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HIGHLIGHTS  
 

• SIR models are not only reliable in measuring the spread of any contagious diseases but also reliable in 
measuring the spread of news in social media. 

• Based on the value of initial reproduction number , R0 > 1, it shows that the breaking news is viral. 
• Based on curves of the graphs, the dissemination of selected news related to Covid-19 content has 

increased and reached the peak within 4 days. It means that the news spread faster at the beginning of 
the incident has been posted in Facebook (outbreak).  

• This preliminary study could be extended and correlated to many other factors such as stock market 
responses, national productivity and employment rate. Further studies on different types news contents 
such as politics, economy, business and entertainment should also be considered because the degree of 
disseminations may be different. The analysis will be more meaningful if different transmission 
parameter values are tested to identify an expectation after a certain action has been taken. 

 
 

ABSTRACT  
Susceptible-Infected-Recovered (SIR) model has been used worldwide to measure the spreading of covid-
19 in the community. Apparently, the spreading nature of the covid-19 virus and any other contagious 
disease is quite similar with the spreading of breaking news through social media. This study was carried 
out to analyze the dynamics spread of one selected news content on Facebook using SIR models with 
demography and without demography. From the news, the numbers of likes, comments, shares, views as 
well as the number of followers of the Facebook account have been collected to calculate reproduction 
number. For SIR without demography, the reproduction number (Ro) is 1.69, indicates that for every 100 
Facebook users who received the news, they will probably share the news to other 169 Facebook users. 
The value of R0 is slightly lower (1.58) for SIR with demography. This preliminary study could be extended 
by considering a lot more observations and by testing different parameters value due to any further action 
imposed after the news spreading out.  
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INTRODUCTION  

Social media expands our reach more quickly, much further, and at a grander scale through words, pictures, 
and videos. Social media networking sites such as Twitter, Facebook, YouTube, and Instagram empower 
individuals to share their voice in a media-centric. These form of social media allow the users not only 
receive any news from anybody having the social account but also allow the users to disseminate the news 
to others very rapidly (Al-Rawi, 2019). Social media makes interaction easier and much quicker than real-
life interaction. With the flying success of the internet and the creation of social media, social networking 
symbolizes the podium in which people interact, collaborate and communicate (Khurana & Kumar, 2018). 
During this global attack of pandemic coronavirus (Covid-19), social media plays an important role in the 
society to disseminate the related news although some of them are fake news. Social media has the ability 
in which the key information is used appropriately and properly to provide fast and efficient distribution 
routes (Chan et al., 2020). 
 
Facebook has become the most popular social network worldwide (Statista, 2019).  It has become a primary 
source of news sharing (Baek, Holton, Harp & Yaschur, 2011).  More than 30 billion pieces of content are 
uploaded each month, such as web links and news stories (Glynn, Huge, & Hoffman, 2012). Network 
structure in Facebook encourages content to be shared and discussed. The sharing process is simple. 
Moreover, Facebook also allows users to have a group discussion. Other than that, status updates are a new 
form of one-to-many interactions that users of social networking sites frequently use (Hum et al., 2011). 
Facebook users can update the status by sharing the thoughts on a particular issue. By doing so, this will 
indirectly share the information to other Facebook users.  
 
Facebook acts as an information medium since it provides the opportunities in distributing the news on 
sports, health, politics, entertainment, natural disaster and many more. The breaking news, the top current 
story or event, on Facebook normally has an increase in the number of likes, comments, shares and views 
day by day. This breaking new is being highlighted and Facebook users will share the news and repost the 
news on their Facebook page. The news is widely disseminated and it spreads very fast. However, the 
dynamic of the news spreading and the duration of the news to hit the maximum numbers of viewers are 
uncertain and need to be studied.  
 
This study attempted to analyze the dynamics involved in the dissemination of the breaking news content 
on Facebook. The mathematical solution method offered in this study involved formulating a model of the 
spreading of breaking news on Facebook and to compare the growth and the decline of the number of 
viewers in relation to breaking news based on Susceptible-Infected-Recovered (SIR) models with 
demography and without demography. 
 
SIR model is originally used to investigate the spread of contagious disease such as dengue (Asmaidi et al. 
2014; Side and Salmi, 2013) and tuberculosis (Side et al., 2017; Kalu and Inyama, 2012). The appearance 
of Covid-19, a new rapidly widespread contagious disease in early 2020, has urged a lot of researchers to 
use the SIR model to investigate its spreading nature (Cooper et al. 2020; Alanazi et al., 2020). In addition 
to the disease outbreak, the application of SIR models has also been extended to different fields (Ji, Lu, 
Yeung & Hu, 2017; Zaman & Jung, 2007). Since the news spreading nature is similar to disease endemic, 
this study used the Susceptible-Infected-Recovered (SIR) model to investigate news spread via Facebook.  
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METHODOLOGY  

For this preliminary study, the breaking news on Facebook related to Covid-19 in China, has been selected. 
The news is about China expanding its lockdown because the virus has spread around the world. The news 
has been observed after 5 days it is released on Facebook account from Cable News Network (CNN). The 
information about the number of users disclosed to this viral content, the number of Facebook users 
receiving and sharing the content and the number of Facebook users stop posting the content have been 
observed from 29th January 2020 until 12th February 2020 (14 days). The data are obtained from the number 
of likes, shares, comments and views shown in the content of the news. The data will be analyzed using 
SIR model without demographic and with demographic. The SIR model with demography includes the 
birth or death rate where the birth rate is assumed to be equal to the death rate (Rodrigues, 2016). 
Meanwhile, SIR model without demography is the model that does not include the death or birth rates. 
 
 
i- SIR Model without Demography 
In SIR model without demography, the Facebook population is divided into three classes which are 
susceptible, infected and recovered as shown in Figure 1.  

 
 

Figure 1: SIR Model without demography 

 
Each of the compartment is presented as: 
 

S – Susceptible (Facebook user disclosed to viral content), 

I – Infected (Facebook user receiving and sharing the viral content), 

R – Recovered (Facebook user stops posting the viral content). 

 
Parameter β is the rate of transmission of the number of Facebook users who receive and share the viral 
content among those who are disclosed to the content. Then, γ is the recovery rate of the number of 
Facebook users stop posting among those who are receiving and sharing the content. Thus, the 
compartments change over time, t, 

 

S (t) is the number of Facebook user disclosed to viral content at time, t, 

I (t) is the number of Facebook user receiving and sharing the viral content at time, t  and 

R (t) is the number of Facebook user stops posting the viral content at time, t. 
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The total population, N at time t is 

              N(t) = S(t) + I(t) + R(t).                (1) 

 

It is assumed that all Facebook users are active users, no new user creates the account and no user deletes 
the Facebook account during this period. This study also assumed that the rate of decrease of S(t) is 
proportional to the product of Facebook user disclosed to viral content and Facebook user receiving and 
sharing the viral content, that is, 

 

).()( tItS
dt
dS β−=                   (2) 

This study also assumed that the rate of change of Facebook user stops posting the viral content is 
proportional to the Facebook user receiving and sharing the viral content, that is, 

 

).(tI
dt
dR γ=                    (3) 

 

From  Eqn. (1)  

.
dt
dR

dt
dS

dt
dI

−−=                                                      (4) 

Substituting  Eqns. (2) and (3) in  (4), will lead to 

).)()(()( )()( γβγβ −=−= tStItItItS
dt
dI                 (5) 

Eqns. (2) – (5) will result the followings: 

,SI
dt
dS β−=                     (6)

,ISI
dt
dI γβ −=                     (7) 

 .I
dt
dR γ=                      (8) 

The transmission rate, β is the average number of Facebook users who have not viewed the content to the 
number of Facebook users who have already viewed the content such that, 

 







×






 −=

 viewersofNumber 
shares and comments likes, ofsummation 

usersFacebook 
 viewersofnumber 1β .           (9) 
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Meanwhile, the recovery rate, γ  is related to the expected duration of the viral content complete (D), 

 

 .
D
1

=γ                  (10) 

 

Therefore, the formula for reproduction number without demography is 

R₀ = 
γ
β

.                 (11) 

 

ii-  SIR Model with Demography 
 

In SIR model with demography, the population to be considered is the same as the previous model; 
susceptible, infected and recovered. The expression of SIR model with demography is also very similar to 
expression of SIR without demography, except that the inflow and outflow of birth or death rate, µ  are 
added as in Figure 2. 
 

 

 
  

 

 

Figure 2: SIR Model with demography 

 

The equations of the SIR model with demography are given as 

 

.SIS
dt
dS βµµ −−=                 (12) 

.IISI
dt
dI µγβ −−=                 (13) 

RI
dt
dR µγ −= .                 (14) 

where µ  is the death rate of population which is equal to the birth rate. 

              

S
Susceptible

I
Infected

R
Recovered

β μ 
γ 

μ μ μ 
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Parameter β is the average of number Facebook user who does not view the content yet to the number 
Facebook user who already view the content. 
 

.
 viewersofNumber 

shares and comments likes, ofsummation 
usersFacebook 

 viewersofnumber 






×






 −= 1β         (15) 

 

For parameter γ , 

,
D
1

=γ                         (16) 

where D is the duration of the viral content is expected to be completed. 

 
The reproduction basic number indicated by R₀ is explained as the number of average transmissions 
associated with β (Facebook user receiving and sharing the viral content and the Facebook user number 
being disclosed to viral content) and γ + μ (Facebook user receiving and sharing the viral content that stops 
posting the viral content). The formula for reproduction number with demography is  

.
µγ

β
+

=oR                           (17) 

If  R₀ < 1, the Facebook user number receiving as well as sharing the viral content decreases. 

If  R₀ > 1, the Facebook user number receiving as well as sharing the viral content increases. 

If   R₀ = 1, the Facebook user number receiving as well as sharing the viral content is constant.    

 

Equilibrium Points of the Model  
These two equations below are explained at the same time if R does not affect the S and I. 

            μ – βSI – μS = 0.                (18)          

βSI – γI – μI = 0.                (19)          

 
 
From Eqn. (19),  
 

I = 0 and
0

1
R

S =
+

=
β
γµ

.                                                                                                               (20) 

 
 
Substitute  I and S into Eq. (18) to create equilibrium points that are  
 

(S,I)=(1,0) and                                                            (21) 
 

( )0

0
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R

S I
R

µ
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The equilibrium points ( ) ( ), 1,0S I =  is the viral-free equilibrium since 0I =  and the point 

( ) ( )0

0

11, ,
R

S I
R

µ
β
− 

=  
 

 is endemic equilibrium since 0.I ≠  

 
The data is run by using Maple software in analyzing the SIR model’s qualitative behaviour.  

 
FINDINGS AND DISCUSSIONS 

The number of likes, comments, shares and views in the posted page, as well as the number of followers of 
the Facebook account for the Cable News Network (CNN) for the selected breaking news related to 
Coronavirus (Covid-19) were 19800, 2400, 21800, 358000 and 33100000 respectively as shown in Table 
1. The data was collected after 5 days the news were posted. 
 

 
Table 1: The number of Likes, Comments, Shares, Viewers and Followers 

of Facebook Account in Malaysia for the selected News 
 

 
Variables 

Coronavirus (Covid19) 
CNN 

  
Number of likes 19800 

Number of comments 
 

Number of Shares 
 

Number of viewers 
 

Number of Followers 

2400 

21800 

358000 

33100000 

 
Parameter β is the rate of transmission of a Facebook users receiving and sharing the viral content after 
being disclosed to viral content. Parameter γ is the rate of recovery of a Facebook users when they stop 
posting the viral content after receiving and sharing the content and 𝜇𝜇 is refer to the rate of change the 
number of Facebook accounts based on the birth or death rate of the population in Malaysia for the year 
2018. 
 
The parameters used for both SIR models without demography and with demography are summarized in 
Table 2. 
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Table 2:  Parameter value of SIR Model for Selected News 
 

Parameter Coronavirus 
(Covid-19) 

  
β  0.1209 

γ  0.0714 

µ  0.0053 

 
The number of daily active Facebook users in Malaysia is considered as total population, N. Hence, the 
total population (Facebook users), N is 23.1 (in million). The initial conditions for the news related to 
Covid-19 in China are: 
 
  S(0) = 23.06, 

I(0) = 0.04,  

R(0) = 0. 

Table 3 represents the basic reproduction number, R0 for SIR model without demography and SIR model 
with demography for the selected news. It represents the number of secondary Facebook users receiving 
the same news.  In this analysis, the R0 for both models are greater than 1 (R0 >1). It indicates that the news 
is outbreak and disseminated to other Facebook users. The spread of news is slightly higher through the 
Facebook user for SIR model without demography as compared to with demography because the death rate 
is not considered. The R0 = 1.69 indicates that for every 100 Facebook users receiving the news, they will 
disseminate the news to other 169 Facebook users. From another model, R0=1.58 indicates that for every 
100 Facebook users receiving the news, they will share the news to the other 158 Facebook users. 
 

Table 3:  The Reproduction Number, R0 

Model R0 

SIR without demography 

SIR with demography 

1.6933 

1.5762 

 
 
Figure 3 and Figure 4 show that the Facebook user receiving and sharing the viral content (infected) of 
covid-19 reaches the peak within four days for both models. It means that the news spread faster at the 
beginning of the incident happen (outbreak). Facebook users were very distressed and immediately share 
the news content to others.  
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Figure 3: SIR Model without Demography 

 

 
               Figure 4: SIR Model Demography 
 

Based on the graph in Figure 3, the number of Facebook users who exposed to the news during the first day 
of observation is about 22.06 million. On that time, the number of users who received the news is still low 
(0.04 million). For the next four days, the number of users who received and shared the news increased 
tremendously until it reached the maximum number (20.4 million). By that time, the news has reached 
almost all of the users (89% of the users). After day four, the number of users receiving and sharing started 
to decrease gradually until it reaches 0.02 million on the day 60. In the same time of day 60, the number of 
users who are no longer interested to the news has reached the maximum numbers of 22.8 million.   
 
The graph in Figure 4 demonstrates that not much difference can be seen for the first 4 days as compared 
to graph in Figure 3. The only difference can be seen in the number of Facebook users who stopped sharing 
the news after 60 days of observation (16.8 million). Thus, the number of Facebook users who are no longer 
interested to the news is less than the number in the previous model (about 6 million). The intersection 
between Infected and Recovery (day 14) in both figures show that the number of users who received and 
shared the news decreases sharply, while the number of Facebook users who stopped sharing the news 
increases sharply. At this time, there is no more Facebook users disclosed to the viral news.     
 
The selected breaking news is said to be epidemics since the infected curve from both graphs exhibits an 
exponential growth behavior in the early stages of an outbreak. The breaking news about the spread of 
covid-19 in China had distressed and persuaded Facebooks users to share the news immediately after 
receiving it since any news related to Covid-19 in China on that time always become prime focus. After 
day 4, Facebook users get used to the news and start to pay attention to another latest news. As a result, the 
dissemination rate is decreasing until the number of Facebook users sharing the news is getting very low 
on day 60. Meanwhile, the recovering rate keeps on increasing very fast before it starts to slowing down on 
day 30. 
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CONCLUSION AND RECOMMENDATIONS 

The SIR models seems very suitable in analyzing the dynamics of the spreading of breaking news content 
since it shares the same features or attributes as seen in the dissemination of contagious disease. In this 
preliminary study, it is found that the selected news related to Covid-19 in China is viral and epidemic. The 
reproduction number is greater than 1 ( 1>oR ) indicates that the selected news is outbreak and kept 
spreading. The spread was faster on the early phase of the incident. It took only 4 days to hit the maximum 
numbers of Facebook users receiving the news.  
 
The magnitude of reproduction number, oR is a key in determining the spread of the news. Since R0 is 
calculated using a simple SIR model, it has limitation in explaining the detail of the outbreak of the news. 
In this study, the calculation of oR  is based on the observation in the fifth day after the news has been 
released. For the future study, it is more appropriate to make the observation right after the news is posted 
to get more accurate prediction. This analysis uses day to represent time unit. Since the significance of time 
units is not well known in the context of social networks, identification of  the best unit of time to be used 
might be explored. In the same time, the real data should also be considered to justify the reliability of the 
model.  
 
For future research, it is also recommended to extend the study to different form of breaking news on 
Facebook in order to know which one get the most attention from the Facebook users. This study also could 
be extended and correlated to many factors such as stock market responses, national productivity and 
employment rate. 
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