- % MBE, 17(4): 3412-3425.
AIMS DOI: 10.3934/mbe.2020193
@ Received: 07 April 2020
Accepted: 20 April 2020
http://www.aimspress.com/journal/ MBE Published: 30 April 2020

Research article

The impact of behavioral change on the epidemic under the benefit
comparison

Maoxing Liu*, Rongping Zhang and Boli Xie
School of Science, North University of China, Taiyuan 030051, China
* Correspondence: Email: liumaoxing@ 126.com.

Abstract: Human behavior has a major impact on the spread of the disease during an epidemic. At
the same time, the spread of disease has an impact on human behavior. In this paper, we propose a
coupled model of human behavior and disease transmission, take into account both individual-based
risk assessment and neighbor-based replicator dynamics. The transmission threshold of epidemic
disease and the stability of disease-free equilibrium point are analyzed. Some numerical simulations
are carried out for the system. Three kinds of return matrices are considered and analyzed one by one.
The simulation results show that the change of human behavior can effectively inhibit the spread of
the disease, individual-based risk assessments had a stronger effect on disease suppression, but also
more hitchhikers. This work contributes to the study of the relationship between human behavior and
disease epidemics.
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1. Introduction

The impact of personal behavior choices on epidemic transmission has been studied for a long
time [1]. It is well known that human behavior, such as wearing face masks, vaccination, avoiding
public crowded places and so on, has a significant impact on the spread of epidemics on complex
networks [2]. Studying the dynamics of human behavior during epidemic transmission is of great
significance in suppressing the spread of epidemics [3].

In the event of an outbreak, frequent hand washing, wearing a mask can reduce transmission rates,
and vaccination can immunize people against the disease. The effects of these behaviors on disease
are shown in the following ways in the model: Switches in infectious disease state (e.g. moving
vaccinators to vaccinated state or immune state) [4—6]; changes in model parameters (infection rate
is reduced by modeling social distance) [7-9]; changes in social contact structure (link-breaking or
rewiring process is modeled in individual-based modelling) [10—12]. In this paper, we use an economic
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objective function to simulate the dynamics of human behaviour.

Game exists in every aspect of our life, especially among human interactions. The application
of game theory in the model of infectious diseases has been increasing in recent years [13]. Earlier
studies used a non-iterative game model coupled with the SIR epidemic model to study the impact
of population behavior on epidemics [14, 15]. This kind of models are limited to lifelong vaccination
strategies. In recent years, many more practical models have been proposed, such as iterative game
model, imitating dynamics, random games, etc [16—18]. In this paper, the iterative game model and
simulation dynamics are used. In the game model, the quantification of payoffs is the key factor to solve
the problem. There are two ways to quantify payoffs: Self-assessment and neighbor-based assessment.
Self-assessment rely on the memory and personal perception of the disease [19,20], whilst neighbor-
based assessment puts individuals into an environment where personal decisions are influenced by
the choices of their neighbours, where the neighbours are determined by the topology of the contact
network [21]. Our model takes into account both approaches and analyses the differences in terms of
the intensity of disease suppression and the number of hitchhikers.

There are some new models of human behavioral games, especially the behavior of vaccination.
Recently, Kabir et al. [22] presented the two layer SIR/V-UA epidemic diffusion model, the results
of the paper found that awareness can promote personal vaccination. In the same year, they analyzed
behavioral incentives in the vaccination dilemma [23], simulations showed that vaccine characteristics
are more important in controlling the treatment adoption than the cost of treatment itself. Kuga et al.
[24] evaluate the performance of vaccination-subsidizing policies in the face of a seasonal epidemic, the
results suggest that subsidies should be aimed at voluntary vaccinators while avoiding overspending.
Arefin et al. [25] proposed the effect of vaccination behavior on the prevalence of specific strains
during the simultaneous spread of two influenza-like disease strains. The results show that the efficacy
of the vaccine against the new strain plays a key role in controlling the epidemic of the disease. In
reference [26], the authors proposed a model couples an SIR model with selection of behaviors, it
mainly analysis the time scales difference of behavior changes and epidemic transmission, not consider
influence from surrounding neighbors. Inspired by the reference, we built a model that coupled human
behavior with epidemic transmission, but the difference is that we consider both self-assessment and
the influence of neighbors on individual behavior dynamics.

The main contributions of this article are: the coupling model of human behavior and epidemic
disease is proposed, and it has practical implications; the individual-based risk assessment and
neighbor-based replication dynamics are considered; The suppression of epidemic diseases and the
situation of free riding under two kinds of payoff evaluation methods are analyzed.

The rest of this paper is organized as follows. In section 2, we introduce a system that combines
epidemics and personal behavior on complex networks. In section 3, we estimate the epidemic
threshold of epidemic spreading model and the stability of disease-free equilibrium. Some numerical
simulations are given in section 4. Finally, the conclusions are summarized in section 5.

2. Materials and methods

The scale-free network has serious heterogeneity and has a wide range of applications in life [27],
such as: Power grids [28], world wide web [29], ecological networks [30], etc. we consider human
behavior changes and epidemic transmission on scale-free networks. The target network has N nodes,
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and its adjacency matrix is A. if node i and node j (j # i) are connected, then a;; = a;; = 1; otherwise

N

a;j = aj = 0. k; = )] a;j denotes the degree of node i. Assuming that the network is strongly connected,
j=1

then matrix A is an irreducible matrix.

In this article, we mainly consider the impact of spontaneous human behavior changes such as
wearing masks and hand washing on the spread of epidemics. At the same time, we consider the classic
SIS model without immunity. The SIS model is a paradigmatic epidemic spreading model, in which
each node can be in one of two states, either susceptible or infected. We assume that each infected node
recovers at a unit rate. We consider that individuals may adopt two mutually exclusive behaviours, s
(safeguard”) and n ("normal”). Specifically, we assume that individuals adopting behaviour s are able
to reduce infection rate with respect to individuals adopting behaviours n. Thus, two infection rates A,
and A, are considered for the two behaviours s and n. Naturally, we suppose that 4, > A,. Let S;(7)
denotes the probability that individual i is in susceptible state at time t, and /;(f) denotes the probability
that individual i is in infection state at time . We consider the derived model of SIS in a quenched
network. The epidemic model of node i can be written as:

Si(1) = —[A,xi5(D)S (1) + A,Xi(1)S ()] IZV: a;;l(t) + I;(D),

s 2.1)

L) = =L@ + [A,xi5(0)S i) + ,xi(DS (D] Y a1 (7).
=

X;5(¢) is the probability that individual i chooses behaviour s at time t, x;,(¢) is the probability that
individual i chooses behaviour n at time t. The specific content of x;; and x;, will be described later.

Considering human contact, we apply the replication equation in evolutionary game theory to
analyze the dynamics of human behavior in the process of disease transmission. The quantification of
individual’s payoff mainly considers factors such as the cost of behavior, psychological fear, and risk
of infection. The extent of psychological fear are different when contact with individual with
behaviour s or behaviour n, also the risk of infection are different. The payoff matrix is as follows:

S n
M=1|s upn Uiz |-
n u Uy

The first column of the matrix represents the two strategies of an individual, and the first row
represents the two strategies of its neighbors. u;; denotes the payoff of individual who adopts behaviour
s when he interact with the one who adopts the same behavior. u;, denotes the payoff of individual
who adopts behaviour s when he interact with the one who adopts behavior n. u,; denotes the payoft of
individual who adopts behaviour n when he interact with the one who adopts behavior s. u,, denotes
the payoff of individual who adopts behaviour n when he interact with the person who adopts the same
behavior.

We define that u;, is the expected payoft of individual i choosing behaviour s, u;; = uy;pis + U2 Pin-
We also define that u;, is the expected payoft of individual i choosing behaviour n, u;, = uy| pis + Uz pin-
u; is the expected payoft of individual i choosing behaviour s with probability x;,(¢), u; = u;sX;is + UinXiy-

Dis =+ Z a;jxjs and p;, = T Z a;; X, respectively represent the probability of neighbors with behavior

s and nelghbors with behav10r n of node i, and p;; + p;, = 1.
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For the dynamics of human behavior, it is assumed that individuals interact randomly with their
neighbors at a certain rate. Generally if the payoff of a pure strategy is greater than the expected payoff
of mixed strategy adopted now, then the pure strategy is adopted with a higher probability. In this
situation, the rate of change is assumed proportional to the difference in payoff. At the same time, it
was assumed that the changes in strategies of individuals affected by their neighbors were proportional
to the prevalence of disease in their neighbors. We assume that individuals are bounded rational. Based
on the above assumptions, we can construct the behavior’ replicator dynamics equation as:

N

Xis(t) = bx;g(t)(u;s — Mi)k%_ 2 ail (1),
! (2.2)

Xin(1) = bxi (1) (Uin — Mi)kli '21 a;il(1).
=

where i = 1,2,..., N, x;,(¢) is the probability that individual i chooses behaviour s at time t, x;,(f)
is the probability that individual i chooses behaviour n at time t, and x;4(¢) + x;,(f) = 1. b > 0O is
the proportionality constant. k; denotes the degree of node i. The disease prevalence of neighbors is
N
defined as %,. zl a;il(t).
J=
The dynamics of behaviours is modelled as a selection dynamics. In addition to considering the
interaction with neighbors, we also take into account the payoff ignoring the surrounding impact. For
example, consider only the benefits of changing behavior or the benefits of being infected. We also
assume that it’s proportional to the probability that individual i is infected. The dynamic of behaviours
becomes:

N

Xis(1) = axi()(1 — x;(O))(fs — f)li(0) + bxi(D)(u;s — Mi)kli Z a;il (1),
7 (2.3)

Xin(1) = axi()(1 = x;(D)(f — fi(D) + bxi(t) (i — Mi)kli '21 a;il(1).
=

/5 1s the payoff of behaviour s, and f, is the payoff of behaviour e. a > 0 is the proportionality constant.

Xis + X; = 1,and S; + I; = 1. Therefore, the limit system of the complete dynamics of infection and
behaviour is given by

N

Xis(1) = axis (D = xi5(D)(fs — f)li(#) + bxi(D)(u;s — Mi)kl[. Z a;il (1),

' . (2.4)

I;(t) = —1;(t) + [A,(1 = [;(D)x;5(2) + A,(1 = L;(0)(1 — x;5(1))] -21 a1 (1)
J:

In the model, human behavior affects the infection rate of an epidemic, and the spread of an
epidemic affects individual behavior choices. When the epidemic dies out, human behavior will be
unaffected by the epidemic. The key of this paper is to address the outbreak of epidemics under the
influence of human behavior. Next we will analyze the stability of the equilibrium point in the
epidemic model.
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3. Results

Let Q = {(01,02,...on) € RY|0 < p; < 1,i = 1,2,...,N}. It’s easy to prove that Q is the positive
invariant set and is the solution space for system (2.1). E,O = (x},,0) is the disease-free equilibrium of
individual i in system (2.4). The disease-free equilibrium of system (2.4) is Ey = [EjoE...Eno]. Let
us first prove the existence of the endemic equilibrium point.

Lemma 1 (Gerschgorin theorem [31]). Let A = (a;;) € C"™" and let r; = ZJ i la;jl,i = 1,2,...,n
Then, all the eigenvalues of A lie in the union of n closed discs |J!_,{z € C : |z — a;;| < r;}, where C is
the set of complex number and C"™" represents the complex matrices set of the order n X n.

Theorem 1. If A; > ﬁ, then the epidemic spreads will becomes endemic. p(A) is the spectral
radius of the adjacency matrix A = (a;;)nxn-

Proof. We calculate the steady-state probability of infection for each node i from (2.4), which is

determined by the following nonlinear equation:

N

1) = [A;(1 = Li()xis (1) + A, (1 = (D)1 = x;5(1))] Z ajl(1).

j=1
N . . . .
Let A; = Ayxis + A,x;, and ©; = ) a;;1;(1), bring these two equations into the above equation, then

J=1
we obtain a self-consistency equation and expressed as f:

N
0,
0= 2Ty e = O
Jj=

Obviously, ©; = 0 is always a solution of this equation. Note that:

N
, A
(@)= Zaij—(l 110, >0,
= ’
> —222

fl/(@i) = Z al'j—(l N /l(la)?’ <
j:1 1 1

Therefore, it’s a concave function. According to the properties of concave functions, a nontrivial
solution of individual 7 exists only if

df©) Y
de; '®"=°_;a I+ /1@)2 00= ) aijdi > 1

J=1

Then, we have

N
A > 1/ Zaij.
=1

It is easy to know that min{4;} = /ls, and according to the Gerschgorin theorem, we can conclude

that there is i satisfying 1/p(A) > 1/ Z a;j. According to the above conditions, we can conclude that
=
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N
if A, > 1/p(A), there must be i satisfying 4; > 1/ 3 a;;. system (2.4) will have a unique positive
j=1

equilibrium.
The proof is therefore completed.
Let %;5() = fi(?), I,(t) = gi(¢). Next we will prove the stability of the disease-free equilibrium.
Theorem 2. The disease-free equilibrium E; is locally stable if 1, < /ﬁ and E, is unstable if
A > /ﬁ.
Proof: The jacobian matrix of system (2.4) at E is

J(Ep) = (Z :1), 3.1)

where A is an n X n matrix whose elements are represented as:

_1’ 1= j,
Ay = 3.2
( 1) ! {[/ls-xis + /ln(l - xis)]aij’ [ # ] ( )

Obviously, A = —FE + AA, where
A= diag{/lsxls + /ln(l - xls)a ASXZS + /ln(l - XZS), (T2} /lsts + ﬁn(l - XNS)}'

Suppose the eigenvalues of A are arranged in order as: 4 < A, < - -+ < Ay = p(A). the maximum
eigenvalue of Ay, p(A;) , conforms to the following inequality:

p(A1) < max{(A;xis + A,(1 = x;5))p(A) = 1} = 4,p(A) — 1.

If p(A) < 0, then p(A;) < 0. we can draw that all eigenvalues of J(E,) are non-positive and
eigenvalues with a zero real part correspond only to single elementary factors and hence, the disease-
free equilibrium point is locally asymptotically stable. If p(A) > 0, and 4, < ﬁ, then p(A;) < 0.
Similarly, the disease-free equilibrium point is locally asymptotically stable. If A, > /ﬁ, then p(A;) >
0 and hence, the disease-free equilibrium point is unstable.

Set the left eigenvector of A corresponding to p(A) as w = (wi, ws, ..., wy). since A is irreducible,
then w; > 0 [32]. We will analyze the global stability of the disease-free equilibrium.

Theorem 3. The disease-free equilibrium E is globally stable if 4, < [ﬁ.

Proof: Define the Lyapunov function as following:

N
V(t) = Z wiIi-
i=1

Since w; > 0 for i = 1,2,..., N. The derivative of V(f) with respect to ¢ along the solution of the
system (2.4) is given by

avey L N N
== Del) <Y wl-hn+ A, ) ayl 1)
=1 i=1 J=1

= ALwAl — ol = L,p(A)wl — wl = (1,p(A) — Dowl.

If 4,0(A) < 1, then % <0and % = 0 if and only if / = 0. By LaSalle’s Invariance Principle, E
is globally stable.
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4. Numerical simulations

This section uses simulation to characterize how human behavior affects epidemics. First, the
dynamics of the epidemic model is simulated without considering the game. Then the epidemic
spread is also simulated when the epidemic model is coupled with human behavior. By comparing the
spread of epidemics in these two models, we can discover the impact of human behavior on
epidemics. In order to understand the impact of the two considerations on the disease in order to
provide the government with a better way of guidance, we simulated the impact of the two parameters
on the disease. In order to understand the situation of human free-riding during the spread of disease,
and thus understand the psychological role of humans in the process of disease, we also simulated the
impact of two parameters on the free-riding situation. Finally, through simulation, the rationality of
theoretical analysis is verified and more effective measures to prevent disease outbreaks is found.

Using growth mechanism and preferential attachment mechanism to generate a BA scale-free
network, where the network has 100 nodes. We first randomly generate a network of 5 nodes, and
then increase the nodes one by one. According to the preferential attachment rule, the newly
generated node has priority to link with the node with greater degree. Five edges are added for each
additional node. The adjacency matrix A is determined. According to theory 1, the transmission
threshold of epidemic disease on scale-free network was calculated to be 0.0715.

Let the initial epidemic probability be 0.025. According to the classic SIS model, /; = —1I; + A(1 —
I, /ZV] a;jl;(t), Figure 1 and Figure 2 are time series diagrams of infections diseases when infection rate

j=1

A1s 0.06 and 0.08, respectively.

0.03 T T T T T T T T 0.025
k=4
— — —k=40

k=89 |

0.015 [

Disease prevalence |

0.005

0 . - . 0 . h . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t The time t

(a) individual (b) population
Figure 1. Time Series of classical SIS(1 = 0.06).

We randomly selected three individuals and plotted their time series. To be more intuitive, we have
also drawn a general time series diagram. In Figure 1, one can see that whether for an individual or for
the population, the epidemic will eventually die out.

Figure 2 shows the time series diagram with the infection rate of 0.08. By comparing Figure 1 with
Figure 2, it can be seen that if 4 > 0.0715, epidemic will spread; if A < 0.0715, the epidemic will die
out.

Compared with the classical SIS transmission model, the epidemic transmission model coupled
with human behavior game is more realistic. Different epidemics differ in the degree of infectivity,
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k=4
— = —k=40/ |
k=89

Disease prevalence |

1 . . . . . . . . > . . . . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t The time t

(a) individual (b) population
Figure 2. Time Series of classical SIS(4 = 0.08).

harmfulness, and difficulty in defense, so the corresponding benefit matrix varies. The payoff matrix is
divided into four. The first kind: u;; > uyy, 12 < uy,. In this kind of payoftf matrix, both collaborators
or both betrayers are the best choice. This situation rarely occurs in the context of this article, so it
is not considered in this article. The second kind: u;; < uy;,u1p < uy,. In this kind of payoft matrix,
strategy s is batter choice than strategy » under any circumstances. That is to say, defensive strategy is
not necessary during the epidemic or the cost of treatment is higher than the harm of the disease, we
represent this payoff matrix in terms of M2. The third kind: u;; < uyy, u12 > us;. In this kind of payoff
matrix, it takes into account that one’s neighbors’ defense strategies will reduce his infection rate, so
he will no longer has a defense strategy, and that is the case of free-rider, we will represent this payoft
matrix in terms of M3. The fourth kind: uy; > usy, u;n > uy,. It indicate that the defense strategy is low
consumption and high yield, we will represent this revenue matrix in terms of M4.

In order to compare the epidemic transmission with the classical SIS model, the same infection
rate was obtained for behavior n in the following simulation. Based on previous models, it’s easy to
know that when the disease dies out, human behavior will not change any more, but its state x; won’t
necessarily go to 0 or 1. Let’s first consider the case where the infection rate of behavioral # is 0.06,
and the infection rate of behaviour s is 0.05. Without loss of generality, let a = 0.5,b = 0.5. We will
analyze the effects of a and b on the disease later.

When we model human behavior, the benefits fall into two categories: individual-based risk
assessment and neighbor-based replicator dynamics. In both cases, the size of the benefits should be
uniform, so we assume that in the second kind of payoff matrix, we suppose that when people ignore
the influence of their neighbors, the payoff of behavior n is greater than the payoft of behavior s. In
the third and fourth kind of payoff matrix, we suppose that the payoft of behavior s is greater than the
payoff of behavior # in the same situation.

In Figure 3, the three lines of each subgraph represent the time series of infectious disease dynamics
of three selected individuals. Each subgraph corresponds to a kind of payoff matrix. Over time, the
epidemic of each subgraph will eventually disappear. Figure 3 shows that from an individual’s point
of view, at this rate of transmission, infectious diseases eventually become extinct. The disappearance
of some individual diseases does not mean the disappearance of all individual diseases. Next, we need
to know if infectious diseases will go extinct in the whole population.
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t

(a) M2

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

The time t

(b) M3

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t

(c) M4

Figure 3. Individuals epidemic time series coupled with human behavior(4, = 0.06).

Disease prevalence |

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t

(a) M2

Disease prevalence |

0025

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000

The time t

(b) M3

0.025

Disease prevalence |

0
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t

(c) M4

Figure 4. Population epidemic time series coupled with human behavior(4,, = 0.06).

Figure 4 shows the prevalence of an epidemic by averaging the prevalence for all individual. On

average, epidemics will eventually disappear.

In other words, epidemics of all individuals will

eventually become extinct. According to Figure 3 and Figure 4, when the transmission rate of an
epidemic is less than the transmission threshold, the epidemic will eventually become extinct.

Next, we consider the case where the infection rate of behavior # is 0.08 and that of behavior s is
0.07. We perform the following numerical simulation:

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
The time t

(a) M2

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

The time t

(b) M3

0 05 1 15 2 25 3 35
The time t x10*

(c) M4

Figure 5. Individuals epidemic time series coupled with human behavior(4, = 0.08).

Figure 5 shows the infectious disease time series of the same three individuals as before in the case
of three return matrices. In Figure 5, epidemic diseases can be effectively suppressed in the case of the
fourth payoff matrix. By comparing 5a with 5b, it can be seen that 5a and 5b has different inhibitory
effect on disease transmission, but which one is stronger will be analyzed by the average prevalence of

all people.
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002

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
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05

1

15 2
The time t
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25

Figure 6. Population epidemic time series coupled with human behavior(4,, = 0.08).

The comparison between 6a and 6b shows that the second payoff matrix has a stronger inhibitory
effect on disease transmission than the third payoff matrix. As can be seen from Figures 6a and 6b,
an epidemic still prevails when human behavior is taken into account. However, as can be seen from
Figure 6¢, the epidemic may be extinct when the defensive behavior is the best choice in any case.

In the personal behavior selection model, this paper considers individual-based and neighbor-based
payoff assessments. a and b respectively indicate their weight in the behavior selection process. We
set a + b = 1. In order to study the effectiveness of these two patterns in suppressing diseases, we did
the following simulation.

0.25

0.2,

0.15

01r ~

Disease prevalence |

0.05 -

0 L L L L L L — —
0 01 02 0.3 0.4 0.5 06 07 0.8 0.9 1

a

Figure 7. Changes in the prevalence of epidemics with increasing a.

The abscissa of Figure 7 is the value of a, The ordinate represents the prevalence of the stable state
of the disease corresponding to the value a. Figure 7 shows that as a increases, the steady state of the
disease will decrease, which Shows that individual-based risk assessments have a stronger inhibitory
effect on disease. Therefore, when developing strategies for disease control, countries should publicize
more about the harmfulness of diseases and the benefits of prevention strategies.

Some people take into account that others’ protective actions reduce the possibility of infection and
therefore do not take protective actions, which is called hitchhiking. The following is a simulation of
hitchhiking when a changes.

The simulation results show that when a increases, the free-riding situation becomes more serious.
In other words, during the spread of the disease, when people ignore the influence of people around
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Figure 8. Hitchhiking situation with increasing a.

them, the number of free-riders will gradually increase.

Through numerical simulation, we can conclude that epidemic models coupled with human
behavior are more realistic. Through numerical simulation, we also know that the user’s defensive
behavior can well inhibit the spread of disease. During the period of disease transmission, countries
can adopt strategies to reduce the consumption of defense strategies, thus curbing the spread of
disease.

This article focuses on the classical SIS models that couple human behavior. Through simulation,
we first verified the conclusion of the theoretical analysis. When the infection rate is greater than the
epidemic threshold, the epidemic will prevail, and when the infection rate is less than the epidemic
threshold, the epidemic will not prevail. When considering human behavior, we found that when the
epidemic’s infection rate is greater than the epidemic threshold, the epidemic may be suppressed due
to human spontaneous protection measures. This article divides the incentives of human behavior
into two types: individual-based risk assessment and neighbor-based replication dynamics. Through
simulation, it is found that when the proportion of the former is greater than the latter, the effect of
suppressing the spread of epidemics will be more obvious, but the number of free riders will gradually
increase. Through analysis, we found that controlling people’s benefits can effectively inhibit the
spread of disease.

5. Discussion and conclusions

The co-evolution dynamics of disease and human behavior has always been a research hotspot.
Game theory is an important tool for the study of human behavior. There are four types of strategy
updates for most of their research: individual-based risk assessment, strategy-based risk assessment,
direct commitment and modified replicator dynamics. These four strategy update methods consider
imitation between people. Optimization is another method to study human behavior. The optimization
method considers the maximization of its own benefits.There are many studies on these two methods,
but few studies combine these two methods. For example, if we buy goods, we will not only shop
around, but also consider its cost performance. Therefore, I think the research combining these two
methods is more realistic.
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In the previous models, the authors believe that individuals randomly choose neighbors and interact
with them. In this article, I consider that everyone will have a certain understanding of the behavior of
neighbors, especially in rural areas. Therefore, in the behavioral dynamics, I consider that individuals
will compare the payoft with the average payoff of its neighbors and made a strategic choice. In this
paper, the payoff matrix is classified according to the different diseases and regions. We study the
spread of infectious diseases by analyzing different benefit models. The results suggest that human
behavior can suppress disease outbreaks.

In previous articles, many people used vaccine coverage as a key measure of disease transmission.
The simulation results in this paper show that with the increase of a, the spread of the disease is getting
smaller and smaller, but there are more and more people hitchhiking. Our goal is to effectively control
the spread of disease, so vaccine coverage cannot be used as the only key factor to measure the spread
of disease.

In this article, we build a model that couples human behavior and epidemic spread. In the human
behavior dynamics model, we considered individual-based risk assessment and neighbor-based
replicator dynamics. We divide human strategy choices into two categories, s and n, and the payoff
matrix into three categories. On scale-free networks, we analyzed the impact of human behavior on
the spread of epidemics. Simulation results show that human behavior helps to suppress the spread of
epidemics, and the government should deliberately guide human behavior.

The role of human behavior in suppressing disease epidemics is essential and has been studied
by many scholars. How should the state intervene to influence people’s behavior so as to achieve
the best effect of curbing the disease is an urgent problem to be solved. At present, most researches
focus on the innovation of methods, but few on the specific feasible strategies. For example, when an
epidemic strikes, there is no specific plan for how much vaccine a country should distribute, how many
immunization stations it should set up, who it should vaccinate, and so on. The research direction in
the future may be more closely related to the reality, so we need to consider more practical issues when
building the model

Because people have different levels of education and different psychological qualities, their
cognition and response to epidemics will also be very different. In future work, we will consider
classifying people according to their psychological endurance, etc., and defining different benefit
matrices to study the impact of human behavior on disease transmission.
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