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Abstract

Gambling addiction is a silent monster that pose a serious public health threat globally. For instance, compulsive gambling has
led to family breakdowns, legal troubles, financial ruins, significant health issues, strained relationships, or even loss of lives. In
this study, we formulate and analyze a gambling addiction mathematical model to understand and manage a gambling problem in
society. The basic properties of the model were established to show that the model is mathematically and biologically feasible.
The basic reproduction number, Ry was obtained using the next generation matrix method. The conditions for the existence of
gambling free equilibrium and gambling endemic equilibrium were established, that is, both equilibria states were found to be
locally and globally asymptotically stable whenever R, < 1 and unstable when 92, > 1. Numerical simulation results shows that
management of gambling problem depends on the control efforts invested, for instance, higher control efforts increase the
chances of overcoming the challenge. The model results further reveal that the rate of contact between susceptible individuals
and gamblers (casual and heavy) influences the development of gambling habits in the community. The study findings also show

that serious early gambling interventions play a predominant role in mitigating this harmful behavior in society.
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1. Introduction

Gambling synonymous with betting refers to the act of
foregoing a valuable property or money knowingly hoping to
gain based on the outcome of an event like a game or a con-
test [1]. The outcome of the event is usually determined by
chance or accident; hence the results might be unfavorable to
the gambler. Gambling is a universal problem and is a global
public health issue [1]. Most gamblers get into gambling for
fun, and at that point the consequences are harmless. How-
ever, it drastically proceeds to unhealthy obsession that leads
to addiction. Generally, gambling has been associated with

negative outcomes to the gamblers and those around the
gambler. Some of the negative outcomes include: suicide,
substance abuse, mental health issues, poor job performance,
poor financial management, strained relationships among
other issues [2]. Gamblers have many gambling options like
sports, casino, scratch cards, and online betting. Gambling
addiction may push an individual to heavily borrow money
running up to humongous debt or stealing to get what to use
for betting.

Gambling addiction falls under impulse-control disorder.
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An addicted gambler is unable to control the urge to gamble
despite being aware of the negative outcomes and conse-
quences of their actions. Global statistics on gambling addic-
tion is worrying [3, 4]. Approximately that 20 million Amer-
icans are either struggling with gambling related issues or at
risk of the gambling related issues [4]. Additionally, the sui-
cide rates among the gamblers have been shown to be 15
times higher compared to that of non-gamblers translating to
a higher suicide risk among the gamblers [4]. Additionally,
there is a disparity between women gamblers and men gam-
blers. Men are 1.5-2 times likely to be addicted to gambling
compared to women [5]. More worrying is that 60% of gam-
blers smoke, while 26% take alcohol [5].

The African situation in regards to gambling is equally
devastating. According to a survey conducted in 2021 by
GeoPoll, Kenya, Nigeria and South Africa reported gambling
participation of 84%, 78% and 74% respectively [7]. The
issue of gambling in Kenya was first witnessed and reported
in early 2010 [9]. Ever since, there has been steady increase
not only in gambling but also the addicted gamblers [13].
Gambling in Kenya has changed from dingy betting parlors
to high online betting. The rise in Kenya is attributed to in-
creased access to technology such as smart-phones, internet
connectivity, and mobile money [8]. Approximately 30% of
Kenyans who engage in gambling are addicted to gambling.
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Suicide associated with gambling rates in Kenya was report-
ed to be 6.1 per 100,000 [3].

The consequences of gambling affect many individuals
negatively starting with the gambler to their family members
and even friends [15]. Therefore, it is evident that gambling
addiction is a societal issue. Therefore, there is need to find a
solution and reduce the surging rates. There are several sci-
entific solutions offered by researchers aimed at providing a
solution to the gambling addiction problem [12]. Mathemat-
ical model is one of the effective solutions since it gives the
dynamics of the gambling and the best interventions at every
stage of gambling [11].

2. Gambling Addiction Mathematical
Model Formulation and Analysis

The gambling addiction model partitions the total human
population into six groups, that is, the susceptible individuals,
S, those exposed to gambling due to their interaction with
casual and heavy gamblers, E, casual gamblers, C, heavy
gamblers, H, people who are under treatment, T, and those
who have recovered from gambling addiction, R. The sche-
matic flow of gambling is as shown in the figure below:
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Figure 1. A Mathematical Model for Gambling Addiction.

The dynamics of the gambling addiction model in Figure 1 is governed by the following system of non-linear differential

equations:

ds _
dt

ac

dat
dH
dt
dr

dat
dR

dat

‘;—f = (A,C + A,H)S — (1 — w)BE — wPE — uE
(1 - w)BE — w,0C — w,0C — w306C — uC

)

— = wPpE + w,0C —6H — (u+d)H
w,0C + 6H — oT — uT
aT + w30C — YR — uR

subject to the following six initial conditions: S(0) = Sy, E(0) = E,, C(0) = Cy, H(0) = Hy, T(0) = T, and R(0) = R,. At
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any given time (t), the total population is given by:

N(@) =S +E@® +CO) + HO + T® +R(t)

)

Table 1. Gambling Addiction Model Parameter Description.

Parameter Description

A Recruitment rate of the human population

A Rate at which sober individuals get exposed to gambling habit due to their interaction with casual gamblers, class C

Ay Rate at which sober individuals get exposed to gambling due their interaction with heavy gamblers, class H
Rate of progression from class of those exposed to gambling habit, E to gambling compartments

1) Proportion of those exposed to gambling, E becoming heavy gamblers, H

w1 Proportion of casual gamblers, € becoming heavy gamblers, H

A% Proportion of casual gamblers, € moving to the treatment class, T

w3 Proportion of casual gamblers, C recovering from the gambling habit, R

6 Rate of progression from heavy gambling class, H to treatment class, T

a Rate of progression from treatment class, T to recovered class, R

y Rate of progression from recovered individuals’ class, R to susceptible individuals’ class, S

u Natural death rate

d Death rate due to gambling addiction

o Progression rate out of casual gamblers class, C

n Gambling control interventions to protect susceptible individuals from engaging in gambling

N Total human population

2.1. Basic Properties of the Gambling Addiction
Model

2.1.1. Boundedness of Model Variables
Theorem 1: The domain I for gambling addiction com-
putational model defined by I = {(S, E,C,H,T,R) €

RS suchthat 0< S+E+C+H+T+R S%} with  ini-

tial  conditions (S(0) =0,E(0) >0,C(0) =0,H(0) =
0,T(0) = 0,R(0) = 0) is non-negative for all vt > 0.

The proof:

In absence of gambling related deaths, system (1) gives

%S A — uN, which upon integration yields N(t) S%+

(NO - %) e Mt where N, is the initial population evaluated

To and R(0) = R,. As t tends to oo, the total human pop-
ulation N(t) approaches % meaning that
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0<S+E+C+H+T+R sﬁ

Therefore, the feasible region of the gambling addiction
system (1) is:

r= {(S,E,C,H,T,R)ERi:oss+E+C+H+T+

RSL—\}

Hence, the solutions of the gambling addiction model are
bounded.

2.1.2. Non-negativity of Model Solutions

Theorem 2: Given
= {(S,E,C,H,T,R) € RS such that(5(0) > 0,E(0) >
0,€(0) =0,H(0) = 0,T(0) = 0,R(0) = 0)} then the solu-
tions for system (1), {S(t),E(t),C(t),H(t),T(t),R(t)} are
non-negative for vt > 0.

The proof:

Considering the first equation of system (1):
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S = A+YR— (€ + ,H)S — uS
L > —(4C+AH + S

Upon integration, we obtain

S(t) = Spexp {— (/,tt + 2, f, C(t)dt + 2, fOtH(t)dt)}

Clearly, lim,_,, infS(t) = 0.

It can be shown using the same principle that
E(t),C(t),H(t), T(t),R(t) = 0.

Therefore, system (1) is well-posed epidemiologically and
mathematically.

2.2. Steady States and Reproduction Number

2.2.1. Gambling Free Equilibrium (GFE)

At the GFE, we assume that the population has not engaged
in any gambling practice. Therefore, the GFE state of system
(1) becomes:

Go = (S°E° CO H,T% R®) = (L—‘,o,o, 0,0,0) (3)

2.2.2. Reproduction Number (R,) for Gambling
Addiction

The next generation matrix approach defined in Van den
Driessche, P., & Watmough (2002) [14] is utilized to generate
R,. Now considering the compartments that contribute to
gambling, the matrices of new gamblers, F and transitions,

V are:
A4,C + 2,H)S
(eI
Fi = 0 (4)
0
0
BE + uE

6+ u+dH - wpE — w,0C
(a + wT — wy0C — 6H

Evaluating the matrices for the new gambling and transition
states at the GFE are given by

/0 /113 ,123 0\

= | 0 0 0 0 | (6)
0 0 0 0
0 0 0 0
V =
Bi+u 0 0 0
-1 -w)p; (w00 + 1 0 0 ©)
—wp — W0, G+ u+d 0
0 _(1)20—1 _(1)20—1 —a)201

As it was computed in the study of Kosgei (2022) [6], the
matrix’s FV ™! spectral radius gives the reproduction number,
Ro

_ [((1—)1+ wAz)put+ Lrw 0+ (1— w)(5+d)| BA

Ro H(B+I)(E+ ptd) (w1 0+

(@)

When appropriate gambling control measures such as
self-exclusion programs, therapy, counselling, education
campaigns, family and community support, n is taken, the
quantity of secondary gamblers reduce. Therefore, the effec-

tive threshold value that takes into consideration the effect of
gambling interventions is given as

_ [(1-0)A1+ wA)u+ Awio+ (1— w)(8+d)](1-1) BA

R
9 KB+ (S+ p+d) (w10+4)

©)

From equation (9), it can be seen that the quantity of sec-
ondary gambling cases reduces when n # 0. Hence, the ap-
plication of gambling interventions is effective.

2.2.3. Local Stability of the GFE

Theorem 3: The GFE of system (1) is locally asymptotically
stable whenever R, < 1, and unstable stable otherwise.

The proof:

The linearization matrix of system (1) at the GFE is given
by

/_,“ 0 _/11% _/122 0 14 \
0 —(B+p ,112 L—‘ 0 0
L= | 0 (I-wp —(o+p 0 0 0 | (10)
0 wp w10 —(§+u+d 0 0
\ 0 0 W, 0 é —(a+w 0 )
0 0 W30 0 a —(u+y)

We will compute trace and determinant of the Jacobian matrix and check their signs.

Trace= —pu— B+ —(0+wW -G +pu+d) —(@+wW)—@+7v) (11)
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From equation (11) the trace of matrix L is negative.
The determinant of matrix L is given as

[((1—m)ll+ a)lz)u+ Arwq0+ (1— a))(6+d)]BA <1 (12)

Det (L) = u(B+w)(6+ p+d)(wio+p)

Therefore, the GFE is locally asymptotically stable whenever the threshold value R, < 1 and unstable if R, > 1.

2.2.4. Global Stability of the GFE

We will use the Metzler matrix approach to analyze global stability of the GFE. Let f, represent vector of classes that cannot
contribute to gambling, f,represent vector of compartments that can influence sober individuals to engage in gambling, and

fere represent vector of gambling free point.

A+yR+ (4C+ AL,H+ u)S X
w30C + aT + (u+ y)R B R C
AC+MH+ S — pE—uE |~ M| 5 |T M () (13)
T

w,0C +6H — (a + )T

and
2.2.6. Global Stability of the GEE

<(1 B “’)ZE_I__ (wlg + “’621-" _‘;_’3;;1' “)C) = M, (f]) (14) We use Korobeinikov method to study the global stability
wa w10C = ( H ) of the GEE. Let the Lyapunov candidate function for global
stability be described by

where
—u Y 0 0 K= Gi(vi-vimmvy)
0 —(u+y) 0 6
M; = 0 0 —B+ 1) 0 (15 where giis suitably chosen non-negative constant, V;repre-
0 0 0 —(a+p sent population of the i*" compartment type, and V;* is the
critical state.
A A
A= —2,=
H H K= Li(S§— SInS)+ L,(E— E*InE) + L;(C —
M, = w3i OA (16) C*InC)+ Ly(H— H*InH) + Ls(T — T*InT) +
}{1; 12; LG(R— R*lnR)
w,0 0
where L, L,, ... Lg are non-negative, differentiable, and con-
—(o+ W 0 tinuous Lyapunov constants in space I
M= ( ) (17)
W10 —(+u+d)

dK 5$*\ ds E*\ dE c*\ dc
oL (1-2) 2+ L, (1-2)E+ L,(1- )%+
The GFE is globally asymptotically stable when the at 1( 5)‘” 2( E)df 3( C)‘“

H™\ dH T*\ dT R*\ dR
threshold value R, < 1 and unstable whenever R, > 1 Ly (1 - F)E + Ls (1 - 7); +Le (1 - ?)E
since M; is a stable Metzler matrix and the eigenvalues of
matrix M,are real and negative. 4K ot the GEE is given as
dt
2.2.5. Gambling Endemic Equilibrium (GEE) 2 w2 w2
e (- n(- - n (-5
From system (1), we have at 25 ZE ZC
R I
A— u(S+E+C+H+T+R) —dH =0 (18) G(S.E,C,H.T,R)
which implies that A = uN + dH. where G(S,E,C,H,T,R) is negative. It follows that if

Since A>0,u >0, and d > 0, it follows that uN > 0 aK
and d > 0. Therefore, S >0,E >0, >0,H >0,7 > CSEBECHTR) <0 forall SECHTR then 2 <0
0, and R > 0. This indicates the existence of gam-  for all S,E,C,H,T,R. %z 0 if and only if S= S*E =
bling-persistent equilibrium state of the gambling addiction E*,C= C,H= H,T=TR= R*. Clearly, E* is the

model. largest invariant compact set in F:% = 0. Therefore, E* is
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globally asymptotically stable by LaSalle’s invariant principle.

3. Results and Discussion

In this section, the numerical simulation and analysis of the
gambling addiction model is carried out to reveal the dy-
namical behavior of the gambling habit in the community
over a certain period of time.

3.1. Parameter Estimation

The parameter values used for simulation in the gambling
addiction model are presented in Table 2.

Table 2. Parameter Description.

Parameter Value Source
A 5 Assumed
A 0.0001 Assumed
Ay 0.0003 Assumed
0.039 Assumed
w 0.2 Assumed
w1 0.4 Assumed
w3 0.3 Assumed
w3 0.3 Assumed
a 0.0051 Assumed
Y 0.0089 Assumed
0.02 Assumed
0.059 Assumed
o 0.0301 Assumed

3.2. Simulations and Discussion

o 7 —— Susceptible individuals (S)
c o — Exposed individuals (E)
8 ©@ Casual gamblers (C)
o — —— Heavy gamblers (H)
= o — Individuals under treatment (T)
8‘ SJ,- n Recovered individuals (R)
o
% _
o
S
E &
T _
o -
I I I I I I
0 100 200 300 400 500
Time (Years)

Figure 2. Dynamics of Gambling Addiction behavior in Human
Population.
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Figure 2 clearly captures the behavioral dynamics of the human
population in the presence of gambling problem within the com-
munity. The figure shows the behavior of the population when no
gambling control mechanisms are taken to mitigate or eradicate
the menace. Numerical simulation reveals a sharp increase of both
casual and heavy gamblers. Notably, this rapid increase corre-
spondingly decreases the susceptible population since numerous
individuals get exposed to the gambling problem. Therefore, the
frequent and sustained contact between the susceptible population
and gamblers increases the likelihood of initiation into gambling
practice. As a result, the rise in the number of gamblers intensifies
contact rates between susceptible population and gamblers thus
further increasing gambling problem within the community. The
results of Figure 2 indicates that as the influence of gambling habit
intensifies, the number of exposed individuals increases, and the
number of individuals recruited into the vice rises rapidly. There-
fore, contact rate between susceptible individuals and both casual
and heavy gamblers contribute to the spread and persistence of
gambling behavior in the society. This perfectly agrees with the
study conducted by Noel et al. (2024) [10], which indicate that
increased exposure to gambling behaviors raises the likelihood of
habit initiation, especially among youth. Similarly, the work of
Wardle et al. (2024) [16] emphasizes that social contagion and
peer influence contribute to gambling participation. Hence, gam-
bling control interventions that can modify interaction patterns or
reduce interaction between susceptible individuals and both casual
and heavy gamblers could mitigate gambling prevalence in the
community.

In Figure 2, no serious attention is applied to reduce gambling
initiation, however, limited efforts such as establishment of re-
habilitation centers do exist. The system in Figure 2 predicts a
steady rise in the number of both casual and heavy gamblers,
which also increases the number of those taken to rehabilitation
centers for treatment, and hence a rise in those who recover from
the habit. Figure 2 also shows an increase of the number heavy
gamblers overtime since casual gamblers becomes heavy gam-
blers due to delayed treatment in rehabilitation centers. Therefore,
in absence of gambling control mechanisms such as awareness
campaigns, regulatory enforcement, or counseling programs
people become highly susceptible to gambling initiation from
both casual and heavy gamblers. Control strategies play a pivotal
role in mitigating gambling behavior in the society.

Figure 3 shows the effect of gambling control mechanism on
reducing gambling habit. The number of heavy gamblers rises
slightly over time before it reduces because as the number of
casual gamblers reduces, some will transition to become heavy
gamblers. Exposed and casual gamblers reduce in number over
time indicating that gambling control mechanisms are effective.

In Figures 4 and 5, we simulated the model under three levels
of gambling control efforts, that is when there is no intervention
(0% control effort), partial prevention (50% control effort), full
prevention (100% control effort) to assess the effect of different
levels of intervention strategies. Here, the control efforts com-
prise of treatment-based and preventive measures such as coun-
seling, regulatory policies, and campaign awareness aimed at


http://www.sciencepg.com/journal/acm

Applied and Computational Mathematics

http://www.sciencepg.com/journal/acm

minimizing contact rates between susceptible individuals and
gamblers The findings highlight very interesting results on the
impact of varying gambling control mechanisms. It indicates that
the effectiveness of control strategies depends on the effort de-
voted to it, that is, higher effort leads to greater reduced number
of both Casual and Heavy gamblers. Under 0% control effort,
that is, when there is no gambling intervention, the number of
both Casual and Heavy gamblers remains high throughout the
numerical simulation period. Here, susceptible individuals in
contact with both casual and gamblers are likely to adopt gam-
bling behavior leading to the rise in the number of gamblers.
When the interventions are moderately applied (50% control
effort), the contact rate between susceptible individuals and both
casual and heavy gamblers are partially reduced leading to a
slightly slower spread of the gambling problem. Partial control
efforts such as limited counseling sessions, moderate regulatory
enforcement, and periodic awareness programs slightly reduce
the gambling behavior in the society. Full implementation of
gambling interventions (100% control effort) produces the most
effective results as it drives the population of both casual and
heavy gamblers to the lowest levels. Therefore, strong gambling
control measures such as comprehensive awareness and educa-
tion programs, accessible treatment and rehabilitation services,
and strict regulation of gambling activities are effective in min-
imizing gambling addiction in the population.

1000

900 1 = Susceptible individuals (S) H
= 800 Exposed individuals (E)
.0 700 Casual gamblers (C)
= ]
@ = Heavy gamblers (H)
& 5001
é 400 1
S 3007
T 2001

100 1

0 T T T T T
0 5 10 15 20 25 30

Time [Years]

Figure 3. Impact of Gambling control mechanisms on susceptible
individuals, exposed individuals, casual gamblers, and heavy gam-
blers.

c

-% —— No Control

S 3 —— 50% Control Efforts

§ - 100% Control Efforts

8 o
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g =
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3]

(@]
I I I I I I
0 100 200 300 400 500
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Figure 4. Impact of varying level of control strategies in casual gamblers.
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Figure 5. Impact of varying level of control strategies in heavy
gamblers.

4. Conclusions

The article presents a gambling addiction mathematical
model to assess the effectiveness of control mechanisms. We
developed and analyzed the gambling addiction model. The
analytical results indicate that the model is mathematically
and epidemiologically meaningful in the feasible region I.
We also established the conditions for existence of steady
states, that is, gambling free equilibrium and gambling en-
demic equilibrium. We found the that both equilibrium states
were locally and asymptotically stable whenever the threshold
value Ry, <1 and unstable if R, > 1. Simulation results
indicate an increase in casual gamblers, heavy gamblers and
exposed population when no control effort is devoted to mit-
igate gambling problem. Results also show a significant de-
crease of casual gamblers, heavy gamblers, and exposed
population when control effort is applied, this leads to an
increase in the susceptible population.

The findings of this study further highlights that effective
results of gambling addiction control strategies depend on the
level of invested effort. For instance, higher effort increases
the chances of overcoming the challenge and vice versa. The
gambling control mechanisms reduces the progression rate of
casual gamblers to heavy gamblers. Therefore, there is a need
to invest in gambling treatment and other control measures to
reduce gambling habit in the society.

We acknowledge that the mathematical model for gambling
addiction presented in this paper has some limitations. For
instance, it assumes homogeneous mixing of population and
overlooks heterogeneity in gender, socio-economic status, or
age, which influence gambling behavior. Similarly, the model
does not capture stochastic fluctuations, which is crucial es-
pecially when dealing with small populations. We note that
future study that adopts stochastic modelling approach with
gambling intervention data could address these shortfalls.

Abbreviations

GFE  Gambling Free Equilibrium
GEE  Gambling Endemic Equilibrium
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