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WHO [3] acknowledged addiction to internet gaming as a real disorder, named
Internet Gaming Disorder (IGD), which is generally defined as “Persistent and
recurresnt use of the internet to engage in games, often with other players, leading
to clinically significant impairment or distress” [1]. As the number of internet
users appears to steadily increase each year, IGD is bound to increase as well [1].

We consider a system of ordinary differential equations as a simple mathemati-
cal model of the population dynamics about the internet gaming. We assume three
stages about the internet gamer’s state: moderate, addictive, and under treatment.
The moderate state means the stage in which the gamer can control him/herself
about playing the internet game. The addictive state means the stage in which
the gamer plays the internet game pathologically (i.e., without properly control-
ling him/herself). We suppose that there are some chances for the addictive gamer
to have a medical or/and therapeutic treatment after being identified his/her ad-
dictive gaming by him/herself or by some others near him/her. It is assumed that
under the treatment the gamer has no effective contact to the other gamers on web,
so that such a gamer has no significant contribution to the population dynamics,
like an isolated infective individual in the epidemic dynamics. The transition of
the gamer’s state between the moderate and the addictive stages is significantly
affected by the social nature of internet gaming [2]. As the activity of social inter-
action gets higher, the gamer would be more likely to become addictive. With the
inherent social reinforcement of internet game, the addictive gamer would hardly
re-control his/herself to recover to the moderate gamer. Our result on the model
demonstrates the importance of earlier initiation of a system to check the IGD and
lead to some medical/therapeutic treatment. Otherwise the number of addictive
gamers would become larger beyond the socially controllable level.
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Introduction

World Health Organization [3] acknowledged addiction to
internet gaming as a real disorder, called by “Gaming dis-
order, predominantly online”, frequently mentioned now
as Internet Gaming Disorder (IGD), which is generally de-
fined as “Persistent and recurresnt use of the internet to
engage in games, often with other players, leading to clin-
ically significant impairment or distress” [1].

We consider a system of ordinary di�erential equations
as a simple mathematical model of the population dynam-
ics about the internet gaming. We suppose that there are
some chances for the addictive gamer to have a med-
ical or/and therapeutic treatment after being identified
his/her addictive gaming by him/herself or by some oth-
ers near him/her. It is assumed that under the treatment
the gamer has no e�ective contact to the other gamers
on web, so that such a gamer has no significant contribu-
tion to the population dynamics, like an isolated infective
individual in the epidemic dynamics. The transition of
the gamer’s state between the moderate and the addic-
tive stages is significantly a�ected by the social nature of
internet gaming [2]. As the activity of social interaction
gets higher, the gamer would be more likely to become
addictive. With the inherent social reinforcement of in-
ternet game, the addictive gamer would hardly re-control
his/herself to recover to the moderate gamer.

Our result on the model demonstrates the importance
of earlier initiation of a system to check the IGD and
lead to some medical/therapeutic treatment. Otherwise
the number of addictive gamers would become larger be-
yond the socially controllable level.

Assumptions

Figure 1: General scheme of the state transition of internet gamer
in our modeling.

Gamer’s states and their transition

Moderate state: the stage in which the gamer can
control him/herself about playing the internet
game.

Addictive state: the stage in which the gamer plays
the internet game pathologically (i.e., without
properly controlling him/herself).

State under treatment: the state such that the addictive
gamer has a medical or/and therapeutic treatment.
It is assumed that under the treatment the gamer
has no e�ective contact to the other gamers on
web.

The state transition depends on the activity of social
interaction between gamers on web. As the activity of
social interaction gets higher, the gamer would be more
likely to become addictive.

We assume the possibility that the gamer under treat-
ment relapses into gaming. This means stopping the treat-
ment and re-starting gaming.

Mathematical Model

dM
dt

= � � f (M,A)M +g(M,A)A� µMM +�R
dA
dt

= f (M,A)M �g(M,A)A��A
dR
dt

= �A��R� µRR

M = M(t): the population size of moderate gamerat
time t.

A = A(t): the population size of addictive gamerat time
t.

R = R(t): the population size of gamer under treatment
at time t.

� : the recruitment flux of new internet gamers.
µM: the rate of stopping gaming for moderate gamer.
µR: the rate of stopping gaming for the gamer under

treatment about the addiction.
� : the rate of relapsing into gaming after

the treatment.
� : the rate of identifying the addiction and beginning

the treatment.
f (M,A) = � (M +A): the transition rate from

the moderate to the addictive gamer.
g(M,A) = g0 e��(M+A): the transition rate from

the addictive to the moderate gamer. parameters
� and � : the strength of the e�ect from the social

interaction with the other gamers on web about
the transition between the moderate and
the addictive states: As each value gets larger,
the e�ect becomes stronger.

VARIABLE AND PARAMETER TRANSFORMATIONS:

� = µMt; eM =
M

�/µM
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A
�/µM

; eR =
R

�/µM
;

e� =
�

µ2
M

� ; eg0 =
g0

µM
; e� =

�
µM

� ; e� =
�

µM
; e� =

�
µM

; eµ =
µR

µM
.

NON-DIMENSIONALIZED SYSTEM:
d eM
d� = 1� e� ( eM + eA) eM + eg0 e�e� ( eM+eA)eA� eM + e� eR

d eA
d� = e� ( eM + eA) eM � eg0 e�e� ( eM+eA)eA� e� eA

d eR
d� = e� eA� e� eR� eµ eR.

Mathematical Results
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Figure 2: Numerically drawn bifurcation diagram of log eA⇤ in terms
of e� and e� . (a-1) e� = 0.01; (a-2) e� = 0.03; (a-3) e� = 0.05 with
e� = 0.05, �c = 0.519996 and e�c = 1.26519. (b-1) e� = 0.7 < e�c;
(b-2) e� = 0.84; (b-3) e� = 1.0 > e�c with e� = 0.1, �c = 0.704641 and
e�c = 0.832529. Commonly, eg0 = 1.0 and e�/eµ = 1.0.

Lemma

For a certain parameter region, the system has three equi-
librium states of which one is unstable and the other two
are locally asymptotically stable. For the other parameter
region, the system has only one positive equilibrium which
is globally asymptotically stable.

Theorem 1

The e�ect of the treatment operation results in the neces-
sary existence of an asymptotically stable equilibrium state
to which the system eventually approaches.

Theorem 2

For the model with su�ciently large value of e� , the equi-
librium value of the population size of addictive gamer
depends continuously on the parameters eg0/e� and e� .

Concluding Remarks

Figure 3: Numerically obtained temporal variations of ( eM, eA, eR):
(a) e� = 0.04; (b) e� = 0.05. Commonly, ( eM(0), eA(0), eR(0)) =
(0.0,0.0,0.0); e� = 0.1; eg0 = 1.0; e� = 1.0; e� = 0.01; eµ = 0.01.

Only when the treatment operation has a su�ciently
high e�ciency, it would be successful to suppress the pop-
ulation size of addictive gamer at a certain level. Espe-
cially in the former case of the failure to suppress the in-
crease of the addictive gamers, the addictive gamers under
treatment are increasing in time as well.

Figure 4: Numerically obtained temporal variations of ( eM, eA, eR) with
a moment � = �1 before which there is no treatment (e� = 0) and
at which the treatment starts with e� = 0.01: (a) �1 = 200; (b)
�1 = 300. Commonly, ( eM(0), eA(0), eR(0)) = (0.0,0.0,0.0); e� = 0.1;
eg0 = 1.0; e� = 0.84; e� = 0.01; eµ = 0.01; ; �c = 0.704641 ;
e�c = 0.832529.

The population size of addictive gamer alternatively ap-
proaches a certain saturating level or unboundedly grows
when no treatment operation is conducted. The latter is
the serious case to be resolved, so that a treatment opera-
tion has to be conducted. In such a case, if the treatment
operation starts too late, the population size of addictive
gamer may have been beyond a critical level so that it
continues to increase and approaches a certain high satu-
rating level. In contrast, if the treatment operation starts
su�ciently early, the population size of addictive gamer
may be successfully let to a certain low level.

Consequently, in order to suppress an explosive increase
of addictive gamers, it is necessary to conduct a treatment
operation not only high e�cient but also executed at suf-
ficiently early stage of its increase. Otherwise, the popu-
lation size of addictive gamer would show an explosive in-
crease to reach a level beyond the capacity of such a treat-
ment.
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