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Abstract: We propose a variant of the SEIZ mathematical model originally proposed by Bettencourt et al, where the rumor
spreads between two different scenarios Z; and Z, which do not share information with each other. This model is studied
analytically where we include a new parameter u for forgetting a rumor. We show results that were obtained using this model for
a certain case in Venezuela. Finally, we also provide the numerical code for the numerical integration in order to provide a useful

tool for others in their investigations.
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1. Introduction

Information is dynamic today thanks to advances in
information technology. Twitter® began just a decade ago. At
the moment, Twitter® does not restrict or moderate the type of
content that can be widely spread. Therefore it behaves as an
information channel because it has the advantage of being able
to include links to Internet pages, photos and videos which is
similar to other social networks.

It is true that a social network is one that allows the
exchange of data among a wide spectrum of users who have
decided to establish a mutual conversation with each other.
Twitter® also makes it possible to disseminate data between
people who accept or not accept a request to track information.
For example, Biz Stone (one of the co-founders of the
platform whose Twitter account is @biz) receives information
of only 719 accounts and until May 2017, had shared its
messages with almost three million users.

The veracity of the information that is disseminated by
Twitter® as well as other social networks, can only be
validated through the news channels or "authorized sources of
information" that confirm or deny the content that is
propagated through the Technological platforms.

Based on the above caveat, it is necessary to develop

mechanisms to understand how to quantify the spread of
rumors because of the rapid advances in information
technology. Eventually, it should be possible to establish
criteria in order to determine a degree of veracity in the
received messages.

This work begins with a review of the model proposed by
Bettencourt and collaborators [1] and extends this model to
the case when the rumor diffuses between two different groups
of people. Finally, we show an example where applied this
model with data obtained in Venezuela.

2. Model of Bettencourt et al

Bettencourt and collaborators [1] proposed the SEIZ model
(acronyms of Susceptible, Exposed, Infected and Skeptical) to
study the spread of rumors by comparing the rumor with the
spreading of a disease. It starts from the idea that the potential
population that is vulnerable to the rumor S can become
infected with this knowledge. This group can believe the news
and may subsequently diffuse it / until it finally reaches
another group, the Skeptics Z, who may decide to stop further
propagation.

The following aspects should be taken into account:

(i) The rate of people prone to believe the rumor is denoted
by the letter p.
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(i1) The probabilities that characterize the exposed and as _ Bl peZ uS
skeptical populations are defined using the parameters b and /. aE 1d_tp) psi T( 1-Db SZT ;
(iii) The parameter u indicate the probability of forgetting T + T pE T KE
a rumor. This parameter is included for the first time in this ar _ 8S L oF I ul
type of model. dt iz T ; T
Thus, the system described by the SEIZ model is: e IbS T uz
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Figure 1. The numerical solution of the SEIZ model according to the values indicated in the text.

library(deSolve)
SEIZ <- function(tiempo, estado, parametros) {
with(as.list(c(estado, parametros)), {
dS <- -beta*S*I/T - b*S*Z/T - mu*S
dE <- (1-p)*beta*S*I/T + (1-1)*b*S*Z/T - rho*E*I/T - mu*E
dI <- p*beta*S*I/T + rho*E*I/T - mu*I
dZ <- 1*b*S*Z/T - mu*Z
return(list(c(ds, dE, dI, dz)))
b
}

iniciales <- c(S=15, E=4, I=3, Z=1)
parametros <- c(beta=0.70, b=0.34, p=0.30, 1=0.20, rho=0.30, mu=0.10, T=23)
tiempo <- seq(0, 20, by = 1)
resultado <- as.data.frame(ode(y = iniciales,
times = tiempo, func = SEIZ, parms = parametros))
resultado$time <- NULL

matplot(tiempo, resultado, type = "1", xlab = "Time",
ylab = "Susceptibles", lwd = 1, 1ty = 1,
bty = "U";: col:=#2:5))

Figure 2. The numerical code in the language R that resolve the differential equation (1).

The methodology to solve this set of equations has been Critical point P,:
used to explain the process of diffusion of epidemics [2, 3, 4, _
. * * uT oy — uT * __
5], cancer research [6] as well as in rumor theory [7, 8, 9, 10]. ST=0,E"= 7'1 = T:Z =0.
The solution of the system of equations (1) is a bit more
laborious than in the cases already published and it is possible The eigenvalues are p, —u, —u (’:fﬁ)
to deriye fom critical points for this system with their Critical pointtP:
respective eigenvalues:
Critical point P;: + = BOZBT po  ZHT@D o _ 2T 7e _
B(p-Bp)’ p=Bp '’ B’

S*=0,E"=0,1"=0,Z2"=0. bi(p—)

The eigenvalues are p, —u, —u [1 + B(Bp-p)

The only eigenvalue is —p
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Critical point P,:
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uBp+p(l-1)-bl]
bl
The numerical result obtained from this mathematical

model is shown in Figure 1. The actual computer program

using the statistical computer program’s R is presented in

Figure 2. In this case, the following initial conditions have

been randomly chosen to be: S=15, E=4,/=3and Z=1.
The chosen values for the parameters are:

The eigenvalues are u, —pu,

B =070, b =034 p=030, =020,
p = 030u = 0.10

3. New variant of SEIZ Model

We now extend this SEIZ model to examine the situation
where the same rumor S is propagated between two different
groups of people that we will denote as I; and I,, the goal of
this manuscript. The model assumes that the same rumor is
spread by two different groups of people, and we include the
parameter u for an indication of forgetting the rumor. In this
case, the equations would be given by:

as _ _ BiSh bS ﬁzszz —b S S
dt T
ag, _ (- P1)/31511 (1 11)b521
dt T T
I
—pE; 71 — UE;
B _ (1-p2)B2S1; | (1-12)bSZ;
dt T T
1
—PE2 % ~HE 2)
d11

- = plﬂls + PE1 ——ul

dI
d—f=p23257+pE2;—;112
47 pe7_

a =~ STk
42y ps%a_
w = by Tl

As in the previous case, we find 8 critical points that are
indicated with their respective eigenvalues:
Critical point P,
§S*=0,E{=0E=0I;=0,1;=0,
Z;=0,Z2;=0

The only eigenvalue is —pu.
Critical point P,:

T T
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D
Z;1=0,Z;=0
The eigenvalues are —p, u, — MPT_Bl)
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In this case, the randomly chosen initial conditions are:
S =15E, =5E, =41 =3,
IL,=2272,=12,=1.
Also chosen random values for the following parameters:
B =076, =05 = 0.34, b =03p, =02
p, = 01,1, = 01,1, = 03,p =0.1, up = 0.1.

Here we see how the population where the rumor spreads
(red) decreases, while the groups of people identified as
S, Ey, E) L1, I, Z;,Z, are represented in green, magenta,
light blue and dark blue, fuchsia and gray respectively. Figure
4 shows the code in the R language that allowed to solve the
system of differential equations (2).

Numerical results that have been obtained using the same
statistical R program with the arbitrarily chosen initial values
for the variables and the results are shown in Figure 3.

w
o
o
Q.
o
[
a
o
o =
T T T T T
0 5 10 15 20
Time

Figure 3. The numerical solution of the SEIZ model according to the values indicated in the text.

library(deSolve)
SEIZv <- function(tiempo, estado, parametros) {

with(as.list(c(estado, parametros)), {

dS <- -betal*S*I1/T - b*S*Z1/T -beta2*S*I2/T - b*S*Z2/T - mu*S
dE1 <- (1-p1)*betal*S*I1/T + (1-11)*b*S*Z1/T - rho*E1*I1/T - mu*E1l
dE2 <- (1-p2)*beta2*S*I2/T + (1-12)*b*S*Z2/T - rho*E2*I2/T - mu*E2

dI1 <- pil*betal*S*I1/T + rho*E1*I1/T - mu*I1

dI2 <- p2*beta2*S*I2/T + rho*E2*I2/T - mu*I2

dZ1 <- 11*b*S*Z1/T - mu*Z1

dZ2 <- 12*b*S*Z2/T - mu*Z2

return(list(c(ds, dei, de2, dii1, di2, dzi, dz2)))

D
3

iniciales <- c(S=15,E1=5,E2=4,11=3,12=2,71=1,72=1)
parametros <- c(beta1=0.7,beta2=0.5,b=0.34,p1=0.3,p2=0.2,11=0.1,12=0.1,rho=0.3,mu=0.1,T=31)

tiempo <- seq(0, 20, by = 1)

resultado <- as.data.frame(ode(y = iniciales,
times = tiempo, func = SEIZv, parms

resultadoStime <- NULL
matplot(tiempo, resultado, type

bty = "1", col = 2:6)

parametros))

= "1", xlab = "Time",
ylab = "Susceptibles”, lwd = 1, 1ty = 1,

Figure 4. Code in the statistical language R for solving equations (2).
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Finally, we consider an example where we will apply this
theory of the spreading of a rumor as an example (Figure 5). We
show the results obtained from a search of the trends on the

100

internet about "Sanciones en Venezuela” (translate in English:
sanctions on Venezuela) averaging these values every hour
(from 6 am until 12 m, occurred at 27 august 2017).

Tendency

40+

20

Hour

Figure 5. Least-squares fitting process of the system of equations (2) where we average the tendency on the internet about “Sanciones en Venezuela” every hour.

For this example, we must average the results hourly,
because the values presented on the internet were obtained
every 5 minutes and they vary significantly. We are unaware
of the influence of averaging the results instead of using the
data obtained on the internet.

We have considered two groups of people who are against
the Sanctions on Venezuela (indicated with the subscript 1),
and those people who are in favor of the sanctions (subscript
2). The result of the averages is shown with a green dot and
that obtained from the least squares adjustment employed
Python software is in red in the figure 5.

The result obtained for this period of time has been as
follows: B; = 1.79, B, = 0.07,p; = 1.19, p, = 17.67,
l; = 1.84, I, = 1.35. This application is an example where
the possible utility of applying this type of rumor model is
shown.

4. Conclusions

The present work poses a mathematical model based on the
proposal of Bettencourt and collaborators where a rumor is
propagated between two groups of different people. This
model describes the spreading of a rumor or comment
between two political trends, or to analysis a rumor between a
possible decision between two separated communities.
Although this model was considered for two groups of people,
it can be generalized for any number of groups of people.

The importance of being able to present models to examine
the spreading of a rumor is that a computational strategy must
be designed and implemented in order to identify and evaluate

any information that is being disseminated through any means
of communication.

Finally, we suggest that the code in R can be used to
integrate the system of equations so that it can help to other
scientific works that wish to explore and to improve the
mathematical models raised in the present work.
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