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Abstract 
In order to explore the evolution mechanism of the influence of online celebrities on 
commodity price reductions on consumers participating in interactive behavior by 
sending bullet screens in online celebrity live marketing, the prospect theory is 
introduced into the evolutionary game process to simulate the energy, time and 
opportunity cost of consumers participating in interaction.  The impact of different 
parameters such as the operating cost of Internet celebrities when they cut their prices, 
and the influence of Internet celebrities' price cuts to seize market share on the 
evolutionary results. The research results show that when the initial selection 
probability of gaming celebrity and consumers, the opportunity cost of consumer 
participation in interaction, perceived benefits and operating costs after the celebrity 
price cuts, and market share gains and other parameters change around the threshold, 
they can change the influence of celebrity and  The evolutionary tendency and stability 
of consumer strategy provide reference and reference for the management practice of e-
commerce live broadcast platform inducing consumers to participate in interaction. 
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Prospect Theory; Consumer Interaction; Commodity Price Reduction; Internet Celebrity 
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1. Introduction 

In the context of the prevention and control of the new crown epidemic, the number of live e-
commerce users in China has rapidly increased to 265 million, accounting for 29.3% of the total 
netizens[1]. Live broadcast e-commerce broke the traditional way of information 
dissemination and opened a new era of real-time interactive dissemination.  As a leader in the 
live broadcast e-commerce model, Internet celebrity live marketing has been favored by 
countless merchants. It can use the exposure, reposting, and comment volume of the Internet 
celebrity on various social platforms, as well as its huge fan base to target  Promote products to 
achieve the effect of precision marketing. 
Therefore, how to "across the screen" to drive consumer emotions, arouse consumers' 
resonance, and thus deepen consumers' willingness to buy, has become a hot spot for domestic 
and foreign scholars. Short, J. et al. discovered Social Presence, that is, users have a sense of 
intimacy or direct experience in interpersonal interaction with the communication medium[2]; 
Shin et al. defined social presence as a substitute for face-to-face communication, and found 
that social presence can improve consumers' safety perception and purchasing attitude in 
virtual shopping malls, which is a key behavioral premise for using virtual shopping malls [3].  
From the perspective of behavior and neurophysiology, Xie Ying et al. divided social presence 
in live marketing into coexistence, communication and emotional presence, and found that 
social presence affects consumers' purchasing behavior [4]. It can be seen that a high degree of 
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social presence conveys a warm, sensual, and immersive atmosphere, reduces the sense of 
distance between businesses and consumers [5], and can deepen consumers’ willingness to buy. 
How to create a high degree of social presence?  Domestic scholars have discovered that the 
core innovation of marketing lies in the use of interaction to stimulate consumers to shop. 
Internet celebrities usually start with emotional communication, get closer and establish 
relationships with consumers, and gradually penetrate product information [6].  Meng Lu, Liu 
Fengjun, etc. through in-depth interviews, building SEM models, and Python crawling data 
found that the interaction between Internet celebrities and consumers is an effective way to 
create a high degree of social presence [7-8]; Saffer and other foreign scholars  It is also found 
that the interaction between corporate social media and consumer networks has become a 
basic element for consumers to identify with Internet retail [9].  It is not difficult to see that in 
the process of online celebrity live broadcast marketing, frequent and effective interaction is 
the key to maintaining the survival and development of online celebrity live marketing. It can 
create a sense of social presence and deepen consumers' willingness to buy. In terms of 
exploring interaction mechanisms, Zhao Li and others constructed marketing based on the 
theory of utility. In terms of exploring the interactive mechanism, Zhao Li et al. built an 
evolutionary game model between marketers and user groups based on the theory of utility, 
and explored the interactive mechanism of live marketing behavior [10]; Tian Yingdong et al. 
established an interactive method for electronic coupon marketing. The three-party 
evolutionary game model of e-commerce platforms, online marketing companies and consumer 
groups is proposed to explore the behavioral interaction and strategy selection mechanism 
between online marketing companies’ marketing decisions and consumer group purchasing 
decisions under the interaction of e-coupon marketing [11]. 
In fact, in the process of online celebrity live broadcast marketing, there are many ways to 
frequently and effectively promote consumers to participate in interaction. In addition to 
answering barrage information, online celebrity anchors can also arrange lucky draws, present 
small gifts, reduce prices, etc.  The form increases audience stickiness.  However, the effects of 
different interactive methods are also very different.  According to the interactive content, 
Köhler divides the interaction methods into social-oriented interactions that convey social 
information and meet the emotional needs of consumers, and task-oriented interactions that 
reflect specific business information and hope to create value with consumers [12]; Cvijikj et al. 
found Different types of interaction methods, such as information-based interaction, 
entertainment-based interaction, and reward-based interaction, will have different levels of 
consumer involvement[13]; Zheng Xing explored the types of interactions in e-commerce live 
broadcasts from the psychological perspective of consumers.  The impact of differences on 
consumers’ impulsive purchase intentions[14]; it can be seen that domestic and foreign 
scholars’ research on the two-way interaction behavior between Internet celebrities and 
consumers in e-commerce live broadcasts mainly focuses on its internal mechanism and 
interaction types. They  The method of using empirical analysis and model construction has 
obtained rich theoretical results. However, in the process of live broadcast marketing, Internet 
celebrities need to adjust the interactive mode according to the status of consumers to 
effectively promote transaction conversion, and "commodity price reduction" is traditional 
marketing  However, few scholars pay attention to the effective promotion methods and the 
mechanism of influence on consumer participation in interactive behavior in online celebrity 
live marketing. 
Evolutionary game analysis provides a suitable analysis method for the two-way interaction 
between Internet celebrities and consumers.  It is a dynamic process about the situation they 
are facing, the game environment and the state of the participants are constantly changing, and 
the game situation and the behavior of the participants are interdependent [16]. Internet 
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celebrities and consumers, as the subject of limited rational decision-making, can introduce 
evolutionary games to analyze the dynamic evolution of their strategies. 
Despite considering the bounded rationality of Internet celebrities and consumer groups, in the 
face of an uncertain decision-making environment, decision-making subjects still have 
subjective judgment bias and value perception preferences.  The application of prospect theory 
in behavioral interaction provides an appropriate way of thinking.  Domestic scholars have 
introduced value and risk perception factors into the evolutionary game process, and explored 
the evolutionary mechanism of positive feedback and public snapping behavior [17-18].  Based 
on this, in order to better characterize the dynamic evolution process of decision-making 
betweencelebritys and consumers in onlinecelebrity live marketing, this article introduces the 
prospect theory into the analysis process of evolutionary games, and uses the prospect value 
function to modify and perfect some parameters of the payment matrix.  From the perspective 
of prospect theory, it analyzes the behavior tendency of Internet celebrities and consumers, and 
simulates the influence of different parameter changes on the evolution result. 

2. Problem Description and Model Construction Analysis  

2.1. Problem Description 
It can be seen that in the process of online celebrity live broadcast, the price reduction and 
welfare distribution of internet celebrities are closely related to whether consumers participate 
in interactive activities and the number of active persons in the live broadcast. The two-way 
interaction between internet celebrities and consumers will increase consumers  The sense of 
social presence, thereby increasing consumers’ willingness to buy[6], and bringing benefits to 
Internet celebrities.  The game between Internet celebrities and consumers can be seen as a 
risky decision-making behavior.  From this, an asymmetric two-group evolutionary game 
model between online celebrities and consumers can be constructed to describe the evolution 
process of online celebrities and consumer strategies, and the following assumptions can be 
made based on the actual situation. 

2.2. Model 
Assumptions Hypothesis 1: The main players of the game are merchants and buyers, and both 
are bounded rationality.  The choice of strategy by both parties is entirely based on the 
perceived value of the strategy's profit and loss, rather than the direct profit and loss of the 
strategy itself. This value-perceived behavior conforms to the prospect theory[19].  According 
to Kahneman and Tversky[19], the perceived value can be measured by the foreground value 
V, which is determined by the value function and the weight function together, and is 
determined by the following formula. 
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Hypothesis 2: The decision-making background of both parties in the game: (1)When 
consumers participate in the interaction, Internet celebrities should have made price reduction 
strategies.(2)Internet celebrities will also make price reduction strategies when there are many 
active people in the live broadcast room. 
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Table 1. Income perception matrix of Internet celebrities and consumers under different 
strategies 

A Celebrity B Consumer 

Paticipation 1B  Nonpatocopation 2B  

Reduced price 

1A  

))(,)(( 112212 CbkbVRWbkbVEER    ))(),(( 1222 bVRbVWER    

Nomal price 

2A  

),( 11112   CRWER  ),( 112 RWR   

 
Table 2. Description of related parameters of income matrix 

parameter explain 

k  Represents the interaction coefficient, and its value is related to the interaction quality. If the interaction 

quality is higher within the specified time, the larger the value of k  is, 1 k  

b  Indicates the maximum price reduction amount. The maximum price reduction amount is positively 
related to the quality of interaction, the number of interactions, the number of active people in the live 

broadcast room, and the price of goods.  0,0 Rb  

  Indicates the coefficient of active people in the live broadcast room, 1 k  

)( bkbV   Indicates the psychological value of consumers’ perception of the benefits of price cuts, 

  ,0)( bkbV  ,    bVbkbV    

)( bkbV   Indicates the psychological perception value of the net celebrity's loss of price reduction,

  ,0)( bkbV   

1R  Consumers' normal benefits when they are not involved in the interaction,   ,01R  

2R  When the internet celebrity does not reduce the price, the normal income obtained by the internet 

celebrity,   ,02R  

1C  The time, energy and opportunity cost of consumers participating in the interaction, ),0(1 C  

1E  Consumers’ participation in interaction will increase consumers’ sense of social presence, thereby 

deepening consumers’ willingness to buy, and bringing benefits to Internet celebrities.   ，01E  

  After consumers participate in the interaction, Internet celebrities do not reduce prices. Consumers feel 

cheated, resulting in psychological gains and losses.   ,0  

  After consumers participate in the interaction, Internet celebrities do not reduce prices, and the loss of 

consumers causes profits and losses.   ,0  

1W  The operating cost when the internet celebrity does not cut prices,   ,01W  

2W  The operating costs of Internet celebrities when they cut prices, because of the price cuts, they will invest 

more energy and promotion, 12 WW   

2E  Net celebrities cut prices, conduct unfair competition, and gain market share.   ，02E  

)( bV   Consumers who do not participate in the interaction can enjoy the psychological value of price cuts and 

benefits,   ,0)( bV   

)( bV   Internet celebrities carry out price reduction strategies, but consumers do not participate in the 

interaction, which brings loss of psychological value to the Internet celebrities.   ,0)( bV   

x  Indicates that the probability of ancelebrity choosing a price reduction strategy is x , Then the probability 

of no price reduction is x1  

y  The probability that consumers choose to participate in the interactive strategy is y , Probability of not 

participating in the interactive strategy is y1  
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Hypothesis 3:(1)When consumers participate in the interaction by sending barrage, Internet 
celebrities make a strategy of not reducing prices, which will make consumers feel deceived 
and bring psychological losses to consumers.(2)When consumers participate in the interaction 
by sending bullet screens, Internet celebrities make a strategy of not reducing prices, which will 
make consumers feel cheated, causing loss of consumers and loss to businesses. 

2.3. Model Construction and Analysis 
(1) Model construction This paper draws on the dynamic mechanism of replication to study the 
strategy selection of Internet celebrities and consumers. The idea is that the growth rate of a 
certain strategy adopted by the population in the next stage and the strategy selected in the 
current stage population.Proportion and income are positively correlated. As time evolves, the 
proportion of populations with high returns will increase, and the proportion of populations 
with low returns will decrease until they gradually die out, so the following derivation is made: 
 

      bVWERyWbkbVEERyUA   2222212 )1(
1                            (2)  

 
Perceived expected benefits of celebrity who choose not to cut prices: 
 

  ))(1( 121122
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The expected benefits of the mixed perception of celebrity: 
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The perceived expected benefits of consumers choosing to participate in the interaction: 
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Perceived expected benefits of consumers choosing not to participate in the interaction: 
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Consumer's mixed perception expected benefits: 
 

                111111 1111
21

RxbVRxyCRxCbkbVRxyUyyUU BBB             (7) 

 
In this game, both Internet celebrities and consumers are bounded rationality. During the game, 
both parties determine the reference point of strategy adjustment based on the current state, 
their respective preferences and value perceptions. Their risk preference and strategy 
adjustment conform to the basic characteristics described by the replication dynamic 
equation.  .  The copy dynamic equation is a dynamic differential equation used to describe the 
decision makers using a specific strategy to spell, through which the strategy evolution path of 
Internet celebrities and consumers can be analyzed. 
The dynamic equation for copying the online celebrity's choice of price reduction is: 
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            bVWWEbVbkbVyxx
dt

dx
xFA   2121                   (8)      

 
The dynamic replication equation of consumers choosing to participate in the interaction is: 
 

                 11 CbVbkbVxyy
dt

dy
yFB                               (9)     

 
(2) Analysis of the evolution and stability of the Internet celebrity strategy Let the point where 
the replication dynamic equation is 0 is the stable point of the strategy evolution[20].  It can be 

seen from equation (8) that,when
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The following will be based on the quantitative analysis of the stability of the differential 
equation to derive the Internet celebrity evolution and stability strategy. 

When   0212  bVWWE  , and when     0  bVbkbV , that is, when the 
Internet celebrity cuts the price to grab market share, the net celebrity cuts the price and the 
consumer does not participate in the interaction, the psychological gains and losses of the 
Internet celebrity are less than the operating cost required for the Internet celebrity to reduce 
the price and the operating cost required for the price reduction  Poor, the difference between 
the psychological gains and losses caused by whether the consumer participates in the 
interaction or not when the Internet celebrity cuts the price is greater than when the Internet 
celebrity does not reduce the price and the consumer loss and loss caused by the consumer’s 
participation in the interaction, 0yy  ,   02 xFA  so 12 x  is a stable state, that is, the Internet 
celebrity will choose a price reduction strategy. 

When   0212  bVWWE  ,     0  bVbkbV  that is, when the net celebrity cuts 
the price to grab the market share, the net celebrity cuts the price and the consumer does not 
participate in the interaction, the psychological gains and losses of the net celebrity are greater 
than the difference between the operating cost of the net celebrity to reduce the price and the 
operating cost when the price is not reduced.  When   0212  bVWWE  , 0yy   and when
    0  bVbkbV , 

01 x  is a stable state, that is, Internet celebrities will choose not to reduce prices. 

(3) Analysis of the evolution and stability of consumer strategy  

From equation (9), it can be seen that at that time     
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C
x 1 ,   0yFB ,every 

y  was in a stable state; at that time     
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C
x 1 , 01 y and 12 y was a possible 

stable state.  For the convenience of the later analysis, make     
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C
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0 ,let's get 

the consumer evolution stability strategy based on the analysis of the stability theorem of 
differential equation. 
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When     0 bVbkbV  , 01 C that is, when consumers participate in the interaction, the 
perceived benefit of the price reduction of Internet celebrities is greater than that of consumers 
who can enjoy the price reduction of Internet celebrities without participating in the interaction, 
and the time, energy, and opportunity cost of consumers participating in the interaction is 
positive, and when 0xx   ,   01 yFB , 01 y is a stable state, that is, consumers will choose not 

to participate in the interactive strategy; when 0xx  ,   02 yFB , 12 y is a stable state. 

When the consumer participates in the interaction, the difference between the perceived 
benefit of the price reduction of the online celebrity and the perceived benefit of the consumer 
who can enjoy the price reduction of the online celebrity without participating in the 
interaction is positive, and the time, energy, and opportunity cost 1C of the consumer 
participating in the interaction is positive.  The consumer's strategy depends on the perception 
of opportunity cost 1C . If the consumer's perception of the value is smaller, the consumer is 
more likely to choose to participate in the interactive strategy, and vice versa. 
(4) Analysis of the evolution and stability of Internet celebrities and consumer strategies  
The dynamic system of the game between Internet celebrities and consumers composed of 
equations (8) and (9) is as follows: 
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From this, we can get the five local equilibrium points of the system:  0,01E  1,02E  0,13E ,
 1,14E ,  005 , yxE , if 00 x , 00 y is true. Combining the previous analysis, we can get the 

results of the Internet celebrity and consumer interaction system strategy as shown in Table 3: 
 

Table 3. Internet celebrities-consumer interaction evolution equilibrium strategy 
State Parameter condition Equilibrium strategy 
I 

00 , xxyy    00，  

II 
00 , xxyy    10，  

III 
00 , xxyy    01，  

IV 
00 , xxyy    11，  

V 
00 , xxyy    
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(5) Equilibrium point stability analysis 
In order to test the stability of the equilibrium strategy, find the two-party evolutionary stability 
strategy (ESS). According to the calculation method of the system evolution stability strategy 
proposed by Freidman[21], the ESS can be obtained by the local analysis method of the Jacobian 
matrix.The Jacobian matrix of this system is: 
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The goal of the system is that Internet celebrities carry out price-cutting strategies. Consumers 
participate in interaction by sending live broadcast barrage. That is, when the system strategy 
is  22 ,BA , it is most conducive to the healthy development of the e-commerce live broadcast 
platform. In order to achieve the goal of the strategy combination, it should be at the same time  
Meet the following two conditions: 
 

  0212  WWEbkbV  ,     1CbVbkbV    

3. The Analysis of the Evolutionary Stability Results from the Perspective 
of Prospect Theory 

In reality, the subject of the game only has bounded rationality, and cannot make the best use 
of existing information in the decision-making process, but makes decisions based on their own 
value perception, which makes Internet celebrities and consumers prone to cognitive bias.The 
number of active people in the live broadcast room is decreasing, This damages the interests of 
Internet celebrities, consumers and e-commerce live broadcast platforms; similarly, consumers 
are also prone to this situation when they judge their strategy choices. They underestimate the 
energy, time, and opportunity costs 1C  required to participate in the interaction. I believe that 
participating in interaction means moving your fingers. In fact, if you want to buy reduced-price 
products, you need to spend a lot of time interacting with Internet celebrities frequently. The 
optimistic bias towards price reductions reduces consumers' perception. 

4. Evolutionary Numerical Simulation Analysis 

 In order to verify the scientificity and correctness of the above theoretical analysis, explore the 
impact of changes in the system evolution on the evolution of the system from the perspective 
of the perspective of prospect theory. This section uses Matlab software to further carry out 
numerical simulation to simulate the dynamic evolution process of Internet celebrities and 
consumer strategy choices.  Combining reality and parameter settings, set the initial values of 
model parameters as follows:  
 

4 ,   3 bkbV  ,   1 bV  , 22 E , 42 W , 21 W ,   5 bkbV  ,   2bV  , 6 , 11 C ,
3.0x , 5.0y . 

 
During the simulation process, except for the analyzed parameters, the remaining parameters 
remain unchanged at their initial values. 

4.1. The Mutual Influence of the Initial Selection Probabilities of the Two 
Parties 

The influence of consumers' initial choice probability on the evolution of Internet celebrity 
choices. 

From the foreground  xV  ,    bVbkbV   ,     0 bVbkbV  .Figure 2 shows,under 
the condition of     0  bVbkbV , 01 C  (at this time, all parameters are initial 

values), when the initial value of
3

2
( 0x ), 

9

8
( 0x ), the final strategy choices of consumers 
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will evolve into non-participation in interaction and participation in interaction, in particular, 

when the initial value of x is 
9

7
( 0x ), consumers' strategic choices will stop evolving. 

 

 

a     0  bVbkbV and,   0
122

 bVWWE   

 

b      0  bVbkbV  and,   0
122

 bVWWE   
Figure 1. The influence of the initial selection probability of Internet celebrities on the 

evolution of consumer choice under different conditions 
 

 

    0  bVbkbV , 0
1

C  
Figure 2. Influence of consumers' initial selection probability on web celebrity selection 

evolution 
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5. Conclusion 

This article focuses on the behavior of commodity price reduction and consumer participation 
in online celebrity live marketing. The prospect theory is introduced into the evolutionary game 
analysis process. The prospect value function is used to correct the uncertain profit and loss 
value in the traditional payment matrix. The assumption of bounded rationality runs through 
the entire decision-making process to explore the evolution mechanism of commodity price 
reduction and consumer participation in online celebrity live marketing. Finally, Matlab 
software is used to simulate the impact of different parameters on the system evolution results. 
The main conclusions are as follows: (1) Through the analysis of the evolution and stability of 
Internet celebrities and consumers, it is concluded that in e-commerce live broadcast platforms, 
participation in interaction is the dominant strategy for consumers. (2) In this game model, the 
choice of initial conditions will affect the evolution path and results of Internet celebrities and 
consumers.  Under certain constraints, when the initial selection probability of an influencer 
fluctuates around the threshold, consumers will have different strategic choices; and when the 
initial selection probability of consumers fluctuates around the threshold, the celebrity will also 
have different strategies select. 
Based on the above conclusions, some management enlightenments can be drawn: (1) If an 
internet celebrity wants to induce consumers to participate in the interaction, so as to obtain 
higher profits, it is necessary to find out the status quo of consumer participation in interactive 
behavior, that is, the initial state of consumers, and investigate consumption  The tendency and 
proportion of the initial selection of the participants, refer to the “threshold” to find the most 
suitable strategy, and take targeted measures.  (2) If consumers want to “find out” whether an 
internet celebrity will lower the price of a product during the live broadcast, they must be 
familiar with the tendency and proportion of the initial selection of the internet celebrity, and 
roughly understand the operating costs of whether the internet celebrity will cut prices or not, 
so that the internet celebrity will cut prices to seize  Market share gains and so on. 
This study has done a theoretical analysis and quantitative research on the interactive 
mechanism of online celebrity price reduction and consumer participation in interactive 
behavior strategy selection in online celebrity live marketing. This article can provide e-
commerce live broadcast platforms to induce consumers to participate in interactive 
management.  Practice provides reference and reference, which is of practical significance. 
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