
����������
�������

Citation: Huo, L.; Zhang, Y. Effect of

Global and Local Refutation

Mechanism on Rumor Propagation in

Heterogeneous Network.

Mathematics 2022, 10, 586. https://

doi.org/10.3390/math10040586

Academic Editors: Davide Valenti

and Roman Starosta

Received: 17 December 2021

Accepted: 27 January 2022

Published: 14 February 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

mathematics

Article

Effect of Global and Local Refutation Mechanism on Rumor
Propagation in Heterogeneous Network
Liang’an Huo * and Yuqing Zhang

Business School, University of Shanghai for Science and Technology, Shanghai 200093, China;
192891049@st.usst.edu.cn
* Correspondence: liang_anhuo@usst.edu.cn

Abstract: In the process of rumors propagation, the behavior of individuals to propagation or refuta-
tion is not only influenced by the surrounding global environment but also the local environment. In
this paper, a modified rumor propagation model is proposed considering the global and local effects
of the rumor refutation mechanism and the activity rate of individuals in a heterogeneous network,
and the dynamics process of the rumor propagation is derived by using the mean-field equation.
Combining theoretical proving and simulation analysis, it shows that the critical threshold of rumor
propagation has a great relationship with individual activity rates and global and local effects of
the rumor refutation mechanism. The greater the government’s efforts to refute rumors, the lower
the critical threshold of rumor propagation and the smaller the final rumor size. While relatively,
people are much more likely to believe the global rumor refutation information taken with official
information, local rumor refutation information has little influence on rumor propagation.

Keywords: rumor propagation; refutation mechanism; critical threshold; activity rate;
heterogeneous network

1. Introduction

Rumors are unconfirmed statements that may cause adverse effects on our society’s
stability [1,2]. With the rapid development of social networks, the spread of rumors has
become faster, and its impact is more widespread. In order to reduce the negative impact
of rumor propagation, the government has invested a lot of resources in refuting rumors
to control the spread of rumors. For example, the recent spread of the COVID-19 has
caused a lot of rumors about the epidemic, and some of them have seriously affected
people’s life and social stability [3,4]. Fortunately, the government implements the rumor
refutation strategies and promptly announces authoritative information to the public,
which can greatly reduce the negative impact of rumors on society globally. Moreover,
the spontaneous rumor refutation strategies of non-governmental organizations (NGOs)
have a certain inhibitory effect on the spread of rumors locally. With the joint efforts
of the government and some NGOs, the spread of rumors will be effectively controlled.
Therefore, it is necessary for us to study the global and local influence of the rumor
refutation mechanism to better guide public opinion.

As early as the 1960s, researchers began to study the mechanism of rumor propagation.
Daley and Kendal comparatively studied the similarity between the spread of epidemics
and rumors and proposed the DK model, which revealed the differences between the two
spread mechanisms [5]. The MK model proposed by Maki and Thompson suggested that
rumors were spread through direct contact between spreaders and other individuals [6].
With further research on complex network models, Newman et al. believed that the
classic model could only describe the propagation process on small-scale social networks
because they did not consider the characteristics of social network topology [7]. In addition,
scholars further studied the influence of the complex topology of social networks on the
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dynamics of rumor propagation [8]. Zanette et al. first applied the theory of complex
networks to the study of rumor propagation and proposed the rumor propagation model
on static and dynamic small-world networks [9]. Moreno et al. used the Monte Carlo
simulation method to study the random MK model on scale-free networks [10]. Based on
the traditional rumor propagation model, many scholars used different methods to study
the rumor propagation mechanism [11], thus developing many new rumor propagation
models, such as SIS (Susceptible-Infected-Susceptible) model [12], SIR (Susceptible-Infected-
Removed) model [13], SEIR (Susceptible-Exposed-Infected-Removed) model [14], SIHR
(Susceptible-Infected-Hibernator-Removed) model [15], ILSR (Ignorant-Lurker-Spreader-
Removal) model [16], IWSR (Ignorant-Wiseman-Spreader-Stifler) model [17], and SCIR
(Susceptible-Infective-Counterattack-Refractory) model [18], etc.

Some scholars have found that the activity rate of individuals will also affect the
process of rumor propagation. An individual’s activity rate represents the individual’s
willingness to spread rumors. Individuals with a higher rate of activity are usually more
active in spreading rumors. Liu et al. considered the influence of individual activity rates on
the spread of rumors and obtained a new critical curve consisting of pairs of critical activity
rate and infection rate [19]. Huo et al. believed that the activity rate of the individuals in
complex networks would affect the process of rumor propagation [20].

In reality, the negative impact of the large-scale spread of rumors has attracted official
attention. The government began to formulate some measures to refute the rumors, called
the rumor refutation mechanism. Some scholars discovered that the rumor refutation
mechanism could effectively control rumor propagation. Zhao et al. described the dynamic
process of rumor propagation by accounting for the refutation mechanism in homoge-
neous social networks [21]. Zhang et al. developed a dynamic eight-state ICSAR rumor
propagation model considering the official rumor refutation mechanism [22]. Zhang et al.
introduced a new two-stage rumor propagation and refutation model with time effect
for online social networks [23]. Einwiller and Kamins considered the moderating effect
of rumors-targeted identity on rumor impact and refutation effectiveness [24]. Jia et al.
studied a rumor propagation model with regime switching considering colored noise and
white noise and calculated a threshold Rs that guarantees the existence of rumor demise
and stationary distribution [25].

In addition, the propagation of rumors is influenced not only by the global social
environment but also the local environment. For instance, in terms of the global impact of
the spread of rumors, Zhao et al. studied the SIHR rumor propagation model considering
the forgetting and remembering mechanisms in a homogeneous network [26]. Dong et al.
established an SEIR rumor propagation model to describe online social networks with
different total user numbers and user deactivation rates [27]. Zhu studied the comprehen-
sive influence of psychological factors, propagation delay, network topology, and control
strategies on the spread of rumors on online social networks [28]. Li et al. considered the in-
fluence of government punishment on SIS and SIR rumor propagation models [29]. Li et al.
proposed a model considering the symmetry and complexity of the social strengthening
effect [30]. In terms of the local influence of the spread of rumors, Wang et al. studied
the influence of differences in network individual identification capabilities on rumor
propagation [31]. Xu et al. introduced an enhanced mechanism to describe the individual’s
willingness to spread rumors [32]. Cheng et al. consider the influence of psychological
factors such as the weakening of personal interest and the cumulative effect of memory
on rumor propagation [33]. Hu et al. considered and discussed different attitudes of
individuals to the spread of rumors and established a sensitive-hesitant-affected-resistance
(SHAR) model [34]. Chen et al. divided the population into two categories: radical and
stable and proposed the SEIsIrR model [35].

From the above literature research, it can be seen that the rumor refutation mechanism
and individual activity rates have a certain impact on rumor propagation. In the previous
literature, the impact of the rumor refutation mechanism was not analyzed into two aspects:
global and local. Therefore, on the basis of the classic ISR rumor propagation model, this
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paper considers the global and local rumor refutation mechanism and individual activity
rates, establishes the mean-field equation, deduces the rumor propagation model, calculates
the threshold of rumor propagation, and conducts simulation analysis on a heterogeneous
network. The arrangement of this paper is as follows. Section 2 introduces the improved
rumor propagation model in detail. In Section 3, we use the mean-field equation to derive
the corresponding equations of the model. In Section 4, the numerical study is carried out
to verify the theoretical analysis. Section 5 presents the conclusions.

2. The Dynamic Rumor Propagation Model

In this paper, we considered two aspects that may affect the spread of rumors: the
global and the local influences. On the one hand, in the process of rumor propagation, the
government will launch corresponding refutation strategies based on the scale and severity
of the spread of rumors. In other words, the government will determine the strength of
rumor refutation according to the severity of the rumor influence to restrain the spread of
rumors. Under the global influence of the rumor refutation mechanism, the public opinion
atmosphere of the whole society began to change, thus changing people’s attitude towards
the rumor and lowering the threshold of rumor propagation. On the other hand, NGOs
and some people will also spontaneously refute rumors and have an impact on individuals
around them. The rumor refutation mechanism of NGOs also affects people’s attitude
towards rumors and reduces people’s willingness to spread rumors. In the heterogeneous
networks, we regard individuals as nodes.

In the traditional rumor propagation ISR model, each node can be in one of the
following three states: ignorant (I, those who have never heard the rumor), spreader (S,
those who spread the rumor), stifler (R, those who have heard the rumor but not to spread),
and each link represent the contact between nodes. In this paper, we also used the ISR
model to describe the dynamic process of rumor propagation. Moreover, we noticed that
different individuals have different activity rates. In the process of rumor propagation,
there were roughly two types of individuals: active and inactive. Individuals with different
activity rates will react differently when faced with rumors. These two types of people
have different attitudes towards rumor propagation. Active individuals are very proactive
in the rumor propagation and willing to share information or gossip with people around
them. This is to say, active individuals can interact or exchange information with all
individuals. Inactive individuals have a negative attitude towards rumor propagation
and will not take the initiative to contact other people and spread rumors, which means
that two inactive individuals may not exchange information with each other. However, as
their opinions change, inactive individuals may become active, and active individuals may
become inactive. We assume that active individuals and inactive individuals can transform
into each other with a certain probability and introduce the activity rate to express this
difference. We set α represents the probability of a node is in active state and 1− α is in
inactive state. Therefore, all nodes will be in one of the following six states: active ignorant
(Ia), inactive ignorant (Id), active spreader (Sa), inactive spreader (Sd) and active stifler
(Ra), inactive stifler (Ra), in which the superscript a denotes an active state and d inactive
state. Since stifler has no effect on the process of rumor propagation, we use R instead of
Ra and Rd.

We divided all nodes into three groups according to their degree and gave the mean-
field analysis to study the spread dynamics of rumor propagation. The number of nodes
in each group k is denoted by N(k). Then, we use I(k, t), S(k, t), R(k, t) to represent the
expected number of nodes with degree k at time t in ignorant, spreader and stifler state, and
ρI(k, t), ρS(k, t), ρR(k, t) as their density respectively. Apparently, ρS(k, t) = S(k, t)/N(k),
ρR(k, t) = R(k, t)/N(k), ρI(k, t) = I(k, t)/N(k) and ρI(k, t) + ρS(k, t) + ρR(k, t) = 1.

In our model, the global rumor refutation mechanism is dominated by the government
and has an impact on all people in the whole society. Time delay is not considered in
this model. We assume that once the rumors begin to spread, the government will take
measures to refute rumors according to the situation. Moreover, the more people infected,
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the stronger the government’s efforts to refute rumors. After activating the rumor refutation
mechanism, the social environment of rumor propagation has changed, which is called
global influence, denoted by ξg. The local rumor refutation mechanism is dominated by the
NGOs. It affects a small range of people through the contact among individuals. Under the
influence of the local rumor refutation mechanism, the individual’s willingness to spread
rumors will be reduced accordingly. We call it local influence, which is represented by ξl .

When the rumor spreads with probability λ, affected by the global and local influence
of rumor refutation mechanism, the spread probability when an active ignorant node i
contacts the surrounding g(g ≤ k) spreader nodes at time t who has heard the rumor in the
time interval [t, t + ∆t] is λ(1− ξg)(1− ξl). Therefore, the probability of an active ignorant
i becoming an active spreader when there are n spreaders around is

Pa
I→S = 1− [1− λ(1− ξg)(1− ξl)]

n (1)

In the process of rumor propagation, active nodes play a relatively major role. Since
active and inactive nodes can be transformed into each other with probability α and 1− α.
For inactive nodes, the probability of transformation from ignorant to spreaders will be
affected by α. To simplify the calculation, we consider the influence of α as the influence of
the whole network. Moreover, the probability of an inactive ignorant node i becoming an
inactive spreader when there are m active spreaders around is

Pd
I→S = 1− [1− λα(1− ξg)(1− ξl)]

m (2)

where ξg = f (ρS
global(t)) is global influence of the rumor refutation mechanism, which

means that the government decides the strength of rumor refutation based on the proportion
of infected nodes in the whole network. Moreover, we assume the global influence of
the rumor refutation mechanism as a set of linear relationships, that is, the function of
the government’s rumor refutation intensity and the density of the rumor spreaders. In
addition, considering that inactive nodes will only be affected by active spreaders, we use
g instead of m and n to represent the number of spreaders around the ignorant node i.
Therefore, ξg = f (ρS

global(t)) = bρS(t), where b ∈ (0, 1) is the strength of the government to

refute rumors and ρS(t) is taken to be representative of the density of spreaders in whole
network. Similarity, ξl = h(ρS

local(t)) = γg/k is taken to be representative of the local
influence of rumor refutation mechanism, where γ ∈ (0, 1) is the coefficient of NGOs rumor
refutation mechanism and k is the total number of its neighbors.

The contacts rules between the active and inactive individuals are as follows:

• In the process of rumor propagation, affected by the global and local influence of
rumor refutation mechanism, when an active spreader (Sa) contacts an active or
inactive ignorant (Ia or Id), the active ignorant becomes an active spreader with
probability Pa

Ia→Sa or Pa
Id→Sd , respectively. Moreover, we have Pa

Ia→Sa = ωPa
Id→Sd ,

where 0 ≤ ω ≤ 1. To simplify the calculation, we let ω = 1, thus Pa
Ia→Sa = Pa

Id→Sd .
We use Pa

I→S instead of Pa
Ia→Sa and Pa

Id→Sd . The inactive ignorant becomes an inactive
spreader with probability Pd

I→S;
• For some reasons, the active and inactive individuals can transform into each other

with a certain probability. The probability that the active individual becomes the
inactive state is α, otherwise 1− α. The active ignorant can be infected by active and
inactive spreader, but the inactive ignorant only can be infected by active spreader;

• When the spreader contacts another spreader or stifler, the spreader loses the motiva-
tion to spread the rumors and becomes a stifler with probability β;

• Due to the forgetting mechanism, active or inactive spreaders change their states and
become stiflers spontaneously with probability δ.

The reaction process can be schematically represented by
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1. Ignorant state change

Ia + Sa
Pa

I→S→ Sa + Sa

Ia + Sd
Pa

I→S→ Sa + Sd

Id + Sa
Pd

I→S→ Sd + Sa

2. Spreader state change

Sa + Sa β→ R + Sa

Sa + Sd β→ R + Sd

Sa + R
β→ R + R

Sd + R
β→ R + R

3. Spontaneously stop spreading rumors

Sa δ→ R

Sd δ→ R

According to the above description, we can obtain the rumor propagation process as
shown in Figure 1.
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Figure 1. The dynamic process of rumor propagation.

Based on the above assumptions, we establish an improved ISR model that considers
the rumor refutation mechanism and activity rates. In Section 3, we will derive the mean-
field equation for the rumor propagation model and calculate the critical threshold.

3. Mean-Field Equations of Spreading Dynamics

In this section, we consider the mean-field equations of the above spreading dynamic
model on the heterogeneous networks. According to the improved model proposed in
Section 2, let φ(k′, t) be the probability that a node with degree k randomly selected edge
points to a spreader, thus we have

φ(k′, t) =
∑
k′

k′P(k′)ρS(k′, t)

〈k〉

where P(k′) is the degree distribution of the network, 〈k〉 = ∑k kP(k) is the average degree
and ρS(k′, t) is the density of spreaders with degree k′ at time t.

Generally, active ignorant individuals can be infected by any infected individual, but
inactive ignorant individuals can only be infected by active infected individuals. Next, we
will divide the discussion into two cases.
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The probability that a node with a degree k has g spreading neighbors is given by

θ(k, g) = Cg
k φ(k′, t)g

(1− φ(k′, t))k−g
=

g!
k!(g− k)!

φ(k′, t)g
(1− φ(k′, t))k−g

For further derivation, we let φ = φ(k′, t) and θ = θ(k, g). Combined with Equation (1),
the probability that an active ignorant keeps its state unchanged for arbitrary g at time t is

Pa
I I(k, t) =

k

∑
g=0

(1− Pa
I→S)θ = 1−

k

∑
g=0

[
1− λ(1− bρS(t))(1− γg/k)∆t

]g
θ

By employing L’Hôpital’s rule, we obtain

lim
∆t→0

1
∆t

[
1−

k
∑

g=0

(
1− λ(1− bρS(t))(1− γg/k)∆t

)g
θ

]
= 1− lim

∆t→0

k
∑

g=0
gθ
(
1− λ∆t(1− bρS(t))(1− γg/k)

)g−1
λ∆t(1− bρS(t))(1− γg/k)

= 1− λ∆t(1− bρS(t))
k
∑

g=0
gθ(1− γg/k)

Thus, we can obtain

Pa
I I(k, t) =

k

∑
g=0

(1− Pd
I→S)θ = 1− λ∆t(1− bρS(t))

k

∑
g=0

gθ(1− γg/k)

Similarity, the probability that an inactive ignorant keeps its state unchanged for
arbitrary g at time t is

Pd
I I(k, t) = 1− λα∆t(1− bρS(t))

k

∑
g=0

gθ(1− γg/k)

Based on above analysis, the probability of an ignorant node with degree k to stay in
ignorant state at time t is

PI I(k, t) = αPa
I I + (1− α)Pd

I I

= α[1− λ(1− bρS(t))
k
∑

g=0
gθ(1− γg/k)] + (1− α)[1− λα(1− bρS(t))

k
∑

g=0
gθ(1− γg/k)]

= 1− (2α− α2)λ∆t(1− bρS(t))
k
∑

g=0
gθ(1− γg/k)

(3)

The discrete-time rumor propagation process with some simplification can be de-
scribed as the following equation according to Equation (3)

ρI(k, t + ∆t) = ρI(k, t)− (1− PI I)ρ
I(k, t)

= ρI(k, t)− (2α− α2)λ∆tρI(k, t)(1− bρS(t))
k
∑

g=0
gθ(1− γg/k) (4)

Dividing both sides of Equation (4) by ∆t and letting ∆t→ 0 , Equation (4) can be
written as a continuous-time equation

dρI(k, t)
dt

= −(2α− α2)λρI(k, t)
(

1− bρS(t)
)
∑
g

gθ(1− γg/k) (5)
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Then, we calculate the value of ∑g λgθ(1− γg/k)

λ∑
g

gθ(1− γg/k) = λ∑
g

(
gθ − γg2/kθ

)
= λE(g)− λγE

(
g2/k

)
where E(g) = kφ, E

(
g2/k

)
= kφ2 + φ(1− φ). Similarity, we can obtain

dρS(k,t)
dt = (2α− α2)λ(1− b)ρI(k, t)

[
E(g)− γE

(
g2/k

)]
−(2α− α2)ρS(k, t)βE′(g)− δρS(k, t)

(6)

dρR(k, t)
dt

= (2α− α2)ρS(k, t)βE′(g) + δρS(k, t) (7)

where E′(g) = kφ′, E′
(

g2/k
)
= kφ′2 + φ′(1− φ′) and

ϕ
(
k′, t
)
= ∑

k′

k′P(k′)
(
ρS(k′, t) + ρR(k′, t)

)
〈k〉 = 1−∑

k′

k′P(k′)ρI(k′, t)
〈k〉

In order to further calculation, we set an intermediate variable Ω(t) as follows:

Ω(t) =
∫ t

0
φdt =

∫ t

0

∑
k′

k′P(k′)ρS(k′, t)

∑
k′

k′P(k′)
dt =

∫ t

0

〈〈
ρS(k′, t

)〉〉
dt

In the following formula we use the following simplified symbols

∫ t

0

∑
k′

k′P(k′)O(k)

∑
k′

k′P(k′)
dt =

∫ t

0
〈〈O(k)〉〉dt

Since E(g) = kφ and E
(

g2/k
)
= kφ2 + φ(1− φ), according to Equation (5), we have

dρI(k,t)
ρI(k,t)dt = −(2α− α2)λ(1− b)

[
E(g)− γE

(
g2/k

)]
= −(2α− α2)λ(1− b)

[
kφ− γ

(
kφ2 + φ(1− φ)

)]
Due to ρI(k, t) ≈ 0, by removing the high order term of φ, we can obtain

ρI(k, t) = e−λ(2α−α2)(1−b)(k−γ)Ω(t) (8)

Combining Equations (5) and (8), we can derive

dΩ(t)
dt = 1− 〈〈e−λ(2α−α2)(1−b)(k−γ)Ω(t)〉〉

−
(
2α− α2)β∫ t

0

[
1− 〈〈e−λ(2α−α2)(1−b)(k−γ)Ω(t)〉〉

]
〈〈kρS(k′, t)〉〉dt− δΩ(t)

In order not to lose generality, we assume the initial distribution of ignorant is
ρS(k, t) ≈ 1. In the limit t→ ∞ we have dΩ(t)/dt = 0, Ω(∞) = limt→∞Ω(t), then
we can then obtain

Ω(t) =
(
(2α− α2)βk + δ

)−1
(1− 〈〈e−λ(2α−α2)(1−b)(k−γ)Ω(t)〉〉

−(2α− α2)β
∫ t

0 〈〈e
−λ(2α−α2)(1−b)(k−γ)Ω(t)〉〉〈〈kρS(k′, t)〉〉dt)

= f (Ω)

(9)



Mathematics 2022, 10, 586 8 of 17

There is a zero solution Ω = 0 of Equation (9), and the necessary condition for the
existence of non-zero solution of Equation (9) is

d f (Ω)

dΩ

∣∣∣∣ Ω = 0
≥ 1

which means the spreading threshold of ISR dynamic is

λc =
δ〈k〉

(2α− α2)(1− b)(〈k2〉 − γ〈k〉) (10)

But we must notice that λc is not always make sense. λc will be greater than 1 when
α < 1−

√
1− δ〈k〉/(〈k2〉 − γ〈k〉). This means that when the activity rate of a node is

below a certain threshold, the propagation scale will be relatively small regardless of the
spread rate. We can also draw the threshold of activity rate and the strength of the global
rumor refutation

αc = 1−
√

1− δ〈k〉
λ(1−b)(〈k2〉−γ〈k〉)

bc = 1− δ〈k〉
λ(2α−α2)(〈k2〉−γ〈k〉)

(11)

From Equation (11), it can be seen that when the strength of government refutation is
small, that is, when b < bc, the rumors cannot be controlled. Only when the strength of
rumor refutation is greater than bc, can it affect the threshold of rumor propagation.

Similarity the threshold of local influence is

γc =

〈
k2〉
〈k〉 −

δ

λ(2α− α2)(〈k2〉 − γ〈k〉) (12)

From Equation (12), we can conclude that the rumor propagation threshold λc is related
to the individual activity rate α, the global influence of the rumor refutation mechanism b
and the local influence of the rumor refutation mechanism γ. Since ρS(∞) = 0, we obtain
the final scale of rumor as follows:

R(∞) = 1−∑
k

P(k)ρI(∞) = ∑
k

P(k)
(

1− e−λ(2α−α2)(1−b)(k−γ)Ω(∞)
)

According to equation Equation (10), we can infer that the critical rumors propagation
threshold is affected by the strength of rumor refutation b, the strength of spontaneous
refutation γ and the individual activity rate α. When b = 0, γ = 0 and α = 1, that is,
regardless of the global and local influence of rumor refutation and the nodes in the whole
network are active, the spreading threshold is λc= δ〈k〉/

〈
k2〉, the model is a classical

rumor propagation ISR model [11]. In particular, when b = 0 and γ = 0, it means that the
government and NGOs do not refute rumors. At this time, only the influence of activity
rate on the spread of rumors is considered [19].

4. Numerical Simulations

In this section, we will conduct numerical simulations to verify the theoretical pre-
dictions in the previous section in a heterogeneous network. We consider the global and
local influence of rumor refutation mechanisms on the rumor propagation process on a
single-layer network. Assume that the network is a single-layer social network on which
all information is propagated. However, the model still has some shortcomings. For ex-
ample, we assume that the rumor refutation mechanism only affects the transfer process
from ignorant to spreader, and the change process of individual state is ignorant-spreader-
container. But in reality, the change of individual status may be unpredictable, and the
rumor refutation information may also make the ignorant directly transform into the stifler.
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To simplify the model, we performed simulations on a scale-free network based on the
existing assumptions.

During the numerical simulation, the scale-free network node is N = 106, the average
degree is 〈k〉 = 1.62 and the secondary moment

〈
k2〉 = 7.93. The initial spreader is

randomly selected to start propagation rumors during the numerical simulation. In order
to reduce the error brought by random spreaders, each of the following simulation results
is obtained by averaging over 50 runs. In the following, we will discuss the impact of
individual activity rates and the global and local effects of the rumor refutation mechanism
on rumor propagation process, as well as the final rumor propagation threshold. We
will divide into three parts and conduct numerical simulation analysis. Moreover, in the
following simulation, we use the proportion of people who are ultimately in R state to
represent the final scale of the rumor propagation.

4.1. Influence of Activity Rates: The Relationship between R, λ and α with Fixing the Value of γ, b

Figure 2 is a heat map composed of different rumor propagation rates and node
activity rates, which shows the final size of rumor propagation. In the above figure, α
represents the activity rate of the individual. The larger the value of α, the more active the
node spread rumors. There are three lines in the figure. The solid white line corresponds
to the relationship of the critical propagation rate and the activity rate to different nodes,
when less than the curve, the rumor propagation will be limited within a certain range.
Moreover, the horizontal dotted line corresponds to α = 0.125, when α is lower than this
value, the final rumor size R will be very small. The vertical dotted line corresponds to
λ = 0.065. That is to say, when λ is lower than this value, rumors cannot be spread.
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final size R of the propagation dynamics and the different λ and α, where in the shade of the color
represents the size of the propagation scale. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article).

Figures 3 and 4 show the dynamic change of the final threshold of rumor propagation
with respect to α and λ. Figure 3 shows the relationship between the activity rate and the
final size of the rumor R. Moreover, it shows that the critical threshold of spread rate is
highly relevant to α. We can conclude that the final size R increases with the increase of
α, and the larger the value of λ, the faster the increased speed. It means that the spread
rate larger, the faster the rumor propagation, and the larger the final size of the rumor is.
Therefore, controlling the scale of rumor propagation requires not only reducing the spread
rate but also the activity rate of individuals. Moreover, it can be seen from Figure 4, in the
initial stage of the propagation of rumors, when λ is very small, no matter how active the
node is, the final size of the rumor R is very small, which means that the rumor cannot
be spread on a large scale. When the activity rate is low (α = 0.025), only a large spread
rate will cause the large-scale spread of rumors. However, as the activity rate increases, a
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smaller spread rate will also cause a large-scale spread, and the final size of the rumor will
increase with the increase of α. This means that the activity rate of nodes has accelerated
the spread of rumors to a certain extent, making the final size of rumors larger.
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Figure 4. (Color online) The relationship between the final size R and the spreading rate λ.

Figures 5 and 6 represent the number of nodes infected with this rumor and stop
spreading this rumor as time changes. From Figure 5, it can be seen that when the activity
rate of nodes α is low, its peak value is smaller and the duration of rumor propagation is
longer. When γ(γ = 0.3) and b(b = 0.5) are fixed, with the increase of α, the rumor will
reach its peak value more quickly, and then gradually fall to 0. As we can see from Figure 6,
when the activity rate of nodes α is low, the number of stiflers is less, and the speed is
slower. When γ(γ = 0.3) and b(b = 0.5) are fixed, the number of stiflers increases with the
increase of α, the rate of spreader becoming a stifler will be faster. When the activity rate
of nodes increases, the interaction between nodes increases, thus, the speed of the rumor
propagation and the density of spreaders and stiflers are also increasing.
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4.2. Global Influence of Refutation Mechanism: The Relationship between R, λ and b with Fixing
the Value of γ, α

Figure 7 is a heat map composed of different rumor propagation rates and the strength
of the rumor refutation mechanism. The solid white line corresponds to the relationship
of the critical propagation rate and the strength of the rumor refutation mechanism. b
represents the strength of rumor refutation. The higher the value of b, the larger the
government’s efforts to refute rumors, and the smaller the final rumor size R. In this way,
rumors can be controlled, and the negative influence of rumor propagation can be reduced.

Figures 8 and 9 show the dynamic change of the final threshold of rumor propagation
with respect to b and λ. Figure 8 shows the relationship between the strength of rumor
refutation b and the final size of the rumor R. We can conclude that the size of R decreases
with the increase of b, and the larger the value of λ, the faster the increased speed. It
means that the greater the effort to refute rumors, the smaller the final size of the rumors.
Regardless of the size of λ, with the increase of b, the final value of R will eventually become
very small. It also shows that the rumor can be controlled only when the strength of rumor
refutation reaches a certain threshold (i.e., b > bc). Moreover, in Figure 9, we can see that
as the value of b increases, the size of the final rumor R decreases, and there is an inverse
relationship between b and R. When b is large and the spread rate is low, rumors will not
spread on a large scale. The greater the government’s efforts to refute rumors, the stronger
the control over the spread of rumors. When the rumors are strongly refuted, the final size
of the rumors becomes very small.
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Figure 7. As shown in the figure, in the case of γ = 0.3 and α = 0.5, the relationship between the
final size R of the propagation dynamics and the different λ and b, where in the shade of the color
represents the size of the propagation scale. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.).
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Figures 10 and 11 reflect the curves of spreader and stifler density over time, respec-
tively. It can be seen in Figure 10 that when the strength to refute rumors are low, that is,
the value of b is small, rumors spread very quickly, and the peak value of the density of
spreaders is higher. When α(α = 0.5) and γ(γ = 0.5) are fixed, with the increase of b, the
rumor will reach its peak value more slowly, and then gradually fall to 0. When b = 0.75,
the speed of rumors spreading is slow, and the peak value of the density of spreaders is
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correspondingly low. As we can see from Figure 11, the density of stiflers also decreased as
the strength of rumor refutation increased. When the government’s efforts to refute rumors
increase, the density of spreaders and stiflers decreases at the same time, which shows that
the global strength of rumor refutation has an important impact on the spread of rumors.
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4.3. Local Influence of Refutation Mechanism: The Relationship between R, λ and γ with Fixing
the Value of α, b

Figure 12 is a heat map composed of different rumor propagation rates and the strength
of NGOs spontaneous rumor refutation. The higher the value of γ, the more the individual
will be affected by the local rumor refutation mechanism and the lower the willingness to
spread rumors.

Figures 13 and 14 show the dynamic change of the final threshold of rumor propagation
with respect to γ and λ. From Figure 13, we can see that as γ increases, the threshold of the
rumor is also slowly decreasing. Moreover, no matter how much the spread rate λ is, the
local influence of the rumor refutation mechanism can inhibit the spread of rumors to a
certain extent. In particular, when γ = 0, it means that people do not exchange information
about refutation, thus the size of R increases with the increase of λ. In Figure 14, we see that
the local rumor refutation mechanism has little effect on the threshold of rumor propagation.
No matter how the size of γ changes, the final rumor size will hardly change. It shows
that people’s trust in the rumor refutation mechanism of NGOs is not high. Because in
the highly developed modern social network today, people have rarely transmitted and
exchanged information they obtained on the network to the people around them. Most of
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the channels for people to receive and transmit information are on the Internet. Therefore,
the rumor refutation mechanism in the social circle, that is, the local influence of the rumor
refutation mechanism, does not significantly affect the final size of the rumor propagation.
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Figures 15 and 16 reflect the curves of spreader and stifler density over time, respec-
tively. As analyzed above, the local influence of the refutation mechanism between people
has little effect on the spread of rumors, thus the density of spreaders and stiflers hardly
changes with γ. At the same time, it also shows that relying on channels between friends to
spread rumors is an unstable method because few people completely believe in the rumors
raised by friends on social platforms or face-to-face communication.
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5. Conclusions

Considering the rumor refutation mechanism, we divided it into two aspects: global
and local, and analyzed them, respectively. In addition, we also considered the influence
of individual activity rates on rumor propagation. According to their activity rate, they
are divided into active and inactive groups. Active individuals can be infected by all
spreaders, but inactive individuals can only be infected by active spreaders. Therefore, we
improved the ISR model and obtained a model considering the global and local effects of
the rumor refutation mechanism and the individual activity rates. Through the numerical
simulation of the model, it is not difficult to see that individuals are more affected by
the rumor propagation atmosphere of the whole society, but less affected by the people
around them. This is because NGOs rumor refutation mechanisms are perceived to be
unreliable. It can also be seen from the numerical simulation results that the strength of the
refutation mechanism has largely prevented the large-scale rumor propagation. Therefore,
we make recommendations as followings. First, we should strengthen the government’s
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guidance and promptly refute rumors in order to control the further spread of rumors.
Moreover, individuals should pay more attention to the channels or platforms of official
information release. Finally, when implementing the rumor refutation mechanism, global
and local rumor refutation should be combined to achieve the best rumor refutation effect.
We noticed that the strength of the refutation mechanism spontaneously between people
might be related to the personality of the individual. Our paper does not study this, but it
can be used as a further research direction for our future work. Our work also shows that
in the field of rumors propagation dynamics, control of rumor dynamics can be achieved
by considering increasing efforts to refute rumors.
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