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Abstract: Since December 2019, the COVID-19 epidemic has been spreading all over the world. This
epidemic has brought a risk of death in the daily activity (physical and social) participation that
influences travellers’ physical, social, and mental health. To analyze the impact of the COVID-19-
induced daily activities on health parameters of higher education institutes, 150 students of the
Universiti Teknologi PETRONAS, Perak, Malaysia, were surveyed through an online web survey
using random sampling techniques. The data were analyzed through RStudio and SPSS using
multilevel linear regression analysis and Hierarchical Structural Equation Modeling. The estimated
results indicate that restricting individuals from doing out-of-home activities negatively influences
physical and social health. A unit increase in the in-home maintenance activities during the COVID-
19 pandemic introduced a daily increase of 0.5% in physical health. Moreover, a unit increase in
the in-home activities at leisure time represents a 1% positive improvement in social health. Thus,
physical activity has proven to be beneficial in improving physical and social health with severe
COVID-19. In contrast, the coefficient of determination (R2) for all endogenous variables ranges from
0.148 to 0.227, which is incredibly acceptable in psychological research. For a healthier society with a
better quality of life, this study adopted multidisciplinary approaches that are needed to be designed.

Keywords: COVID-19; structural equation modeling; multilevel linear regression analysis; daily
activity; physical and social health
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1. Introduction

In December 2019, the severe acute respiratory syndrome coronavirus (SARS-CoV-2)
was discovered in Wuhan city, Hubei Province, China, and spread worldwide, almost
reaching an unprecedented scale. On 12 January 2020, the World Health Organization
(WHO) announced a novel coronavirus disease 2019 and named the disease COVID-19 [1].
The establishments in Wuhan took extraordinary steps and locked down the city on 23
January 2020, to decrease the risks of additional disease transmission [2]. However, in
some weeks, positive cases of COVID-19 were detected in many other countries of the
world, becoming a global threat, and the WHO declared the coronavirus as a pandemic [1].
Several world regions are severely affected by the significant outbreak: China, Europe,
Italy, South Korea, Iran, and United States. On March 13, the WHO stated that Europe had
become the new epicentre of the pandemic. By 31 July 2020, COVID-19 had spread across
more than 217 countries and territories, with approximately 17.1 million confirmed cases
and 668,073 deaths [3]. As of now (March 2021), there is a variation in confirmed cases and
deaths of COVID-19, so it is extremely important to prevent and combat the rapid spread
of SARS-CoV-2 [4].

On 25 January 2020, the first case of COVID-19 tested positive in Malaysia and traced
back to three Chinese nationals who previously had close contact with an infected person
in Singapore [5,6]. However, on 4 February 2020, the first Malaysian was confirmed to have
COVID-19, who was 41 and returned from Singapore. On the 6th of the same month, an
older woman of 40 years was reported positive from COVID-19. She had no travel history
to the infected area other than the younger sister of the 41-year-old man who migrated
from Singapore, proving that COVID-19 spread from person to person [4]. She was the
first COVID-19 patient in Malaysia who came into contact with the virus through local
transmission. On 4 February, a 4-year-old Chinese girl who has been isolated at Sultanah
Maliha Hospital, Langkawi, since January 29, recovered and was discharged from the
hospital. That was the first patient in Malaysia who recovered from COVID-19 during the
pandemic [7]. On 12 March 2020, Malaysia reported its first sporadic case of COVID-19
who neither travelled to the infected area nor had contact with an infected person.

The number of cases surpassed 553 on 18 March 2020. The Malaysia Prime Minister
announced the Movement Control Order (MCO). Only one person out of a single family
could leave home to purchase the essential goods from their reference location [8]. Since
18 March 2020, the Malaysian government has restricted people from travelling to work and
other countries’ states. As the number of positive cases remained high, the Prime Minister
announced an extension of the MCO on 25 March 2020, for an additional 14 days [9]. As
cases further increased, the Ministry of Health (MoH) Malaysia extended the MCO and
by decreasing the cases, the MCO converted to Conditional Movement Control Order
(CMCO) and Recover Movement Control Order (RMCO) which impacted the daily activity
participation at different locations [10]. From 18 March 2020 to 27 August 2020, the first
wave of COVID-19 in Malaysia was considered. The distribution of MCO, CMCO, and
RMCO with the number of cases in the first wave of COVID-19 is shown in Figure 1.
Moreover, the overall cases up to date are shown in Figure 2. Restricting participation in a
different set of (research and physical) activities on a given day influences health parameters
(physical, social, and mental) of Malaysians [11], especially international postgraduate
students of different universities [12].

Physically closing educational institutes (schools and universities) was considered an
efficient way to minimize the spreading of the COVID-19, which leads it to many challenges
for both the students and faculties. However, these closures had a big impact on students,
especially postgraduate research students going to the lab and performing experiments
daily. Moreover, the closure of recreational activities inside the campus restricted the
student to participate in leisure and maintenance activities that influence their physical
health and social health. Moreover, the pandemic also affects the students’ social life, not
allowing them to come out from their blocks and participate with friends, parties, relatives,
travel, and volunteerism.
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Figure 1. First wave of COVID-19 from 18 March to 27 August 2020.
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Figure 2. Daily COVID-19 cases from 3 March 2020, to 3 May 2021.

The activities are categorized as in-home and out-of-home activities subdivided into
mandatory/fixed and discretionary/flexible activities. Those activities that are difficult
to be re-scheduled, such as work activities, pickup/drop up kids to and from school, are
called mandatory activities. In contrast, discretionary activities are the opposite and can
be re-scheduled at a high level of flexibility. Discretionary activities are sub-divided into
leisure and maintenance activities. As for health concerns, the novel coronavirus has
affected all types of activity participation that indirectly influence health parameters.

Every person is unique, and their day-to-day activities are different. To participate in a
different set of activities, there should be some need, desire, and constraints. As individuals
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have both needs and desires, due to the movement constraints (COVID-19), they cannot
travel and participate in different activities on a given day, which influences their physical,
social, and mental health. A comprehensive dataset is needed at an individual level to
study the influence of work and leisure time physical activities during the COVID-19
pandemic on health parameters. The conceptual model/framework for the interaction of
activity and travel participation and health is shown in Figure 3.
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Recently, many papers have been published on various aspects to study the COVID-19
pandemic. Several articles were related to the study of health parameters from a different
perspective. Recent researchers explain the impact of online classes on the higher education
students [3], perception, experience and expectation to do online classes [13], psychological
and anxiety [14,15], their GPA before and after the COVID-19 [12,16], education and mental
health [17,18], and sleep quality of students and academic staff [19]. In addition, some
of the research studies the influence of COVID-19 and physical activity by considering
obesity [20], self-reported physical activity and sedentary behaviour [21], metabolic syn-
drome [22,23], COVID-19 and home-based physical activity [24,25], and physical activity
during the COVID-19 pandemic quarantine [26,27]. Previous research has clearly shown
the influence of COVID-19 on education sectors, online teaching/learning, GPA, and men-
tal health. However, the previous research rarely investigates the influence of daily activity
participation on an individual’s physical and social health at university students. Recent
research shows that physical and social activity positively correlates with better physical
and social health. This study investigates the influence of daily activity participation
during the COVID-19 pandemic on the physical and social health of Universiti Teknologi
PETRONAS (UTP) students, Perak, Malaysia.

Furthermore, it is very complex to study the influence of activity patterns on health pa-
rameters. According to the authors’ view and recent literature, there has not been any study
showing the direct relationship between activity and health [28–30]. Activity participation
is too general a term, and does not directly influence health parameters. Therefore, physical
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activity intensity during the COVID-19 pandemic is used as an intermediate variable to
study the influence of activity patterns on health parameters.

2. Methods and Materials
2.1. Study Area

The study area for the current research was chosen as Seri Iskandar as the facility
has developed rapidly over the past five years. In addition, most of the residents of Seri
Iskandar are students of Universiti Teknologi PETRONAS and Universiti Teknologi MARA;
therefore, many facilities were built to support the community. Moreover, Ipoh is the
capital city of Perak state, while Seri Iskandar is located at Perak Tengah and has been the
district’s capital. Recently, Seri Iskandar has been considered as developing and the hub
of activity for the people, whereas most government offices are located in the city due to
the two universities. Seri Iskandar has an uncrowded road network with two routes for
each highway from Ipoh to Lumut. Most people use a private car, public transport, and
motorcycle for their daily activities.

Currently (March 2021), UTP has 1200 Foundational, 6000 Undergraduate and
1200 Postgraduate students from around 60 different countries, representing the num-
ber of UTP students at a ratio of 1:5:1. Most postgraduate students responded to the
questionnaire survey, which is why the ratio was not followed in the sample. Several
samples are needed to be collected to avoid the chances of error. To determine how many
respondent data will be required, Yamane in 1967 [31] and Daryle W. Morgan and Robert
V. Krejcie [32] introduced the formula in the 1970s, as shown in Equation (1). A total of
150 respondents participated in the survey for seven consecutive days (Monday to Sunday),
representing 1.78% of the total population of the UTP in March 2021. The description of
the respondents is shown in Table 1. Instead of travel diary, time-use and diary data were
collected to provide richer information.

n =
N

1 + Ne2 (1)

where n is the sample size, and N is the size of the population, e is the desired level of
precision (3%, 5%, and 7%). For example, the desired level of precision for the current
study was 5%.

2.2. The Survey

In January 2021, the survey was designed to collect multi-dimensional information
at the individual level, such as socio-demographic, diary activity participation and mode
of transport, physical and social activities, and health-related Quality of Life (QoL). The
data were collected through an online web survey using probability sampling techniques
with random sampling. Based on the availability and accessibility, random sampling was
selected. A web-based questionnaire survey was sent to all the UTP students through
their email addresses to fill it through the registry section. The survey form was open to
all UTP students and was not mandatory for every student to answer the questionnaire
survey. Those students who responded to the questionnaire survey were considered, and
randomly 150 students responded to the questionnaire survey. Moreover, in statistics, qual-
ity assurance, and survey methodology, sampling is the selection of a subset of individuals
from within a statistical population to estimate the characteristics of the whole population.
Therefore, randomly, 150 students representing the whole university were included in this
research. Students were requested to fill the survey and mention their daily activities on
weekdays and weekends for seven consecutive seven (7) days. The seven-day duration
was selected to check their activities on weekdays and weekends. The abovementioned
duration was selected based on recent and past studies [33]. The survey mainly consisted
of three parts: (1) physical activity and its intensity survey, (2) time-use and activity diary
and (3) Health-related QoL.
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Table 1. Description of the respondents (N = 1050).

Variables Percentage/Mean

Socio–Demographic Characteristics

Male 72%
Female 28%
Age 15–22 (years old) 20.7%
Age 23–34 (years old) 52.7%
Age 35–45 (years old) 20%
Above 45 (years old) 6.7%
Full-time study 78%
Part-time study 22%
Foundation students 8.7%
Undergraduate students 19.3%
Postgraduate students 72%
Intensity of physical activity at work Days/Frequency Duration
Strenuous-intensity physical activity at work 3.44 38.33
Moderate-intensity physical activity at work 3.05 39.60
Intensity of physical activity at leisure time
Strenuous-intensity physical activity at leisure time 3.39 44.13
Moderate-intensity physical activity at leisure time 3.07 40.67
Intensity of social activity within and with other family members
Social activity within family 3.43 43.73
social activity with other families 2.98 42.00
Travel parameters
Travel time by non-motorized mode 3.65 24.23
Travel time by motorized mode 5.00 30.21
Travel time by public transport 4.57 29.67
Percentage of using a non-motorized mode 17.3%
Percentage of using a motorized mode 62.7%
Percentage of using public transport 20%
Time spent on different activities on a given day on weekdays (Weekends)
Time spent on in-home mandatory activities (min) 641.168 (644.47)
Time spent on out-of-home mandatory activities (min) 273.36 (268.08)
Time spent on in-home leisure activities (min) 244.63 (237.13)
Time spent on out-of-home leisure activities (min) 14.568 (17.27)
Time spent on in-home maintenance activities (min) 240.9 (249.4)
Time spent on out-of-home maintenance activities (min) 23.24 (25.35)

The physical activity survey contained five elements: socio-demographic variables,
physical activity at the workplace, physical activity at leisure time, modes of transport
for their daily activity, and social activity. The socio-demographic data consist of gender,
age, education status, and level of study, whereas physical activities consist of moderate
and strenuous-intensity physical activity. Moderate-intensity PA burns off 3 to 6 times
more energy per minute than sitting quietly, which equals 3 to 6 Metabolic Equivalent
Tasks (METs). In contrast, strenuous-intensity PA requires more effort and burns more
than 6 METs and requires a high amount of oxygen consumption to complete an activity.
Moreover, physical and social activities measured from their intensity are sub-divided into
frequency (how many days in a week) and duration (how many minutes in a day) of an
activity. In addition, respondents were asked to tell us about their daily transport modes,
categorized as motorized, non-motorized and public transport modes.

Time-use and activity diary survey data are collected to estimate different in-home
and out-of-home mandatory and discretionary activities. An activity diary survey was
used to collect and provide richer information on travel behaviour, daily time use, and
activity participation. For the simplicity of the surveyor and respondents, the time use and
activity diary survey were organized for the 15 min interval, which makes 96 portions and
1440 min in a day. The time use and activity diary survey cause less bias in addressing the
individual time distribution to the particular activity. The activity diary survey consists of
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23 different in-home and out-of-home mandatory, leisure, and maintenance activities. The
classification of these activities is as shown in Table 2. However, those activities which are
less than 15 min are neglected.

Table 2. Daily activity classification criteria.

Activity
Criteria

Mandatory Maintenance Leisure

In-Home Out-of-Home In-Home Out-of-Home IN-Home Out-of-Home

A. Sleeping
B. Personal

activity
C. Eating and

drinking at
home

H. Indoor
working
activities

J. Outdoor
working
activities

L. Indoor
School
activities

M. Eating and
drinking

T.
Dropping/Pick
up children
or others

Z. Out-of-home
sleeping

F. Individual
activities

G. Baby-sitting
activities

K. Sales
activities

O. Shopping
activities

S. Out-of-home
maintenance

V. Waiting for
public
transport

D. Relaxing
activities

E. Social, family
activities

I. Out-of-home
social

M. Outdoor
school

P.
Organization/
Volunteer/
Political
activities

R. Sports
activities

U. Holiday
W. Other out of

home

In the activity diary survey, the respondents were asked to talk about their 24 h
daily activities from bed to activities (working and leisure) and from activities to sleeping.
However, the in-home mandatory activities were more because they consist of sleeping
activities which almost take half of the day. Moreover, the influence of these different
types of activities during the COVID-19 pandemic on health parameters are evaluated
using RStudio and Statistical Package of Social Sciences (SPSS). Different types of in-home
and out-of-home mandatory, leisure, and maintenance activities on a given day, such as
weekdays and weekends, are also evaluated. Due to COVID-19, most individuals are
restricted to do out-of-home activities, especially the students, who have the provision
of all lectures and materials online. The influence of these restrictions on out-of-home
activities and increasing the in-home activities and are needed to be evaluated.

The survey contained health-related QoL questions based on Short Form-36 (SF-36)
and was adopted in more than 11 countries [28,34]. The survey contains four main parts,
but this study mainly focuses on the physical and social activities with and with other
family members and health-related QoL and the factors that influence it. The health-related
QoL questions contained eight sub-scales in which Physical Functioning (PF), limitation
on role functioning because of physical health (RP), bodily panic (BP) and general health
(GH) are measured physical health whereas, limitation on role functioning due to the
emotional problem (RE), social functioning (SF), and limitation on role functioning because
of physical health (RP), measured social health. Moreover, mental health can be measured
from bodily panic (BP), general health (GH), vitality (VT), and mental health (MH) scales.
For a detailed explanation of the health-related QoL scale, kindly refer to Zhang 2013 [28].

The health-related QoL survey responses were answered on a 5-point Likert scale
ranging from “Excellent to Poor” and “All the time to Never”. SPSS version 26.0.0 was
used for calculating the factor score of the variable by extracting through basic principle
components and with a Promax rotation of Kappa 4. The Promax and Varimax rotation
is used when a single variable is expected from multi-dimensional information [35]. The
essential purpose of the factor analysis is to summarize the data so that the relationship
can be easily understood and interpreted. Factor analysis was applied to both physical
and social health variables, and their scores are shown in Figures 4 and 5. Factor analysis
is used to regroup the variables into a small cluster [36]. However, linear regression was
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applied to the dependent variable “Y” and independents variables “X1, X2, X3, . . . . . . . . .
Xn” with an error term “ε”, as shown in Equation (2).

Y = α + βX + ε (2)
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six Metabolic Equivalent Task (6 METs) are known as strenuous physical activity. More-
over, those activities requiring less energy to perform an activity and burn off three-six 
times more energy per minute than sitting quietly are defined as moderate-intensity phys-
ical activity. 

Current research uses both moderate and strenuous-intensity physical activity, an 
intermediate variable between the daily activity and health parameters during the 
COVID-19 pandemic, to see the influence between them. However, the current study used 
the duration of activity for both work and leisure-time physical activity instead of fre-
quency. This is because the duration of physical activity provides richer information com-
pared to the frequency of physical activity. 

Figure 6 shows the frequency of strenuous and moderate-intensity physical activity 
at work, leisure time, and social activity with family and with other family members, with 
socio-demographic variables. Those aged 15–22 participate in more strenuous PA work 
and social activities, whereas those above 45 years participate in more moderate-intensity 
PA at leisure time. Compared to males, females are more involved in daily physical activ-
ity during the COVID-19 pandemic, which is opposite to the standard days. During the 
normal/standard days, males were involved in more daily out-of-home physical activities 
than females. However, during the COVID-19 pandemic, the individuals are forced to 
stay at home. Therefore, the work-from-home routine dramatically affects the males com-
pared to the females. Moreover, those registered as full-time students show a high fre-
quency compared to the part-time registered students. There is a slight variation in the 
foundation, undergraduate, and postgraduate students' physical activity frequency at 
work and leisure time. 

Figure 5. A measurement model and factor loadings of observed variables used to estimate social health.
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On the other hand, “Y” is the endogenous variables, physical and social health and
“X” is the exogenous variables, which is a different set of activities and travel parameters
on a given day. However, β is the slope coefficient for each independent variable, α is the
y-intercept, and ε is the error term’s random variable.

3. Exploratory Analysis and Discussion
3.1. Physical Activities at Socio-Demographic Level

The rate of physical activity measured from the intensity of an activity, whereas the
frequency and duration of activity measured physical activity intensity. Frequency refers
to how many days in a week individuals participate in different activities, whereas the
duration is how many minutes in a day individuals participate in a particular activity.
Physical activities are mainly classified as strenuous/vigorous and moderate-intensity
physical activity. Those activities that require more effort expend many calories more
than six Metabolic Equivalent Task (6 METs) are known as strenuous physical activity.
Moreover, those activities requiring less energy to perform an activity and burn off three-
six times more energy per minute than sitting quietly are defined as moderate-intensity
physical activity.

Current research uses both moderate and strenuous-intensity physical activity, an
intermediate variable between the daily activity and health parameters during the COVID-
19 pandemic, to see the influence between them. However, the current study used the
duration of activity for both work and leisure-time physical activity instead of frequency.
This is because the duration of physical activity provides richer information compared to
the frequency of physical activity.

Figure 6 shows the frequency of strenuous and moderate-intensity physical activity at
work, leisure time, and social activity with family and with other family members, with
socio-demographic variables. Those aged 15–22 participate in more strenuous PA work
and social activities, whereas those above 45 years participate in more moderate-intensity
PA at leisure time. Compared to males, females are more involved in daily physical activity
during the COVID-19 pandemic, which is opposite to the standard days. During the
normal/standard days, males were involved in more daily out-of-home physical activities
than females. However, during the COVID-19 pandemic, the individuals are forced to
stay at home. Therefore, the work-from-home routine dramatically affects the males
compared to the females. Moreover, those registered as full-time students show a high
frequency compared to the part-time registered students. There is a slight variation in
the foundation, undergraduate, and postgraduate students’ physical activity frequency at
work and leisure time.

Figure 7 illustrates the duration of strenuous and moderate-intensity physical activity
at work, leisure time, and social engagement with family and other family members.
Regarding the duration of an individual’s physical activity at work and leisure time,
females show more time spent in strenuous and moderate-intensity physical activity in
both work and leisure time than males. Moreover, those aged 15–22 and above 45 years
old show the highest involvement in the duration of strenuous-intensity physical activity
at leisure time than the rest of ages whereas, those from the age of 23–34 years old show
the highest moderate-intensity physical activity at work. In addition to that, those from the
age of 35–45 years old are more involved in social activity with family and other family
members. Regarding education, foundation degree students are more involved in leisure-
time physical activity. In contrast, postgraduate students are more involved in strenuous
and moderate-intensity physical activity at work and leisure time.

3.2. Daily Time-Use and Health Parameters

The time-use and activity diary is classified as in-home and out-of-home mandatory,
leisure, and maintenance activities. However, the intensity of physical activity is catego-
rized as strenuous-intensity physical activity and moderate-intensity physical activity. The
time spent for in-home and out-of-home mandatory, leisure, and maintenance activities on
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strenuous and moderate-intensity physical activity and health parameters on a given day
is evaluated.
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Figure 6. Frequency of strenuous and moderate-intensity physical activity at the socio–demographic level.
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Figure 7. Duration of strenuous and moderate-intensity physical activity at the socio–demographic level.

The relationship between an individual daily work, in-home, and out-of-home manda-
tory, leisure, and maintenance activity time used by physical health is shown in Figure 8.
In this figure, high strenuous and moderate-intensity physical activity, physical and social
health refers to those with an above-zero (positive value) strenuous and moderate-intensity
physical activity, physical and social health index. On the other hand, low strenuous
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and moderate-intensity physical activity, physical and social health means someone with
zero or less than zero (negative value) strenuous and moderate-intensity physical activity,
physical and social health. The component score coefficient matrix is found in factor score
analysis which contains the values above zero for high strenuous and moderate-intensity
physical activity and physical and social health. In contrast, those below zero are used for
low strenuous and moderate-intensity physical activity and physical and social health, as
depicted in Figures 8 and 9.
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Those people who have both the availability and accessibility of basic amenities at
a walkable distance are significantly correlated with better physical and social health.
Meanwhile, those who spend most of the time working by doing strenuous and moderate-
intensity physical activity have better physical and social health conditions than those
who have the opposite arrangement. As predictable, those who spent more time in-home
and have shorter exposure to social activities retain reduced physical and social health
conditions than those with the opposite sequence.

Figure 8 illustrates daily time spent for a different set of activities on a given day with
physical health. Due to COVID-19, individuals spent most of the time in in-home manda-
tory, leisure, and maintenance activities compared to out-of-home activities. However,
on weekends, the in-home activities increase, decreasing the out-of-home activities and
significantly affecting individuals’ physical health. Moreover, there is a slight variation in
the out-of-home leisure and maintenance activities on weekdays and weekends. Restricting
individuals to do out-of-home mandatory, leisure, and maintenance activities increases
in-home activities, negatively affecting physical health. All the out-of-home mandatory
activities (job, pick/drop-up kids to school) are becoming online and from-home due to
the COVID-19 which negatively influences individuals’ physical health.
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Figure 9 illustrates the relationship between daily time use and activity participation
on social health. It was impossible to do social activities during the COVID-19 pandemic
and having a 1-m gap between the individuals negatively influences an individual’s social
health. The in-home maintenance activities become more than the out-of-home mandatory
activities due to the restriction of going outside to the reference location and participating in
out-of-home activities. However, the participation in out-of-home leisure and maintenance
social activities almost reaches zero due to the COVID-19 pandemic which negatively
affects the social health of individuals living in UTP, Perak Malaysia.

Undertaking more physical and social activities on weekends (especially on Sunday)
represents more meaningful physical and social activity participation than weekdays from
Monday to Friday and Saturday. However, due to COVID-19, individuals are only allowed
to fulfil their basic needs from the grocery shops and spend most of their time in in-home
activities. Moreover, all the out-of-home mandatory activities also became online/virtual
and restrict the interaction between the students and staff. By doing that, there is no
doubt it develops the individual’s online and social skills but negatively affects social
health. In contrast, the in-home and out-of-home mandatory activities become decreased
on weekends and increase the in-home leisure and maintenance activities meaning that in-
dividuals are involved in working activities on weekdays and social activities on weekends
from home.

Figure 10 shows the effect of life stage variables such as socio-demographic variables
on physical and social health. High physical and social health refers to someone with above
zero (>0) physical and social health, whereas low physical and social health refers to those
who have equal or less than zero (<0) physical and social health index. Those less than
15–22 years old show high physical and social health compared to those of 23–34 years old.
This is because of participation in different physical and social activities. Those from the
age of 35–45 years old have the highest physical and social health because of the family
and work burden and participate in more physical and social activities, improving their
physical and social health. However, those above 46 years old have the lowest physical
and social health problems because of their workload, family burden, and weak body. As
suggested by Rhodes et al. [37], age and gender are consistently related to physical activity.
However, those above 50 years old have physical, social, and mental health problems.
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As mentioned in recent studies [38], males participate in different activity levels (phys-
ical and social) outside their reference location, which improves their physical and social
health. Due to COVID-19, working from home dramatically affects males compared to
females and negatively influences their physical health. However, restricting the individual
to do out-of-home mandatory, leisure, and maintenance activities negatively affects females’
social lives. Moreover, males participate in fewer in-home activities than females, which
positively impacts their physical health [39].

Previous studies show that students participate in more physical and social activ-
ities, which can positively influence physical and social health [40,41]. However, this
study confirms that restricting an individual to do physical and social activities outside
of their reference location negatively impacts their physical and social health. Most of the
students using non-motorized transport mode for their daily commuting routes to the
school participate in more physical and social activities inside the school, which positively
influence their physical and social health. However, during the COVID-19 pandemic, all
the outside activities are closer, negatively impacting the students’ physical and social
life/health. Moreover, those in foundation studies are not very affected by COVID-19.
Still, those undertaking undergraduate and postgraduate studies are highly affected due
to the stress and tension of their lab/experimental work and graduation requirements.
Therefore, the COVID-19 pandemic negatively affects the physical and social health of both
undergraduate and postgraduate students.

4. Model Estimation Results

Table 3 examines how socio-demographic variables, personal and spatial-temporal
characteristics explain the average time engaged with physical activity, physical and
social health at work. Meanwhile, the endogenous variable was supposed to interact
with the time-use and activity travel participation, travel parameters, and average time
engaged with social activities on physical and social health in a multivariate manner.
Physical activity’s intensity (strenuous and moderate at work and leisure time) is used as a
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mediation variable between the time-use and activity-travel patterns and health parameters
to solve the endogeneity problem using R-Studio, as shown in Figure 11.

Table 3. Model estimation result for the moderate and strenuous-intensity PA at work, physical and social health (only
significant variables with a p-value < 0.05 and estimated parameters of standardized variables are shown).

Variables
Moderate PA at Work Strenuous PA at Work PH at Work SH at Work

Value t-Statt Value t-Statt Value t-Value Value t-Value

Intercepts 53.92 80.34 43.69 47.147 0.14 0.20 −0.72 −1.07
Socio-demographic characteristics
Male 8.70 82.53 18.11 123.05 - - −0.30 −1.85
Female Ref Ref Ref Ref Ref Ref Ref Ref
Below 22 - - 1.649 4.896 - - - -
Below 34 - - 0.735 2.793 - - −0.17 −2.76
Below 45 6.04 29.87 −8.26 −29.368 −0.32 −2.84 - -
Above 45 Ref Ref Ref Ref Ref Ref Ref Ref
Foundation - - - - - - - -
Undergraduate Ref Ref Ref Ref Ref Ref Ref Ref
Postgraduate - - 1.34 6.599 0.22 4.30 0.09 1.93
Time-use and activity participation
Time spent on in-home mandatory
activities 0.001 −4.08 0.02 27.911 0.001 2.69 - -

Time spent on out-of-home
mandatory activities 0.001 −8.34 - - - - - -

Time spent on in-home maintenance
activities 0.001 −7.67 - - - - - -

Time spent on out-of-home
maintenance activities −0.05 −32.17 0.004 2.048 - - - -

Daily travel parameters
Using motorized mode for daily
activity −23.28 −73.78 −17.34 −39.67 - - 0.84 2.95

Using non-motorized mode for daily
activity −22.69 −61.39 −27.05 −52.39 - - 0.96 2.95

Using public transport for daily
activity Ref Ref Ref Ref Ref Ref Ref Ref
Number of days using motorized
transport - - −0.15 −3.158 0.02 1.85 0.03 2.94

Number of days using
non-motorized transport −0.13 −2.22 −0.168 −2.084 - - −0.12 −6.37

Number of days using public
transport −4.27 −50.48 −0.237 −2.015 0.09 1.68 - -

Min/day using motorized mode 0.37 62.02 0.46 57.577 −0.01 −1.72 −0.02 −3.25
Min/day using non-motorized mode 0.46 52.83 0.49 40.45 - - - -
Min/day using public transport 0.42 29.70 0.043 2.229 −0.01 −1.77 0.01 2.18
Social, Political, and family participation within and with other families
How many days within a week
individual spends in social act −2.16 −59.68 −2.75 −55.80 - - - -

How long in a day individual spends
time to do social activity 0.22 73.81 0.16 43.60 - - - -

How many days in a week individual
spends in social activities with other
families and friends

−0.87 −28.15 −1.42 −37.59 - - - -

How long in a day individual spends
time doing social activities with other
families and friends

- - 0.12 2.192

Endogenous of moderate-intensity
PA at work 0.02 1.76 - -

Endogenous of strenuous-intensity
PA at work −0.02 −2.69 - -

Mean of dependent variables 45.61 60.04 5.35 4.69
SD 8.23 12.54 2.58 2.58
R-Square 0.185 0.189 0.207 0.148
Independent random error term (εi) 0.13 0.001 0.001 0.001
Individual specific error term 1.41 1.97 0.48 0.45
AIC 3762.59 4458.22 1483.42 1368.22
BIC 3886.50 4577.18 1612.29 1497.09
Log-Likelihood −1856.29 −2205.11 −715.71 −658.11

Note: negative coefficient indicates low strenuous and moderate-intensity physical activity and physical and social health problems. Ref;
Reference/benchmark for the rest of the variables such as; female and those above 45 years was the reference for the male and rest of ages.
Dash (-); Shows the insignificant values in the table.
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Table 4 illustrates the same characteristics but using strenuous and moderate-intensity
physical activity at leisure time as mediating variables and evaluates the influence of daily
activity participation on health parameters. In the first stage, the strenuous and moderate-
intensity physical activity at work and leisure time was used as dependent variables.
In contrast, all the daily time-use and activity travel participation and socio-demographic
variables are used as independent variables, as shown in Equations (3) and (4) and
Equations (7) and (8). Once the intermediate variable is evaluated, it is used as an ex-
ogenous variable with spatio-temporal variables and socio-demographic variables to assess
the physical and social health through R-Studio as shown in Equations (5) and (6) and
Equations (9) and (10). In those equations, the strenuous and moderate-intensity physical
activity at work and leisure time mediate the relationship between spatio-temporal vari-
ables and health parameters to overcome the endogeneity problem, as graphically shown
in Figure 11.

Table 4. Model estimation result for the moderate and strenuous-intensity PA at leisure time, physical and social health
(only significant variables with a p-value < 0.05 and estimated parameters of standardized variables are shown).

Variables
Moderate PA at Leisure Strenuous PA at Leisure PH at Leisure SH at Leisure

Value t-Statt Value t-Statt Value t-Statt Value t-Statt

Intercepts 56.34 39.67 30.78 10.54 −0.23 −0.76 0.49 1.72
Socio-demographic characteristics
Male 3.04 13.53 3.15 6.82 - - −0.06 −1.82
Female Ref Ref Ref Ref Ref Ref Ref Ref
Below 22 −22.54 −43.35 −3.78 −3.58 0.34 2.89 - -
Below 34 −22.21 −55.08 −13.20 −15.97 - - −0.21 −2.34
Below 45 −20.58 −47.73 - - 0.34 2.75 −0.24 −2.09
Above 45 Ref Ref Ref Ref Ref Ref Ref Ref
Foundation −6.76 −17.06 10.34 12.69 0.38 3.99 - -
Undergraduate Ref Ref Ref Ref Ref Ref Ref Ref
Postgraduate 3.76 11.83 2.21 3.44 0.11 2.03 0.12 2.35
Time-use and activity participation
Time spent on in-home mandatory
activities - - - - - - - -

Time spent on out-of-home mandatory
activities - - - - - - - -

Time spent on in-home maintenance
activities 0.00 −2.34 0.02 6.28 0.005 1.92 - -

Time spent on out-of-home maintenance
activities - - 0.01 2.05 - - - -
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Table 4. Cont.

Variables
Moderate PA at Leisure Strenuous PA at Leisure PH at Leisure SH at Leisure

Value t-Statt Value t-Statt Value t-Statt Value t-Statt

Daily travel parameters
Using motorized mode for daily activity −20.52 −30.50 14.67 10.60 0.85 4.62 - -
Using non-motorized mode for daily
activity −23.20 −29.43 −5.84 −3.60 - - 0.37 2.50

Using public transport for daily activity Ref Ref Ref Ref Ref Ref Ref Ref
Number of days using motorized
transport −0.26 −3.40 0.64 4.05 0.05 3.66 0.03 2.15

Number of days using non-motorized
transport 0.43 3.51 −0.53 −2.08 - - −0.12 −6.31

Number of days using public transport 0.33 1.84 −0.75 −2.02 - - −0.11 −4.21
Min/day using motorized mode 0.53 41.52 0.17 6.52 −0.02 −6.40 −0.01 −2.13
Min/day using non-motorized mode 0.85 45.89 0.72 18.75 - - 0.01 2.01
Min/day using public transport - - 0.14 2.23 - - 0.02 4.36
Social, Political, and family participation within and with other families
How many days within a week
individual spends in social act 0.48 6.23 0.59 3.79 - - −0.07 −6.06

How long in a day individual spends
time to do social activity −0.03 −4.60 −0.04 −3.07 - - 0.01 6.14

How many days in a week individual
spends in social activities with other
families and friends

−0.26 −3.99 0.86 7.23 0.04 2.27 0.09 4.24

How long in a day individual spends
time doing social activities with other
families and friends

0.24 40.88 0.39 7001625 0.08 5.32 0.12 4.83

Endogenous of moderate-intensity PA at
leisure 0.02 3.66 - -

Endogenous of strenuous-intensity PA at
leisure −0.02 −4.59 - -

Mean of dependent variables 45.52 56.31 5.47 5.44
SD 11.88 13.01 2.58 2.61
R-Square 0.188 0.227 0.205 0.190
Independent random error term (εi) 0.00 0.00 0.00 0.00
Individual specific error term 3.02 6.20 0.48 0.45
AIC 5347.54 6860.91 1472.94 1368.88
BIC 5471.45 6979.87 1601.81 1497.75
Log-Likelihood −2648.77 −3406.46 −710.47 −658.44

Note: negative coefficient indicates low strenuous and moderate-intensity physical activity and physical and social health problems. Ref;
Reference/benchmark for the rest of the variables such as; female and those above 45 years was the reference for the male and rest of ages.
Dash (-); Shows the insignificant values in the table.

The results are estimated using 2-stage least square (2SLS) with instrumental variable
(IV) and regression analysis in R-Studio by taking the standardized value to see the effect
of exogenous variables on the endogenous variables, represented in positive and negative
signs. In this model, the coefficient parameter (βn) is considered the individual day-to-day
activity–travel participation variation made by the individual “i” on a day “t”. However,
the uncorrelated and specific error term of an individual (ui) had a mean of zero. In contrast,
the εi,t was the uncorrelated individual and time error component a mean value of zero. The
strenuous and moderate-intensity physical activity at work, physical and social health is
shown in Equations (3)–(6), whereas at leisure time is shown in Equations (7)–(10). To better
explain the proposed model in Figure 11 using a mathematical form, Equations (3)–(10)
can be written as follows;

• Strenuous and moderate-intensity PA at work/job, physical and social health

(Strenuous-Intensity Physical Activity at Job)i,t = (αi + ui) + β1 Si + β2 Acti,t + β3 Traveli,t + β4 Sociali,t + εi,t (3)

(Moderate-Intensity Physical Activity at Job)i,t = (αi + ui) + β5 Si + β6 Acti,t + β7 Traveli,t + β8 Sociali,t + εi,t (4)

(Physical-health)i = (αi + ui) + β9 Si + β10 Acti,t + β11 Traveli,t + β12 Sociali,t + Υ1 (Moderate-intensity PA at work)i,t + Υ2

(Strenuous-intensity PA at work)i,t + εi,t
(5)

(Social-health)i = (αi + ui) + β13 Si + β14 Acti,t + β15 Traveli,t + β16 Sociali,t + Υ3 (Moderate-intensity PA at work)i,t + Υ4

(Strenuous-intensity PA at work)i + εi,t
(6)
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• Strenuous and moderate-intensity PA at leisure time, physical and social health

(Strenuous-Intensity Physical Activity at leisure)i,t = (αi + ui) + β17 Si + β18 Acti,t + β19 Traveli,t + β20 Sociali,t + εi,t (7)

(Moderate-Intensity Physical Activity at leisure)i,t = (αi + ui) + β21 Si+ β22 Acti,t + β23 Traveli,t + β24 Sociali,t + εi,t (8)

(Physical-health)i = (αi + ui) + β25 Si + β26 Acti,t + β27 Traveli,t + β28 Sociali,t + Υ5 (Moderate-intensity at leisure)i,t +
Υ6 (Strenuous-intensity at leisure)i,t + εi,t

(9)

(Social-health)i = (αi + ui) + β29 Si + β30 Acti,t + β31 Traveli,t + β32 Sociali,t + Υ7 (Moderate-intensity at leisure)i,t + Υ8

(Strenuous-intensity at leisure)i,t + εi,t
(10)

Regarding the socio-demographic variables at work, males are more likely than fe-
males in moderate and strenuous-intensity PA [42]. Males have 8.70 times moderate and
18.25 strenuous-intensity physical activity than females, whereas 0.30 negatively correlates
with social health and has no correlation with physical health. However, based on leisure-
time physical activity, males positively correlate with 3.04 moderate and 3.15 strenuous-
intensity physical activity, which is quite lower than physical activity intensity at work.
Moreover, postgraduate students at work are positively correlated with strenuous-intensity
PA, physical and social health. In contrast, no such correlation was found between founda-
tion studies, physical activity intensity, and health parameters. For example, a unit increase
in postgraduate studies is 22% positively correlated with physical health and 9% with
social health. However, based on leisure-time physical activity, postgraduate students are
positively correlated with moderate and strenuous-intensity physical activity, physical and
social health. Moreover, foundation students negatively correlate with moderate-intensity
physical activity and a positive correlation with strenuous activity and physical health but
have no such correlation with social health. A unit increase in the leisure-time physical
activity at postgraduate studies is 11% positively correlated with physical health and
12% with social health. The health parameters of the students are affected by financial
circumstances [43]. Individuals from the low-income group will have longer working
hours and will be involved more in both strenuous and moderate-intensity physical ac-
tivity at work and leisure time, improving the physical and social health compared to the
high-income individuals, which is the opposite.

Regarding the age, those aged 34–45 years old are positively correlated with moderate-
intensity physical activity, while those aged 15–34 years old are positively associated
with strenuous-intensity physical activity at work. However, physical health was the
opposite, and no such correlation was found with social health at work. Moreover, those
aged 22 years old and below are negatively correlated moderate and strenuous-intensity
physical activity at leisure time and are positively associated with physical health. Previous
studies show that younger people are involved in more strenuous and moderate-intensity
physical activity [44–46], improving their physical, social, and mental health. Still, this
study confirms that COVID-19 limits the individual to participate in a different set of
activities that negatively influence their physical and social health. However, participating
in various activities on a given day statistically positively influences physical health but
negatively correlated with social health [47]. Those from 15 to 45 years of age participate in
more moderate and strenuous-intensity physical activity with better physical and social
health [42]. Moreover, this study confirms that restricting to do out-of-home activities is
negatively influencing the physical activity intensity. A unit increase in the restriction to
do out-of-home activities at leisure time is 24% negatively correlated with social health.

Regarding activity classification, in-home mandatory activities are positively corre-
lated with physical activity intensity at work and physical health. However, suppose the
individual is restricted to do out-of-home activities; in that case, they can improve their
physical health by participating in different activities at home but have no relationship
with social health. This study also confirms that participating in out-of-home physical
and social activities at work and leisure-time physical activity positively correlates with
better physical and social health. Furthermore, recent studies also show that participating
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in more out-of-home activities improves physical and social health. Therefore, this study
confirms that if the individual is restricted to do out-of-home mandatory, leisure, and
maintenance activities, it will negatively influence their physical activity intensity, physical
and social health. For example, a unit restriction in out-of-home maintenance activities is
5% negatively correlated with moderate-intensity physical activity.

Tables 3 and 4 show the statistically significant influence of time-use and activity travel
participation and travel patterns on travellers’ physical and social health. Committing
to using the non-motorized and public mode of transport for their daily activity are
positive correlates with physical and social health. During the COVID-19 pandemic,
those individuals who use any transport mode to do out-of-home activities are negatively
influencing the intensity of their physical activities but have a positive correlation which
social health and have no such correlation with physical because using the motorized
transport mode negatively affect physical health and participating in any social activity are
positively associated with social health. Previous studies confirm that participating in a
different set of activities on a given day outside your residence by using non-motorized
transport mode is positively associated with physical and social health [48]. In addition,
participating in physical activities at leisure time can mediate the relationship between
social relationships and social health [49]. This study confirms that using auxiliary time to
participate in different physical and social activities is positively associated with physical
and social health.

The social activities comprise the interactions within the family and other family
members and with friends and colleagues. The model estimation results indicated that
the frequency (number of days) of social activities at leisure had a 4% positive influence
on physical health, whereas 9% positively impacted social health. Moreover, the duration
(Min/day) of social activities at leisure time had an 8% positive influence on physical health,
whereas 12% positively impacted social health, as shown in Table 4. The conclusions drawn
by different researchers support the estimation results of the present study [50–52]. In this
study, the frequency of social activities between a family member and other individuals
is 2.16, 2.38 and 0.87, 2.09 negatives correlated with moderate and strenuous-intensity
physical activity. Moreover, the duration of social activities between family members and
other individuals are 0.22 and 0.12, positively associated with moderate and strenuous-
intensity physical activity. However, due to the restriction of out-of-home physical and
social activities, there is no such relation between the intensity of an activity and health
parameters at the workplace.

Moreover, the duration of social activities at leisure time shows a positive correlation
with physical health. On the other hand, the frequency of social activity shows a negative
correlation with social health, which is why the current research uses the duration of
physical activity intensity. However, there is no statistical correlation between social
activity (with a family member and other individuals) and physical health.

5. Conclusions

The current study statistically evaluated the influence of time-use and activity travel
participation, activity–travel patterns, travel parameters, social engagement within a fam-
ily and other family members, and socio-demographic variables on health parameters
using physical activity intensity at work and leisure time as mediation variables during
the COVID-19 pandemic. The following conclusion can be drawn based on the model
estimation results.

Both the strenuous and moderate-intensity physical activity at work and leisure time
mediated the relationship between spatial–temporal variables and health parameters. How-
ever, moderate-intensity physical activity positively mediated the relationship between
the time-use and activity travel participation and health parameters, whereas strenuous-
intensity physical activity did the opposite. The relationship between spatial–temporal
variables, intermediate variables, and health parameters was evaluated using multivariate
analysis and structural equation modelling through R-Studio. Physical activity inten-
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sity was used as a dependent variable in the first level, whereas all the spatial–temporal
variables were used as independent variables. However, in the second stage, the spatial–
temporal variables were used as exogenous variables. In contrast, the physical activity
intensity was used as a mediation variable for the endogenous variables (health parameters).

The survey results depicted that individuals spent 95% of their daily time for in-home
mandatory (sleeping, bathing, and eating) and maintenance activities because of the lock-
down in COVID-19, which negatively influenced their physical and social health. However,
some individuals participated in in-home mandatory, maintenance, and leisure activities,
which positively affected their physical health. The estimated results also indicated that
a unit increase in the in-home maintenance activities during the COVID-19 pandemic
introduced a daily increment of 0.005 (0.5%) in physical health. The COVID-19 restricted
individuals from doing out-of-home mandatory, maintenance, and leisure activity, which
negatively influenced their social health.

In terms of social activities within and with other family members, having more
household members provided more opportunities to engage in more physical and social
activities that improved one’s physical and social health. On the other hand, many house-
holds with low income caused psychological distress, which caused social health problems.
Conversely, an individual from a large family being free from different household activities
experienced a positive impact on his physical and social health. A 0.01 positive correlation
between in-home social activities and social health was found for the individuals who
spent more time in in-home social activities during leisure time. A unit increase in the
in-home social activities at leisure time caused a 1% positive increment in social health.
The individuals with more dependents experienced better physical and social health due
to increased physical exercise and communication activities among the dependents.

During the COVID-19 pandemic, most individuals use personal motorized transport
mode instead of public and non-motorized transport mode, negatively influencing their
physical and social health. Individuals perform multitasking activities during public
transport, such as using social media, replying to emails, chatting with friends, and talking
to someone inside the public transport, improving their physical and social health. This
study confirms that those who use motorized transport mode to go to grocery shops and
government offices negatively influence their physical and social health. A unit increase in
min/day using motorized transport mode 0.02 (2%) negatively influences physical health,
whereas 0.01 (1%) negatively affects social health.

The estimated results show that the coefficient of determination (R2) values for moder-
ate and strenuous-intensity physical activity were 0.185 (18.5%) and 0.189 (18.9%), whereas
they were 0.207 (20.7%) and 0.148 (14.8%) for physical and social health at work. How-
ever, at leisure-time physical activity, the R2 value for moderate and strenuous-intensity
physical activity was 0.188 (18.8%) and 0.227 (22.7%), whereas it was 0.205 (20.5%) and
0.190 (19%) for physical and social health. Moreover, in psychological research, travel
behaviour studies, and health research, the coefficient of determination (R2) of 0.1 (10%) can
be considered satisfactory for the endogenous variables, whereas the value of R2 0.20 that
20% is considered very high.

Although this research is quite significant in terms of theoretical contribution, there
are certain limitations that can be addressed by future researchers. Firstly, the data used in
this research are limited to a single institute, with a sample of 150 respondents. Therefore,
future work can extend the current study by taking the sample from various institutes from
Malaysia to increase the generalizability of the results. Secondly, the COVID-19 pandemic
has impacted overall populations, not only students. Therefore, future researchers can
collect the data from various organizations and households to delve into the influence of
daily activities on health parameters. Lastly, the current study used a web-based question-
naire survey which caused possible bias. Hence, future researchers are advised to collect
face-to-face and qualitative data to deepen the effect of COVID-19 on health parameters.
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