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Abstract

In this paper, we formulated a model for substance (drug) abuse that explains the
dynamics of the use and abuse of certain substances that are perceived as mood
changing by commercial drivers. The drug model model was analysed qualitatively
and quantitatively. The threshold for the abuse of substance (drug) was determined.
It was found that the drug free equilibrium point was found to be locally asymptoti-
cally stable whenever the drug abuse number is less than one and unstable otherwise.
The analysis of the contribution of each parameter was performed using sensitivity
analysis. The analysis revealed that an increase in the recruitment rate of commer-
cial drivers and the rate at which commercial drivers return to the use and abuse of
drugs would cause an increase in the drug abuse number. Numerical simulations
was conducted to see the changes in the population dynamics of susceptible drivers,
drug users and drug abusers in the population. The results showed that the contact
and imitation rates has an impact on the population of commercial drivers. There
are impact on interaction among non drug users and drug users in the system with
time. An increase in the contact or imitation rate increases the population of drug
users.
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1. Introduction

Generally, cases of driving under the influence of stimulants and mood changing sub-
stances are directly associated with road carnage. Commercial vehicles could be deadly
for both the driver and other occupants when the driver is driving under the influence of
some substance. The phenomenon of drug driving are usually kept in check by the ad-
vanced and developed nations. These are usually enforced by strict drug use evaluation
and monitoring mechanisms. Unfortunately, a number developing nations have a very
high number of drivers who keep abusing several substances with impunity. Majority of
commercial drivers in developing nations use drugs as enhancing substance or stimulants
to keep awake when driving long distances and relieve them of fatigue. The highest cases
of road traffic incidences and accidents deaths are mostly found in the African continent.
There are laws against driving under the influence of drugs. But the effectiveness and
enforcement of these laws in combating this phenomenon are questionable.

Authors in [1] conducted a study on the prevalence of alcohol in drivers who are
injured in Sweden. Their findings revealed that a number of these drivers were tested
positive to alcohol. Moreover, a study carried out by authors in [3] on the levels of
Blood Alcohol Concentration by commercial drivers in order to establish the relationship
between alcohol concentration and road accidents. Their findings revealed that there
exist a relationship between Blood Alcohol Concentration and and the tendency of a
driver involving in road accidents. These studies has not used mathematical modelling
approach in their findings.

A study by authors in [11] revealed that cannabis (marijuana) is the common illegal
substance found in impaired drivers, victims of crashed accidents and serious injured
drivers. Moreover, some of other substances are opium amphetamine and cocaine. But
this study intends to use a mathematical model to investigate and the various substances
that are been abuse by commercial drivers in Kenya and compare the prevailing condi-
tions. The findings by authors in [13] in the United States established that 17 percent
of drivers had alcohol concentration in their blood which exceeds the legal limits in the
United States.

[13] conducted a study in New Zealand and came out with the findings that about
twenty one percent of drivers indicated ever driven at least once under the influence
cannabis. However, authors in [2] conducted a study by interviewing some Australian
night club attendees. The findings revealed that about sixty percent admitted been driven
home on so many occasions by a driver under the influence of drug or driven home by
themselves under the influence of Cannabis.

The work done by authors in [6], investigated the use of drugs by commercial drivers
in Ghana. They employed statistical concept in determining the factors that leads to
substances used and the various types of substances that are been used and abused by
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these drivers. This project serves as a departure and an improvement to the existing
work by relating the work in a different environment and using different mathematical
concepts. A drug use and abused model is developed to compare the findings and make
recommendations.

[12] published some work on smoking before driving by drivers. Their findings
indicated that a significant number of drivers admitted ever smoking before sitting on a
steering wheel in many instances. This is to help them boost their morals as they perceived
smoking as a driving enhancing substances. Approximately twenty one percent of all
the drivers been sampled admitted to ever smoking before driving. Their data analysis
does not involve the use of modelling technique and the use of differential equations in
coming out with their findings. They considered only smoking by these drivers and is not
realistic as cigarette smoking only forms one aspect of substances that are usually used
and abused by drivers. A drunk driving should be looked at in its entity by considering
all the substances used by these commercial drivers.

A study by authors in [11] revealed that cannabis (marijuana) is the common illegal
substance found in impaired drivers, victims of crashed accidents and serious injured
drivers. Moreover, some of other substances are opium amphetamine and cocaine. This
findings were supported by the work done by authors in [6]. But this study intends to
use a mathematical model to investigate and the various substances that are been abuse
by commercial drivers in Kenya and compare the prevailing conditions. The findings by
authors in (Williams 2006) in the United States established that 17 percent of drivers had
alcohol concentration in their blood which exceeds the legal limits in the United States.

Ferguson et al., (2008) conducted a study in New Zealand and came out with the
findings that about twenty one percent of drivers indicated ever driven at least once
under the influence cannabis. However, authors in (Degenhardt et al., 2006) conducted
a study by interviewing some Australian night club attendees. The findings revealed that
about sixty percent admitted been driven home on so many occasions by a driver under
the influence of drug or driven home by themselves under the influence of Cannabis.

[12] conducted a study on smoking before driving by drivers. Their findings indicated
that a significant number of drivers admitted ever smoking before sitting on a steering
wheel in many instances. This is to help them boost their morals as they perceived
smoking as a driving enhancing substances. Approximately twenty one percent of all
the drivers been sampled admitted to ever smoking before driving. Their data analysis
does not involve the use of mathematical modelling as well as the use of differential
equations in coming out with their findings. However, the work by [9] indicated that
fifteen percent of drivers usually drive under the influence of one or more drugs. Drivers
who usually smoke have the tendency of causing accidents than non smokers. These
drugs are capable of causing poor vision and thereby leading to poor vehicle control. They
concluded that, generally, substance used by drivers largely affect driving performance
and can lead to road accidents when used in multiples or combinations.

A study by [10] in Australia to investigate the relationship between the presence of
marijuana in a drivers blood and accidents caused by drivers showed that the presence
of marijuana in drivers has the tendency of causing. The issue at stake is not the rising
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number of drug use by drivers but the associated factors which usually trigger the use
of these drugs. The objective of their study is to analyse the factors associated with the
use of some substances by drivers. Their emphasis were on the social factors associated
with these substance use by drivers. Their work do not employ the use of mathematical
models in the analysis of their results.

In a work conducted by [1] on drivers injured under the influence of alcohol in
Swedish, their findings showed that approximately 38 percent of deadly injured drivers
have been tested to be positive to alcohol. However, alcoholic substances are usually
considered to be among the recreational beverages with intention that they are consumed
in small quantities for relaxation and enjoyment during social settings and entertainment
gatherings. But, when it is consumed mainly for the purposes of physical mood activa-
tion, it therefore becomes substance abuse. These substances generally lower physical
responses and continuously impairs physical and mental functioning.

2. Drug model description and formulation

The drug model divides the commercial drivers into four compartments depending on
their substance use status. The susceptible, S (t) comprises of all drivers that are at risk
of using any substance (drug). All commercial drivers who use substance (drug) of any
form are grouped under drug users, D (t), The compartment of all drivers who abuse
drug of any form are classified under, A (t)and those who stopped using drugs either
by abstinence or through rehabilitation are under the class, R (t). The rate at which
drivers are recruited into the susceptible class is �, the rate at which drivers imitate
their colleagues who use any substance is αand β is the rate at which drivers interact in
the population. δ is the natural recovery rate of drug users and ρ is the rate at which
commercial drivers return to the use of drugs. The natural death rate of all commercial
drivers is represented by µand σ is the rate at which all drug users abuse drugs. Where
r and θare the death rates of drug users and drug abusers respectively.

The total population of the drivers becomes;

N (t) = S(t) + D(t) + A(t) + R(t) (2.1)

The following system of equations are obtained from the model flow diagram in
figure 1;

dS

dt
= � − βSD(1 + αD) − µS

dD

dt
= βSD(1 + αD) − (σ + δ + r + µ) D + ρR

dR

dt
= γA + δD − (ρ + µ) R

dA

dt
= σD − (θ + γ + µ) A

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎭

(2.2)
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Figure 1: Flow diagram of substance use and abuse.

3. Drug model analysis

3.1. The drug invariant region

The solution of the system remains positive at any point in time if the initial values of
all the variables are positive.

Theorem 3.1. Considering ψ = {(S(t), D(t), R(t), A(t)) ∈ R4+ : S(0) > 0, D(0) > 0,
R(0) > 0, A(0) > 0}, then the solution of {S(t), D(t), R(t), A(t)}are positive for t ≥ 0.

Boundedness refers to the region in which solutions of the model or system is uni-
formly bounded in the proper subset ψ ⊂ R4+.

Considering the total population at any time, (t):

N (t) = S(t) + D(t) + R(t) + A(t), (3.1)

dN

dt
= dS

dt
+ dD

dt
+ dR

dt
+ dA

dt

dN

dt
= � − βSD(1 + αD) − µS + βSD(1 + αD) − (σ + δ + r + µ) D

+ρR + γA + δD − (ρ + µ) R + σD − (θ + γ + µ) A

⎫⎪⎬
⎪⎭

By simplification;

dN

dt
= � − µS − (r + µ) D − (θ + µ) A (3.2)
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There are no drug addiction and recovery in the absence of drug. Hence, D = 0, R =
0, A = 0. It becomes;

dN

dt
= � − µS (3.3)

If the total population N is equal to the number of Susceptible S, it implies that N = S,
such that;

dN

dt
= � − µN

Integrating the above equation
∫

dN

� − µN
≤

∫
dt

− ln (� − µN )

µ
≤ t + B

ln (� − µN ) ≥ −µ(t + B)

(� − µN ) ≥ e−µ(t+B)

(� − µN ) ≥ e−µte−µB ,

where e−µB = C. Then, � − µN ≥ Ce−µt .
Applying the conditions at N (0) = S(0), � − µN (0) = C. Therefore, � − µN =

(� − µN (0))e−µt

Rearranging the above equation and simplifying it;

N ≤ �

µ
−

(
(� − µN (0)

µ

)
e−µt

As t → ∞, the size of population N → �

µ
This implies that; 0 ≤ N ≤ �

µ
and N (t) ≤ �

µ
Therefore,

ψ =
{
(S, D, R, A) ∈ R4+ : S + D + R + A ≤ �

µ

}
(3.4)

3.2. Drug free equilibrium

The drug free equilibrium is obtained when the system of differential equations are set
to zero. At this point there are no drug users,no addicted and recovered individuals.

D = 0
R = 0
A = 0

⎫⎬
⎭
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Equating the systems of equations from the model in figure 1 to zero;

� − βSD(1 + αD) − µS = 0 (3.5)

µS = � − βSD(1 + αD) therefore;

S∗ = �

µ
(3.6)

(S∗, 0, 0, 0) =
(

�

µ
, 0, 0, 0

)

The drug free equilibrium is given by the relation;(
�

µ
, 0, 0, 0

)
(3.7)

3.3. Stability of the drug free equilibrium

4. Drug abuse number

Considering the system of equations from the model in figure 1, using the approach in
[8] to obtain the threshold value for substance abuse.

dS

dt
= � − βSD(1 + αD) − µS

dD

dt
= βSD(1 + αD) − (σ + δ + r + µ) D + ρR

dR

dt
= γA + δD − (ρ + µ) R

dA

dt
= σD − (θ + γ + µ) A

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎭

The jacobian matrix of the system of differential equations of the model in figure 1
becomes;

J (S∗, D∗, R∗, A∗) =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

∂S

∂S

∂S

∂D

∂S

∂R

∂S

∂A
∂D

∂S

∂D

∂D

∂D

∂R

∂D

∂A
∂R

∂S

∂R

∂D

∂R

∂R

∂R

∂A
∂A

∂S

∂A

∂D

∂A

∂R

∂A

∂A

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(4.1)

J =

⎛
⎜⎜⎝

−βD(1 + αD) − µ −βS(1 + αD) − βαSD 0 0
βD(1 + αD) βS(1 + αD) + βαSD − (µ + r + δ + σ ) 0 ρ

0 σ −(µ + γ ) 0
0 δ γ − (µ + γ + θ)

⎞
⎟⎟⎠
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The jacobian matrix at the drug free equilibrium point,

(
�

µ
, 0, 0, 0

)
;

J

(
�

µ
, 0, 0, 0

)
=

⎛
⎜⎜⎜⎜⎜⎝

−µ −β�

µ
0 0

0
β�

µ
− (µ + r + δ + σ ) 0 ρ

0 σ −(µ + γ ) 0
0 δ γ − (µ + γ + θ)

⎞
⎟⎟⎟⎟⎟⎠
(4.2)

Finding the determinant of the Jacobian matrix at drug free equilibrium;
∣∣∣∣∣∣∣∣∣∣∣∣

−µ − λ −β�

µ
0 0

0

(
β�

µ
− (σ + δ + r + µ)

)
− λ 0 ρ

0 σ − (γ + µ) − λ 0
0 δ 0 − (µ + γ + θ) − λ

∣∣∣∣∣∣∣∣∣∣∣∣
= 0

Where λ is the eigenvalue.
By using the approach in [7], the threshold for drug abuse is given by:

(β� (µ + ρ) (µ + γ + θ) )

µ
[
(µ + γ + θ) (µ(µ + r + δ + σ ) + ρ(µ + r)) + µρσ

] .
Hence, the threshold for substance abuse, �A is given by:

�A = (β� (µ + ρ) (µ + γ + θ) )

µ
[
(µ + γ + θ) (µ(µ + r + δ + σ ) + ρ(µ + r)) + µρσ

] (4.3)

5. Drug endemic equilibrium

This is the point where substance use exist within the susceptible. All the compartments in
the model in this case will be considered since there are those prone to getting introduced
to the use of substances (drugs) within the set of these drivers. All the four equations
obtained from model developed in figure 1 are equated to zero;

dS

dt
= � − βSD(1 + αD) − µS = 0

S(βD(1 + αD) + µ) = �

S∗ = Λ

βD∗(1 + αD∗) + µ
(5.1)
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dD

dt
= βSD(1 + αD) − (σ + δ + r + µ) D + ρR = 0

(σ + δ + r + µ) D − βSD(1 + αD) = ρR

R∗ = (σ + δ + r + µ) D∗ − βS∗D ∗ (1 + αD∗)

ρ
(5.2)

dR

dt
= γA + δD − (ρ + µ) R = 0

δD = (ρ + µ) R − γA

D∗ = (ρ + µ) R∗ − γA∗

δ
(5.3)

dA

dt
= σD − (θ + γ + µ) A = 0

(θ + γ + µ) A = σD

A∗ = σD∗

θ + γ + µ
(5.4)

Therefore, the drug endemic equilibrium is given as;

DEE = (S∗, D∗, A∗, R∗)(
Λ

βD∗(1 + αD∗) + µ
,
(ρ + µ) R∗ − γA∗

δ
,
(σ + δ + r + µ) D∗ − βS∗D ∗ (1 + αD∗)

ρ
,

σD∗

θ + γ + µ

)

(5.5)

5.1. Stability of drug endemic equilibrium

Theorem 5.1. If R0 > 1, then the drug endemic equilibrium is globally asymptotically
stable.

Proof. By considering a Lyapunov function defined by;

L(S∗, D∗, R∗, A∗) =
(

S − S∗ − S∗ ln

(
S∗

S

))
+

(
D − D∗ − D∗ ln

(
D∗

D

))

+
(

R − R∗ − R∗ ln

(
R∗

R

))
+

(
A − A ∗ −A∗ ln

(
A∗

A

))
⎫⎪⎪⎬
⎪⎪⎭

By computing the derivative of the L along the solutions of the system of equations
directly;

dL

dt
=

(
S − S∗

S

)
dS

dt
+

(
D − D∗

D

)
dD

dt
+

(
R − R∗

R

)
dR

dt
+

(
A − A∗

A

)
dA

dt
(5.6)
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By substitution;

dL

dt
=

(
S − S∗

S

)
[� − βSD(1 + αD) − µS]

+
(

D − D∗

D

)
[βSD(1 + αD) − (σ + δ + r + µ) D + ρR]

+
(

R − R∗

R

) [
γA + δD − (ρ + µ) R

]

+
(

A − A∗

A

) [
σD − (θ + γ + µ) A

]

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

By expansion;

dL

dt
= � − βSD(1 + αD) − µS − �S∗

S
+ βS∗D(1 + αD) + µS∗

+βSD(1 + αD) − (σ + δ + r + µ) D + ρR

−βSD∗(1 + αD) + (σ + δ + r + µ) D∗
−ρRD∗

D
+ γA + δD − (ρ + µ) R

−γAR∗

R
− δDR∗

R
+ (ρ + µ) R∗ + σD − (θ + γ + µ) A

−σDA∗

A
+ (θ + γ + µ) A∗

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

from;

dL

dt
= M − N (5.7)

where M are the positive terms and N are the negative terms;

M = �+βS∗D(1+αD)+µS∗+(σ + δ + r + µ) D∗+ (ρ + µ) R∗+(θ + γ + µ) A∗

N = µS + �S∗

S
+ (r + µ) D + βSD∗(1 + αD) + ρRD∗

D
+ (ρ + µ) R

+ (γA + δD)R∗

R
+ θA − σDA∗

A

If M < N , then
dL

dt
≤ 0.

dL

dt
= 0, if and only if S = S∗,D = D∗, R = R∗, and

A = A∗.
The largest compact invariant set in{

(S, D, R, A) ∈ ψ :
dL

dt
= 0

}

is a singleton E∗,where E∗ is the endemic equilibrium.
Therefore, the endemic equilibrium is globally asymptotically stable in the invariant

ψ if M < N by [4, 8].
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6. Parameter contribution to drug abuse number

Parameter contribution analysis are usually meant to determine the effectiveness of the
reproduction number. Usually, parameter values and model assumptions can be influ-
enced as a result of changes and errors in the process of formulation and computing the
reproduction number. Therefore sensitivity analysis are conducted to determine those
changes and sources of error and their impact to the model [9]. It is a technique that is
mostly used by modelers whose objectives are to assist and support decision makers by
providing with them informed decisions base on analysis of dynamic of the model. How-
ever, authors in [9], presented similar analogue that explains that models and parameters
usually are uncertain. This analysis are usually required to determine on how sensitive
they are to parameter values and determine which is the most sensitive parameter of the
reproduction number. Hence, the uncertainty effects of the parameter is solely the cause
sensitivity analysis.

The sensitivity analysis of a model parameter is normally evaluated by relating each
parameter to the reproduction number, (RA). The sensitivity of a variable m s given by
the relation;

SR0
m = ∂R0

∂m

∗ m

R0
(6.1)

By using the approach in [7, 5], the sensitivity indices of all the parameters in table
1were obtained.

Table 1: Sensitivity indices of parameter values.
Parameter Sensitivity index (-ve/+ve)

µ -ve
β +ve
γ -ve
δ -ve
σ -ve
ρ +ve
� +ve
θ -ve
r -ve

The sign of the sensitivity index in table 1 indicates the contribution of each parameter
to the drug abuse number. The essence of this project is to help reduce the use and abuse
of drugs by commercial drivers. Therefore, the contribution of each parameter is an
important factor in determining which parameter contributes to the spread of drug use
among commercial drivers. Figure 1 shows a significant contribution of the recruitment
of individuals to the susceptible compartment. The implication is that, as more drivers
become susceptible to the use of drugs, the use and abuse of drugs would increase and



1160 Joan Kavuti Kanyaa, Shaibu Osman, and Mary Wainaina

this would lead to the continuous use of drugs by commercial drivers. However, the
sign of the values of the natural recovery rate of drug users and the recovery rate of
drivers who abuse drugs are indications that, they help reduce the value of the drug abuse
number. This would help curb the use of drugs by commercial drivers.

7. Numerical solutions

In this section, we perform qualitative analysis of the system of differential equations of
the model in figure 1 using Range-Kutta fourth order scheme [8]. The duration of the
spread of the use of drug thorough interaction between drivers at risk of using drugs and
the drug users or abusers was taken to be five years. The period was assumed to be the
duration at which imitation can have impact of the susceptible population.

7.1. Susceptible drug users

Figure 2 shows what happens in the susceptible population in the system with time. As
the number of those who continue to use and abuse substances increases with time, so
does the population size of susceptible drivers who are at risk of getting into the use
of substances increases with time. Since this happenings take a lot of time to realised,
the period of the simulation is taken as five years. The susceptible population decreases
steadily with time. This explains why the graph in figure 5 increases with as time goes on.
Moreover, it can also be vied as the recruitment of drivers into the susceptible population
is lower as compared to the rate at which drivers interact with those who use substances
as the are quickly involved in the use of drugs through imitation.

Figure 2: Population of susceptible drivers who are at risk of drug use.
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7.2. Drug users

The rate at which commercial drivers imitate those who use drugs increase exponentially.
Figure 5 explains this happenings. There is an increase in the number of drivers who use
substance. At a point in time the number of those who use drugs reduces. The graph in
figure 3 shows why the population decreases. As the number of recovered (drivers who
avoid or stop the use of drugs) begins to increase at a point in time. A decrease in the
number of drug users corresponds to an increase in the number of drivers avoiding the
use of drugs.

Figure 3: Population of drivers who are involved in substance use.

7.3. Effects of contact and imitation rates

Naturally, the interaction between commercial drivers as well as imitation would obvious
have an impact on some commercial drivers as far as the use of substances are concern.
An analysis of the imitation rate and contact rate among drivers is analysed. This to
confirm whether or not this interaction has an effect on the drivers. Figure 4 shows the
effects of the contact and imitation rates among the commercial drivers. The analysis
confirmed the impact of interaction among non drug users and drug users in the system
with time. An increase in the contact or imitation rate increases the number or population
of drug users.
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Figure 4: Effects of contact and imitation rates among drivers.

7.4. Drug abusers

Figure 5 shows the population dynamics of drug abusers by commercial drivers. The
population of drivers who used substances while driving continue to increase with time.

Figure 5: Population of drivers who abuse drugs.
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As the population of drivers at risk of using substances either through imitation or contact
with those who used substance reduces, the population of drivers who use or abuse
substances would continue to increase as indicated in figure 5.

7.5. Recovered drug users

Figure 6 shows the population of drivers who have either decided to stop the use of
substances or avoid substances. This could either be through education or self realisation
of the effects of the use of these substances. The number of drivers who avoid the use of
substances reduces completely at a point in time. This could either be through intensive
education and campaign against the use of drugs by the transport ministry. Moreover, the
transport unit of the police unit sometimes intensify regular checks on drunk driving. This
could also be one of the reasons for the reduction or avoidance of the use of substances
by these drivers.

Figure 6: Population of drivers who have avoided the use of drugs.

8. Conclusion

The drug model was qualitatively and quantitatively analysed to give an account of drug
spread among commercial drivers. The threshold number for the use and abuse of all
the substances has been computed. The use and abuse of substances would continue
to spread among commercial drivers if the drug abuse number is less than one and the
abuse of drugs would die out of the system if the abuse number is greater than one.
Sensitivity analysis was therefore carried out to determine the most sensitive parameter
that would contribute to the abuse number in order to make a decision on the factors
that leads to these spread. Figure 1 shows a significant contribution of the recruitment
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of individuals to the susceptible compartment. The implication is that, as more drivers
become susceptible to the use of drugs, the use and abuse of drugs would increase and
this would lead to the continuous use of drugs by commercial drivers. However, the
sign of the values of the natural recovery rate of drug users and the recovery rate of
drivers who abuse drugs are indications that, they help reduce the value of the drug abuse
number. This would help curb the use of drugs by commercial drivers.

Numerical simulations of the drug model was performed to explain the dynamics of
the all commercial drivers who are at risk of drug use as a result of imitations. Figure 2
shows that the susceptible population in the system decreases with time. As the number
of those who continue to use and abuse substances increases with time, so does the
population size of susceptible drivers who are at risk of getting into the use of substances
increases with time. Moreover, figure 5 shows an increase in the number of drivers who
use substance. As the number of recovered (drivers who avoid or stop the use of drugs)
begins to increase at a point in time. A decrease in the number of drug users corresponds
to an increase in the number of drivers avoiding the use of drugs. An analysis of the
imitation rate and contact rate among drivers was analysed. This confirms whether
imitation and interaction among drivers have an effect on the drivers with respect to the
use and abuse of drugs. Figure 4 shows the effects of the contact and imitation rates
among the commercial drivers. It revealed that the impact of interaction among non drug
users and drug users in the system with time. An increase in the contact or imitation rate
increases the number or population of drug users.
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