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Abstract: Using a multi-dimensional three-week household time-use and activity diary, this study
aims to investigate the interaction between time-use and activity travel participation, built environ-
ment, leisure-time physical activity, travel parameters, and physical intensity on physical and social
health. The relationship between time-use and activity travel participation is complex. Therefore,
physical activity (PA) intensity is assumed to intermediate the relationship between endogenuous and
exogenous variables. This study use a comprehensive set of data that was collected at a household
level for twenty-one (21) consecutive days. A total of 732 individuals and 191 households were
recorded, representing 0.029% total population of Bandung Metropolitan Area (BMA). The data
analyzed with descriptive and linear regression analysis using Statistical Package for Social Sciences
SPSS version 26.0.0 software (IBM: Armonk, NY, USA). An advanced model, such as the hierarchical
Structural Equation Model (SEM), is used to validate the relationship between activity patterns and
health parameters. The estimated results indicate that a minute increase in public transport mode
has an 8.8% positive correlation with physical health and 9.0% with social health. Furthermore, an
increase in the one-minute duration of in-home maintenance and out-of-home leisure activities are
positively correlated by 2.9% and 3.2%, respectively, with moderate-intensity PA and by 4.5% and
1.8% strenuous-intensity PA. Additionally, high accessibility and availability of basic amenities at a
walkable distance and using auxiliary time in social activities are significantly correlated with better
physical and social health. Moreover, this study adopted multidisciplinary approaches for better
transport policy and a healthier society with a better quality of life.

Keywords: activity-travel participation; strenuous and moderate-intensity physical activity; travel
parameters; physical health; social health

1. Introduction

In the scientific area of research, theories play a crucial role typically in transport
geography and travel behaviour research, which describes activity-travel participation
such as physical, social, economic, and geographic [1]. The time-geographical framework
is a broader and powerful perspective that analyses human behaviour [2]. The time ge-
ography theory, also called the time-space prism theory, was introduced by Hagerstrand
in the (1970s) to describe the spatio-temporal constraints under which individuals make
activity and travel decisions [3]. The time-space prism theory works on three things: needs,
resources, and constraints [4]. Needs and desires are the human necessities that can in-
fluence an individual to undertake and participate in an activity [5], whereas resources
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are the source of supply that enable us to travel and participate in activities [6]. However,
constraints that limit an individual’s ability to travel and participate in an activity are
further sub-divided into capability, coupling, and authority constraints [7]. These limita-
tions interrelate with the needs and resources to develop people daily time-space prism.
However, different daily needs, desires, and constraints and their time geography and
paths also vary from daily [8].

House, health, physical, and social security are essential for person to live a complete
and energetic lifespan [9]. The right to health is as important as the right to food and
shelter. For access to these fundamentals, an individual must have resources, in the form
of money, that enable the individuals to travel and participate in activities. It is essential to
realize that the transport system aims to provide passengers and goods movement to reach
their destinations. Travel behaviour research studies the bodily movement of a person
for any purpose outside their reference location. Freight movement is only addressed in
the context of people who transport goods/cargo for work, shopping, or other personal
reasons [10]. The logistics of this study does not include the manufacture and supply of
services and goods. Limiting ourselves to passengers, the transportation system enables
individuals to travel for work, shopping, visiting family and friends, and visiting cultural
and health-care facilities [11].

Shopping, working, recreating, and living are spatially separate activities; people
have to travel to participate in these activities [12]. Travel behaviour is derived from the
activity. To study travel behaviour, activity-travel patterns must be investigated. Every
person has a different set of activities on a given day at specific places/locations. To
participate in a several set of activities on a given day, individuals have to travel [13].
Travel is a permanent constraint to move from place to place [3]. While participating in an
activity, there must be some needs, desires, and resources to manage the constraints [5].
The availability of infrastructures, such as commercial areas and transport networks, and
accessibility to several transport modes, would provide better opportunities to involve
high/fewer activities with more/less discrete places within probable time constraints [1,7].

Each person is unique, and their daily activities are also different from day-to-day [7].
Each individual has a specific role within a household, such as a husband, wife, and
children. The activity is categorized into mandatory/fixed and discretionary/flexible
activities [14]. Discretionary activities are further sub-divided into leisure and mainte-
nance activities. Mandatory activities are fixed and difficult to be re-scheduled [5,6,15].
In addition, discretionary activities are those activities that can be easily re-scheduled with
higher time-based and space flexibility [16]. These activities are further sub-divided into
in-home and out-of-home activities. Time spent by an individual in an activity outside
their residence is usually mentioned to as “out-of-home activity”, whereas the in-home
activities are the opposite [17]. Women spend more time in their in-home activities to care
for children and other household activities. In contrast, men need to spend most of their
time in out-of-home activities to work and pick up/drop the children at school, so travel is
essential to perform such activities [7,18].

The total travel time depends on the type of activity, availability of activity location,
individual commitments, and available travel mode [19]. It is widely believed that an
individual’s travel time is reduced by providing a closer activity location to the residential
site and encouraging non-motorized transport. Some of the activities are at a long distance,
whereas others are at walkable distance. Meanwhile, some individuals travel for manda-
tory activities while others travel for discretionary, leisure, and maintenance activities.
These travels are undertaken for in-home and out-of-home activities. Individuals use dif-
ferent modes of transport such as motorized /passive transport (PT), non-motorized/active
transport (AT), and public transport to participate in a different set of activities at a different
location on a given day. Moreover, self-driving vehicles have their own strengths and
weakness, such as self-driving cars following traffic rules, being fully automatic and using
robotics, allowing improvement in mobility for the people who cannot drive, fuel-saving,
improvement in air pollution, and reduction in car thefts. However, self-driving effects
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a megaregion’s traffic [20] and has some ethical issues. Strong opinions for and against
driverless cars may give rise to severe social and political conflicts [21]. On the other side,
there are some weaknesses: higher unemployment rate, high R&D cost, high initial pur-
chase price, reduced social contact, difficult maintenance, and being costly. Using various
transportation modes for daily activity participation positively or negatively influences
one’s physical, social, and mental health [22].

Further, the individual needs to choose healthier and more environmentally friendly
routes and transport modes rather than a comfortable, cheap, and quicker transport mode.
For instance, the forms of travel or transport mode that are carried out by an individual
(non-motorized transport mode) need to be considered, such as a trip on foot, a bicycle
trip [23], a trip by a private car [24], a trip by means of public transport, or a combined
trip [25], i.e., with the use of public means of transport. The increase in walking and
cycling and reduction in motorized transport modes contribute to the reduction in pollu-
tion, improving health and providing a sustainable environment. Therefore, the use of
active transport should be encouraged through better infrastructure, adequate land-use
developments, and information campaigns.

Transport and health are interlinked at various phases. Sometimes transport affects
health, whereas health influences transport decisions [26]. This means that health is also
a part of capability constraints, while participating in an activity which can influence
activity-travel patterns [18]. Health indicators will expose an additional dimension of
individual capability factors. An individual has needs, desires, and available resources
such as a car and money and wants to travel and participate in an activity at different
locations. However, due to physical (e.g., broken legs, blindness, sickness and disorder),
social (e.g., family/friends pressure), or mental health (e.g., stress), they may be unable to
travel and participate in an activity [7,18,27]. The conceptual model/framework for the
interaction of activity-travel participation and health is shown in Figure 1.
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Figure 1. The conceptual model for the association among travel behaviour and health [11].

The conceptual model illustrates the dominant relationship essential for the interaction
between travel behaviour and health but does not explain all categories of variables such
as lifestyle habits, multitasking activities, drinking, genetics, smoking, etc., which can also
affect health parameters. Due to the complexity and reason for demarcation, these factors
are not discussed in this paper. The model includes relationships relevant to time-use
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activity-travel participation, travel behaviour, and health linked with different intermediate
variables. For further discussion of the interaction between travel behaviour and health,
please refer to [11,28,29]. It is a very complex phenomenon to study the influence of
travel behaviour (TB) and activity-travel participation (ATP) on health [16,30]. According
to the author’s view and recent literature, there has not been any study explaining the
direct association among individuals” time-use and activity-travel patterns and health
conditions [11,31,32]. Meanwhile, activity-travel patterns are a too general set of variables
that do not directly explain the health parameters. A link can be established with the
help of more specific variables among activity-travel patterns and health variables. Active
transport and physical intensity are used as a mediation variable to study the interaction of
activity-travel patterns and health parameters. Physical activity can improve and maintain
health parameters, but the optimal mode, intensity, frequency, and physical activity’s
duration have not been determined [33,34]. Further, previous research has clearly shown
that health is a permanent constraint and influence activity-travel participation and travel
parameters [16,35,36]. However, the previous research rarely investigated the influence of
participation in a different set of activity and travel engagement and travel parameters on
a given day on health parameters, primarily physical and social health [28,31,32].

An inclusive dataset is required at an individual and household level to better under-
stand the influence of activity-travel patterns on health conditions. The dataset includes a
time-use and activity diary, detailed both in-home and out-of-home activity participation,
detailed travel behaviour, rate/intensity of physical activity, and quality of life (QoL) infor-
mation. The purposes of this study is to describe such data collection, which clearly shows
the interaction of activity and health in the Bandung Metropolitan Area (BMA) of Indonesia.
This paper highlights (1) the time-use and activity diary survey along with the advanced
issue in BMA, (2) a comprehensive dataset that will provide broad understandings of the
activity-travel decision-making process and opportunity at the household level to analyze
the interaction between activity-travel participation and health parameters, and (3) how
these influence the policy implementation for different transport modes.

The current study contributes to the body of knowledge in three different ways; Method-
ological, Theoretical, and Practical. The current study proposes a new conceptual and theoret-
ical model for the daily activity participation and health parameters which nudge, empower,
and educate the individual about their daily activities and health benefits. Additionally, the
study’s findings may help the policymaker to build/provide sustainable environment in
terms of networks, connectivity, parks, recreational places, and well-being that positively in-
fluence physical and social health. Moreover, the development of active and public transport
lines and accessibility will provide more opportunities to engage in more physical activity,
which will reduce pollution and provide a better, safe, and sustainable environment.

The paper’s organization is as follows: Sections 2 and 3 shows the study area, research
design, dataset, and exploratory analysis. Model estimation results of multi-dimensional
data is presented in Section 4. However, Section 5 describes the discussions whereas, the
conclusion are presented in Section 6.

2. The Bandung Metropolitan Area (BMA) Data Set

In 2013 the BMA dataset was designed to collect multi-dimensional data that is
household information, physical activity and its intensity, time-use and activity diary, social
activities within and with other household members, travel behaviour, lifestyle habits,
subjective well-being, and health-related QoL data. A comprehensive dataset was collected
to analyze an individual’s behaviours and health effects in a multi-dimension perspective.
Because of residents’” poor education and enlistment, the surveys were conducted in the
local language, i.e., Bahasa Indonesia. The survey began with a face-to-face meeting
between inspectors and potential respondents, and data was collected using random
selection techniques.

A number of samples need to be collected to avoid the chances of error. To determine
how much respondent data will be needed, Daryle W. Morgan and Robert V. Krejcie [37,38]
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introduced a formula in the 1970s (refer to Equation (1)). The total dataset contained
732 individuals and 191 households for 21 subsequent days, which represents 0.029%
population of the inner area of BMA in 2013. After omitting missing data and dependent
children (below seven years old), this study includes 508 respondents, representing 0.020%
of the population of the inner area in 2013. For details about the data set and more about
Bandung, refer to Dharmowijoyo, et al., [6,32] and [39,40]. Table 1 shows the description of
the 508 respondents.

s=X?NP(1-P) +d*(N-1)+X*P (1-P) )
s = sample size
X? = chi-square value for 1 degree of freedom at the desired confidence level (3.841)
N = size of the population
P = the maximum proportion of the population (assumed to be 0.50)
d = degree of accuracy (0.050).

Table 1. Description of the respondents (N = 508).

Variables Percentage or Mean
Socio-demographic characteristic at individual level
Male 53.54%
Female 46.45%
Worker 40.0%
Non-worker 26.5%
Student 32.0%
Dependent Children (<15 years) 18.66%
Age below 22-15 (Years old) 18.34%
Age below 44-23 (Years old) 42.50%
Age below 5545 (Years old) 11.70%
Age above 55 years old 9.50%
Medium household income (3-6 IDR) 91.5%
High household income (>6 million) 8.5%
Household Characteristics
Number of members in a household 420
Dependent children per household 0.45
Number of the motorized vehicle per household 1.073
Trip engagement and travel time spend on weekdays (weekends)
Number of trips 2.52(2.29)
Trip chains 1.20 (1.08)
Travel time by a motorized mode (%) 45.59%
Travel time by Non-motorized mode (%) 29.31%
Travel time by public transport (%) 11.62%
Total travel time (minutes) 98.29
Intensity of a physical activity
Days perform strenuous-intensity physical activity (S-IPA) (Frequency) 4.5
Minutes/day to perform (S-IPA) (duration) 52.54
Days perform moderate-intensity physical activity (M-IPA) (Frequency) 4.83
Minutes/day to perform (M-IPA) (duration) 56.21
Low-intensity physical activity 58.2%
Medium intensity physical activity 32.2%
High-intensity physical activity 9.6%
Time spend on a different set of activities on weekdays (weekends)
Time spend on in-home mandatory activities (minutes) 659.91 (704.92)
Time spend on in-home maintenance activities (minutes) 105.29 (143.39)
Time spend on in-home leisure activities (minutes) 247.04 (291.14)
Time spend on out-of-home mandatory activities (minutes) 300 (164)
Time spend for out-of -home maintenance/grocery activities (minutes) 21.26 (29.62)
Time spend on out-of-home leisure activities (minutes) 25.43 (35.65)
Perceived accessibility variables
Public transport lanes passing through respondents location (number) 2.470

Travel time to CBD (minutes) 30.68
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Table 1. Cont.
Variables Percentage or Mean
Travel time to a government office (minutes) 15.96
Travel time to shopping centers (minutes) 15.40
Travel time to grocery shop (minutes) 7.60
Travel time to park (minutes) 17.88
Travel time to Bus stop (minutes) 14.14
Built environment variables
Government office and settlement area density per square-km 0.0020 & 0.4512
Industry and trade center area density per square-km 0.0032 & 0.0046
Road and railway per square-km 34.46 & 4.493
Social, Political and family participations within a family
Number of days individual spend in social activities (Days) 3.45
Minutes per day individual spend time to do social activities (minutes) 49.43

Number of days individual spend in social activities with other family
members (Days)
Minutes per day individual spend time to do social activities with other
family members (minutes)

6.33

96.56

The italic text shows the survey variables in the table.

The degree of accuracy, often called the degree of variability, refers to the population’s
distribution of attributes. The confidence interval (CI) for the current study was selected as
95%,; therefore, the degree of accuracy should be 5%, equivalent to 0.05. A large sample size
is required to obtain a high or given level of precision in a more heterogeneous population
and vice versa. A proportion of 50% (0.50) indicates maximum variability in a population,
while 20% (0.20) and 80% (0.80) show that the majority do not or do, respectively, have the
attribute of interest [37,41]. Meanwhile, for the safest side, a figure of 0.5 for P should be
used for the population proportion. The value of P = 0.5 will provide the largest sample
size in simple random sampling techniques [42,43]. Based on the equation, a total of
436 respondents samples need to be collected, representing 0.017% of the total population
of the inner area in 2013. As such, for the current study, the authors collected 732 samples.
After omitting the children and missing values, the remaining 508 sample respondents,
representing 0.020% of the inner area population, are sufficient to fulfil the analysis’s
basic requirements.

2.1. Data Set

Household and time-use and activity diary surveys were arranged for the respondents
above seven years old. In contrast, household physical activity, lifestyle, and health-related
QoL surveys were prepared among persons greater than or equal to (>) 15 years old.
Due to the age limitations and missing data, only 508 respondents were analyzed in
lifestyle and health-related QoL surveys. Within the period gaps, since the dataset has
been collected, any new regulations that may significantly alter the collected dataset are
not found. Therefore, the 2013 BMA dataset was still adequate for this current study.

Household and individual survey contained eight elements: household composition,
accommodation type and ownership, neighbourhood, household income, property and
internet access, travel behaviour, dependent children in the household, and physical
disability questions. The socio-demographic variables’ description consists of gender type,
age, occupation, education level, dependent child, and household income level. Instead of
objective measurement, subjective awareness was used in the dataset because the mobbing
circumstances in BMA, as with the cities of Jakarta and Surabaya, are frequently highly
congested and unpredictable. Thus, a subjectively perceived accessibility was considered
the best step to determine the desire of the various activity locations available in the
individual house/built-up sites. These data were gathered on a five-point Likert scale, with
1 indicating strong disagreement and 5 indicating strong agreement. Previous studies [31]
specify that these subjective variables are extremely affected by individual activity-travel
patterns, destination options, and health parameters.
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Time-use and activity diary survey data are required for the analysis and estimation
of the activity-based approach. A time-use survey entailed collecting data regarding all
the in-home and out-of-home (mandatory and discretionary) activities on a given day [13].
Instead of a travel diary, time-use and activity diary data were collected [44] because it
provided richer information for computing daily time-use and activity participation and
individual travel behaviour [45]. The time-use and activity diary survey were planned for
15 min intervals (1440/15 = 96-time slices in a day) because it caused less bias in assessing
their time allocation to the particular activity types and was entirely understandable to
both respondents and surveyors. Those activities which are less than 15 min would not
be able to be recorded. Each activity dairy contained 23 types of activity participation,
which were classified as in-home and out-of-home activities. These activities are further
categorized as in-home and out-of-home mandatory maintenance and leisure activities
along with travel participation, as shown in Table 2.

Table 2. Model classification for activity criteria.

Mandatory Maintenance Leisure
_g In-Home Out-of-Home In-Home Out-of-Home In-Home Out-of-Home
-
= Indoor working activities Sales activities Out-of-home social
-
U Sleeping Outdoor working activities Shopping . Outdoor school
2 Personalcare Indoor School activities }ioctlif/eiﬂ(;ld activities Ecetllj/)l(g;gs Organization/Volunteer/
Z  Eating and Eating and drinking s Out-of-home . . Political activities
9] s . . Babysitting . Social, family _—
<  drinking at Drgppmg /Pick up activities malpﬁenance activities Sports a.ct1V1t1es
home children or others Waiting for Holiday
Out-of-home sleeping public transport Other out of home

Respondents were asked to talk about time spent on different activities on a given day
from morning till sleeping throughout the week from Monday to Thursday, Friday (week-
days), and Saturday and Sunday (weekends). The time spendt for in-home mandatory
activities was more than the rest of the activities because the category contains a sleeping
activity, which can occupy more than 10 h per day. Based on activities” classification,
there is a trend of activities across the week. Compared to out-of-home activities, there
is a continuous increasing in-home activities’ allocation for all mandatory, leisure, and
maintenance throughout the week.

The household physical activity and health-related quality of life survey contained four
main components: physical and social activity at a household level, communication within
and with other family members, lifestyle habits, and health-related QoL and its potential
influencing factors. Household physical activities are classified as vigorous/strenuous
and M-IPA. Those activities that require more effort (running, hiking, playing basketball
or football, or tennis games), burn many calories more than six Metabolic Equivalent
Tasks (6 METs), and activities where a high amount of oxygen consumption is required
to complete the activity are defined as vigorous activities. In contrast, M-IPA burns off
3-6 times more energy per minute as compared to sitting quietly, which brings them
into the 3 to 6 METs range. Household data contain social and communication activities
within/outside the family, consisting of frequency (how many days in a week) and duration
(how many minutes in a day) for which an individual participates in such activities.

This questionnaire contained health-related Quality of Life (QoL) questions based on
SE-36 (Short-Form 36), one of the universal scales for health-related surveys. The set of
questions contained eight subscales for health parameters and has been adopted by more
than 11 countries [31]. As suggested by [46,47], physical health is defined by the eight
subscales, which are measured in categories such as physical functioning (PF), limitations
on role functioning due to physical health (RP), bodily pain (BP), and general health (GH) as
shown in Figure 2. Meanwhile, limitations on role functioning due to emotional problems
(RE), social functioning (SF), and limitations on role functioning according to physical
health (RP) are defined as social health, as shown in Figure 3. In contrast, bodily pain (BP),
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general health (GH), social functioning (SF), mental health (MH), and vitality (VT) define
mental health.

Strenuous PA

Moderate PA

g <

Taking groceries

Stepping stairs

N
[Physical functioning

(PF) Kneeling
Walking (1km)
Bathing
Q.‘Eﬂj Cutting your working time
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PH (RP) o8
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. Difficulties in work activities
Physical

Health

How much bodily pain do you had
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Bodily Pain
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—— A A A A
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Figure 2. A measurement model and factor loadings of observed variables used to estimate physical health.
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Figure 3. A measurement model and factor loadings of observed variables used to estimate social health.
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Figure 3 illustrates the sub-variables of social health, which contained RE, RP, and SE.
The question related to RE was “During the past 4 weeks, have you had any difficulties
in your work or other daily activities as a result of any emotion problem (such as feeling
depressed or anxious)?,” which was answered by the respondents on five-point Likert
scale from negative to positive expressions. The detailed measurement model and factor
analysis of observed variables for the estimation of social health are shown in Figure 3.

The question related to PF was, “Does your health now limit you in vigorous and moderate
activities? If so, how much?” Respondents answered on a five-point Likert scale from
expressions of all the time to never. Meanwhile, questions on RP variables contained
“During last 4 weeks, how much did you get the difficulties in your work as a result of your health
condition?”. However, BP contained questions such as “How much bodily pain have you had
during the past 4-weeks?,” whereas GH included questions such as “In general, how would
you say your health is?”. Respondents answered on a five-point Likert scale of “Excellent,
very good, good, fair, and poor.” The factor analysis of these variables on physical health is
shown in Figure 2.

2.2. Methods

SPSS version 26.0 was used to create a factor score with a Promax rotation of kappa 4
and extract the values using basic principle component analysis with an absolute value of
greater than 0.30. The regression score aims to find the value of “Y” based on the values of
the observed variable “X” to minimize the error term “£,” as shown in Equation (2). As
suggested by [48] Promax and varimax rotations are used when a single factor is expected
from the multi-dimensional information of latent variables. The general purpose of factor
score analysis is to summarise the data so that the relationship and patterns can be easily
interpreted and understood. Factor score analysis is typically used to regroup variables
into a small cluster group [49].

Y=a+pBX+c¢ )

The questionnaire survey’s reliability was checked in Statistical Package for Social
Sciences (SPSS) through Chronbach’s Alpha. Further, the validity of the questionnaire was
tested using the Pearson correlation coefficient test using SPSS. After checking the reliability
and validity of the questionnaire survey data, the data were transferred from paperwork
to the computer (excel sheet) for cleaning and screening. After the cleaning of the data, it
was converted to SPSS for the descriptive statistic analysis. For the Structural Equation
Modeling (SEM) and Non-linear and Linear Mixed Mode Effect Models (NLME), the data
was transferred to RStudio. An aggregate data tool was used for the classification of the
activities, whereas the record function was used for the socio-demographic classification
such as gender record as male and female.

The two main factor analysis techniques are exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA). Practitioners may use exploratory factor analysis (EFA)
to reduce a large number of items for a questionnaire or survey to a smaller component.
EFA tries to uncover latent dimension/complex patterns such as physical and social health
from the observed variables (sub-variables of physical and social health) or examining
which item has the strongest association with a given factor. Once EFA identifies the
number of factors in the underlying dataset, the observed variables are subsequently
analyzed [48].

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

Physical activities are categorized as strenuous/vigorous and M-IPA. The rate of phys-
ical intensity is measured from the frequency and duration of an activity. Frequency means
how many days in a week an individual performs the S-IPA and M-IPA. In contrast, the
duration is the minutes in a day taken to perform S-IPA and M-IPA at a socio-demographic
level. In this research, the duration of the activity is considered instead of the frequency
because the duration provides richer information towards the health parameters. The
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Minutes/day

duration (minutes/day) of S-IPA and M-IPA with socio-demographic variables is shown in
Figure 4.
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= Minutes per day Moderate PA | 34.09 | 21.21 | 11.81 | 30.11 | 9.79 | 3.67 | 33.45 | 12.52 | 9.17 [ 54.04 | 51.07

= Minutes per day Strenous PA = Minutes per day Moderate PA

Figure 4. Duration S-IPA and M-IPA at the socio-demographic level.

Those with high incomes are involved in more S-IPA and M-IPA than the rest of all
socio-demographics. Meanwhile, workers and those aged 23 to 45 years are engaged in
high physical activities compared to children, older people, non-workers, and students.
Regarding the genders, males commi more as compared to females. In contrast, in males,
individuals perform more M-IPA than S-IPA.

3.2. Daily Time-Use for Various Activities

Figure 5 exhibits the relationship between daily time-use and activity travel partici-
pation for a different S-IPA with high and low physical activity on a given day in a week.
The highest time spent for the in-home mandatory activities is because of the in-home
mandatory activity of sleeping time, which uses more than eight hours (480 min) in a day.
As in-home mandatory and leisure activities are increased on the weekend, the out-of-home
activities are decreased. However, there is a slight variation in the in-home and out-of-
home maintenance activities throughout the weeks. Increase and decrease are positively
and negatively correlated with physical, social, and mental health. Doing more physical
activities, either in-home or out-of-home, significantly influences physical health.

Figure 6 shows the daily time spent on travel parameters by strenuous physical ac-
tivity throughout the week. Travel time offers the highest consumption of time because it
combines all modes of transport (motorized, non-motorized, and public transport). How-
ever, there is a variation within the travel time in low and high strenuous physical activities
on weekdays and weekends. Meanwhile, individuals spend more of their travel time on
high strenuous physical activities than low strenuous physical activity. An individual was
generally involved more in both high and low strenuous physical activities on weekdays
and less on weekends. Individuals use different modes of transport for their activities in
other places/locations. On weekends, individuals use more non-motorized modes for both
low and high strenuous activities than others, which shows that individuals are involved
in more leisure and maintenance activities at weekends.
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Figure 5. Daily time-use for different S-IPA on a given day in weeks.
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Figure 6. Daily time-use for different modes of transport and S-IPA on a given day in weeks.

Meanwhile, motorized and public transport are used more on weekdays, which shows
that most individuals are engaged in out-of-home mandatory activities such as working,
office, and picking up/dropping off kids from school. All these variations are differently
correlated with physical and social health.

Figure 7 illustrates the relationship between daily time-use on different in-home
and out-of-home M-IPA with low and high physical activity on a given day throughout
the week. In-home mandatory, leisure, and out-of-home maintenance activities increase
on weekends in low and high-intensity physical activity. In contrast, the out-of-home
mandatory activities are decreased, which means that most individuals are busy in their
working and office activities on weekdays and resting on weekends at home. There is
a slight variation in the in-home maintenance, out-of-home leisure, and maintenance
activities on both weekdays and weekends, and both high and low M-IPA on given days
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throughout the weeks. Doing more work and office activities is positively correlated with
better physical health, whereas engaging in more or less leisure and maintenance activities
is significantly associated with better social and mental health.
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Figure 7. Daily time-use for different M-IPA on a given day in weeks.

Figure 8 exhibits the average travel time and modes of transport to participate in
different sets of M-IPA on a given day throughout the weeks. As with S-IPA, M-IPA
behaves the same, with a slight decrease in the average travel time. There is a variation in
the high- and low-intensity physical activity, as the average travel time and motorized mode
are decreasing on weekends (Sunday) in low-intensity physical activity, whereas increasing
in the high-intensity physical activity. However, the non-motorized mode of transport
increases on weekends in both high- and low-intensity physical activity. In contrast, public
transport decreases on weekends, which means that most individuals perform out-of-home
leisure and maintenance activities using a non-motorized mode of transport. Meanwhile,
the motorized mode of transport is decreased on the weekend, which shows that most of
the individuals are engaged with out-of-home mandatory activities (working and office)
on weekdays by using a motorized mode of transport for their daily activities. Those
individuals who have a regular activity-travel pattern on a weekday compared to other
days of the week are significantly correlated with better physical and social health.

The relationship between an individual and other household members’ daily work, in-
home, and out-of-home mandatory, leisure, and maintenance activity time used by physical
and social health is shown in Figures 9 and 10. Meanwhile, the effect of life variables, such
as socio-demographic variables, S-IPA and M-IPA, and health parameters are exposed in
Figure 11. However, the effect of socio-demographic variables on the physical and social
health variables are shown in Figure 12. In these figures, S-IPA and M-IPA, physical and
social health refers to those with an above-zero (positive value) S-IPA and M-IPA, and
physical and social health index. However, low S-IPA and M-IPA, and physical and social
health means someone with zero or less than zero (negative value) S-IPA and M-IPA, and
physical and social health.
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Figure 8. Daily time-use for different transport modes and M-IPA on a given day in weeks.
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Figure 9. Daily time-use and activity-travel pattern on physical health.
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Figure 11. Socio-demographic variables with the intensity of physical activity and health parameters.
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Figure 12. Health parameters score with various socio-demographic variables.

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, as shown in Figures 9 and 10. In addition, an individual
who lives with other household members and works for longer hours has significantly
better physical and social health than those who have shorter working hours in-home and
out-of-home. Meanwhile, those engaged in more S-IPA and M-IPA have better physical
health. In contrast, those who have social participation in different places and locations
have better social health.

In terms of life variables with the intensity of physical activity and health parameters
(physical and social), Figure 11 shows that households with low- to middle-income show
better S-IPA and M-IPA, and physical and social health compared to medium- to high-
income households. On the other hand, males, workers, and those from 23 to 45 years old
have a better intensity of physical activity, and physical and social health than females,
children, aged people, non-workers, and students.

4. Model Estimation Results

Table 3 examines how socio-demographic and economic variables, personal and
household, and spatial-temporal characteristics explain the average time engaged with
physical activity, and physical and social health. Meanwhile, the endogenous variable was
supposed to interact with the time-use and activity travel participation, trip and travel
parameters, and average time engaged with social activities on physical and social health in
a multivariate manner. A physical activity’s intensity (strenuous and moderate) is used as a
mediation variable between the time-use and activity-travel patterns and health parameters
to solve the endogeneity problem, as shown in Figure 13.
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Table 3. Model estimation result for the M-IPA and S-IPA, and physical and social health (only significant variables with a
p-value < 0.05 and estimated parameters of standardized variables are shown).

Variables Ai\t/:gzit;r?]t:b) Af::\f::;?]l:) Sb) Physical Health Social Health
Coeff  T-statt Coeff  T-statt Coeff  T-statt Coeff  T-statt
Constant 117.5 15.47 76.82 11.29 —2.01 —3.76 —0.79 —3.76
Socio-demographic characteristic
Male 0.073 7.288 0.053 5.243 0.066 5.336
Worker Ref Ref Ref Ref Ref Ref Ref Ref
Non-worker —0.025 —2.29 —0.04 —3.84 0.057 3.751 0.129 8.342
Student 0.031 2.408 -0.13 -1010 0.325 5.572 0.278 4.720
Dependent Children (<15 years) - - 0.095 8.571 —0.12 -3.15 —0.10 —2.66
Age 15-22 (Years old) 0.243 6.774 0.103 2.811 0.238 5.385 —0.14 —3.16
Age 23-44 (Years old) 0.319 7.579 0.198 4.605 0.113 2.253 -037 =740
Age 45-55 (Years old) 0.245 8.108 0.059 1.941 0.245 5.000 —0.13 —2.67
Older than 55 years 0.104 4110 - - - - —-0.12 —3.31
Medium household income (3-6 IDR) - - - - - - - -
High household income (>6 million) Ref Ref Ref Ref Ref Ref Ref Ref
Household Characteristics
Number of household members -0.123 -11.3 —-0.198 —-17.80 0.176 3.448 0.114 2.219
Number of dependent children per household - - 0.095 8.571 - - —0.10 —2.66

Number of the motorized vehicle per household - - - - - - - -

Trip engagement and travel time

Number of trips 0.368 16.51 0.379 16.62 —-036  —4.91 —0.51 —6.88
Number of trip chains —-026  —123 —-0293 —13.30 0318 5.183 0.412 6.657
Percentage of travel time using motorised mode = —0.055  —0.05 —-0.07  —4.43 - - 0.064 2.610
Percentage of travel time using Non-motorized } } ) . ) . ) .
mode
Percentage of travel time using public transport ~ —0.03 —441 -0.057 —4.719  0.088 4.480 0.090 4.508
Total travel time (minutes) 0.049 4.082 —0.05 —245 - -
Time spend for different set of activities on weekdays (weekends)
Time spend for in-home mandatory activities - - - - —0.03 -3.11 - -
Time spend for in-home maintenance activities 0.029 2.688 0.032 2.843 —0.04 —3.47 —0.03 —2.62
Time spend for in-home leisure activities - - - - 0.107 4.498 0.064 2.652

Time spend for out-of-home mandatory
activities

Time spend for out-of -home maintenance
activities

Time spend for out-of-home leisure activities 0.045 4.874 0.018 1.916 —0.08 —8.50 —0.10 —10.1

0.042 4.648 —-0.028 —-3.047 —0.09 -9.50 —0.14 —-14.9

Perceived accessibility variables

Number of public transport lanes passing

—-0.019 —-2.04 - - —0.05 —4.79 —0.03 —3.01
respondents
Travel time to CBD —0.163 —-13.3 0.032 2.563 —0.17 —3.37 - -
Travel time to government office —0.11 —-9.61 —0.133 —11.14 - - —0.10 —3.40

Travel time to shopping centres 0.046 4.363 -0.028 -2579  0.188 7.558 0.263 10.48
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Table 3. Cont.
. Moderate Strenuous . .
Variables Activity (Job) Activity (Job) Physical Health Social Health
Travel time to grocery shop -0.181 -158 —-0.025 —-2203 —0.19 —5.36 -0.12 -3.41
Travel time to park 0.108 8.237 0.123 9.189 —0.09 —3.45 - -
Travel time to Bus stop 0.084 7438  —0.103 —8943  0.503 8.385 0.367 6.069
Built environment variables
. . 2 . .
Density of government office/km< within ) ) 0.190 6.321 048 _621 —029 374
respondent
. 2 . .
Density of settlement area/km~withinthe 05 4195 016 1138 0335 6424 0264 5008
respondent
. 2 . .
Density of trade center/km” withinrespondent 15 155 0134 -136 0349 1263 0317 1139
location
. . . 2 . .
Density of industrial area/km~ within the . ) _016 _537 0471 6.847 0.258 3.720
respondent
_ 2 . .
Km-length of road /km .w1th1n the respondent _016 _139 _ ) 022 554 019 _478
location
_ . 2 . .
Km-length of railway/ km within respondent 007 804 0.024 2500 ) ; ) )
location
Social, Political and family participations within family
How many dayg Wlth.m a wge;ls individual spend - - 0.086 9.053 —0.15 —4.74 —0.09 —2.87
in social activities
How long ina day individual spend timetodo 5719 005 544 0074 3705 0047 2356
social activities
How many days in week individual spendin = _ 17143 - - ~024 —541  —013  —3.02
social activities with other families
How longin a day individual spend timetodo_ 50 _g49  _003  —345 0075 5097 0036 2425
social activities with other families
Endogenous of M-IPA - - —0.52 —4.69 —0.23 —2.09
Endogenous of S-IPA - - 0.889 5.180 0.703 4.061
Error term 7.590 6.804 0.229 0.231
F 74.23 59.51 75.67 69.51
R-Square 0.214 0.209 0.217 0.203
SD 39 39 39 39

Note: negative coefficient indicates low S-IPA and M-IPA and physical and social health problem.

The results are estimated using two-stage least square (25LS) with an instrumental

variable (IV) and regression analysis by taking the standardized value to see the effect of
exogenous variables on the endogenous variables, which are represented in the form of
positive and negative signs. The instrumental variable (IV) is a well-known method for
dealing with endogeneity [50]. Instrumental variables (the intensity of physical activity)
are used as mediation to see the effect of exogenous variables (spatiotemporal variables)
on the endogenous variables (physical and social health variables). The individual and
other household members’ day-to-day activity-travel participation variation made by the
individual i household / on a day f is considered by the coefficient parameter (5;) in this
model. However, the uncorrelated and specific error term of individual and household (uy,
and ;) had zero mean, whereas the ¢;, ; is the uncorrelated individual, household, and time
error component with zero mean value as shown in Equations (3)-(6). Equations (3)-(6)
can be written as follows to better explain the proposed model in Figure 13 using a
mathematical form.
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Figure 13. The proposed model (dependent and independent variables may be nested by an individual (i), household (%),

and activity (). S, B, Act. Trip, Travel, Social, shows symbol of independent variables as used in the Formulas (3)—(6).

(M-IPA); 1, ¢ = (4, n +uj +up) + B1 S n + B2 B + B3 Actj n, ¢ + Bs Trip; n, ¢ + Bs Travel; p ¢ + B Social; 1, ¢ + & n,+ (3)

(S-IPA); 1, t = (4, h +uj +up) + B7 S n + Bs B n + Bg Actj p ¢ + B1o Trip; n,+ + B11 Travel; 1, ¢ + P12 Social; y, ¢ +

4)

€, h,t

(PH); h = (o6, h + 1 + up) + B13 Sin + P14 Bi n + B15 Acty b ¢ + B1e Trip; b, ¢ + B17 Travel; p ¢ + P18 Social; 1, ¢ + 5)

Y1 (M-IPA) i1, ¢ + ¥2 (S-IPA)i b, ¢ + € 1, ¢

(SH)in = (o4, n +uj +up) + B19 S h + B2o Bi n + B21 Acti 1, ¢ + B2 Tripi 1, ¢ + B2z Travel; 1, ¢, + B24 Social; ¢ + ©)

y3 (M-IPA) i1, ¢ + ¥4 (S-TPA)in + € n, ¢

Additionally, the coefficient parameter is n, u;, and u; is the uncorrelated and specific
error term of individual and household, ¢;j,; is the uncorrelated individual, household,
and time error component with a mean value of zero, and « is the co-efficient constant,
with nestings of individual (i), household (), and activity (t).

Figure 12 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 an equal to or less than zero (<0) physical and social health index. Regarding
ages, those less than 22 years old show high physical and social health compared to others.
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 [51], age and gender are
consistently related to physical activity. However, [16] shows that those above 50 years old
have physical, social, and mental health problems.

Regarding gender, males have better physical and social health than females because
males are engaged with more out-of-home mandatory, leisure, maintenance, and social
activities. As mentioned in recent studies, males participate more in out-of-home activities
than females because men have a different level of activity, which improves their physical
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and social health [7,32,52]. In addition, students show the highest level of physical and
social health because of the daily participation of physical and social activities within and
with other family members at different locations on a given day throughout the week.
Meanwhile, those with low incomes have better physical and social health than those with
high incomes, which shows that most of them belong to workers and students.

5. Discussion

Table 3 shows 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 positively
correlated with physical and social health. In contrast, the number of trips to and from the
workplace using any mode of transport is negatively correlated with physical and social
health but positively associated with S-IPA and M-IPA. Additionally, the number of the
trip chain is the opposite. Participating in S-IPA and M-IPA using moterized and public
transport is negatively correlated and does not influence the motorized transport mode.
An increase in 1 min of total travel time is 0.049 positively correlated with M-IPA, whereas
it has a —0.05 negative correlation with physical health and has no significant correlation
with social health. The motorized mode of transport positively correlates with social
health, whereas no such correlations were found between the non-motorized transport
and health parameters. A Iminute increase in public transport mode positively influences,
by 0.088 (8.8%) and 0.090 (9%), physical and social health, respectively. In today’s world,
it is estimated that more than 35% of all adults do not get enough physical activity [53].
Active transportation has the potential to reduce pollution and climate change while also
providing significant health benefits [54].

Regarding activity classification, in-home and out-of-home maintenance and leisure
are positively correlated with moderate and strenuous PA and have no significant corre-
lation with the rest of the activities. In-home leisure activities are positively associated
with physical and social health. In contrast, in-home and out-of-home mandatory and
maintenance activities are negatively correlated with physical and social health. The es-
timated result shows an increase in the one-minute duration of in-home mandatory and
maintenance activities has. by —0.03 and —0.04, a negative correlation with physical health.
Further, out-of-home maintenance activities are —0.14 (14%), and in-home —0.03 (3%),
negatively correlated with social health. A unit increase in in-home leisure activities has
a positive association of 0.107 (10.7%) and 0.064 (6.4%) with physical health and social
health, respectively. As in-home activities take 75% of daily time expenditure and limit
out-of-home activities, this negatively influences physical and social health. In addition,
participating in more out-of-home activities improves physical and well as social health.

An increase in one minute of out-of-home discretionary activities was positively
correlated by 10% with physical health and 6.4% with social health, which means that
increasing in-home mandatory activities can limit out-of-home discretionary activities,
which negatively influences health parameters. According to travel behaviour research,
the increase of in-home mandatory activities (e.g., working, office) reduces the number of
trips/trip chains and total travel time, leading to reduced access to various out-of-home
physical and social activities [55-57].

Regarding socio-demographic variables, males are found to have 0.073 times more
moderate and 0.053 more S-IPA than females, and a 0.066 positive correlation with physical
health and no correlation with social health. In socio-demographic variables, males are
more likely than females to participate in M-IPA and S-IPA [58]. Meanwhile, the time-space
constraints for non-workers are more flexible and they have a high social participation
due to more in-home and out-of-home discretionary activities. Non-workers are —0.025
and —0.04 negatively correlated with M-IPA and S-IPA, respectively, and 0.057 and 0.129
positively correlated with physical and social health because of the increased physical
and social interaction within the family members and flexible in-home and out-of-home
activities. In terms of physical and social health, students have tighter time-space con-
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straints and have a 0.325 (32.5%) and 0.278 (27.8%) positive correlation with physical and
social health, respectively, which can be seen from Figure 12. However, students are more
involved with M-IPA, which positively influences their lives compared with strenuous
activity. Roberts suggested that the health parameters of the students are affected by
financial circumstances [59].

All individuals from the age of below 55 years are positively correlated with M-IPA
and S-IPA. However, those from the age of 23 to 45 show the highest involvement in
physical activity and are positively associated. Further, 31.9% of individuals are involved
in moderate activities, whereas 19.8% of individuals from the age of 23 to 45 are engaged in
S-IPA. The correlation between physical health and age is statistically significant because
all the individuals participate in both S-IPA and M-IPA, whereas for social health, it is the
opposite. However, participating in different activities on a given day statistically positively
influences physical health but is negatively correlated with social health [60]. Those from
the age of 15 to 45 participate in more M-IPA and S-IPA with better physical health [58].
Due to less engagement in social activities, this negatively influences social health.

There is also some influence on the opportunities offered by geographical conditions.
Those who reside near shopping centres, parks and bus stop stations within the populated
area have 0.046, 0.108, and 0.084 positive correlations with M-IPA, respectively. In contrast,
those with a government office, CBD, and grocery shop are the opposite. However, those
residing near government offices and grocery shops are —0.11 and —0.181 negatively
correlated with moderate activity, respectively, and —0.133 and —0.025 with S-IPA. Those
living near the shopping centre and bus stop are 0.188 and 0.53 positively correlated with
physical health, respectively, and 0.263 and 0.367 with social health. However, those who
are near grocery stores are the opposite. Due tomainly two reasons, individuals did or did
not participate in physical activities: lack of infrastructure or facilities (parks and walking
tracks) and fear of safety. A 1-min increase in travel time to the bus stop is 53% positively
associated with physical health and 36.7% with social health. Moreover, a unit increase
in travel time to the shopping centre is 18% positively correlated with physical health
and 26.3% with social health. However, travel time to grocery shop has a 19% negative
correlation with physical health and 12% with social health. The built environment may be
considered a foundation for the health parameters and well-being [61,62].

Residing in the city centre within populated areas where all the facilities are available
at a walkable distance is positively correlated with better physical and social health. The
estimated results show that the responded location’s trade centre and settlement area
negatively correlate with M-IPA and S-IPA. However, it is positively correlated with
physical and social health along with the industry area. Settlement area, trade centre, and
industrial area are 33.5%, 34.9%, and 47.1% positively correlated with physical health,
respectively, whereas they are 26.4%, 31.7%, and 25.8% positively associated with social
health. This result also exhibits that those living in the poverty areas, denser industrial and
agriculture areas, are socially excluded, increasing social and physical health problems [7].

In terms of social activities within and with other family members, many households
with low income experienced psychological distress, which caused social health problems.
In this study, the frequency of social activities within a family member and other household
members is, respectively, 0.15 and 0.09, and 0.24 and 0.036 negatively correlated with
physical and social health. Further, the duration of social activities within family members
and other household members are 0.074 and 0.047, and 0.075 and 0.036 positively associated
with physical and social health, respectively. Therefore, having more household members
provides more opportunities to engage in more physical and social activities that improve
one’s physical and social health [32].

6. Conclusions

The current research uses physical activity intensity (PAI) at work as a mediation
variable to investigate the relationship between time-use and ATP and health parameters
in BMA, Indonesia. There is a strong correlation between ATP and health parameters
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and PAI, meaning that PAI mediates the relationship between those variables. Model
estimation results and SEM show that PAI mediates the relationship between ATP and
health parameters. The endogenous S-IPA shows a positive correlation with physical and
social health, whereas M-IPA is the opposite. Therefore, a one-minute increase in S-IPA is,
by 0.889 and 0.703, positively correlated with physical and social health, respectively. In
travel behavior research and health studies, the 10% R-Square value is acceptable; however,
the current study’s R-square value is above 20% for all the dependent variables.

This paper explains how time-use and activity travel participation, activity-travel pat-
terns, trip parameters, perceived accessibility, geographical condition, and socio-demographic
variables influence health parameters. With highly congested roads and inadequate public
transport networks, travelers in BMA have high intension and commitment to using mo-
torized mode for their daily activities, which becomes their habit and negatively affects
physical health.

Those with better physical health use non-motorized or less motorized modes of
transportation for their daily activity-travel participation, which is associated with better
physical health. To do this and encourage individuals to use non-motorized modes, it
is essential to develop or provide all the local activity centres and basic amenities at a
walkable distance, which enables an individual to walk/travel by public transport and
participate in activities. Furthermore, because of physical activity and communication
activities among household members, individuals who have dependent children in their
household tend to have better physical and social health. Besides, many households with
low income experienced physical, social, and mental health problems.

When it comes to the number of trips and trip chains, those who take a lot of them
engage in fewer physical and social activities. Those households with more trip chains, on
the other hand, have a higher rate of participation in physical and social activities. The
estimated results show that number of trips is negatively correlated with physical and
social health, whereas trip chains are positively associated with physical and social health.

The survey results show that individuals spend 75% of their daily time in in-home
mandatory (sleeping, bathing, and eating) and maintenance activities. In contrast, the rest
of their time is spent doing out-of-home mandatory, leisure, and maintenance activities.
Using daily time for out-of-home activities is positively correlated with better physical and
social health than time spent doing in-home activities. Individuals spend most of their time
in office activities, which negatively influences physical health. However, in-home leisure
time positively affects physical and social health because individuals may do physical
activities with socializing activities.

Perceived accessibility and built environment (land use and transport network) allow
travellers to travel by different transport modes and provide all the necessary amenities
at a walkable distance. High accessibility and availability of basic public amenities at a
walkable distance provide an opportunity to travel and participate in an activity. The
built environment influences physical activity, which affects physical health, whereas
undertaking social and recreational activities positively correlates with better social health.
The estimated results also show that those who reside near shopping centres and bus stops
within populated areas are positively associated with better physical and social health.
Understanding all the aspects will enable us to improve transport policy, which promotes
a healthier society.

The current study will help policymakers to develop their policies based on daily
activities and provide all the basic necessities at a walkable distance to increase daily
activities by using non-motorized transport modes, which will improve their physical,
social, and mental health. Although this research is quite significant in terms of theoretical
contribution, there are certain limitations that future researchers can address. The data
used in this research are limited to Bandung Indonesia, which is a specific city in Indonesia.
Therefore, future work can extend the current study by taking samples from various cities
of Indonesia to increase the generalizability of the results.
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