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Abstract

This paper constructs a kind of communication model with forced treatment of online game
addicts. First, the regeneration matrix method is used to determine the basic regeneration num-
ber of the model, and then the local stability of online game model and online game addiction
transmission conditions is judged according to the basic regeneration number. Further, the ef-
fect of treatment delay on online game addicts is analyzed. And last, with the help of numerical
simulation to verify the stability of the equilibrium point, the author of this paper puts forward

effective treatment cycle for online game addicts.

Keywords: online game addictive equilibrium; online game non-addictive equilibrium; time de-
lay; stability

Introduction

Internet addiction refers to an individual can not control, excessive and compulsive to play online
games resulting in physical, psychological and social function damage [1]. Teenagers addiction to on-
line games will seriously affect their families and healthy growth, in recent years, many scholars have
studied the causes and effects of online game addiction from the perspective of Psychology: online
game addiction can bring the sense of spiritual pleasure, improve the subjective well-being [2]; How-
ever, there are many violent incidents caused by online game addiction [1]. Long-term online game
addiction has a serious impact on social stability and family harmony [3]; Some scholars collect ques-
tionnaire data by using ACE model, Davis (2001) online cognitive behavior model, online Satisfaction
Compensation Model [4] to Quantitative analysis the influence of various factors, but this kind of
method has a high request to the questionnaire design, and it is easy to neglect some unexpected fac-
tors, which leads to the validity of the results of the model analysis. Therefore, this paper analyzes the
existence and stability of the balance point of online game addiction and non-addiction in the trans-
mission mechanism of online game addiction by means of infectious disease dynamics model, finally,

the author puts forward some suggestions and measures for the treatment of online game addiction.
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Epidemic Model

SEIR model is a kind of Infectious disease model, which generally divides the population in the epidemic area of Infectious disease
into the following categories: Susceptible, Exposed, Infectious and Recovered, it takes a latent period for the infected person to become
an addict, so SEIR model is more suitable for the study of the problem of online game addiction. Using SEIR model for reference, the
adolescents were divided into 4 groups: Susceptible (S), Exposed (E), Infectious (I), Recovered (R). The total number of teenagers is
N(t), N(t)=S+E+I1+R.
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Figure 1: The diagram of the population flow in each compartment.

SEIR epidemic model:

S=A-uS—pBSE+pBE-1S

E=pBSE-B,E—uE+SR-yE

g

I=yE—ul —wI (1)

R=wI—uR-5R

Represents the growth rate of the adolescent population (children aged over 12 growing up to be adolescents), the natural mortality
rate of adolescents, the migration rate of adolescents (adolescents aged over 29), the addiction rate of susceptible groups to online
games, the rate of self-recovery, the rate of re-addiction, the rate of conversion from mild to severe addiction, and the rate of profes-
sional treatment in severe addiction groups. In system (1), there are four parameter variables S, E, I and R, they are all functions of
time, N(t) is the total number of adolescents, and the four equations are the transmission mechanism of adolescents’ online game

addiction, therefore, all parameters are positive at t = 0, and the feasible solution domain of mathematical model (1) is:

Q={(S.E.I.R) e R* [0 < S(1) + E(t)+ I(t)+ R(r) < %}

So N({t)=S+E+I+R<A—uN
Then 0<N() < A N(0)e™™ lim N (1) = A
fu t—=x ‘U

Therefore, all feasible solutions of the model (1) are included and are positive invariant sets of the system (1) [5-7].

Model Property Analysis
Online game addiction-free balance point and basic reproduction number

A
If the right of System (1) is zero, the balance point of online game non-addictive state can be obtained % :(E.o,(m)_ The basic regener-

ation number of system (1) is calculated by the method given by Van and Watmough (2002): if x = (E, [, R, S) then.
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BSE BE+(u+y)E+6R
0 [ —7E
& p) v)= _ (ury)l -y
dt 0 (+3R—ylI

0 (u+1)S+BSE-BE-A

So F(x) and V(x) were:

BSE BE+(u+»E+SR
|0 B (u+y) —yE
Fx)= 0 V)= (¢t +8)R -yl
0 (u+7)S+BSE— BE—A

The Jacobian matrices about the addiction-free equilibrium of online games are:

_ F, B
D(F(Eu))—[ c DJ
By+u+y 0 5 0
-y H+y 0 0
D(V(E,)) = 0 - U+O 0
5 0 0 ,'J-o—z'-¢—,191L
T+
B =C=D= 00
1 -1 1 0 0
So
B A 0 B, ru+y 0
F,, u+T Vio =
0 0 -y u+y
= Ap
Ry=p(FyVi) =
R (U )y + B+ )

Balance point of online game addiction

Theorem 1 R > 1, There is a unique addiction equilibrium in the system P’ (E’, I', R’, S).

g (A=S DBy +6)
B+ )+ ) (u+y)-oyy

ro v (M-S () Bt y)ut o)
vy Bt p)u+ oY +y) — Syry

I Wy NS (TS () + )
(u+y)u+8)  Blu+yXu+d) u+y)-owy
P L N, S |

B B (utw)u+d)B B
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Proof: we can obtain from system (1)

A—(u+1)5—-BSE+ ZE0
BSE—-BE-uE+J6R-yE=0
yE—pul—wl=0
wl—-uR—-6R=0

And then:
= ;sz
u+y
R = wl'  wE (3)
S u+s (urw)(E+d)
BSE =pE +uE-—°YE g
(u+wXu+d)
So
S":é_kﬁ_a—w_'_L:m
B B (uiydu+d)p f
(A-uE +—E L p
. (p+u)(u+38)5

S =

(+1)

g AW+ D) flp+y)(p +5)
Bl +y )+ 8) gt +yr) — Syry

Finally, the conclusion is valid.

Balance point of online game non-addiction

Theorem 2 If
R, <LE,=( A .0.0,0)
H+T
Is locally asymptotically stable.
Proof: Jacobi Matrix of model (1)
—u-t-BE -BS+p 0 0
Jo BE BS—p,—u—y 0 0
a 0 4 —u—y 0
0 0 Y )
Jacobi Matrix of E,
—U—T -5 A + 5, 0 0
u
A
JE)=| 0 ,@E—ﬁz—u—y 0 0
0 ¥ -1 -y 0
0 0 7 )
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R, <1, the eigen value of
A
JE) —u-7<0, g—=p-u—-y<0,-u—-y<0,-u-86<0
u

The real part of all eigenvalues is less than zero, so E, is Locally asymptotically stable.

Theorem 3
IfR <1
Online game addiction-free balance point
E,=( A .0.0.0)
H+T

Is globally asymptotically stable.

Proof: Construct Lyapunov function
S
V=S—SO—50]11(S—)+E+I
0

V:S—iS+E+I
N
= (17%)(1\7;1371'37/5’1&5 +BE)+BSE- BE—-uE+SR—yE+yE—ul —wl
SD SO
= (I*F)A*’HS‘F uS, +rS+BS,E 7§ﬁ2E —ul —wl — uE + SR

S(I—S—;)A—;JS+;JSO +rSO+A—;.'SO—rSD—%,BEE—y[—wI—;rE+5R

gA(g_%_sﬁ)_%,BZE—;J—;M—;;EMR
0
S
2-%0 5 C0yI+6R<0
MY

if Ry <1 then ¥ <0 ; V=0 then A=A, E=1=0; whent - «.R = 0

The Model (1) obtained by LaSalle invariant set principle is globally asymptotically stable when the addiction-free equilibrium of
the online game is present [8, 9].

Time delay model analysis
The time-delay model is studied, a new model is obtained:

S=A-uS-pBSE+ pBE-1S

E=BSE—pBE—uE+S5R—7E (4)

I=yE—pl —wI(t-1)

R=wI(t-1)— uR - SR

So, the balance point of online game addiction is P* (S, E, I, R").
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Theorem 4

A

R >1, Elv—
If R, » itr—p,

then the balance point of online game addiction is locally asymptotically stable.
Proof: Jacobi Matrix of P (S', E', I, R")

-u-7-BE -BS"+ 0 0

J(EBY = BE BS —f-u-y 0 )
0 ¥ - 0
0 W —Uu—05
utt+BE BS - B, 0 0
M= —J(B) = -BE  -BS +p+u+y 0 -5
~7 w0
0 0 W u+d

A, is order principal minor determinant of M, so

A1:‘1f+r+ﬁ1E*‘:rr+r+ﬁE*>O, A=A, A =(u+3d)A,

A+ BE

A=u+PBE —u+0)f — 2~
, =@+ y)BE —( )131!!+)(31E+r

>+ )BE - f(A+BE)

If R,>1 then A, >@+p)BE —BA+BE)>0 A, >0 A,>0

So, M is positive definite matrix’ eigen value of M are more than zero. the balance point (P,) of online game addiction is locally as-
ymptotically stable by Routh-hurwitz criterion.

Numerical Simulation
The system model is simulated numerically. We fix the parameters.
u=0.014, 7=0.0109, £,=0.009,y=0.52,5=0.04,A =0.13944

Fig 2 is obtained. S(t-30) and I(t-30) show the population size with time-delay. And same time R, = 0.5156 < 1, fig 2 show that If
treated in a timely manner, the number of addicts will gradually decrease and tend to level off; if the treatment of online game addicts
will be shelved from the beginning of a sudden surge, with the intervention of treatment of internet addicts fluctuating around a stble
level, addicts can not be eliminated in the short term.

We fix the parameters.
1t=0.014.7r =0.0109. 8, =0.009.7 =0.02.6 =0.04.A =0.16,w =0.0169

thenR =7.4717 21
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Figure 2: R < 1 Relationship between time delay
and online game addiction.
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Figure 3: R > 1Relationship between time delay and online game addiction.

Observing fig 3’ we can know the number of online game addicts (I) increased sharply from the beginning, but remained in a large

scale group with the decrease of the number of online game addicts treated, and the number of online game addicts did not decrease

in a short period; In this case, delayed intervention time, addicts will gradually become more stable state, the size of the number of

treatment is smaller than the case directly. The whole ecological environment failed to restrain the growth of online game addiction,

and the online game addiction became a endemic disease to be maintained.

If the parameters can be affected artificially, then the value of the basic reproductive number will be less than 1. Now let’s study the

effect of different parameters on basic reproduction number.

PriMera Scientific Engineering

https://primerascientific.com/psen


https://primerascientific.com/psen

A Kind of Online Game Addictive Treatment Model about Young Person 43

v fix different values

s S
* -
o +
P
&
AN
{ X W
- §
e 151 \ % 1
& f ]
3 |f LW
- 3
L 4 e g + + +
a +og + + +
g - 5,
bR S L
LS TR o
0s . e geaeceetiRy
i R ar e
0 20 0 0 50 100 120 140 50 180 20

time

Figure 4: y between and online game addiction.

Observe the above, y respectively takes different values of the number of latecomers and infected, when the increase, the number
of addicts I, the more likely the system tends to stabilize, if measures are taken to make the parameters, the smaller y, it can inhibit
the transformation speed and quantity of the latent person to the infected person, thus playing a certain inhibitory role to the online
game addiction.

B, fix different values
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Figure 5: Between 8, and online game addiction.

Observe the above, 8, takes different values of the number of addicts, the more §, the bigger number of addicts, when the value
of the basic number of regeneration is greater than 1, the group of addicts to maintain a stable size, become endemic disease to be
maintained.

Conclusion

In this paper, we analyze the SEIR model of compulsory treatment of online game addicts with stage structure, obtain the threshold
condition of online game addiction, and further compare and analyze the effect of treatment delay on the group of addiction. According
to the definition of the basic reproduction number of the online game addicts, if R, < 1 the equilibrium point of the online game addic-

tion-free is globally asymptotically stable through analysis, then the online game addiction can be controlled by compulsory treatment,
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the number of new students infected by online games has been reduced to a very low state, and the spread of online games has been
curbed. At that time, R, 21, the balance point P* (£, I', R, §") was reached. At that time, through the transmission mechanism, online
game addiction continued to increase the number of new online game addicts, far outnumbering those who were cured and reaching
a stable state, online game addiction will develop into an endemic disease that persists. When the treatment delay is considered, the
group of online game addicts fluctuates greatly and can not reach a stable state at the first time. Moreover, R, 21, the scale of internet

addicts is actually smaller than the situation of timely compulsory treatment.
References

1. Wang]J, Yu C and Li W. “Peer victimization and online game disorder in adolescents”. ]. Central China Norm. Univ. (Hum. Soc. Sci.)
59.04 (2020): 184-192.

2. ZhouF, etal. “The influence of teenagers’ negative emotion on internet addiction: the moderating effect of happiness tendency”.
Chin. J. Clin. Psychol 25.02 (2017): 208-212.

3. Gao T. “A Study on the Development of Internet Addiction and its Influencing Factors in Senior High School Students”. Jilin Uni-
versity (2020).

4. Zhangy, et al. “Psychosocial factor influencing online game disorder in university students”. J. South China Norm. Univ. (Soc. Sci.
Ed.) 04 (2017): 86-91+191.
Liu P. “Study of Stability on Three Classes of Nonlinear Dynamical Systems”. Northwest A&F University (2018).
Ma Z and Chou Y. “Mathematical Modeling and Research on Dynamics of Infectious Diseases”. Science Press, Beijing (2004): 34-
38.

7. Huangs§S, et al. “The relationship between boredom proneness and online game addiction of freshmen: the moderating effect of
sense of meaning of life”. China J. Health Psychol 28.04 (2020): 580-585.

8. Wei, H., Zhou, Z., Tion, Y., Bao, N.: Online game addiction: effects and mechanisms of flow experience. Psychol. Dev. Educ. 28(06),
651-657 (2012)

9. Lij, X, Huang, R, Li, H.: Dynamic analysis of epidemic model with vertical transmission. ]. Jilin Univ. (Sci. Ed.) 58(03), 569-574
(2020).

PriMera Scientific Engineering https://primerascientific.com/psen


https://primerascientific.com/psen

