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ABSTRACT: Background: Youth unemployment presents a significant
threat to Nigeria’s socioeconomic stability, resulting in widespread issues such
as poverty, insecurity, banditry, inequality, and robbery. Objective: In this
paper, mathematical modelling for the control of unemployment in Nigeria
incorporating vocational education and apprenticeship was formulated. The
model equilibrium points were obtained and the local stability analysis was car-
ried out. Methods: The basic reproduction number Re was computed using
the Next Generation Matrix technique and used to determine whether unem-
ployment will persist or be eradicated in Nigeria. Sensitivity analysis was
carried out to determine the most sensitive parameters. Results: Numerical
simulations were presented in a graphical form to show the effects of sensitive
parameters on the reproduction number. The stability analysis shows that un-
employment will be eradicated in Nigeria if Re ≤ 1. It was revealed from the
sensitivity analysis that the theoretical education graduate employment rate,
γ is the most sensitive parameter with −0.9883 and the rate of transition of
becoming highly skilled due to vocational education, β is the least sensitive
parameter with −0.0409. Conclusions: It was shown from the sensitivity
analysis and the graphical presentation that the theoretical education gradu-
ate employment rate, γ is the most sensitive negative parameter which will
decrease the reproduction number. This implies that when employment is cre-
ated for the graduates from the higher institutions the unemployment rate will
reduce drastically from the society. It is recommended that the government and
the private sector owners should create more job for the graduates. Optimal
control analysis is recommended for future research to determine the minimal
cost for the increase graduate employment rate and motivation of vocational
education.

KEYWORDS: Unemployment; Vocational education; Apprenticeship;
Stability analysis; Sensitivity analysis

INTRODUCTION

T he world currently grapples with numerous challenges including; illegal migration, corruption,
climate change, pollution, discrimination, insecurity, social vices, and pandemics. Among these,

unemployment stands out as one of the most pressing issues globally [1]. This concern is particularly
alarming as it directly or indirectly exacerbates other significant problems such as poverty, banditry,
inequality, and theft. Unemployment poses a significant threat not only to developing nations but also
to developed countries. The National Bureau of Statistics (NBS) in Nigeria defines unemployment as a
condition in which individuals have been without work for the previous seven days, are actively seeking
employment within the last four weeks, and are available to work [2]. The rate of unemployment
is calculated as the proportion of unemployed individuals to the total labour force, and this ratio
typically increases during economic recessions. The World Employment and Social Outlook report
from the International Labour Organization (ILO) estimates that the ’jobs gap’—which represents
the number of individuals who want to work but are without jobs—will reach 402 million in 2024 [3].
Unemployment can lead to various economic, social, and political challenges for a country [4].
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In addition to the growth of industries and public sectors, youth in various countries, including
Nigeria, are confronting a significant jobs crisis. As of 2023, Nigeria’s overall unemployment rate
is reported at 5.0%, while the youth unemployment rate stands at 8.6%. Estimates from the In-
ternational Labour Organization (ILO) indicate that global youth unemployment was at 12.6% in
2013, equating to approximately 73 million young people without jobs. A primary factor contributing
to this high unemployment rate is the educational framework in many countries. While there are
a limited number of technological, medical, and management institutions that equip students with
essential skills, numerous other institutions produce graduates lacking practical skills, thereby exacer-
bating unemployment. Many individuals are academically qualified and eager to work, yet they find
themselves without job offers or the means to start their own businesses due to a lack of skills. Con-
sequently, it is crucial to foster skill development among youth, enabling them to demonstrate their
potential in industries, public sectors, or through entrepreneurship. To address this issue, various
governments, including Nigeria’s, have initiated skill development programmes aimed at empowering
their youth [5]. Technical Vocational Education and Training (TVET) is designed to prepare people
with the necessary knowledge and vocational skills to fit into specific occupations. TVET can be
described as that segment of education which provides recipients with fundamental knowledge and
practical skills essential for entering the workforce as employees or self-employed individuals. It is
defined as an educational approach that prepares persons for profitable employment as semi-skilled
employees, experts, or sub-professionals [6].

Sirghi et al. [1] contributed to the discourse by presenting a mathematical model with four sub-
groups: the employed individuals, the unemployed individuals, the jobs in the marketplace, and the
newly created jobs. In [7] a model was designed that considered the effects of limited jobs on unem-
ployment and the creation of new jobs became constant. Inspired by the work of [8], Galindro and
Torres [9] developed a model of unemployment and used optimal control to discover real strategies for
reducing unemployment in Portugal. In [10] three-dimensional mathematical model was developed
and analyzed in order to study the labour market, with a focus on unemployment/employment. The
rate of change of new positions created by the public and private sectors depends on the historical
levels of unemployment, taking into account the distributed time delay. They carried out the numer-
ical simulations varying different parameters of the model. In [11] a model was formulated for the
decrease of unemployment that emphasizes the importance of considering migration when designing
plans to tackle unemployment. The model comprises five variables: the employed individuals, the
of unemployed individuals, the jobs available, the migrants, and the new vacancies created through
government intervention. Their analysis, which included both qualitative and quantitative methods,
revealed that incorporating migration into government policy significantly reduced the early level of
unemployment. Conversely, neglecting migration in policy considerations led to a marked increase
in the unemployment rate. In a similar way, [12] developed an unemployment model focusing on
poorer countries, inspired by the work of [8]. This model included three variables: the employees,
the unemployed individuals, and the available vacancies. Their findings indicated that the rate of
unemployment decreased and got to almost 7% when the basic reproductive ratio R0 was around 15.
Misra et al., [13] developed a nonlinear mathematical model to examine the impact of the informal
sector on unemployment dynamics in developing economies. Their model categorizes the workforce
into three classes: unemployed, employed, and self-employed, with a separate variable for informal
sector vacancies. Analysis using dynamical systems theory revealed a threshold quantity, the repro-
duction number, which determines the job creation rate needed to stabilize the system. Variations in
this number led to changes in system behavior, including transcritical and saddle-node bifurcations.
The study also proposed an optimal control model to determine effective government strategies for
promoting employment and self-employment in the informal sector. Numerical validation supported
the analytical findings, suggesting that unemployment can be reduce effectively if informal sector
can promote self-employment. Eric and Calvin [14] developed a mathematical model to examine the
influence of financial crises on unemployment. Their nonlinear ordinary differential equation system
focuses on the dynamics of unemployment and employment rates. The study established the exis-
tence of a unique positive equilibrium and proved its global stability under certain conditions using a
Lyapunov function. The authors proposed and compared two control strategies to improve employ-
ment rates at minimal cost. Their findings suggest that government assistance in helping unemployed
individuals start their own businesses, leading to new job creation, is a more effective approach than
supporting self-employed individuals in creating new vacancies. Numerical simulations validated the
theoretical results, providing insights for policymakers to address unemployment challenges during
financial crises. El Yahyaoui and Amine [15] developed a mathematical model to examine the im-
pact of skills development on cyclical unemployment, categorizing the workforce into fundamentally
unemployed, employed, and cyclically unemployed individuals. The model, represented by a system
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of nonlinear differential equations, assumes that government agendas can help reintegrate persons
who have been out of work for a period. The analysis revealed that the model has a globally asymp-
totically stable equilibrium under certain conditions. Sensitivity analysis and numerical illustrations
demonstrated that skills development among the cyclically unemployed can effectively reduce unem-
ployment. The study emphasizes the importance of government initiatives and measures focusing on
combating unemployment during economic crises by promoting skills development and professional
improvement.

Several researchers have studied the mathematical model of unemployment considering different
parameters in recent times; [14], [16]–[20]. Inspired by the work of [18], we formulated the mathe-
matical model of unemployment in Nigeria, incorporating vocational education and apprenticeship,
following the recommendations of [19]. In the present work, the highly skilled and apprentice classes
are also incorporated to control unemployment in the country. The present study intends to: obtain
the equilibrium states of the model, compute the basic reproduction number, carry out the local
and global stability of the unemployment-free equilibrium, conduct a sensitivity analysis, and present
the graphical simulation of the basic reproduction number with the sensitive parameters. The or-
ganization of the paper is as follows: Section 2 presents the model formulation, equilibrium states
of the model, basic reproduction number Re and stability analysis of the equilibrium states. Sec-
tion 3 presents variables and parameters estimation, sensitivity analysis, graphical simulation, and
discussion of results. The conclusion is in section 4.

MATERIALS AND METHODS
Model Formulation

The model employs a compartmental structure to represent the flow of individuals between different
workforce states: Vocational class V (t), Theoretical class T (t), Unemployed class U(t), Highly-skilled
class Hs(t), Apprenticed class A(t), and the Employed class E(t).

The Vocational class is made up of individuals enrolled in vocational education programs aimed at
equipping them with skills for self-employment upon graduation (transitioning to the Highly-Skilled
class, Hs(t)). The Theoretical class comprise individuals pursuing traditional academic education
or those leaving vocational programs after enrollment as a result of poor policy implementation by
government and private sectors. The employed class includes persons who have been employed or
self-employed after graduation from vocational education or apprenticeship. We assumed that the
individuals disengage from all compartments (V (t), T (t),Hs(t), A(t), and E(t)) due to factors like
retirement, career changes, or migration at the rate µ. Also, individuals in the employed class E(t)
are assumed to remain employed unless actively seeking new opportunities (greener pastures). We
also assumed that unemployed individuals graduating from the theoretical class either withdrawal by
migration or move to apprenticed class to learn high-demand skills that will prepare them for future
employment during their waiting period.

dV

dt
= ϕΛ− (α+ β + µ)V,

dT

dt
= (1− ϕ)Λ + αV − ψθ(1− ρ)TU − (γ + µ)T,

dU

dt
= ψθ(1− ρ)TU − ωτ(1− σ)U − µU,

dHs

dt
= βV − (a+ η + µ)Hs,

dA

dt
= ωτ(1− σ)U − (b+ η + µ)A,

dE

dt
= γT + (a+ η)Hs+ (b+ η)A− µE. (1)

Figure 1 shows the schematic diagram of the model, while Table 1 the definition of the variables
and parameters.
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Figure 1. The schematic diagram of the model

Table 1. Definition of variables and parameters of the model
Symbol Description
V (t) Number of individuals in vocational education programs at time t
T (t) Number of individuals in theoretical education at time t
U(t) Number of unemployed individuals actively seeking employment at time t
Hs(t) Number of highly-skilled individuals graduated from V (t) at time t
A(t) Number of apprenticed at time t
E(t) Number of individuals with gainful employment at time t
Λ Total number of recruitment
ϕ Rate of motivation for vocational education programs
1− ϕ Proportion of individuals recruited into theoretical education
µ Rate of withdrawal
α the Rate of loss of interest in vocational education
γ Theoretical education graduate employment rate
β Rate of transition of becoming highly-skilled due to vocational education
a Highly-skilled vocational graduate employment rate
b Rate of transition of becoming employed due to apprenticeship
ψ Per capital probability of becoming unemployed
θ the Rate of influence of individuals in U(t) on T (t) class
ρ Vocational program successful implementation rate
δ the Tendency of becoming unemployed defined as δ = ψθ(1− ρ)

ω Per capital probability of becoming employed
τ the Rate of influence of individuals in A(t) on U(t) class
σ Apprenticeship program successful implementation rate
ε Tendency of becoming employed defined as ε = ωτ(1− σ)

η Rate of government and private investment

The model integrates three control strategies to analyze their impact on unemployment trans-
mission dynamics; Vocational Education U(t) compartment represents the intervention of vocational
education programs. The model will track successful implementation of vocational education on the-
oretical T (t) and the movement of individuals from vocational V (t) into highly-skilled Hs(t) or the
employed class E(t) upon graduation. The model also incorporates the Apprenticeship Program A(t)
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as a crucial intervention to bridge the gap between unemployment and employment. An investment
parameter η is introduced to represent the level of government or private sector investment in both
vocational education and apprenticeship programs.

Equilibrium States of the Model
At equilibrium, the right-hand side (RHS) of the model (1) equals zero, which gives,

ϕΛ− k1V
∗ = 0, (2)

(1− ϕ)Λ + αV ∗ − δT ∗U∗ − k2T
∗ = 0, (3)

δT ∗U∗ − k3U
∗ = 0, (4)

βV ∗ − k4Hs
∗ = 0, (5)

εU∗ − k5A
∗ = 0, (6)

γT ∗ + (a+ η)Hs∗ + (b+ η)A∗ − µE∗ = 0, (7)
where,

δ = ψθ(1− ρ); ε = ωτ(1− σ),

k1 = α+ β + µ; k2 = γ + µ; k3 = ε+ µ; k4 = a+ η + µ; k5 = b+ η + µ . (8)

From (4),
(δT ∗ − k3)U

∗ = 0, (9)
U∗ = 0, (10)

or
δT ∗ − k3 = 0 . (11)

Equation (10) above is the necessary condition for the Unemployment-Free Equilibrium (UEF)
state, while equation (11) is for the Unemployment Endemic Equilibrium (UFE) state.

Unemployment-Free Equilibrium State
In this subsection, we consider the situation where there is no unemployment. Equation (10) has

shown that the Unemployment-Free Equilibrium state exists.
Let the Unemployment-Free Equilibrium, E0 be given by

E0 =
(
V 0, T 0, U0, Hs0, A0, E0

)
= (V ∗, T ∗, U∗, Hs∗, A∗, E∗) . (12)

Thus, substituting (10) and (12) into (2), (3), (5), (6) and (7) gives,

ϕΛ− k1V
◦ = 0, (13)

(1− ϕ)Λ + αV o − k2T
o = 0, (14)

βV ◦ − k4Hs
◦ = 0 (15)

k5A
◦ = 0, (16)

γT ◦ + (a+ η)Hs◦ + (b+ η)A◦ − µE◦ = 0 . (17)
From (13),

V o =
ϕΛ

K1
. (18)

From (16)
A◦ = 0 . (19)

Substituting (18) into (14) gives

T 0 =
K1 (1− ϕ) Λ + αϕΛ

k1k2
. (20)
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Substituting (18) into (15) gives
H0

s =
ϕβΛ

k1k4
. (21)

Substituting (19), (20) and (21) into (17) gives

E0 =
k1k4γ (1− ϕ) Λ + k4αϕγΛ + k2ϕβΛ (α+ η)

k1k2k4
. (22)

Equations (18), (19), (20), (21) and (22) are the Unemployment-Free Equilibrium point E0;

Eo =


V o

T o

U o

Hso

Ao

Eo

 =



ϕΛ
k1

k1(1−ϕ)Λ+αϕΛ
k1k2

0

βϕΛ
k1k4

(k1(1−ϕ)Λ+αϕΛ)k4γ+k2(α+η)βϕΛ
k1k2k4µ



. (23)

Unemployment Endemic Equilibrium State
In this sub-section, we are looking at the situation where the unemployment exists. In equa-

tion (11), we saw that there can be such a situation.
The endemic equilibrium state of the model is denoted by

E1 =
(
V 1, T 1, U1,Hs1, A1, E1

)
= (V ∗, T ∗, U∗,Hs∗, A∗, E∗) . (24)

Thus, from (11),
T 1 =

k3
δ
. (25)

Substituting (24) and (25) into (2) to (7) gives

ϕΛ− k1V
1 = 0, (26)

(1− ϕ)Λ + αV 1 − δT 1U1 − k2T
1 = 0, (27)

βV 1 − k4Hs
1 = 0, (28)

εU1 − k5A
1 = 0, (29)

γT 1 + (a+ η)Hs1 + (b+ η)A1 − µE1 = 0 . (30)
From (24)

V 1 =
ϕΛ

k1
. (31)

Substituting (31) into (25) gives

U1 =
k1(1− ϕ)Λδ + αϕΛ− k1k2k3

k1k3δ
. (32)

Substituting (31) into (27) gives
H1

s =
βϕΛ

k1k4
. (33)
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Substituting (32) into (29) gives

A1 = ε

(
k1(1− ϕ)Λδ + αϕΛ− k1k2k3

k1k3k5δ

)
. (34)

Substituting (25), (33) and (34) into (30) gives

E1 =
k1k

2
3k4k5γ + (a+ η)k3k5βϕΛδ + (b+ η)εk4 (k1(1− ϕ)Λδ + αϕΛ− k1k2k3)

k1k3k4k5δµ
. (35)

Equations (25), (31), (32), (33), (34) and (35) are the Unemployment Endemic Equilibrium point E1

E1 =


V 1

T 1

U1

Hs1

A1

E1

 =



ϕΛ
k1

k3
δ

k1(1−ϕ)Λδ+αϕΛ−k1k2k3
k1k3δ

βϕΛ
k1k4

ε
(

k1(1−ϕ)Λδ+αϕΛ−k1k2k3
k1k3k5δ

)
k1k2

3k4k5γ+(a+η)k3k5βϕΛδ+(b+η)εk4(k1(1−ϕ)Λδ+αϕΛ−k1k2k3)
k1k3k4k5δµ



. (36)

Basic Reproduction Number (Re)

The basic reproduction number of the average amount of secondary infections generated by an
infectious person in a susceptible individual during the infectious period. It is computed using the
next-generation matrix, where the infected classes are considered. In this model the unemployment
class is considered as the infected class. The spectral radius of the FV −1 matrix is the basic repro-
duction number.

Let F be the rate of appearance of new unemployment in the population and let V be the rate of
transfer of unemployment from compartment U to another. Following the approach of [21] we define
F and V as follows

F =
∂Fi

∂Ui
(Eo), and V =

∂Vi
∂Ui

(Eo) . (37)

From the model system, we shall use only the third equation of (1) for the derivation.
Recall from (4) that:

dU∗

dt
= δT ∗U∗ − k3U

∗ .

It can be deduced that Fi = [δT ∗U∗] and Vi = [k3U ]

F =
∂Fi

∂Ui
(Uo) = δT ∗(Uo) = δT o = δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2

)
, (38)

V =
∂Vi
∂Ui

(Uo) = k3,

V −1 =
1

k3
. (39)

Multiplying (38) by (39), we get

FV −1 = δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2k3

)
, (40)
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|FV −1 − λI| = 0, (41)

λ = δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2k3

)
. (42)

The basic reproduction number is given as

Re = δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2k3

)
. (43)

Equation (43) above is the effective reproduction number for the model system.

Stability Analysis of the Equilibrium States
The local and global stability analyses of the model (1) will be carried out. The Jacobian matrix

technique is used for the local stability, and the Lyapunov function is used for the global stability.

Local Stability of Unemployment-Free Equilibrium Point
Theorem 1: The unemployment-free equilibrium point E0 is said to be locally asymptotically

stable if all the eigenvalues of the Jacobian matrix at UFE are all negative and Re < 1.
Proof: We use the Jacobian matrix technique to analyze the stability of the model.
The Jacobian of model system (1) to (6) at unemployment-free equilibrium is given by

J =


−k1 0 0 0 0 0
α −δU − k2 −δT 0 0 0 0
0 δU δT 0 − k3 0 0 0
β 0 0 −k4 0 0
0 0 ε 0 −k5 0
0 γ 0 a+ η b+ η −µ

 , (44)

J [E0] =


−k1 0 0 0 0 0
α −k2 −δk6 0 0 0
0 0 δk6 − k3 0 0 0
β 0 0 −k4 0 0
0 0 ε 0 −k5 0
0 γ 0 a+ η b+ η −µ

 , (45)

where k6 = T o = k1(1−ϕ)Λ+αϕΛ
k1k2

Performing row operation on (3.47) the characteristic equation | J (E0)− λI |= 0 gives,

(−k1 − λ1)(−k2 − λ2)(δk6 − k3 − λ3)(−k4 − λ4)(−k5 − λ5)(−µ− λ6) = 0, (46)

λ1 = −k1, λ2 = −k2, λ3 = δk6 − k3, λ4 = −k4, λ5 = −k5, λ6 = −µ, (47)
for the unemployment-free equilibrium state of the model system to be stable λi < 0; i = 1, 2, 3, 4, 5, 6.But
from (47) it is revealed that all the λi < 0 except λ3.

Therefore, to proof that the model is stable there is need to show that λ3 < 0, which will give the
second condition on Theorem 1,i.e. (Re < 0)

⇒ δk6 − k3 < 0,

but k6 = k1(1−ϕ)Λ+αϕΛ
k1k2 

δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2

)
− k3 < 0,

δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2

)
< k3 . (48)

Divide both sides by k3,
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δ

(
k1(1− ϕ)Λ + αϕΛ

k1k2k3

)
< 1 . (49)

Substituting (43) into (49) gives,
Re < 1. (50)

Obviously, λ1, λ2, λ4, λ5 < 0 and if the inequality (49) is true, the unemployment-free equilibrium
state is asymptotically stable.

Global Stability of Unemployment-Free Equilibrium
Theorem 2: If Re ≤ 1, the UFE is globally asymptotically stable (GAS).
Proof
Define the Lyapunov function

F (V, T, U,Hs, A,E) = k3U . (51)

Differentiating (46) with respect to t gives

dF

dt
= k3

dU

dt
, (52)

dF

dt
= k3 (δT − k3)U, (53)

since at UFET≤ T 0

dF

dt
≤ k3

(
δT 0 − k3

)
U,

dF

dt
≤ k3

[
δ (K1 (1− ϕ) Λ + αϕΛ)− k1k2k3

k1k2

]
U . (54)

Divide(54) through by k23 and simplify gives

dF

dt
≤ k23 [Re − 1]U. (55)

Hence, from (55) Re ≤ 0 implies that dF
dt ≤ 0, we therefore conclude that F (V, T, U,Hs, A,E) is

negative definite and this proves that the model is Globally Asymptotically Stable.

RESULTS AND DISCUSSION
In this section, we present the estimated variables and parameters used in the model in Table 2 and
the estimations can be seen in Appendix A. The sensitivity analysis was carried out and the sensitivity
indices are presented in Table 3 and Figure 2. The basic reproduction number and sensitive parameters
are presented graphically in Figure 3 to 7.

Variables and Parameters Estimation
The values of variables and parameters were estimated using the technique of [22] and [23] based

on the available data from the National Bureau of Statistics (NBS), National Board for Technical
Education (NBTE), National Directorate of Employment (NDE), Federal Ministry of Labor and
Employment (FMLE), International Labor Organization (ILO), and other reliable related sources.
The details of the estimations are in Appendix A, and the values are presented in Table 2.
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Table 2. Summary of variables and parameters estimation
Variables/ Parameters Values per year Source
N 95,246,975 V1

E(0) 72,006,713 V2

A(0) 757,213 V3

U(0) 3,028,854 V4

Λ 19,525,630 V5

Hs(0) 468,615 V6

V (0) 3,436,511 V7

T (0) 15,549,069 V8

ϕ 0.20 Assumed
α 0.12 Assumed
β 0.40 Assumed
µ 0.0071 P1

ψ 0.040 P2

θ 0.025 P2

ρ 0.14 P2

δ 0.00086 P2

ω 0.60 P3

τ 0.61 P3

σ 0.21 P3

ε 0.28914 P3

γ 0.60 P4

a 0.90 P5

b 0.85 P6

η 0.12 Assumed

Sensitivity Analysis
In this sub-section, a sensitivity analysis is conducted to show that each parameter in the basic

reproduction number considered is sensitive to unemployment. By way of definition, the sensitivity
index measures the relative change in a variable concerning the relative change in the parameters
involved.

The normalized forward sensitivity index of a variable to a parameter is used to carry out the
sensitivity analysis following the approaches of [24] and [25].

The normalized forward sensitivity indices with respect to a parameter value, P is defined as

SR0

P =
∂R0

∂P
× P

R0
, (56)

where,
P = {α, β, γ, ϕ, ρ} . (57)

The sensitivity indices are given in Table 3, where the parameters positive and negative values.
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Table 3. Sensitivity indices of the effective reproduction number and the parameters
Parameters Sensitivity indices
α 0.0416
β -0.0409
γ -0.9883
ϕ -0.1827
ρ -0.1628

The local and global stability analyses reveal that the unemployment-free equilibrium were stable
if Re < 1 and Re ≤ 1 respectively. Ayoade et al. [18] carried out only local stability analysis and the
condition of stability was based on some parameters less than zero and not on the implementation
success ratio that may be equivalent to basic reproduction number Re.

The sensitivity analysis shows that the rate of loss of interest in vocational education, α is the
only positive value, which implies that the basic reproduction number will increase and the unemploy-
ment will increase in the population. This is a strong indication that government should encourage
vocational education by funding and awareness. Several people believe that it is those who are not
brilliant that are in vocational schools. It is also revealed that the theoretical education graduate
employment rate, γ is the most sensitive negative parameter which will decrease the reproduction
number. The only means by which people are gainfully employed is when they graduate from ter-
tiary institutions. This implies that when the graduates from the higher institutions are employed
the unemployment will reduce drastically from the society. Other parameters that contribute to the
decrease in unemployment are rate of motivation for vocational education programs ϕ, vocational
program successful implementation rate ρ and the rate of transition of becoming highly-skilled due
to vocational education, β. The sensitivity analysis has helped to identify the parameters that are
responsible for increase and decrease of unemployment compared to the work of [18] where there is
no such analysis.

It is beneficial to determine the impact of the parameters on the basic reproduction number Re
which increases or decreases it the most for the sake of effective implementation of the proper control
strategies needed to curtail the increase of unemployment. Figure 2 is the presentation the sensitivity
indices in a chart for clear understanding.

Figure 2. Sensitivity indices chart
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Figure 3. Effect of rate of loss of interest in vocational education on basic reproduction number

Figure 4. Effect of rate of transition of becoming high-skilled due to vocational education on basic reproduction number
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Figure 5. Effect of theoretical education graduate employment rate on basic reproduction number

Figure 6. Effect of rate of motivation for vocational education on basic reproduction number
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Figure 7. Effect of vocational program successful implementation on the basic reproduction number

Figure 2 gives the pictorial representation of the sensitivity analysis, it shows that the theoretical
education graduate employment rate, γ is the most sensitive parameter with almost 99% decrease in
unemployment. The least sensitive parameter, rate of transition of becoming highly-skilled due to
vocational education, β will decrease the unemployment by 4%. This is due to the reality on ground
that even the government policies do not favour technical education. Figure 3 shows the effect of
different rates of loss of interest in vocational education α on basic reproduction number Re, it is
observed that as α increases with time the reproduction number increases. It increases from 0 to
380,000 at α = 0.25, Re = 370, 000, α = 0.50, Re = 378, 000 and α = 0.75, Re = 382, 000. It is an
indication that if hatred for vocational education is not checked the rate of unemployment will increase.
Figure 4, shows the effect of different rates of transition of becoming highly-skilled due to vocational
education β on the basic reproduction number Re, it is revealed that as β increases with time Re
decreases. The decrease is from 385,000 to 0 at β = 0.25, Re = 318, 000, β = 0.50, Re = 304, 000
and β = 0.75, Re = 300, 000. It is an indication that if hatred for vocational education is not
checked the rate of unemployment will increase. Figure 4, shows the effect of different rates of
transition of becoming highly-skilled due to vocational education β on the basic reproduction number
Re, it is revealed that as β increases with time Re decreases. The decrease is from 385, 000 to 0 at
β = 0.25, Re = 318, 000, β = 0.50, Re = 304, 000 and β = 0.75, Re = 300, 000 . Figure 5 shows the
effect of theoretical education graduate employment rate, γ on the basic reproduction number Re, it
is revealed that as γ increases with time the R e decreases. It decreases from 28,000,000 to 0 in a
short time, at γ = 0.25, Re = 150, 000, γ = 0.50, Re = 100, 000 and γ = 0.75, Re = 50, 000 . Figure 6
shows the effect of different rates of motivation for vocational education programs ϕ on the basic
reproduction number Re,it is revealed that as ϕ increases with time the Re decreases. It decreases
from 390,000 to 0 at ϕ = 0.25, Re = 280, 000, ϕ = 0.50, Re = 170, 000 and ϕ = 0.75, Re = 50, 000.
Figure 7 shows the effect of the vocational program successful implementation rate ρ on the basic
reproduction number ReIt is revealed that as ρ increases with time the Re decreases. It decreases
from 380,000 to 0 at ρ = 0.25, Re = 270, 000, ρ = 0.50, Re = 155, 000 and ρ = 0.75, Re = 40, 000.

It is observed that the successful implementation of vocational program and the motivation for
vocational education programs are key factors in decreasing unemployment. It takes a short time
for ρ and ϕ to reduce unemployment compared to γ and β. It takes γ and β five years to reduce
unemployment to the barest minimum while ρ and ϕ takes one year, two months, and one year six
months.
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CONCLUSION
The mathematical modelling of the dynamics of unemployment incorporating vocational education
and apprenticeship as controls using non-linear ordinary differential equations. The equilibrium points
were obtained and the unemployment-free equilibrium was analyzed locally and globally for stability
using Jacobian matrix technique and Lyapunouv function. The basic reproduction number Re,was
computed and unemployment-free equilibrium was stable when Re < 1. The sensitivity analysis
with some parameters of the model was carried out with respect to the Re. The effect of the sensitive
parameters on the effective reproduction number Re was presented graphically. It was shown from the
sensitivity analysis that the theoretical education graduate employment rate, γ is the most sensitive
negative parameter which will decrease the reproduction number. It was observed from Figure 5 that
the impact of theoretical education on the graduate employment rate, γ on the basic reproduction
number was very high; it was revealed that the decrease was drastic in a short time. This implies that
when employment is created for graduates from higher institutions, the unemployment rate will reduce
drastically in society. We recommend that the government and the private sector owners create more
jobs for the graduates, and vocational education should be prioritized by motivating the students
in vocational schools with scholarships and increasing enrollment. Also, manufacturing industries
should be established to absorb the graduates from vocational schools. Consequently, this work can
be extended to include other factors such as industrialization as a means to reduce unemployment.
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