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Abstract

In this study, we proposed a deterministic mathematical model that attempts
to explain the propagation of a rumor using epidemiological models ap-
proach. The population is divided into four classes which consist of ignorant
individuals, |(t), spreaders targeting community through media, M (t),
spreaders targeting community through verbal communication, G(t) and
stiflers, R(t).We explored existence of the equilibria and analyzed its stabil-
ity. It was established that rumour-free equilibrium E; is locally asymptoti-
cally stable if R, <1; meaning rumor can seize spreading in a population,
and unstable if R >1 leads to new rumor spreading in the population.
Numerical simulations of the dynamic model are carried out on the system to
confirm the analytical results. We see that the dynamics of rumor spreading
show similar behavior to that found in the dynamics of infectious diseases
except that the spread depends on the classes of spreader.
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1. Introduction

The propagation of rumors is a typical form of social interaction that exerts a
powerful influence on human affairs. Rumors represent unproven expositions
about or interpretations of news, events, or problems that are of public interest.
Because rumors are unconfirmed information, it is hard to determine whether
they are true or false [1]. Traditionally, rumors are propagated by word of
mouth [2] [3] [4]. Nowadays, with the emergence of the internet, rumors spread

by instant messengers, emails or publishing blogging and social media that pro-
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vide a faster speed of transmission [5] [6]. Once a rumor spreads, the truth is at
risk of being distorted in the public sphere. Many case studies indicate that most
rumors are false news, which exert negative impacts on the public and on social
security [7]. Rumour is a generally circulated story, report or statement without
facts to confirm its truth; it is like a virus, once it is transmitted to an individual,
an outbreak of events happens in a short period of time. It is thus that spreading
a rumor is like a contagious disease that does not need more than a few infected
individuals to infect the entire population. If a rumor starts in a population,
sooner or later everyone will know it [8].

In recent years, online social media is growing rapidly. Social media provides
a convenient communication scheme for people. Meanwhile, the scheme enables
unreliable sources to spread large amounts of unverified information among
people [9] [10] [11] [12] [13]. Rumors are thus possible to spread more quickly
and widely through online social media compared to traditional offline social
communities. The wide spread of misinformation may bring disorder to people
especially when they are facing religion or political crises. This indicates that it is
crucial for social media to identify misinformation in time so as to limit the
spread of rumors [14].

At the beginning, mathematical models for the rumors were considered
merely speculative and imprecise, but for the fact that rumor spreading is now
seen like the transmission of disease [15], it leads to a deeper understanding of
the future spread of rumor. Rumor transmitted diseases are particularly well
suited for modelling because the route of contact is clearly defined: it is through
human activities [16] [17]. In addition, there are so many questions that come to
play when it comes to addressing the spread of rumor. Modeling is the only
practical approach. The spreading of rumor is in many ways similar to the
spreading of epidemic infection by the spreader or the infections to notify or in-
fect the susceptible [18] [19] [20] [21] [22]. After notified or infected, that the
spreader can become the stifler is similar as the infections can recover after

sometimes [23].

2. The Rumor Models

Rumor can be viewed as an infection of the mind [24] [25] [26] [27]. Therefore,
the rumor propagation problem can be studied with many modeling techniques
used in the study of epidemics. Some of these approaches include deterministic
models, stochastic models and complex network [28].

Different possible behaviors in the dynamics of rumor spreading were studied
by [25]. In their study, they proposed a deterministic propagation rumor model
and detected relevant conditions, derived from local stability analysis of the ru-
mor free equilibrium and rumor-endemic equilibrium.

Rumor propagation through different types of mathematical models was in-
vestigated by [29]. In their study, they consider rumor propagation with
truth-spreading and determine the threshold which governs the dynamics of the
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system.

The dynamics of rumor model in complex heterogonous networks was ana-
lyzed by [6]. They first introduced a useful stochastic method that allows them to
obtain meaningful time profiles for the quantities characterizing the propagation

process.

3. Model Formulation

Following the classical assumption on the variables described in Table 1, we
formulate a deterministic mathematical model to describe the propagation dy-
namics of rumors. In the model, the total population is divided into four epide-
miological classes of ignorant I(t), spreaders targeting community through
media M (t), spreaders targeting community through verbal communication
G(t) and stiflers R(t). In the formulation of the model, we wish to clearly
state some essential assumptions that:

1) Recruitment into the ignorant compartment is in constant rate,

2) There is no movement between the classes of spreaders,

3) Ignorant individual become spreader after interaction with spreader through

media or spreader through verbal communication,

Table 1. Variables and parameters of the model and their descriptions.

Variable and parameter Description

1(t) Ignorant
Spreader through media

Spreader through verbal communication

G(t)
Communication
R(1)

Stifler

0
Probability of ignorant to become stifler

B
Effective contact rate between the ignorant and the spreaders
through media

s,
Effective contact rate between the ignorant and the spreaders
through verbal communication

“ Rate at which spreaders through media become stiflers

& Rate at which spreaders through verbal communication become
stiflers

o Proportion of /that interact with A/ and Gand choose not to
spread

4 Recruitment rate into the ignorant population

H Death rate
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4) The probability of an ignorant to become a spreader through media or ver-
bally are equal,

5) The spreading process are mutually exclusive event,

6) Spreaders through media and verbal communications become stifler at the
rate o and «, respectivelly,

7) Proportion of ignorant will interact with the spreaders at the rate ¢ and
become stifler.

From the model diagram (Figure 1), we have ignorant class 1(t) to be indi-
viduals who are not aware of the rumor. The model is structured such that igno-
rant individual can either be infected with rumor by individual in M (t) or
G(t). Note that, proportion ¢ of ignorant individual can easily progress to
R(t) without spreading the rumor. The spreader class M (t) are individual
who are aware of the rumor and are actively spreading it through media. The
spreader class G(t) are individuals who have been informed about the rumor
and they are actively spreading it orally to the community. The stifler R(t), are
individuals who are individuals who are aware of the rumor, spent time spread-
ing it but are no longer spreading the rumor due to some reasons and they also
discourage the spread of the rumor.

Thus, the differential equations for the deterministic model are as follow:

di 0 o
EZ?Z’—/A—EﬂﬂM _EﬁZIG_(M +G)O‘| (1.1)
aM 6
T:EﬂllM —IUM —OflM (12)
daGc @
EzzﬁzlG—yG—azG (13)
dr
E:(M +G)ol +oM +a,G - uR (1.4)
N=I1+M+G+R (1.5)

4. Basic Properties

Since the model (1.1) to (1.4) monitors human populations, all the variables and
the associated parameters are non-negative at all time. It is important to show
that the model variables of the model remain non negative for all non-negative

initial conditions.

Lemma 1: The region D:{(I,M,G,R)e RET+M +G+RS£} is posi-
y.

tively invariant and attract all solutions in R?.

Proof:

Adding all the equations from (1.1) to (1.4), gives the rate of change of the to-
tal human population
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uM

uR

(M + G)ol

azG

uG

Figure 1. Model flow diagram.

Since aN _ 7m—uN whenever N(t)> Z | then aN <0, implying aN is
dt u dt dt
bounded by 7 —uN .

Thus, a standard comparison theorem by [30] can be used to show that

N(t)<N(0)e™ +Z(1-e)
u
In particular, N(t)< Z i N (0)< % Thus, Ris positively invariant (ze. all
U 7

solution in D remain in D for all time). Furthermore, if N (t) > 2 then either
7

the solution enters R in finite time or N(t) approaches Z and the spreader
U

variables A/ and G approaches zero. Hence, D is attracting (Ze. all solution in
R! eventually approach, enter or stay in D). Therefore, the model is epidemiologi-
cally and mathematically well posed since all the variables remain non-negative for
all t>0. Hence it is sufficient to study the dynamics of the system (1.1) to (1.4)
in D.

5. Analysis of the Model

In this section, we discuss the existence and uniqueness of Rumor Free Equili-
brium (RFE) of the model and its analysis. The model Equations (1.1) to (1.4)
has an RFE given by
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E°=@imﬁGiRj=(fgaao}
Y7

The local stability of RFE given will be investigated using the next generation
matrix method. We calculate the next generation matrix for the system of the
question (1.1) to (1.4) by enumerating the number of ways that: 1) new spread-
ers arise 2) number of ways that individuals can move but only one way to create
a spreader. So, let

F = rate of appearance of new spreaders into the compartment and,

V = rate of transfer into (out) of compartment

Ipim o
F=|? ,
0 E@F
V- ( u+o, 0
0 H+a,
Hence the NGM with large domain is two dimensional and is given by FV ™
o8
2u(p+ay) 0
Fvt = ' (1.6)
0B,
2u(u+a,)

The dominant eigenvalue of (1.6) is equal to R, therefore we evaluate the

characteristic equation of (1.6) by using ‘( Fv "1) -2l ‘ =0, which gives

R, :Rom +Rov
. :729[,81(/1+a2)+ﬁ2(,u+a1)]
° 2u(p+oy)(pu+oay)
where
OB
" 2u(uta)
OB
Y 2u(uray)

The jacobian of (1.1) to (1.4) at the equilibrium point E = (E,O, 0, Oj is
]

(6’/)’1+o;u)7r (9/32 +o;u)ﬂ

—u - - 0
# 2u 2u
0 %?i—y—%_ 0 0
= # ) (1.7)
0 0 Py, 0
2p
0 o +— o, +— —u
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Now we try to calculate the eignvalues of (1.7) by finding the characteristic equa-

tion using the formula |J. —A1|=0

(-1 ~ (6B, +ou)m ~ (6B, +ou)r 0
2u 2u

0 (@—y—al—/lj 0 0

# =0 (1.8)
0 0 (%—,u—az—lj 0
2p
0 al+z az+z (—,u—/i)

H H

Solving (1.8), we have

Theorem 1: The rumor-free equilibrium of the model equation (1.1) and (1.4)
given by E,, is locally asymptotically stable if R; <1 and unstable if R, >1.
Thus this theorem 1 implies that for any given rumor in a population, it can be
eliminated when R, <1.

Proof

Having 4, and 4, to be negative, we also see that A, and A, are both
negative too when R, <1 and R, <1. Since all the eigenvalues of (1.8) have
negative real parts when R, <1 and R, <1, we conclude that rumor-free
equilibrium is locally asymptotically stable.

Stability Analysis of the Rumor Endemic Equilibrium

When rumor persists in a population (Ze at least M #0 or G=0), the
model question (1.1) to (1.4) has two equilibrium points denoted by

E =(1",M*,G",R") and E,=(1"*,M" G R")

called rumor verbal-endemic equilibrium and rumor media-endemic equili-
brium point. For the existence and uniqueness of E; and E, their coordinate
has to satisfy the following 1* >0, M*>0 G">0, R*>0 and 1" >0,
M* >0, G >0,R™ >0 respectively.

Equating (1.1) to (1.4) to zero, we obtained

ﬁ—/jl—gﬂllM —gﬁzlG—(M +G):0 (1.9)
o
EﬂlIM —uM —gM =0 (1.10)
6
E,BZIG—,uG—aZGzo (1.11)
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(M+G)ol+aM +a,G-uR =0 (1.12)

From (1.10), we have

a2 2ura) (1.13)
0B,
M* =0 (1.14)

Substituting (1.13) and (1.14) in (1.9), we have

A 7Op, —2u(p+ay)
- ﬂze(ﬂ+a1)+2°'(,”+a1)

(1.15)

Using (1.13), (1.14) and (1.15) in (1.12), we obtained

RA:[zg(,u+al)+alo9ﬁlj[ ﬁ@ﬂl—zﬂ(lH‘al) J (1.6)
OB, o0+ )+ 20u(p+ )

Thus E =(1",M*,G"R")

Local Stability of rumor verbal-endemic equilibrium

We used the Jacobian Stability approach to prove the stability of the rumor
verbal-endemic equilibrium.
The Jacobian of (1.9) to (1.12) at the equilibrium point E, = ( 1, M~ G*, RA)

is

6 6 6 0
—EﬂlMA—EﬂZG"—(MAJrGA)o- —Eﬂll’\—o-lA —Eﬁzl/‘—al" 0
0 6
ZAMA Z/NN — - 0 0
2ﬁ1 2181 H—O (1.17)
6 6
EﬂzGA 0 EﬁzlA_/”_az 0
(M"+GA)0' a, +ol a, +ol* -

If we evaluate (1.17) at E, and find the eigenvalue using characteristic equa-

tion |J,., —Al|=0, we will obtain
(&)

- _[0ﬂ2+20j w6p, —2p (1 + )
h=H 2 0B, (u+oy)+200 (1+ay)
2 =0
%:ﬂZ(;jal)_ —a,

Ay =—H

From the above questions, it is observed clearly that only 4, <0 and 4, <0,
therefore we conclude that rumor verbal-endemic equilibrium is unstable since
some of the eigenvalue are greater than zero. Furthermore, once a rumor spreads,
the truth is at risk of being distorted in the public sphere, therefore it must
spread first before it decline naturally or by counter rumor.

Rumor media-endemic equilibrium
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To obtain the rumor media endemic equilibrium we use the same approach as
in rumor verbal-endemic equilibrium.

From (1.11), we have

2(u+
| A _2Aura) (1.18)
op,
GM =0 (1.19)
Substituting (1.18) and (1.19) in (1.9), we have
 _ 76p, —2/1(/1+a2) (1.20)
BO(1+ay)+20(p+ay)

Using (1.18), (1.19) and (1.20) in (1.12), we obtained
R :(20(y+al)+alt9ﬂlJ[ 70P, - 2u(pu+ay) J (121)

Op,u PO (u+ay)+20u(p+e)
Thus E, =(1",M",G™ R™)

Local Stability of Rumor Media-endemic Equilibrium
We also use the Jacobin stability approach to prove the stability of the rumor

media endemic. The Jacobian of (1.9) to (1.12) at equilibrium point
E2 :(IAA, MAA’GAA’RAA) is

0 0 0 0
_'u_EﬂlMAA_E’BZGAA_(MAA_,’_GAA)O_ _EﬂllAA_GIAA _EﬂzlAA_GIAA 0
0 0
—pMM —pIM —u-a 0 0
2,31 Zﬁl H—0y (1.22)
X 0 B -y 0
(MAA+GAA>G a, +ol™ a, +ol™ -

If we evaluate (1.22) at E, and find the eigenvalue using characteristic

equestion ‘J (&)~ Al ‘ =0, we will obtain

(8B +2c 0B, —2(u+a,)
%_“[ 2 J[Hﬂl(,u+a2)+20'(,u+az)J

_ﬂ1(ﬂ+a2)_
B
A4 =0
Ay =—u

A H=0

Since some of the eigenvalues are not less than zero, we conclude that rumor
through media-endemic equilibrium is unstable. Consequently, when rumor
occurs in an ignorant population it must spread first before it declines either

naturally or by counter rumor.

6. Numerical Solution and Discussion of Results

This section deals with the numerical studies of the developed model and dis-
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cussion of the simulation result using estimated parameters and adopted some
from other models.

Model Simulation

We performed some numerical experiments using ode45 function from
MATLAB to study the behavior of the systems on the ignorant, spreaders through
media (spreader 1), spreader through verbal communication (spreader 2) and
stiflers population. The parameter values used in the simulation of this model
are presented in Table 2.

The results of the simulation of the model (1.1) to (1.4) with parameter value
in Table 2 are presented in the figures below: (Figures 2-7).

Experiment 1: Investigating the impact of contact rates between the ignorant
and spreaders.

Experiment 2: Impact of rate at which spreaders become stiflers.

1000

900 | 4

Ignorant

Spreader 1
700 | R 4
Spreader 2

Stifler

1(t)

500 | M@ i

Population

200 | o) 4

0 L L L L T
o 1 2 3 4 5 6 7

Time (days)

Figure 2. Time evolution of ignorant, spreader 1, Spreader 2 and Stifler population when
5, =08 and f,=05.

1200

1000 |-

\ RO
Ignorant

800 | \I(t)
| omo

600 L \ 4
\

Spreader 1 -

Spreader 2
Stifler

Population

400 | 4

200 L 4

0 1 2 3 4 5 6 7

Time (days)

Figure 3. Time evolution of ignorant, spreader 1, Spreader 2 and Stifler population when
B,=08 and B,=03.
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1200

1000

800

600

Population

200

T T T T T T
R()
L I 4
® ———— Ignorant
———— Spreader 1
———— Spreader 2
- — stifler E
M(t)
G<[) L 1 1
1 2 3 4 5 6 7
Time (days)

Figure 4. Time evolution of ignorant, spreader 1, Spreader 2 and Stifler population when

5,=08, B,=03.

1000
900
800
700
600

500

Population

400

300

200

100

I(t)

M(t)

R(t)

G(t)

—————— Ignorant
—————— Spreader 1
— Spreader 2
— stifler

2 3 4

Time (days)

Figure 5. Time evolution of ignorant, spreader 1,
a,=0.122 and «,=0.120.

1000

Population

Spreader 2 and Stifler population

I

R()

M

G

Ignorant

Spreader 1

Speader 2
Stifler

Time (days)

Figure 6. Time evolution of ignorant, spreader 1, Spreader 2 and Stifler population when

@,=0.32, a,=029.
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1000

Ignorant
——————— Spreader 1
Spreader 2

800 | — Stifler

0]

M(t)
700 |

600 |

500 |

Population

400

G(t)
300 |

200 |

100 L

R()

0 1 2 3 4 5 6 7

Time (days)
Figure 7. Time evolution of ignorant, spreader 1, Spreader 2 and Stifler population when

a,=0, a,=0.

Table 2. Estimated and adopted parameter values and variables used in the simulation of
the model.

Parameter Value Source
7 0.3 [6]
H 0.000005 Assumed
0.02 [31]
B 0.8 [31]
5 0.5 [31]
o 0.00001 (6]
a, 0.72 [22]
a, 0.5 [31]
I 1000 Assumed
M 3 Assumed
G 10 Assumed
R 2 Assumed

7. Discussion of Results

Here we discuss the results obtained in the analytical studies and the numerical
experiments.

Analytical Results

The modified model consists of a 4-dimensional system of ordinary differen-
tial equations. The Rumour Free Equilibrium was established for the system (1.1)
to (1.4). We also obtained the reproduction number of the two spreader com-
portments using next generation matrix method and we established the stability
of the rumor Free Equilibrium and Endemic Equilibrium of the modified model

using linearization methods. We observed that all the eigenvalues have negative
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real parts, implying that the rumor free equilibrium is locally asymptotically sta-
ble and unstable otherwise. For the endemic equilibrium point, it is observed
that some of the eigenvalues of polynomial (1.17) and (1.22) are positive and we
conclude that rumor-endemic equilibrium is unstable (Figure 5-7). That is if
there exists a rumor in population, it has to spread through first before it decline
naturally or suppress by another rumor.

It is observed that the impact of R, ~is the result of the interaction of each
parameters and it is easy to decrease R, by regulating and controlling a few
parameters so also R, . The parameter with the most positive impact on R,
is the rate of contact between the spreaders targeting the community through
media and the ignorant. Similarly the most positive impact on R,  is the rate of
contact between the spreaders targeting the community through verbal commu-
nication and the ignorant. While the parameter that has moderate influence is
the recruitment rate. In this study, we proposed two classes of spreaders and we
observed that the propagation of rumor through media and verbal communica-
tion are mutually exclusive. Therefore, the appropriate increase in the propaga-
tion of rumor through media is conducive to the elimination of the propagation
of rumor through verbal communication and vice versa (Figures 2 to 7). On the
other hand, the propagation of rumor through media and verbal communication
coexist for long time under certain condition (Figure 4). At this point, the im-
provement of the propagation of the rumor through media is also conducive to
the propagation of rumor through verbal communication in a certain range
(Figures 2 to 7).

8. Conclusions

Deterministic model on rumor propagation was analyzed to get insight into its
dynamical features and to obtain associated spreaders thresholds. Some of the
theoretical findings of the study are as follows:

1) rumor spreading has a life span which depends on the type of class of the
spreader [see (Figures 2-4)].

2) the analysis carried out shows that the increase in stiflers population in-

creased the rate at which spreaders convinced.

Contribution

The model can be used to control rumor propagation by varying the parameters
in the model, not only that it can also be modified to manage some other social

negative behaviors like smoking, drug abuse, corruption, prostitution, gang, etc.
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