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Abstract. We notice that there are lots of researches that studies celebrity worship behaviour 

and celebrity endorsement. Nevertheless, few go deep into a mathematical perspective, much 

less try to quantify this ambiguous process due to the lack of suitable models. In this research, 

we pioneer a new way, using SICR epidemic model, to fully describe the process of celebrity 

worship in details, through which we make predictions based on the basic reproduction number 

whether a celebrity could expand his or her fan base continuously. Meanwhile, not only do we 

further diversify the function of SICR model, but we also make improvements on the model 

itself. At the end of research, we also provide useful suggestions for celebrities and their 

brokerage companies about how to keep the number of their fans increasing rather than hit a 

bottleneck so quickly. The fact is that celebrities should emphasize the avoidance of negative 

events instead of positive publicity and be attractive to more groups of people rather than stick 

to one specific group only.  

Keywords: celebrity worship, SICR model, sensitivity analysis, fan base, fanatic. 

1.  Introduction 

Celebrity endorsement nowadays play an important role in attracting the public to buy relevant products 

[1, 2], because consumers usually feel more sympathetic toward a brand if its products are endorsed by 

their favourites or who they empathize with. Consequently, they may subconsciously try to emulate the 

celebrities’ traits by using a specific product [3, 4]. The effectiveness depends, to a large extent, on the 

volume of their fan base [5, 6]. Moreover, celebrity endorsement could be even the salient executive 

strategy in some specific countries (e.g China),where national celebrities often endorse more than 20 

brands.[7] Therefore, it is meaningful to find a suitable model to simulate the change of the amount of 

fans that a celebrity has. This is because the model itself could help the relevant companies determine 

the potential value of a certain celebrity in order to profit from their endorsement more properly. 

SIR Model used to be applied to predict whether an infectious disease could be controlled, based on 

the reproduction number 𝑅0 [8-13]. As for a typical SIR model, the whole model is usually composed 

of three groups of people, named the susceptible, the infected and the recovered. Their relation is 

described by a series of ordinary differential equations as follows: 
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𝑑𝑡
= −

𝛽𝐼𝑆

𝑁
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= 𝛾𝐼

 

Where 𝛽, 𝛾 > 0, 𝑅0 =
𝛽

𝛾
 

Moreover, the living population is usually regarded as a very large constant compared with the 

number of people involved in the SIR system. As a result, the impact of births and deaths on the system 

is negligible [14].  

There are also many variants of SIR model, including SI, SICR, SEIR, SIRD, each of which is 

utilized in different circumstances to better characterize the object, such as [15-18]. 

Meanwhile, in numerous SIR models and its variants, it is found that the infection rate are different 

in different groups, thus the technique of multi-grouping has been studied and used in various models 

[19-21]. 

Though SIR model is mostly utilized for the study on infectious diseases, it is believed that many 

other things including celebrity worship have such infectious property. Considering the similarity 

between them, we decide to apply this model to study this behaviour from an unprecedented perspective, 

treating the behaviour of the celebrity worship as an infectious disease. The model is feasible and 

convincing based on two assumptions: 

(𝐴1)  the susceptible people are subject to the bandwagon effect strictly, i.e. they must go through a 

stage that a certain celebrity is introduced to them before they become a fan, or otherwise they come to 

a halt at a favorable impression only. And the process is accumulative. 

(𝐴2)  all of behaviours of the infected people (including the fanatic) are spontaneous, i.e. fans are 

irrational, not affected by any external factor. 

(𝐴1) is the fundamental assumption that ensures the validity and suitableness of SIR model applied 

on the study of celebrity worship behaviour. By (𝐴2), we could merely use a scale factor to describe the 

behaviour of the infected people in order to preserve the basic property of the SIR model.  

Among all of the variants of epidemic models, the susceptible-infected-crazy-recovered (SICR) 

model would be the most satisfying due to the stage of being crazy, which reveals the fundamental 

property of celebrity worship. By contrast, new fans are considered as more rational compared with the 

die-hard, consequently they are more inclined to unfollow their current idols on account of the 

occurrence of negative states that reduces people’s attention on the celebrity (e.g. low quality of work, 

unsuccessful publicity). Thus, it is necessary to mention that the traditional SICR model doesn’t see S 

to I as reversible [11] [22]. Nevertheless, as we will see, in this model, attempt has been made to remedy 

this detail to better adjust to this specific scenario. Meanwhile, it should be clarified that it in this context, 

being recovered means no longer following the idol with zero probability of re-following, or simply 

becoming an anti-fan. And everyone in the system could possibly be recovered because of some 

irreparable negative affairs of celebrity (e.g. extramarital affairs, committing a crime, racist language). 

The paper is organized as follows: 

In Chapter 2, we will have a deeper discussion about how the compartmental model was constructed 

and under what conditions.  

In Chapter 3, the basic reproduction number will also be calculated; 

In Chapter 4, we will analyze the result further and do sensitivity analysis to test the validity and 

practicability of the model. 

In Chapter 5, it will be concluded how to increase the number of fans what differentiate phenomenon 

idols from those less famous ones. 
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2.  The model  

As stated above, an embryonic form of modified SICR model has been created. The susceptible people 

come from the whole population, who have been impressed by the positive behaviour (e.g popular works, 

interaction with the public). Then everyone is a potential fan if susceptible, and will become a 

substantive one after being infected by existing fans. Afterwards, in a long-term view, either they 

become fanatic or recovered. For those crazy fans, nonetheless, the only way out is to be recovered, 

though usually with fairly low rate 𝛾. 

 

Figure 1. Simplified flowchart of celebrity worship for the ODE model. 

Table 1. Parameter description. 

Parameter Interpretation   

𝛽 The transmission probability between S and I per contact  

𝜖 The multiplier by which the transition probability of C is greater than that of I 𝜖 > 1 

𝛼 
The average probability of the temporary negative state making rational fans 

unfollow the idol. 
 

𝛾 The average rate of the fanatics unfollowing the idol  

𝜇 The probability that a person becomes susceptible  

𝑃 The whole population very large constant 
very large 

constant 

𝜃𝜇 The average progress rate of rational fans becoming crazy  

(1 − 𝜃)𝜆 The average rate of rational fans unfollowing their idol  

𝜇0 
The average probability of susceptible people losing their favourable opinions 

over the idol 
 

Although the simple model makes sense indeed, it is not practical enough for several reasons. First 

of all, the vulnerability to a certain idol of people of different age is different because of the generation 

gap and empathy gap, which causes different understandings of the celebrity. The celebrity selection 

has a correlation with the age groups [3]. In particular, people of similar age share more interests in a 

certain idol, hence the transmission probability between them is higher. Furthermore, the spending 

power of them is also different, which is an important factor for companies to be concerned about. Thus 

it is apparently unreasonable to consider the population as a whole, so using multiple grouping will make 

the result more realistic. The whole population will be divided into 3 age groups 12-32, 32-52, 52-72, 

and we suppose there are several more assumptions that need to be stated. 

(𝐴3) The children under 12 do hot have celebrity worship behaviour, even if so, the spending power 

of them is negligible. 

(𝐴4) The resistance to the celebrity of people from all age groups is the same, i.e. as a whole, there’s 

no significant age difference in attitudes towards to a negative affair of a celebrity. 

By (𝐴3)  there is no statistical significance for taking children under 12 into consideration. 

Moreover,(𝐴4) allows us to use the same parameter to describe the process of people unfollowing the 

celebrity in different age groups. 
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Therefore, we need to add up or redefine a few more parameters as following table shows, and the 

remaining parameters stay unchanged. 

Table 2. Parameter description. 

Parameter Interpretation Annotation 

𝑃𝑖  The whole population in the age group 𝑖 
very large 

constant 

𝛽𝑖,𝑗 The transmission probability between 𝑆𝑖 and 𝐼𝑗 per contact 𝛽𝑖𝑖 > 𝛽𝑖𝑗 , 𝑖 ≠ 𝑗 

𝜖 
The multiplier by which the transition probability of 𝐶𝑗 is greater than 

that of 𝐼𝑗 
𝜖 > 1 

𝜙 The growth rate of the population ∅ =
1

20
 

𝜃𝑖𝜆𝑖 
The average progress rate of rational fans in the age group i becoming 

crazy 
 

(1 − 𝜃𝐼)𝜆𝐼 The average rate of rational fans in the age group i unfollowing their idol  

It is clear that susceptible people could be infected by (crazy) fans in different age groups by different 

𝛽’s. And the process that 𝑆𝑖 is infected is generally formulated as 𝑆𝑖 ∑
𝑖=1

𝑛

(𝛽𝑖𝑗𝐼𝑗 + 𝜖𝛽𝑖𝑗𝐶𝑗). As we divide 

the whole population into three equally, so the growth rate 𝜙 is the same for each age group, named 
1

20
, 

for there is a gap of 20 years in each group.  

 

Figure 3. Flowchart of the refined compartmental model. 

According to the discussion above and the flowchart presented, the model is formulated as follows: 

𝑑𝐼1
𝑑𝑡
= 𝑆1 ∑

𝑗=1

3

(𝛽1𝑗𝐼𝑗 + 𝜖𝛽1𝑗𝐶𝑗) − (𝛼 + 𝜙 + 𝜆1)𝐼1 

𝑑𝐶1
𝑑𝑡

= 𝜃1𝜆1𝐼1 − (𝜙 + 𝛾)𝐶1 
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𝑑𝐼2
𝑑𝑡
= 𝑆2 ∑

𝑗=1

3

(𝛽2𝑗𝐼𝑗 + 𝜖𝛽2𝑗𝐶𝑗) + 𝜙𝐼1 − (𝛼 + 𝜙 + 𝜆2)𝐼2 

𝑑𝐶2
𝑑𝑡

= 𝜃2𝜆2𝐼2 + 𝜙𝐶1 − (𝜙 + 𝛾)𝐶2 

𝑑𝐼3
𝑑𝑡
= 𝑆3 ∑

𝑗=1

3

(𝛽3𝑗𝐼𝑗 + 𝜖𝛽3𝑗𝐶𝑗) + 𝜙𝐼2 − (𝛼 + 𝜆3)𝐼3 

𝑑𝐶3
𝑑𝑡

= 𝜃3𝜆3𝐼3 + 𝜙𝐶2 − 𝛾𝐶3 

𝑑𝑆1
𝑑𝑡

= 𝜇𝑃1 + 𝛼𝐼1 − 𝑆1 ∑
𝑗=1

3

(𝛽1𝑗𝐼𝑗 + 𝜖𝛽1𝑗𝐶𝑗) − (𝜇0 + 𝛿 + 𝜙)𝑆1 

𝑑𝑆2
𝑑𝑡

= 𝜇𝑃2 + 𝛼𝐼2 + 𝜙𝑆1 − 𝑆2 ∑
𝑗=1

3

(𝛽2𝑗𝐼𝑗 + 𝜖𝛽2𝑗𝐶𝑗) − (𝜇0 + 𝛿 + 𝜙)𝑆2 

𝑑𝑆3
𝑑𝑡

= 𝜇𝑃3 + 𝛼𝐼3 + 𝜙𝑆2 − 𝑆3 ∑
𝑗=1

3

(𝛽3𝑗𝐼𝑗 + 𝜖𝛽3𝑗𝐶𝑗) − (𝜇0 + 𝛿)𝑆3 

𝑑𝑅

𝑑𝑡
= 𝛿 ∑

𝑖=1

3

𝑆𝑖 + ∑
𝑖=1

3

(1 − 𝜃𝑖)𝜆𝑖𝐼𝑖 + 𝛾 ∑
𝑖=1

3

𝐶𝑖 

3.  The basic reproduction number 

The disease-free equilibrium is 𝐸0 = (0,0, 𝑆1,, 0,0, 𝑆2, 0,0, 𝑆3, 𝑅) 
Where 

𝑆1 =
𝜇𝑃1

𝜇0 + 𝛿 + 𝜙
 

𝑆2 =
𝜇𝑃2 + 𝜙𝜇𝑃1
𝜇0 + 𝛿 + 𝜙

 

𝑆3 =
(𝜇0 + 𝛿 + 𝜙)𝜇𝑃3 + 𝜙(𝜇𝑃2 + 𝜙𝜇𝑃1)

(𝜇0 + 𝛿 + 𝜙)(𝜇0 + 𝛿)
 

𝑅 =
𝜇𝑃1(𝜇0 + 𝛿) + (𝜇𝑃2 + 𝜙𝜇𝑃1)(𝜇0 + 𝛿) + (𝜇0 + 𝛿 + 𝜙)𝜇𝑃3 + 𝜙(𝜇𝑃2 +𝜙𝜇𝑃1)

(𝜇0 + 𝛿 + 𝜙)(𝜇0 + 𝛿)
 

Let 

  F  =

(

 
 
 
 
 
 
 
 
 
 
 
𝑆1 ∑
𝑗=1

3

(𝛽1𝑗𝐼𝑗 + 𝜖𝛽1𝑗𝐶𝑗)

0

𝑆2 ∑
𝑗=1

3

(𝛽2𝑗𝐼𝑗 + 𝜖𝛽2𝑗𝐶𝑗)

0

𝑆3 ∑
𝑗=1

3

(𝛽3𝑗𝐼𝑗 + 𝜖𝛽3𝑗𝐶𝑗)

0

0

0

0

0 )
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𝑉 =

(

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(𝜆1 + 𝜙 + 𝛼)𝑙1
−𝜃1𝜆1𝐼1 + (𝜙 + 𝛾)𝐶1
−𝜙𝐼1 + (𝜆2 + 𝜙 + 𝛼)𝐼2

−𝜃2𝜆2𝐼2 − 𝜙𝐶1 + (𝜙 + 𝛾)𝐶2
(𝛼 + 𝜆3)𝐼3

−𝜃3𝜆3𝐼3 − 𝜙𝐶2 + 𝛾𝐶3
−𝜇𝑃1 − 𝛼𝐼1 + 𝑆1 ∑ (𝛽1𝑗𝐼𝑗 + 𝜖𝛽1𝑗𝐶𝑗)

3
𝑗=1 + (𝜇0 + 𝛿 + 𝜙)𝑆1

−𝜇𝑃2 − 𝛼𝐼2 − 𝜙𝑆1 + 𝑆2 ∑ (𝛽2𝑗𝐼𝑗 + 𝜖𝛽2𝑗𝐶𝑗)
3
𝑗=1 + (𝜇0 + 𝛿 + 𝜙)𝑆2

−𝜇𝑃3 − 𝛼𝐼3 − 𝜙𝑆2 + 𝑆3 ∑ (𝛽3𝑗𝐼𝑗 + 𝜖𝛽3𝑗𝐶𝑗)
3
𝑗=1 + (𝜇0 + 𝛿)𝑆3

−𝛿 ∑ 𝑆𝑖 − ∑ (1 − 𝜃𝑖)𝜆𝑖𝐼𝑖 − 𝜆∑ 𝐶𝑖
3
𝑗=1

3
𝑗=1

3
𝑗=1 )

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

𝐹 =

(

 
 
 

𝛽11𝑆1 𝜖𝛽11𝑆1 𝛽12𝑆1 𝜖𝛽12𝑆1 𝛽13𝑆1 𝜖𝛽13𝑆1
0 0 0 0 0 0

𝛽21𝑆2 𝜖𝛽21𝑆2 𝛽22𝑆2 𝜖𝛽22𝑆2 𝛽23𝑆2 𝜖𝛽23𝑆2
0 0 0 0 0 0

𝛽31𝑆3 𝜖𝛽31𝑆3 𝛽32𝑆3 𝜖𝛽32𝑆3 𝛽33𝑆3 𝜖𝛽33𝑆3
0 0 0 0 0 0 )

 
 
 

  

𝑉 =

(

 
 

𝜆1 + 𝜙 + 𝛼 0 0 0 0 0

−𝜃1𝜆1 𝜙 + 𝛾 0 0 0 0

−𝜙 0 𝜆2 + 𝜙 + 𝛼 0 0 0

0 −𝜙 −𝜃2𝜆2 𝜙 + 𝛾 0 0

0 0 0 −𝜙 −𝜃3𝜆3 𝛾 )

 
 

 

𝑣−1

=

(

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1

𝛼 + 𝜆1 + 𝜙
0 0 0 0 0

𝜃1𝜆1

(𝛾 + 𝜙)(𝛼 + 𝜆1 + 𝜙)

1

𝛾 + 𝜙
0 0 0 0

𝛾2𝜙 + 2𝛾𝜙2 + 𝜙3

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
0

1

𝛼 + 𝜆2 + 𝜙
0 0 0

−
−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙

2))

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

𝜙

(𝛾 + 𝜙)2

𝜃2𝜆2

(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

1

𝛾 + 𝜙
0 0

𝛾3𝜙2 + 2𝛾2𝜙3 + 𝛾𝜙4

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

0
𝜙

(𝛼 + 𝜆3)(𝛼 + 𝜆2 + 𝜙)
0

1

𝛼 + 𝜆3

0

𝜃3𝜆3(𝛾
2𝜙2 + 2𝛾𝜙3 + 𝜙4) − 𝜙(𝛼 + 𝜆3) (−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙

2)))

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

𝜙2

𝛾(𝛾 + 𝜙)2
−
−𝛼𝜃2𝜆2𝜙 − 𝛾𝜃3𝜆3𝜙 − 𝜃3𝜆3𝜙

2 − 𝜃2𝜆2𝜆3𝜙

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

𝜙

𝛾(𝛾 + 𝜙)

𝜃3𝜆3

𝛾(𝛼 + 𝜆3)

1

𝛾)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

𝐹𝑉−1 =

(

  
 

𝑎11 𝑎12 𝑎13 𝑎14 𝑎15 𝑎16
0 0 0 0 0 0
𝑎31 𝑎32 𝑎33 𝑎34 𝑎35 𝑎36
0 0 0 0 0 0
𝑎51 𝑎52 𝑎53 𝑎54 𝑎55 𝑎56
0 0 0 0 0 0 )

  
 

 

Where 

𝑎11 =
𝛽12𝑆1(𝛾

2𝜙 + 2𝛾𝜙2 + 𝜙3)

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
+

𝛽13𝑆1(𝛾
3𝜙2 + 2𝛾2𝜙3 + 𝛾𝜙4)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

+
𝛽11𝑆1

𝛼 + 𝜆1 + 𝜙

+
𝑆1𝜖𝛽13 (𝜃3𝜆3(𝛾

2𝜙2 + 2𝛾𝜙3 + 𝜙4) − 𝜙(𝛼 + 𝜆3) (−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙
2))))

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

 

              −
𝜀𝛽12𝑆1(−𝜃1𝜆1𝜙(𝛼+𝜆2+𝜙)−(𝜃2𝜆2(𝛾𝜙+𝜙

2)))

(𝛾+𝜙)2(𝛼+𝜆1+𝜙)(𝛼+𝜆2+𝜙)
+

𝜀𝛽11𝜃1𝜆1𝑆1

(𝛾+𝜙)(𝛼+𝜆1+𝜙)
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𝑎12 =
𝜀𝛽12𝑆1𝜙

(𝛾 + 𝜙)2
+
𝜀𝛽11𝑆1
𝛾 + 𝜙

+
𝑆1𝜖𝛽13𝜙

2

𝛾(𝛾 + 𝜙)2
 

𝑎13 =
𝛽12𝑆1

𝛼 + 𝜆2 + 𝜙
+

𝛽13𝑆1𝜙

(𝛼 + 𝜆3)(𝛼 + 𝜆2 + 𝜙)
+

𝜀𝛽12𝜃2𝜆2𝑆1
(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

−
𝑆1𝜖𝛽13(−𝛼𝜃2𝜆2𝜙 − 𝛾𝜃3𝜆3𝜙 − 𝜃3𝜆3𝜙

2 − 𝜃2𝜆2𝜆3𝜙)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
 

𝑎14 =
𝜀𝛽12𝑆1
𝛾 + 𝜙

+
𝑆1𝜖𝛽13𝜙

𝛾(𝛾 + 𝜙)
 

𝑎15 =
𝛽13𝑆1
𝛼 + 𝜆3

+
𝜃3𝜆3𝑆1𝜖𝛽13
𝛾(𝛼 + 𝜆3)

 

𝑎16 =
𝑆1𝜖𝛽13
𝛾

 

𝑎31 =
𝛽22𝑆2(𝛾

2𝜙 + 2𝛾𝜙2 + 𝜙3)

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
+

𝛽23𝑆2(𝛾
3𝜙2 + 2𝛾2𝜙3 + 𝛾𝜙4)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

+
𝛽21𝑆2

𝛼 + 𝜆1 + 𝜙

+
𝑆2𝜖𝛽23 (𝜃3𝜆3(𝛾

2𝜙2 + 2𝛾𝜙3 + 𝜙4) − 𝜙(𝛼 + 𝜆3) (−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙
2))))

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

 

            −
𝜀𝛽22𝑆2(−𝜃1𝜆1𝜙(𝛼+𝜆2+𝜙)−(𝜃2𝜆2(𝛾𝜙+𝜙

2)))

(𝛾+𝜙)2(𝛼+𝜆1+𝜙)(𝛼+𝜆2+𝜙)
+

𝜀𝛽21𝜃1𝜆1𝑆2

(𝛾+𝜙)(𝛼+𝜆1+𝜙)
 

𝑎32=
𝜀𝛽22𝑆2𝜙

(𝛾+𝜙)2
+
𝜀𝛽21𝑆2

𝛾+𝜙
+
𝑆2𝜖𝛽23𝜙

2

𝛾(𝛾+𝜙)2
 

𝑎33 =
𝛽22𝑆2

𝛼 + 𝜆2 + 𝜙
+

𝛽23𝑆2𝜙

(𝛼 + 𝜆3)(𝛼 + 𝜆2 + 𝜙)
+

𝜀𝛽22𝜃2𝜆2𝑆2
(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

−
𝑆2𝜖𝛽23(−𝛼𝜃2𝜆2𝜙 − 𝛾𝜃3𝜆3𝜙 − 𝜃3𝜆3𝜙

2 − 𝜃2𝜆2𝜆3𝜙)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
 

𝑎34 =
𝜀𝛽22𝑆2
𝛾 + 𝜙

+
𝑆2𝜖𝛽23𝜙

𝛾(𝛾 + 𝜙)
 

𝑎35 =
𝛽23𝑆2
𝛼 + 𝜆3

+
𝜃3𝜆3𝑆2𝜖𝛽23
𝛾(𝛼 + 𝜆3)

 

𝑎36 =
𝑆2𝜖𝛽23
𝛾

 

𝑎51 =
𝛽32𝑆3(𝛾

2𝜙 + 2𝛾𝜙2 + 𝜙3)

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
+

𝛽33𝑆3(𝛾
3𝜙2 + 2𝛾2𝜙3 + 𝛾𝜙4)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

+
𝛽31𝑆3

𝛼 + 𝜆1 + 𝜙

+
𝑆3𝜖𝛽33 (𝜃3𝜆3(𝛾

2𝜙2 + 2𝛾𝜙3 + 𝜙4) − 𝜙(𝛼 + 𝜆3) (−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙
2))))

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)
2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

  

 

−
𝜀𝛽32𝑆3 (−𝜃1𝜆1𝜙(𝛼 + 𝜆2 + 𝜙) − (𝜃2𝜆2(𝛾𝜙 + 𝜙

2)))

(𝛾 + 𝜙)2(𝛼 + 𝜆1 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
+

𝜀𝛽31𝜃1𝜆1𝑆3
(𝛾 + 𝜙)(𝛼 + 𝜆1 + 𝜙)

 

𝑎52 =
𝜀𝛽32𝑆3𝜙

(𝛾 + 𝜙)2
+
𝜀𝛽31𝑆3
𝛾 + 𝜙

+
𝑆3𝜖𝛽33𝜙

2

𝛾(𝛾 + 𝜙)2
 

𝑎53 =
𝛽32𝑆3

𝛼 + 𝜆2 + 𝜙
+

𝛽33𝑆3𝜙

(𝛼 + 𝜆3)(𝛼 + 𝜆2 + 𝜙)
+

𝜀𝛽32𝜃2𝜆2𝑆3
(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)

−
𝑆3𝜖𝛽33(−𝛼𝜃2𝜆2𝜙 − 𝛾𝜃3𝜆3𝜙 − 𝜃3𝜆3𝜙

2 − 𝜃2𝜆2𝜆3𝜙)

𝛾(𝛼 + 𝜆3)(𝛾 + 𝜙)(𝛼 + 𝜆2 + 𝜙)
 

𝑎54 =
𝜀𝛽32𝑆3
𝛾 + 𝜙

+
𝑆3𝜖𝛽33𝜙

𝛾(𝛾 + 𝜙)
 

𝑎55 =
𝛽33𝑆3
𝛼 + 𝜆3

+
𝜃3𝜆3𝑆3𝜖𝛽33
𝛾(𝛼 + 𝜆3)

 

𝑎56 =
𝑆3𝜖𝛽33
𝛾

 

Notice that the eigenvalue of the matrix 𝐹𝑉−1 satisfying the following characteristic equation:  
𝜆3(𝜆3 − (𝑎11 + 𝑎33 + 𝑎55)𝜆2 − (𝑎15𝑎51 + 𝑎35𝑎53 − 𝑎55𝑎33 − 𝑎11𝑎55 + 𝑎13𝑎31 − 𝑎11𝑎33)𝜆

−𝑎13𝑎35𝑎51 − 𝑎15𝑎31𝑎53 + 𝑎15𝑎33𝑎51 + 𝑎11𝑎35𝑎53 + 𝑎13𝑎31𝑎55 − 𝑎11𝑎33𝑎55) = 0
 

Proceedings of the 5th International Conference on Computing and Data Science
DOI: 10.54254/2755-2721/14/20230752

13



Let 
 −𝑎13𝑎35𝑎51 − 𝑎15𝑎31𝑎53 + 𝑎15𝑎33𝑎51 + 𝑎11𝑎35𝑎53 + 𝑎13𝑎31𝑎55 − 𝑎11𝑎33𝑎55) = 0 

Then we have  
𝜆4(𝜆2 − (𝑎11 + 𝑎33 + 𝑎55)𝜆 − 𝑎15𝑎51 − 𝑎35𝑎53 + 𝑎55𝑎33 + 𝑎11𝑎55 − 𝑎13𝑎31 + 𝑎11𝑎33 = 0 

𝜆1 = 0,

𝜆2,3 =
1

2
(±√a112 − 2𝑎11𝑎33− 2𝑎11𝑎55+ 4𝑎13𝑎31+ 4𝑎15𝑎51+ a332 − 2𝑎33𝑎55+ 4𝑎35𝑎53+ a552 + 𝑎11+ 𝑎33+ 𝑎55)

 

𝑅0 = 𝜆𝑚𝑎𝑥 =
1

2
(√a112 − 2𝑎11𝑎33− 2𝑎11𝑎55+ 4𝑎13𝑎31+ 4𝑎15𝑎51+ a332 − 2𝑎33𝑎55 + 4𝑎35𝑎53+ a552

+ 𝑎11+ 𝑎33+ 𝑎55) 

Thus, the disease-free equilibrium will be stable if 𝑅0 < 1, where 𝑅0 is defined as above. 

4.  Sensitivity analysis 

To do the sensitivity analysis, we firstly need a value assignment for each of the parameter. All the 

values assigned are based on the reasonable assumptions. However, we are more concerned about the 

change of  𝑅0 with respect to some parameters when the others are fixed the rest. 

It is important to mention that 𝑅0 > 1 in this model means the certain celebrity will expand the fan 

base continuously, which is the favourable situation for the celebrity and his or her brokerage company.  

Table 3. Value assignment. 

Parameter Value 

𝛽𝑖𝑖 𝛽𝑖𝑖 = 0.2 

𝛽𝑖𝑗, 𝑖 ≠ 𝑗 𝛽𝑖𝑗 = 0.05 

𝜖 𝜖 = 3 

𝜙 𝜙 =
1

20
 

𝜃𝑖 𝜃𝑖 = 0.7 

𝜆𝑖 𝜆𝑖 = 0.01 

𝛼 𝛼 = 0.03 

𝛾 𝛾 = 0.001 

As we could see from the figures below, with 𝛼 increasing, 𝑅0 decreases slowly. However, 𝛾 is a 

dominant parameter that the basic reproduction number 𝑅0  depends on. As we could see, 𝑅0  drops 

sharply as 𝛾 increases. Practically, this means the idol’s doesn’t have to put too much weight on how to 

be perfect to endear the ‘swing fans’, who will change their mind more easily. To the contrary, they 

need to avoid absolutely negative events happening to preserve their most loyal believers.  

The figure below illustrates the sensitivity of 𝛽11 & 𝛽13. The yellow line describes the change of 𝑅0 

with respect to the coefficient 𝛽13, the transmission probability between youths and the elder, and the 

blue line stands for that of 𝛽11, the transmission probability among youths. It is clear that compared with 

𝛽11, increasing 𝛽13 is more efficient way to raise 𝑅0. As a result, it is more vital to the publicity of 

celebrity to be multifaceted in order to be suitable for all ages rather than adhere to one particular group 

only. Otherwise the fan base of the celebrity will always be limited to a particular group of people. The 

result truly highlights the importance of the a broader fan base for a celebrity.  
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(a)                                                                        (b) 

 

(c) 

Figure 4. The graph of the basic reproduction number against different parameters: (a) the average 

probability of usual fans unfollowing their idols  ; (b) the average probability of fanatics unfollowing 

their idols  (c) the transmission probability among youths  and the transmission probability between 

youths and the elder . 

5.  Conclusion 

Realistically speaking, the show business is not only an entertainment for the public, but has its own  

business value. In fact, it continues making profits and contributing to the economy all the time, to which 

celebrity endorsement is a common and effective way. This research mainly probes how the behaviour 

of a celebrity will influence his or her fan base from a mathematical perspective. Meanwhile, we also 

manage to improve the original SICR model to fit in our own purpose. At the end of the article, the 

sensitivity analysis also implies several advice for the celebrities and their brokerage company to help 

them better preserve and further increase the number of their admirers, which will maximize the value 

of their endorsement. 

Finally, we should mention that for the sake of the simplicity and preservation of the basic property 

of SICR model, the effect of anti-fans (e.g. their negative comments) wasn’t considered into our research. 

As some researches suggested, this is an important point while studying the audience behaviour but is 

often ignored [23]. We decide to leave it for future research. 
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