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Article History: The COVID-19 pandemic is a global crisis affecting virtually every country
Received 22 February 2023 in the world, with profound consequences on various aspects of life,
Accepted 8 June 2023 including the economy, society, environment, demographics, and health

Available online 30 June 2023  sector. Despite frequent reporting of its repercussions in newspapers and on
social media, few technical analyses have been published. Hence, this study

Section Editor: aims to analyse the impact of the pandemic on three income groups with
Ruwaidiah Idris several socio-economic factors in Malaysia namely, economic development
(GDP), unemployment rates and poverty rates. Correlation and regression
Keywords: analyses were used to measure the existence of a relationship among the
COVID-19; rate of COVID-19 cases, economic development, unemployment rates and
Gross Domestic Product; poverty rates. The findings revealed that the COVID-19 pandemic has had
unemployment rate; a significant impact on economic development, unemployment rates and
poverty rate; poverty rates. The results of this study will give insight to the government
income group, into the distribution of the appropriate aid and the development of a
statistical analysis; recovery plan to reduce the impact of COVID-19 on Malaysians.
mathematical model.
2020 Mathematics Subject Classification: ©UMT Press
INTRODUCTION

Unemployment has been a persistent global issue, presenting a significant social and economic
challenge arising from an imbalance between labour market demand and supply, and is sometimes
worsened by population growth. Unfortunately, this problem has been exacerbated dramatically
during the COVID-19 pandemic, resulting in a massive global unemployment crisis that is distinct
from previous unemployment periods [1]. As such, there is a need for a Malaysia-specific model
that considers unemployment as an effect of the pandemic. Several studies have indicated that
lockdown measures are one of the main factors driving business closures, subsequently leading
to increased unemployment. A study by [2] demonstrated a rise in unemployment rates across
five selected European countries due to the pandemic. These economies faced two main problems
simultaneously: Lockdown measures and the closure of many industrial sectors, which led to a surge
in unemployment among their populations.
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In 2020, the Malaysian economy experienced a downturn as reflected by the performance of
its Gross Domestic Product (GDP) which recorded a 5.6% decline. This contraction was a stark
contrast to the preceding year’s growth of 4.4% and it can be attributed to restrictions imposed on
economic activities that are part of the COVID-19 containment measures (Figure 1). The Malaysian
economy last saw a decline in 2009 (-1.5%), and the 2020 economic downturn was the worst after

the one in 1998 (-7.4%).
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Figure 1: Malaysia’s GDP before and after the COVID-19 pandemic [3]

The implementation of the first Movement Control Order (MCO) in Malaysia, which commenced
on 18 March 2020, followed by subsequent MCOs, led to the closure of many economic sectors,
particularly non-essential ones. As a result, the unemployment rate surged to 4.5% in 2020—
affecting 711,000 individuals—the highest rate since 1993 (4.1%). According to the Salaries and
Wages Survey Report (2020), average salaries and wages decreased by 9.0% compared with 2019.
The COVID-19 pandemic has not only affected the bottom 40% of households (B40), but also those
in the middle 40% (M40) and top 20% (T20) groups, as well as their disposable incomes.

Unemployment rates have been one of the benchmarks of labour market impact during economic
downturns. Based on quarterly figures from the Department of Statistics Malaysia (DoSM), job losses
were a direct consequence of the economic shutdown imposed to contain the COVID-19 epidemic.
Malaysia’s widespread restrictions—the first Movement Control Order lasted from March to June
2020—resulted in a staggering 17.1% GDP contraction in Q2 2020. Correspondingly, the overall
unemployment rose from 3.2% in 2019-Q4 to 5.1% in 2020-Q2. Based on this data, unemployment
declined towards the end of 2020 and even moderated in 2021 for the youth segment.
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Figure 2: Malaysia’s quarterly unemployment rate (2018-2021) [4]
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The battle against the pandemic lasted until 2021, and its effects have somewhat impeded
economic and labour market recovery processes. As a result, the Malaysian labour market remains
in a challenging situation due to uncertainties. Overall, the spread of COVID-19 has had a major
impact on household income and further affected the structure of household groups in the country.

In general, poverty can be measured using numerous methods, including absolute poverty and
relative poverty. A household falls under absolute poverty when its income is below than Poverty
Line Income (PLI) and insufficient to meet basic needs, such as food, clothing and housing. Hardcore
poverty occurs when a household’s income is lower than the food PLI. Relative poverty, on the other
hand, is defined as a situation where household income is less than half the median of household
income. Different countries use their own benchmarks to measure poverty, but most upper-middle
income countries, including Malaysia, commonly utilise the absolute poverty measurement. This
method serves as the key indicator in monitoring poverty eradication efforts [3].

Based on a 2021 DoSM study, it is estimated that the number of poor households in Malaysia
increased to 639,800 thousand households in 2020, compared with 405.4 thousand households in
2019 (Figure 4). The incidence of absolute poverty also rose from 5.6% in 2019 to 8.4% in 2020.
Additionally, the incidence of hardcore poverty is estimated to have increased from 0.4% in 2019
to 1.0% in 2020, affecting 78 thousand households (compared with 27.2 thousand households in
2019). This indicates a rise in the number of households whose income falls below the food PLI
between the two years. In contrast, relative poverty recorded a decrease from 16.9% to 16.2%,
involving 1.2 million households. This decrease is attributed to a significant reduction in household
income, resulting in the median value for 2020 being lower than that of 2019.

The pandemic has had far-reaching effects on various sectors, including health [5], economic
[6], [7], social [8], industrial and environmental sectors. However, this study specifically focuses
on examining the impact of the COVID-19 pandemic on socioeconomic factors, such as economic
development, unemployment and poverty rates.

The impact of the COVID-19 pandemic can be analysed using various methods, one of which
is statistical analysis. Based on [9], two statistical models were used to analyse the cumulative
incidences of COVID-19 in Italy and Spain during the early stages of the outbreak, namely the
Susceptible-Infected-Recovered model and the log-linear regression model. Additionally, another
study in [5] also employed multiple logistics regression to examine the pandemic’s association with
health conditions.

A significant body of research has been dedicated to mathematical modelling of the
unemployment problem [10]-[16]. For instance, ref [17] proposed a nonlinear mathematical model
for the unemployment issue. Similarly, ref [18] investigated the impacts of self-employment on
unemployment rates. Ref [19], meanwhile, introduced a new variable to the equation, the number of
immigrants. And, ref [20] took a novel approach to studying unemployment by incorporating four
variables into their nonlinear dynamic model.

In existing literature, there are limited sources that integrate both statistical and mathematical
approaches to analyse and solve real-world problems. Statistical methods, such as correlation and
regression analysis, have been utilised to identify significant factors. Building on these identified
factors, this study will model poverty and unemployment among Malaysian citizens during the
COVID-19 pandemic using ordinary differential equations. Motivated by the previous works of
[21], [22] and [10], this study combines these models to cater to the unemployment situation in
Malaysia. In line with these facts and statistical insights, this study aims to investigate the impact
of the COVID-19 pandemic on socioeconomic factors, employing both statistical analysis and
mathematical modelling.
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This paper is organised as follows. The discussion is divided into two parts, statistical and
dynamical model approaches. The next section presents a discussion of the findings, and the paper
ends with a summary of key conclusions.

METHODOLOGY

In this section, two approaches were used to analyse COVID-19 cases with several selected factors,
namely statistical and dynamical approaches.

Statistical Approach

For the statistical part, this paper used correlation analysis, regression analysis, and paired T-test.
The primary data used in this study consists of the COVID-19 case rate, divided into two study
periods, namely before the pandemic (2018 to 2019) and during the pandemic (2020 to August
2021). The socioeconomic factors considered in this study are the unemployment rate, GDP, poverty
rate and the median monthly income for three income groups, namely the B40, M40, and T20.

Correlation Analysis

It is believed that there is a significant relationship between the indicators of economic development,
i.e. GDP, unemployment rate and poverty rate, and the COVID-19 rate. To measure this relationship,
the Pearson Correlation coefficient was employed. The formula for the sample correlation coefficient,
r, is [23]:
e n(yxy) — Ex)Xy)
VYn(Ex?) = (30?) [n(Ty?) — (Ty)>?

()

where n is the number of pair data, x is the COVID-19 incidence rate and y is the socioeconomic
factors. The COVID-19 incidence rate was obtained as follows:

Number of COVID-19 cases

Y= Number of population

The significant relationship between variables x and y was tested using the hypotheses below.
The hypothesis statements are:

H: p= 0 (There is no significant correlation between x and y)
H : p# 0 (There is a significant correlation between x and y)

Based on a significance level of a = 0.05, the null hypothesis will be rejected if the p-value
is less than the significance level. This means that there is a significant correlation between these
variables.

Regression Analysis

The ordinary least square (OLS) method is a linear regression technique used to measure the
relationship between dependent and independent variables. In this study, the OLS model was used
to examine the relationship between the COVID-19 case rate as an independent variable and each
socio-economic factor as the dependent variable. The simple OLS model equation is as follows [24]:
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Y=a+pX +e¢, 3)

where Y is the dependent variable, a is the constant value, f is the regression coefficient and €
is the random error.
Paired T-test

The test statistic for the Paired Samples t-Test, denoted as t, can be written as:

‘= Xaifr — 0
Sx
where:
_Saiff

Vn

and x, . represents the sample mean of the differences, n is the sample size (number of
observations), s . is the sample standard deviation of the differences and s is the estimated standard
error of the mean.

Sx

The calculated t value is then compared to the critical t value with df = n - 1 from the
t-distribution table for a chosen confidence level. If the calculated t-value is greater than the critical
t-value, then the null hypothesis is rejected (and it can be concluded that the means are significantly
different). Alternatively, a decision can be made based on p-value, where if the p-value is less than
the significance level (0.05), then the null hypothesis is rejected.

Dynamical Model Approach

In this section, a dynamical model approach, also known as a mathematical model, is proposed
to investigate the dynamics of income groups in Malaysia, which include the factors discussed
previously: Poverty and unemployment rates.

Formulation of Mathematical Model, Finding Equilibrium Points and Stability Analysis

Let T(t) represent the population size of the T20 income group at time t, M(t) represent the population
size of the M40 income group at time t, and B(t) represent the population size of the B40 income
group at time t in Malaysia. In order to describe the dynamics of this model mathematically, the
following assumptions are considered:

i.  The populations of T20, M40 and B40 are increased by birth rate, 6 and decreased by death
rate, [.

ii.  The conversion rate from T20 to M40 is influenced by the unemployment rate, ¢ _1, and poverty
rate, k, while the conversion rate from M40 to B40 is influenced by unemployment rate, ¢ 2,
and poverty rate, k.

The relationship between the income groups and the above assumptions can be visualised in

Figure 3. 5 ¢, tk c,tk
—> | T20 | —> | M40 —> | B40

v v v

u It u

Figure 3: The relationship between income groups (variables) and the factors involved (parameters)
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From Figure 3, the dynamics of this model can be represented mathematically with the following
set of differential equations:
T=6-(c,+k) TM-uT,
M= (¢, +k) TM - uM - (c, + k)MB,
B= (¢, + k)MB - ub,

With the initial populations, 7(0) > 0, M(0) > 0, and B(0) > 0. It is observed that model (4) has
at most three equilibrium points, namely £, £, and E. The possible equilibrium points are:

i.  Only population of T20 exists, £, = (2, 0, 0)

ii. ~ All populations exist, £, = (T, M*, B*), where

_ 6(C2 + k)

T uley + ¢y +2k)

u
M* =
C2+k

*

_ €168+ (¢ + ¢y +k)Sk — (1 + ¢ + 2k)p?
- u(c, + cp + 2k)(c, + k)

*

iii. No B40 income group population £, = (T*, M*, 0) where

R
c+k
. €l + 8k —p?
p(cr + k)

Next, we will determine which equilibrium point exists or is sustained in the future. To achieve
this, an approach called stability analysis will be used to find the stability of these equilibrium
points. This approach has been widely used to analyse many real-world applications, such as in
biology, ecology, economy etc. (e.g. [21],[22]). The stability types for each equilibrium point can be
characterized based on their eigenvalues. Below are the characteristics:

i. Ifall eigenvalues obtained are negative, then, the equilibrium points are said to be stable.

ii. If at least one of the eigenvalues is positive, then, the equilibrium points are said to be unstable.

The Jacobian matrix for model (4) is determined as:

—(c+k)M —pu —(c, + )T 0
](T*,M*,B*) = (C1+k)M (C1+k)T—(C2+k)B—H. —(C2+k)M
0 (c, +kK)B (e + k)M —p
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First, model (4) has the following Jacobian matrix near £ :

—(c; +k)o
u
J(Ey) = o (athd
u
0 0 —u

From the above Jacobian matrix, we solve the det (J (£,) - A1) = 0 to obtain the following eigenvalues:

—u
M —~C++D
(lz) = 2E ,
A3 —-C—VD

2E

From above, both 4, and 4, are negative. This equilibrium will be stable at A <0. E if ¢ 6+ ok <y’
holds. Otherwise, £, will be unstable if ¢ 6 + 0k > 1°.

Secondly, the Jacobian matrix of model (4) around equilibrium point is reduced to:

—(a+Ku —(c1 t k)(c; + k)6 0
c;t+k # A
(c; +k)u (¢, +k)(c, +k)6 B
(Ey) = oy -
e cQ tk A a~# T
0 5 0
A

where A4 = u(c,+c,+2k), B = ¢, c,0+c 0k-c, i’ +c,0k-c, pi* +ok>-2k’.
From the above Jacobian matrix, we solve the det(J(E,) - Al) = 0 to obtain the following eigenvalues:

—u

N -C++D
(ﬂz) = 2E ,
A3 —C—-VD
2E
where:
C=cu+ pk,

D = ¢} i>-4dc, ci- 8¢ c,0k+4c, ¢, 1i*- 4c 0k’ +6¢ ki
- 4c 0k +ac f?-8¢ 0k +12c, ky*- 40k + Ok*u?

Finally, the Jacobian matrix of model (4) around equilibrium point reduced to:

—(i—u) —H 0

u
| E (e +OF
J(Es) = n w(er +k)
o (:+kF

pie +ky -
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where F'=c 6 + ok - 1i*.
From the above, the eigenvalues obtained are as follows:

—u
M _F
(/12> B
A, B

ule, + k)

From the above, 4,<0. For the second eigenvalue, 4,<0 if and only if F/u>0. Meanwhile, A .<0
if and only if B<0.

RESULTS AND DISCUSSION

This section discusses the results of this study.
Statistical Results

Correlation

Several factors in this study showed a significant correlation with the rate of COVID-19 cases. Based
on Table 1, there is a strong positive correlation (» = 0.832) between the rate of COVID-19 cases and
the poverty rate. Conversely, there is a strong negative correlation (» = -0.832) between the rate of
COVID-19 cases and the median monthly incomes of the B40, M40 and T20 groups. However, no
significant correlation was found between the rate of COVID-19 cases and the unemployment rate
(r=10.341) and GDP (r = -0.318). Therefore, it can be concluded that the pandemic has an impact
on economic factors, especially on household income, contributing to an increase in the poverty rate
among the Malaysian population.

Table 1: Correlation coefficient

Socio-economic Factor COVID-19 Rate P-value
Unemployment rate 0.341 0.141
GDP -0.318 0.172
Poverty rate 0.832 0.000
B40 median income -0.832 0.000
M40 median income -0.832 0.000
T20 median income -0.832 0.000
Regression Analysis

A simple regression model was constructed based on factors that have a significant relationship with
the rate of COVID-19 cases, as identified through correlation analysis. These factors include the
poverty rate and median monthly income for B40, M40 and T20 income groups.

Based on Table 2, an increase of 1 unit for the COVID-19 rate will cause an increase of 0.5
unit for the poverty rate. Meanwhile, an increase of 1 unit in the COVID-19 rate causes a decrease
of 183,728 units in the median monthly income for the B40 income group. For the M40 income
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group, every | unit change of the COVID-19 rate will cause a decrease in the median income by
416,099 units. The next factor is the median monthly income for the T20 income group, which will
experience a decrease of 897,607 units when there is a change in the COVID-19 rate by | unit.

Table 2: The OLS regression coefficients and models

Dependent Factor,y  Case Rate,_ CoSelen OLS Mode
Poverty rate ; (8)233 Y =28.572 +0.500X
B40 median income Z %17323212 Y=2744.210 - 185.728X
M40 median income Z 2?28;; Y=6148.036 - 416.099X
T20 median income Z 1_3;329672650276 Y =13262.526 - 897.607X

Paired Samples T-test

The COVID-19 pandemic is believed to have had a considerable impact on the economy. As per the
results presented in Table 3, several factors displayed significant mean differences before (2018 to
2019) and during (2020 to August 2021) the COVID-19 pandemic. These significant factors include
the unemployment rate, poverty rate and median monthly income for the B40, M40 and T20 income
groups. However, there is no significant mean difference for the GDP factor before and during the
COVID-19 pandemic, as indicated by the p-value of 0.110.

Table 3: The OLS regression coefficient

Pair Differences in Mean T-statistic P-value
Unemployment rate -1.2600 -10.523 0.000
GDP 7432.5000 1.678 0.110
Poverty rate -1.9024 -6.142 0.000
B40 417.5919 10.088 0.000
M40 660.8949 4.584 0.000
T20 1186.5345 3.334 0.003

Dynamical Model Results

In this section, numerical analysis is performed for model (4) using the set of parameter values
shown in Table 4.

Table 4: Values of parameters from model (4)

Parameter Description Value Reference
) Birth rate for Malaysian population 0.035 [25]
u Death rate for Malaysian population 0.033 [25]
c, Unemployment rate which moves from T20 to M40  0.006 Estimated from data
c, Unemployment rate which moves from M40 to B40  0.023 Estimated from data
k Poverty rate 0.59 Estimated from data
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Based on the values in Table 4, the values of equilibrium points for model (4) and their
corresponding eigenvalues and types of stability are shown in Table 5. Recall that model (4) has
three possible equilibrium points: First is the case where only the T20 income group will exist in
the future £ ; second is where all income groups exist in the future £,; and, finally, only T20 and
M40 will exist in the future £,. However, only one of these equilibrium points will occur in the
future. The existence of the equilibrium point is based on the results of the stability analysis via
eigenvalues, as shown in Table 5. From the table, the only stable equilibrium point is £,, while
the others are unstable. This means that £, is predicted to happen in the future with the following
proportions: T20 = 0.538, M40 = 0.054 and B40 = 0.469. Based on these values, it is projected
that the population distribution of Malaysia’s income groups will be in the following order: T20 >
B40 > M40. Thus, with the current poverty and unemployment rates, there will be a significant gap
between the T20 group and the B40 and M40 groups. The number of people in the M40 group is
expected to decrease as more individuals move to the B40 group. The time series when the poverty
rate k = 0.59 is illustrated in Figure 4.

Table 5: The stability of the equilibrium points for model (4)

Equilibrium Point Eigenvalues Type of Stability
E =(1.06, 0, 0) 2,=0.599, 4,=-0.033, 1,=-0.033 Unstable
E,=(0.538,0.054,0.469) 4, =-0.033,4,,=-0.016 + 0.136i Stable
E,=(0.055, 1.005, 0) 4,=0.583,4,=-0.033, 1,=-0.599 Unstable

Income
groups
03

100
time (months)

—— T20 — = M40+ -+ B40

Figure 4: The prediction for the income groups with the initial populations (0.66,0.132,0.132) for poverty rate
k=10.59

However, if the poverty rate is lowered to £ = 0.1, the following proportions are obtained: T20
= 0.57, M40 = 0.268, and B40 = 0.222 (Table 6). These results indicate that if the poverty rate
decreases, then the following situation might occur as shown in Figure 5:

i.  The number of people in the T20 group will increase from 0.538 to 0.57,
ii.  The number of people in the M40 group will increase from 0.054 to 0.268,

iii. The number of people in the B40 group will decrease from 0.469 to 0.222, as more and more
people have transitioned to the M40 group.
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Figure 5: The prediction with the initial populations (0.66,0.132,0.132) for a lower poverty rate of k = 0.1

Table 6: The changes in income groups for two different values of poverty rates

Poverty Rate
Predicted Proportions of the Population Current Rate Proposed Rate
k=10.59 k=0.1
T20 0.538 0.57
M40 0.469 0.222
B40 0.054 0.268

Moreover, reducing the unemployment rate does not result in significant changes in the income
groups. Therefore, the Malaysian government needs take the appropriate action to reduce the
poverty rate in Malaysia.

CONCLUSIONS

As anticipated in [1] and [2], the COVID-19 pandemic has indeed had a significant impact on both
the unemployment and poverty rates. The pandemic has also affected household income, where the
median monthly household income showed a decline. As highlighted in the Department of Statistics
report, this decline caused a downward movement of those in the T20 group to the M40 group, and
those in the M40 group to the B40 group. Those in the B40 group also faced worsening conditions,
pushing them into extreme poverty.

Based on results of the regression analysis, several factors were affected by the COVID-19,
pandemic such as poverty rate and income groups. Therefore, these factors were integrated in
the proposed mathematical model, which also considered the unemployment rate. Through this
model, we successfully analysed the poverty and unemployment rates for the three income groups
in Malaysia during the COVID-19 pandemic using differential equations. The investigation of
the model’s equilibrium points, using stability analysis and time series plots, provided valuables
insights. At the current rates, the populations of the T20 and B40 groups are much higher compared
with the M40 group, indicating a significant gap between the T20 and B40 groups. It appears that
the pandemic has exacerbated existing disparities, making the rich even richer and pushing the poor
further into hardship. However, this problem can be solved by reducing the poverty rate, for example
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from the current poverty rate of 0.59 to 0.1. This improvement would have a positive impact on the
Malaysian economy. As a result, more people are expected to belong to the T20 and M40 income
groups, while the B40 group would see a decline in its population. Given these insights, it is crucial
for the authorities to take action to alleviate the issue of poverty in the country.

While this study focused on analysing the impact of the COVID-19 pandemic on socioeconomic
factors such as unemployment and poverty rates, it should be acknowledged that the pandemic’s
effects extend to many other factors. Sectors such as health, education, environment, politics, tourism
and manufacturing are some of the domains that have also experienced significant disruptions. The
findings of this study are expected to benefit stakeholders involved in distributing aid and support
in the preparation of the pandemic recovery plan. If the relevant data can be acquired in the future,
it is expected that the results of the analysis will be offer a clearer picture of the challenges faced
in Malaysia. This, in turn, will enable pertinent stakeholders, including government and private
agencies, to develop a more holistic recovery plan and distribute appropriate aid to all segments of
society. Consequently, the results of this study align with Sustainable Development Goal 1, SDG1

(No Poverty).
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