;

(3) the confidence levels of both the positive'and negative opinion leader groups
are, respectively, &” =&" =0.25; the confidence levels of the opinion followers
satisfy a uniform distribution;

(4) the degrees of trust of the opinion followers toward the positive and negative
opinion leaders satisfy o+8 =08, while those between opinion followers satisfy
1-a -4 =0.2;

(5) the target-opinionrof the positive opinion leaders is d =0.5, and that of the

negative opinion leaders is g =-0.5; and

(6) the-influence weights of the target opinions on both the positive and negative
opinion leader subgroups are 0.5, thatis, w=z=0.5.

4.2 Proportion of Opinion Leaders

In the following simulation experiment, the proportion of negative opinion
leaders is set as P, =5%. Thus, in a social network with 2000 nodes, the number of
negative opinion leaders is constantly 100. The degrees of trust of the opinion
followers toward the positive and negative opinion leaders are respectively set as
o, =L =04, and those between the opinion followers are 0.2. Without loss of
generality, we alter the proportion of positive opinion leaders to observe the impact of

such changes on the evolution of the collective opinions and influence power of the



opinion leaders.

In this experiment, the proportion P, of positive opinion leaders is initially set
as 0 and, accordingly, that of opinion followers is set as P- =0.9500. As the
proportion of positive opinion leaders P, increases to 0.0005, 0.001, 0.005, 0.0100,
and a maximum of 0.9400, the proportion of opinion followers in the same social
network is reduced to 0.9495, 0.9490, 0.9450, 0.9400, and eventually 0.0100,
respectively.

Figure 2 illustrates the evolution of the collective opinions of the three subgroups
when the proportion of positive opinion leaders changes from 0.0005 .t00:94. The
red, blue, and black solid lines represent the evolution trajectories of,the @pinions of
the positive opinion leaders, opinion followers, and negative “opinion leaders,
respectively, over time. Regardless of the proportion of the positive opinion leaders
(0.0005, 0.5000, 0.8000, or even 0.9400) or the opinion_leaders: initial opinions, both
the positive and negative opinion leaders can swiftly (inless than six time steps)
converge to the target opinion of the corresponding subgroup. However, the opinion
evolution of the opinion followers is relatively more complex and requires more time
to reach a stable state. Regardless of which 'subgroup (positive or negative) is at an
advantage in size, the final opinions of followers are divided into three clusters at the
values of -0.2, 0, and 0.2. Furthermore;.no follower’s opinion converges to the target
opinions (0.5 and -0.5), suggesting that, in a social network with two opposing
opinion leader groups, none of the-opinion leaders appears to have absolute influence

power on the opinionsf the followers.

Opinions
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Figure 2: Evolution of collective opinions with different fractions of positive opinion leaders
(@) P,=0.0005; (b) P, =0.0500; (C) P,=0.5000;(d) P,=0.8000;(e) P, =0.9400

In order to more clearly and systematically demonstrate the relationship between
the influence power and the proportion of positive opinion leaders, we utilize Table 1
to present the number of opinion followers influenced by the positive opinion leaders.
The first row of Table 1 is the sub-interval of opinions, while the first column
represents the proportion of the positive opinion leaders in the entire social network.
Other elements in the table are the numbers of the influenced opinion.fallowers.
According to this table, when there are two opposing opinion leader subgroups,
regardless of there being only one or as many as 1880 positive opinion leaders in the
entire social network, the final opinions of the opinion followers remain to be
distributed in any of the three positions in the opinion interval, -0,2, 0, and 0.2. In
addition, the opinion followers never follow the opinion“leaders, as none of their
opinions falls in the target opinion interval of either 10.4,0.5] or [-0.5-0.4].
Unlike the results in [38], where there is only one opinion leader group in the entire
social network, the final opinions of the_opinien followers tend to lie in two
opinion-intervals: the target opinion and completely opposing opinion of opinion
leaders.

Table 1: Number distribution of the influenced opinion followers versus the proportion of the

positive opinion leaders

Distrib
tion [-0.5,-0.4]|[-0%4,-0:3][-0.3;-0.2][-0.2,-0.1]  [-0.1,0] [0,0.1] |[0.1,0.2]| [0.2,0.3][0.3,0.4]|[0.4,0.5]

P

0.0005 0 0 291 0 1582 0 26 0 0 0
0.0010 0 0 204 0 1615 0 79 0 0 0
0.0050 0 0 172 0 1659 0 59 0 0 0
0.0100 0 0 103 0 1694 0 83 0 0 0
0.0500 0 0 89 0 1632 0 78 0 0 0
0.1000 0 0 91 0 1516 0 93 0 0 0
0.1500 0 0 71 0 1436 0 92 0 0 0
0.2000 0 0 62 0 1346 0 92 0 0 0
0.2500 0 0 77 0 1240 0 83 0 0 0
0.3000 0 0 53 0 1154 0 92 0 0 0
0.3500 0 0 38 0 1065 0 97 0 0 0
0.4000 0 0 39 0 972 0 88 0 0 0




0.4500 0 0 36 0 888 0 76 0 0 0
0.5000 0 0 38 0 788 0 74 0 0 0
0.5500 0 0 26 0 712 0 61 0 0 0
0.6000 0 0 25 0 618 0 57 0 0 0
0.6500 0 0 30 0 525 0 45 0 0 0
0.7000 0 0 18 0 431 0 51 0 0 0
0.7500 0 0 20 0 348 0 32 0 0 0
0.8000 0 0 19 0 250 0 30 0 0 0
0.8500 0 0 8 0 176 0 16 0 0 0
0.9000 0 0 5 0 84 0 10 0 0 0
0.9400 0 0 2 0 16 0 2 0 0 0

Figure 3 directly demonstrates that, with increases in theproportion of positive
opinion leaders, the proportion of influenced opinion followers.in-the three opinion
subintervals [-0.3,-0.2], [-0.1,0], and [0.1,0.2] does.not represent a monotonic
increasing/decreasing or linear correlation, but. manifests a certain degree of
fluctuation at a certain level. In addition, when=the proportion of positive opinion
leaders reaches the minimum or maximumgvaluesy the fluctuation of the influence
power in the three subintervals becomesrelatively obvious.
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Figure 3: Relationship between influence power and the proportion of positive opinion leaders

We observe from the simulation experiment that the final opinions of the
followers tend to form three clusters. The distribution of those influenced by the

opinion leaders has the following features. First, the largest cluster is located in the



middle of the opinion interval. When the opinion interval is [-0.5,0.5], the largest
opinion cluster is located in the subinterval [-0.1,0]. Second, except for the largest
opinion cluster in the middle opinion subinterval, the final opinions of the remaining
opinion followers form the two subintervals [-0.3,-0.2] and [0.1,0.2]. Third, as the
proportion of the positive leaders increases, that of the influenced opinion followers in
the subinterval [0.1,0.2] tends to increase at the beginning. However, the proportion
in the subinterval [0.1,0.2] shows a fluctuation at the final stage. The proportion of
the influenced opinion followers in the subinterval [-0.3,—-0.2] presents a drop
followed by a rising trend. The changes in the proportion of opinion followers in the
middle opinion cluster [-0.1,0] show a similar pattern as that inythe ‘subinterval
[0.1,0.2].

The simulation experiment reveals that, when there are two opinion leader
subgroups in a social network, the influence power of eithersopinion leader subgroup
is restricted, even if the fraction of the opinion leaders is, large enough. Thus, it is
necessary to investigate the reasons for the restriction in“the exertion of the opinion
leaders’ influence power on the opinion followers. The next subsection further
examines the impact of the opinion followers® confidence levels on the opinion
leaders’ influence power in order to investigate whether heterogeneity and low
confidence levels are the main constraints of the opinion leaders’ influence power.

4.3 Confidence Levels of Opinion Followers

For more accurate analysis of'the impact of the confidence levels of the opinion
followers on the influence pewer of the opinion leaders, two situations are analyzed
separately, namely-that of the positive and negative opinion leaders having a similar
influence on opinion_followers, and that of the positive opinion leaders having a
greater influence. The following assumptions are adopted in the subsequent analyses.
The initial opinions of all agents obey a uniform distribution within the interval
[-0.5,0.5]; and remain fixed in the experiment. The proportions of the positive and
negative opinion leaders are fixed at P, =P, =0.05. Thus, in a social network that
consists of 2000 agents, the numbers of positive opinion leaders, negative opinion
leaders, and opinion followers are 100, 100, and 1800, respectively. The degrees of
trust of the opinion followers toward both of the opinion leader subgroups are given
by o, = =0.4. The opinion followers are heterogeneous; hence, their confidence
levels can be dissimilar. However, all confidence levels obey a uniform distribution.

The target opinions of the positive and negative opinion leaders are defined as 0.5 and



-0.5, respectively. In this simulation experiment, we continuously reduce the range of
the confidence levels of the opinion followers. At the same time, we increase their
confidence levels in order to examine the impact of the opinion followers’ confidence
levels on the influence power of the opinion leaders, as well as explore the evolution
of the collective opinions.

In Figure 4 and Table 2, the numbers of the positive and negative opinion leaders
are identical, and the opinion followers have equal degrees of trust toward the positive
and negative opinion leaders. As the range of the confidence levels of the opinion
followers shrinks and confidence levels simultaneously increase, both the pesitive and
negative opinion leaders reach their target opinions quickly. Furthermore, from Table
2, the opinion evolution of the opinion followers presents: the following
characteristics. First, with the increase in confidence levels, the number of the final
opinion clusters of the opinion followers decreases, and their«final opinions tend to
become more aggregated. Second, the convergence<speed,of the opinion followers’
opinions is accelerated with the increase of their confidence levels. Third, regardless
of the final opinions of the opinion followers being divided into one or three clusters,
these clusters are symmetrically distributed within the opinion interval; no obvious
bias toward either opinion leader subgroup is observed. Fourth, the increase in

confidence levels cannot distinctly improve the influence power.
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Figure 4: Evolution of the collective opinions with heterogeneous confidence levels
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Table 2: Number distribution of the influenced opinion followers with heterogeneous confidence

levels

Distribu

on [-0.5,-0.4] |[-0.4,-0.3] | [-0.3,-0.2] | [-0.2,-0.1] | [-0.1,0] |[0,0.1]| [0.1,0.2] | [0.2,0.3][0.3,0.4] [[0.4,0.5]
g

[0,1] 0 0 89 0 1632 0 78 0 0 0
[0.1,1] 0 0 95 0 1598 0 106 0 0 0
[0.2,1] 0 0 114 0 1577 0 108 0 0 0
[0.3,1] 0 0 117 0 1550 0 132 0 0 0
[0.4,1] 0 0 5 0 1733 0 61 0 0 0
[0.5,1] 0 0 0 0 1799 0 0 0 0 0
[0.6,1] 0 0 0 0 1799 0 0 0 0 0
[0.7,1] 0 0 0 0 1799 0 0 0 0 0
[0.8,1] 0 0 0 0 1799 0 0 0 0 0
[0.9,1] 0 0 0 0 1799 0 0 0 0 0

In order to explicitly demonstrate the relationship between the confidence levels
of the opinion followers and the opinion leaders’ influence power, we reduce the
length of the confidence level.range of the opinion followers in each experiment—for
example, [0.4,1], [0.2,1],7]0.3/1},... [0.9,1]—to analyze the changes in the number
distribution of the influenced opinion followers. When the confidence level range is
reduced from [0,4)=to [0.4,1], [0.2,1], and [0.3,1], the number of the influenced
agents in the oopinion subinterval [-0.1,0] gradually decreases, while those in the
opinion subintervals [-0.3,—0.2] and [0.1,0.2] show an increasing trend. As the
confidence level range is further reduced to [0.4,1], drastic changes in the number of
the influenced opinion followers are observed among the three opinion clusters. The
agents,“whose final opinions belong to [-0.3,-0.2] and [0.1,0.2] for longer
confidence level ranges, tend to converge to the middle opinion subinterval. When the
range reaches [0.5,1], all opinion followers reach consensus in the middle opinion
subinterval [-0.1,0]. This result shows that, after the confidence levels of the opinion
followers have increased to [0.5,1], the collective opinions of the opinion followers
will reach a consensus at the compromise opinion 0. The results also indicate that, in a
social network with equal degrees of trust toward the positive and negative opinion
leader subgroups, increasing the confidence levels of the opinion followers to a



certain degree is conducive to the influence power of the opinion leaders. However,
when the confidence levels of the opinion followers surpass a certain threshold, the
opinion leaders’ influence power will not increase. Hence, the situation in which the
opinion followers’ opinions are completely dominated by one of the opinion leaders’
groups is unlikely to occur. When the opinion followers’ confidence levels are
sufficiently large, they appear to have more difficulties in making a decision between
the opinions of the positive and negative opinion leaders. As a result, the influence
power of the positive and negative opinion leaders offset one another. Moreover,.due
to herd mentality, more agents tend to abandon the opinion leaders.they initially
followed and join the largest opinion group.

In the above experiment, the positive and negative opinion leader subgroups
have the same propagation. Moreover, the opinion followers have equal degrees of
trust in the opinion leaders. This well-matched case may be-the reason for restricting
the exertion of the influence power of the opinion leaders.\In order to investigate the
impact of the opinion followers’ confidence levels.on“the influence power of the
opinion leaders, under the condition of two leadersubgroups not being well matched,
we alter the opinion followers’ degrees of trust.toward the positive opinion leaders ¢,
from 0.4 to 0.6. This is so that the positive opinion leaders may have a stronger
influence on the agents. Correspondingly, their degrees of trust toward the negative
opinion leaders are reduced to S =0.2. We then repeat the process of the previous
simulation, with the other.parameters unchanged.

Figure 5 shows an evolution of the collective opinions with the reducing range of
confidence levelswhen the opinion followers have different degrees of trust toward
the positive and negative opinion leaders. Compared to Figure 4, the final opinions of
the opinion-followers in Figure 5 tend to shift toward the target opinion of the positive
opinion ‘leader; subgroup. Moreover, Figure 5 illustrates that, as confidence levels
increase, the opinion followers start to shift (to different degrees) toward the target
opinion of the positive opinion leader subgroup, and eventually cause a situation in
which the number of opinion followers in the opinion interval [-0.5,0] becomes
zero. In addition, as the degrees of trust increase, although more opinion followers
begin to shift toward the target opinion of the positive opinion leaders, none of them
actually reaches the target opinion of 0.5; rather, their opinions become consistent
within the opinion subinterval [0.1,0.2]. These results show that the increase in the

opinion followers’ degrees of trust toward the positive opinion leaders can strengthen



the influence power of the positive opinion leaders. However, when the degrees of
trust are assigned as «; = 0.6, the influence power of the positive opinion leaders still
cannot be fully exploited.
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Figure 5: Evolution of the collective opinions Wi(tr? heterogeneous confidence levels
(@) & <[01]; (b) & e[0.1410(C) £7<[0.31]; (d) & [0.41]; (6) & <[0.81]

Table 3 presents the numberdistribution of the opinion followers when reducing
the confidence level range; under the condition that the opinion followers have
different degrees of.trusttoward the positive and negative opinion leaders. Compared
to Table 2, when the opinion followers have larger degrees of trust toward the positive
opinion leaderscand'these leaders become more influential, the number distribution of
the influenced agents presents some substantial changes. Firstly, the pattern of their
final opinions being distributed in the three subintervals ([-0.1,0], [-0.3,-0.2],
[0.1,0:2]) disappears. The final opinions of the followers skew right toward 0.5.
Specifically, in addition to [-0.1,0], the opinions of the followers are distributed in
the subintervals [0,0.1], [0.1,0.2], [0.2,0.3], and [0.3,0.4], to the right of the
middle opinion 0. Secondly, with the narrowing of the confidence level range, some
of the opinion followers, whose opinions are distributed in the center interval, begin
to move toward the opinion intervals [0.2,0.3] and [0.3,0.4]; these are closer to the
target opinion of the positive opinion leaders. When the confidence level range is
reduced to [0.4,1], all opinion followers are aggregated in the subintervals [0.2,0.3]



and [0.3,0.4]. It is worth noting that after the confidence levels &~ have reached
[0.3,1], the number of the influenced opinion followers in the subinterval [0.2,0.3]
begins to increase, while that of the influenced opinion followers in the subinterval
[0.3,0.4] correspondingly decreases. After the confidence level range is narrowed to
the subinterval [0.7,1], all followers reach a consensus in the subinterval [0.1,0.2].
Compared to when the positive and negative opinion leaders are well matched, the
final collective opinions in this experiment are closer to the target opinion of the
positive opinion leaders. Lastly, compared to when the positive and negative opinion
leaders are well matched, the opinion followers need a greater overall ‘confidence
level in order to reach consensus. Specifically, when the opinion follewers:have equal
degrees of trust toward the opinion leaders and the confidence levels satisfy
giF €[0.5,1], the opinion followers reach consensus. However, when the opinion
followers have unequal degrees of trust, the confidence"levels should reach
& €[0.8,1], in order for the followers to come to a final consénsus.

Table 3: Number distribution of the influenced opinion-followers with heterogeneous confidence

levels

Distribu

on [-0.5,-0.4] | [-0.4,-0.3] | [-0.3,-0.2] {{=0:2,-0:1] | [-0.1,0] | [0,0.1] | [0.1,0.2] | [0.2,0.3][0.3,0.4] [0.4,0.5]
g

[0,1] 0 0 0 0 497 0 420 746 136 0
[0.11] 0 0 0 0 352 21 0 474 952 0
[0.2,1] 0 0 0 0 123 29 0 567 1080 0
[0.3,1] 0 0 0 0 0 32 0 618 1149 0
[0.41] 0 0 0 0 0 0 0 721 1078 0
[0.5,1] 0 0 0 0 0 0 0 832 967 0
[0.6,1] 0 0 0 0 0 0 0 1102 | 697 0
[07.1] 0 0 0 0 0 0 0 1460 339 0
[0:8;1] 0 0 0 0 0 0 1799 0 0 0
[0.9/1] 0 0 0 0 0 0 1799 0 0 0

On that account, in a social network that consists of more than one opinion
leader group, the confidence levels of the opinion followers are no longer the decisive
factor that affects the influence power of the opinion leaders. However, regardless of
whether the positive and negative opinion leader subgroups are matched or
unmatched, increasing the confidence levels of the followers is helpful in reaching a

consensus. Furthermore, although the increase in the degrees of trust toward positive



opinion leaders could enhance their influence on the opinion followers, the influence
is still not at its maximum potential. These results show that in a social network with
multiple opinion leader subgroups, the influence power of either opinion leader
subgroup tends to be restricted by the other subgroups—particularly when these
subgroups hold opposing target opinions. In addition, it becomes increasingly more
difficult for the opinion followers to make decisions and determine their opinion
neighbors when multiple leader subgroups exist in the social network.

4.4 Trust Degrees Toward Opinion Leaders

Although the previous section revealed that enhancing the degrees.of trust of the
opinion followers toward the positive opinion leaders is conducive«to the influence
power of these leaders, the relationship between the opinion followers” degrees of
trust toward the leaders and the influence power of these, leaders remains to some
extent unclear. In order to check whether the relationship“isspositively correlated, we
again conduct a series of simulation experiments.

Assume that the proportion of opinion followers”is P. =0.9, and that the
proportions of positive and negative opinion leaders are both P, =B, =0.05. We will
investigate the impact of the opinion followers” degrees of trust toward one opinion
leader subgroup on the influence power of the opinion leaders as well as the evolution
of the collective opinions. It is assumed, that the degrees of trust satisfy the condition
o+, =0.8. We then gradually increase the opinion followers’ degrees of trust
toward the positive opinion leadersubgroup ¢;, and reduce those toward the negative
opinion leader subgroup, to investigate the relationship between the trust degree ¢,
and the influence power of:the positive opinion leaders.

Figure 6 illustrates the evolution of the collective opinions when the degrees of
trust of the. opinion followers toward the positive opinion leaders take different
values. We find that both the positive and negative opinion leaders’ opinions relatively
swiftly (approximately six time steps) converge to the target opinions 0.5 and -0.5,
respectively, while the final opinions of the followers are relatively fragmental and
take longer to reach the steady states. When the degrees of trust of the opinion
followers toward the positive and negative opinion leaders are the same
(a,=p =0.4), the opinions of the opinion followers symmetrically form three opinion
clusters centered on the intermediate opinion O [Figure 6(a)]. When the degrees of
trust of the opinion followers toward the positive opinion leaders ¢; increase from
0.4 to 0.43, 0.5, 0.6, 0.7, and 0.8, the three opinion clusters begin to shift toward the



target opinion 0.5 of the positive opinion leaders. This indicates that the positive
opinion leaders influence more opinion followers. Further, when these degrees of trust
toward the leaders reach the maximum value «;=0.8, some of the opinion followers
reach consensus on the target opinion of the positive opinion leaders, whereas the
opinions of those remaining are concentrated at the center opinion 0 [Figure 6(f)].
Note that none of the opinions of any follower converges to the target opinion -0.5 of
the negative subgroup.
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Figure 6: Evolution of the collective opinions with different degrees of trust
(@) o, =0.40; (D) ¢, =0.43; (C) @, =0.50; (d) o, =0.60; (€) ¢, =0.70; (f) 2, =0.80

Table 4 presents the detailed relationship between the degrees of trust toward the
positive opinion leaders and the number distribution of the opinion followers in the 10

opinion subintervals.



Table 4: Number distribution of the influenced opinion followers with different degrees of trust

Distribu
gQn [-0.5,-0.4]|[-0.4,-0.3] |[-0.3,-0.2] |[-0.2,-0.1] | [-0.1,0] | [0,0.1] |[0.1,0.2]| [0.2,0.3][0.3,0.4]][0.4,0.5]
&

0.40 0 0 83 0 1609 0 107 0 0 0
0.41 0 0 63 0 1518 0 218 0 0 0
0.42 0 0 65 0 1420 0 314 0 0 0
0.43 0 0 54 0 1421 0 324 0 0 0
0.44 0 0 39 0 584 800 376 0 0 0
0.45 0 0 36 0 547 768 448 0 0 0
0.50 0 0 0 3 516 681 0 599 0 0
0.60 0 0 0 0 497 0 420 746 136 0
0.70 0 0 0 0 430 0 0 0 1369 0
0.80 0 0 0 0 367 0 0 0 0 1432

The following characteristics can be observed<from\Table 4 above. First, the
numbers distributed in the three subintervals [-0:3,—0:2], [-0.1,0], and [0.1,0.2]
have changed. With the increase in the opinion followers’ degrees of trust toward the
positive leaders, a larger proportion . of ‘opinion followers leave the opinion
subintervals [-0.3,—0.2] and [-0.,0], and join in [0.1,0.2], which is closer to the
target opinion of the positive opinion“leaders. Even if there is a subtle increase, for
example, 0.01 of ¢, from 04 to 0.41, 0.42, 0.43, and 0.45, there is a substantial
increase in the number of opinion.followers in subinterval [0.1,0.2], and the numbers
in the other two intervals tend to correspondingly decrease. When the degrees of trust
reach ¢, >0.5, the.number of opinion followers in the interval [-0.3,-0.2] is
reduced to zero. Second, there are changes in the distribution of the number of
opinion followers across the 10 opinion subintervals. With the enhancement of the
opinion followers’ degrees of trust toward the positive opinion leaders, their opinions
show a tendency to move toward the opinion subinterval that is close to the target
opinion” of the positive opinion leaders (0.5). When ¢, >0.5, apart from some
opinion followers that remain in the interval [-0.1,0], the remaining agents all
converge to the subinterval that is closer to the target opinion of the positive opinion
leaders. When ¢, =0.6, the opinion followers are distributed between [-0.1,0],
[01,0.2], [0.2,0.3], and [0.3,0.4]. Third, compared to the situation in which there is
only one group of opinion leaders in the network, the influence power of opinion

leaders seems to be weakened in a network with multiple opinion leader subgroups




when the opinion followers’ degrees of trust toward the opinion leaders are the same.
For example, when the degrees of trust of the opinion followers toward the positive
opinion leaders are o, =0.6 and «; =0.7, no opinion follower falls into the range of
the target opinion of the positive opinion leader [0.4,0.5]. Fourth, when the opinion
followers’ degrees of trust toward the positive opinion leaders are ¢; =0.8, although
there are still negative opinion leaders in the social network, the degrees of the trust
toward the negative opinion leaders become f =0. Thus, the model (3-1) can be
revised as follows:

X (t+1)=(1- a) IJ(t) (t)+a

O PARNGENG! @-1)

()

In this case, the opinion updating of the opinion followers under the'situation of the
model (4-1) is the same as that of the situation in which*there is‘a single opinion
leader group in the network. In other words, the negative opinion leaders have no
influence on the opinion evolution of the opinion followers.
4.5 Lessons learned

From the above analysis, we note that:w(1) The-proposed models (3-1)-(3-3) are
very general bounded confidence models, which can be reduced to the model (4-1)
with one subgroup of opinion leadersyor the HK model without opinion leaders under
some conditions. (2) The above_simulation experiment fully demonstrates that, when
other conditions remain unchanged, and the degrees of the trust of opinion followers
toward the positive opinion leaders increase, the influence of positive opinion leaders
is likely to grow. On that account, in a social network with multiple opinion leader
subgroups, improeving opinion followers’ degrees of trust toward opinion leaders is an
essential approach to-enhance the influence power of these opinion leaders. (3) In
future, real opinion data could be collected from social networks to validate the
propesed models (3-1)-(3-3). In recent years, with the rapid development of Internet
technology, people can easily use tools, including Scribe, Chukwa, Kafka, and Flume,
to acquire data on social media platforms through techniques such as web crawlers
and application programming interfaces.
5. Conclusions

This paper considered a social network with multiple opinion leader subgroups.
It established a very general bounded confidence-based opinion dynamics model for
opinion leaders and followers, when the opinion leader subgroups possessed different

target opinions. We then utilized a computer simulation technique to investigate the



relationship between the proportion of opinion leaders, confidence levels of opinion
followers, and degrees of trust of opinion followers toward the opinion leaders. The
results provided a quantitative analysis for the collective decision-making of a social
group in e-commerce networks. In summary, through the comparative analysis of the
three factors, the degrees of trust of opinion followers toward opinion leaders have a
more important effect on the influence power of opinion leaders. Thus, in order to
maximize the propagation effect in e-commerce, enhancing opinion leaders’
credibility is a crucial precondition.

We noted that opinion dynamics research generally uses computer simulation
methods to investigate the opinion evolution mechanism for different, influence
factors. When group opinions evolve in an e-commerce environment, we may use
some tools, including Scribe, Chukwa, Kafka, and Flume, to acquire opinion data on
social media platforms. Future research lies in using the-acquired data to test the
degree of approximation between mathematical models and the actual processes of
opinion dissemination on social media platforms. Thus, it'would help to continuously
improve the mathematical model, as well as deepen the understanding of the principle
of evolution of public opinion.
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