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Abstract: Public transport use has drastically declined during the COVID-19 pandemic because the
virus spreads through close contact with infected people and contaminated surfaces, especially in
closed-environments. Evidence suggests that following the necessary safety guidelines can limit
the spread of the virus, however, non-compliance to precautionary measures has been reported
widely. Ignoring the precautionary measures may lead to quick transmission of the virus since public
transport vehicles generally resemble closed-environments. This study explores people’s intentions
to use public transport during the COVID-19 pandemic while adhering to precautionary measures.
For this purpose, a total of 1516 useable responses were collected through a questionnaire survey
conducted in Lahore, Pakistan. Regression models were developed to model the intentions to use
public transport during the pandemic, to adhere to the precautionary measures while using public
transport during the pandemic, and to use public transport while suffering from COVID-19 disease.
The results of this study will help in understanding the intentions of the public transport users
during the COVID-19 pandemic. It will also provide insights for policymakers and public transport
operators about further necessary actions to promote safe public transport use during the current
and any possible future pandemics. As public transport use declined during the pandemic, policy
implications for alternative mobility options such as demand-responsive-transport (DRT) are also
presented. Considering the study results, a policy interventions framework is proposed to promote
the safe use of various public transport modes, particularly in developing regions.

Keywords: COVID-19; public transport; traveler intention; ordinal regression; pandemic

1. Introduction

The outbreak of COVID-19 (a disease caused by the novel coronavirus), which started
in December of 2019 and spread rapidly around the globe, has severely affected public
transport because it spreads through close contact, especially inside confined environments.
The World Health Organization (WHO) declared this disease as a global pandemic in March
2020 [1]. At present (10 March 2021), a total of 116,874,912 people has been affected by this
disease with 2,597,381 deaths [1]. In Pakistan, confirmed cases of COVID-19 are 595,239
and 13,324 people have died as of 10 March 2021 [2]. Governments around the world
have taken certain measures to prevent the spread of the deadly virus including closure of
educational institutions, non-essential businesses, restaurants, bars and preventing social
gatherings [3]. Several governments around the world imposed lockdowns to restrict the
movement of people. The government of Pakistan also imposed the first lockdown on 1
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April 2020 which was eased in different phases, followed by a series of smart lockdowns in
areas containing big infection clusters [2].

Many countries have started to lift the lockdowns or ease the movement restrictions
owing to the reduced number of infections or financial concerns. Hence, the transport sector
has also started to resume its operations, however, it is believed that the use of public trans-
port might accelerate the infection rate due to its disagreement with the social-distancing
requirements [4]. Previous studies also reported that the spread of influenza epidemic
accelerated through a subway [5]. Similarly, a strong association and infection of Acute
Respiratory Infection (ARI) and Tuberculosis (TB) was found among the frequent users of
public transport as compared to those who do not frequently use public transport [6-8].
Since the use of public transport might accelerate the infection rate of COVID-19 among its
users, promoting the frequent use of public transport might require some special attention
in the post-COVID-19 era and responsible behavior from its users [9]. The spread of the
virus can be reduced by strictly following the guidelines of World Health Organization
(WHO) such as wearing a face mask, maintaining social distance, and using disinfectants
to clean hands and surfaces [10-13]. Non-compliance to necessary guidelines and instruc-
tions may lead to rapid transmission of COVID-19 especially inside closed environments
such as public transport [10,14,15]. In addition, it is also argued that maintaining a social
distance of 2-m (6-ft) is not possible while using public transport especially in populated
countries [16].

In addition to evaluating mode choices and travel patterns, it is essential to disseminate
studies on sustainable and resilient mobility, i.e., mobility that can respond positively
or at least mitigate the critical aspects of future catastrophic or pandemic events [17].
Furthermore, various studies confirm the need to analyze the emotional impact that the
pandemic has had on public transport users in order to understand which feelings such
as anxiety, fear or stress may derive from the use of public transport or may reduce the
propensity to do so [18,19]. The study of mental health and psycho-social barriers for
different types of users is essential for the improvement of public transport services [20]
and shared mobility [21]. The emotional aspect is in fact strongly connected to the definition
of the human factor and therefore has repercussions on the human-environment, human-
vehicle and human-human interactions. Public transport remains to be a necessity even
during the pandemic as a majority of the population in developing countries, particularly
essential workers, e.g., healthcare staff and other emergency service staff, still depend on
public transport. Therefore, regaining ridership is important in the post-Covid-19 era, as
declined demand for public transport could cause an increase in car-ownership which
could lead to other issues like congestion and pollution. On the other hand, public transport
operators might decrease the service frequency due to the reduction in demand and profits.
As explained in [22], 18% of households that did not own cars in the Boston area expected
to buy cars mainly because of the uncertainty in the service frequency of public transport
services, lack of trust in safety measures followed by the operators, and other passengers.
Therefore, this study aims at exploring people’s intentions to use public transport during
the COVID-19 pandemic. The study had the following three main objectives:

1.  To model the intentions to use public transport during the COVID-19 pandemic
2. To model the intentions to adhere to safety precautions while using public transport
during the COVID-19 pandemic
3. Tomodel the intentions to use public transport during the pandemic while experienc-
ing COVID-19 symptoms
A questionnaire was designed and administered to collect the required data in Lahore,
Pakistan. Three different regression models were then developed to achieve the objectives
of this study i.e., to model the people’s intentions to use public transport, to adhere to
necessary instructions while using public transport, and to use public transport while
having COVID-19 symptoms. Appropriate statistical analyses and the corresponding
results are presented along with the policy implications for more responsible and safe
public transport in the post-COVID-19 world.
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The rest of the paper is organized in the following manner: Section 2 discusses the
relevant literature studies, Section 3 describes the methods and materials for carrying out
this research work, Section 4 highlights the main findings of the research study. Finally,
Section 5 summarizes the results and proposes new policy options for safer mobility options.

2. Literature Review

In order to control the spread of the infections or to ‘flatten the curve’, travel restrictions
of different degrees have been adopted by different countries during different stages of
the pandemics [5,8,23]. As highlighted in recent studies, owing to the reason that the
virus spreads mainly through close contact with an infected person, public transport could
largely contribute to the spread of infectious diseases [13,15,24-29]. Therefore, passengers
are required to follow protective and preventive measures, such as, wearing face masks,
and maintaining social distancing while using and waiting for public transport [25]. As
explained in [30], physical distancing of more than 1 m, use of face masks, and eye
protection have been identified as the most effective preventive measure to reduce the
person-to-person transmission of COVID-19. In addition, personnel management and
protection, cleaning and disinfection of the surrounding environment, and health education
have also been identified as the comprehensive measures to control the spread of Covid-19,
particularly when using public transportation [31]. Public transport operators could also
play a role to minimize the risk of infection by offering flexible or more frequent services
to satisfy user needs while reducing congestion and thereby ensuring social distancing,
providing sanitizers, automated opening of doors, ensuring adequate ventilation [3,12,14].
A simulation-based study, which used automatic passenger count data in the Minneapolis
area in the US, explained that to reduce the risk of disease transmission, the number
of passengers inside a bus should be limited to 15 [32]. However, to allow a reasonable
waiting time for passengers due to the reduced capacity, the frequency of the service should
be increased. In addition to public transport operators, workplaces could also assist to
reduce or distribute the passenger volumes in public transport modes (to facilitate social
distancing measures) by offering to work from home options and flexible or staggered
working hours for the staff [33]. However, it is not guaranteed that the passengers always
follow these guidelines stipulated by the governments. For example, as explained by [15],
although a majority of buses adhere to the social distancing guidelines, the instructions
on using face masks were not completely followed. Thus, in general, the use of public
transport modes is discouraged during pandemics [34]. Recent studies based on mobility
data and passenger or ticket counts explained that there was a dramatic reduction in public
transport use in many countries. For example, public transport users declined by up to 93%
in Spain [35], 60% in Sweden [36], 80% in Hungary [37], and 77% in Poland [38]. On the
other hand, people limit travelling, particularly by using public transport modes, owing to
the perceived fear of infection [39,40]. Past studies have highlighted that, as perceived by
the people, avoiding public transport was one of the most effective precautionary measures
to avoid infectious diseases [41]. Globally, a substantial reduction in the use of public
transport was observed [17,42]. A study based on travel diaries and a questionnaire survey
conducted in the Netherlands reported that trips that used public transport dropped by
more than 90%. This decline was expected because the government as well as public
transport operators advised people to use it only when it is extremely necessary [43].
Another questionnaire survey conducted globally stated that the mode share for public
transport declined from 36% before Covid-19 to 13% during Covid-19 [42]. This study
further explained that the pandemic-related underlying factors, such as infection concern,
social distancing, cleanliness, passengers with face masks, were significant predictors of
mode choice during Covid-19. Ref. [4] explored the preference between private and public
transport mode preference of Indian commuters. The findings of this study indicated that,
during the transition to lockdown phase, only 5.3% of respondents shifted from public to
private modes while a majority (approximately 51%) did not change their travelling mode.
Further, they explained that the commuters perceived less importance on safety while
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choosing a mode. These finding highlights the importance of considering the available
alternative travel modes during pandemics. A survey that was conducted in Australia
concluded that approximately 58% of respondents were concerned about hygiene when
using public transport during the pandemic compared to only 5% who concerned about
hygiene on normal days [44]. This observation highlights the importance of cleanliness
and hygiene when resuming the services. A recent study conducted in Poland revealed
that 90% of respondents stopped or limited the use of public transport during the Covid-
19 pandemic [45]. Although a majority (75%) of the respondents mentioned that they
will use public transport again once the pandemic is over, the rest (25%) has entirely
lost interest in public transport as they doubted that the services will ever be safe. This
observation highlights that it is extremely important to maintain safety and comfort during
the pandemic as the choice of public transport in the future will largely depend on the
perceived safety.

On the one hand public transport use declined, whereas on the other hand, the modal
share of private transport and active modes, in general, increased around the world. For
example, the modal share of private car increased from 48% to 77% and 43% to 65% due to
the pandemic in Spain and Budapest, respectively [35,37]. A global survey reported that
car use increased from 32% to 39% due to the pandemic [42]. The study also reported an
increase of about 7% in walking during the pandemic.

In addition, knowledge and awareness about the pandemic and prevention measures
may help in containing the virus transmission [46]. A nationwide study conducted in
the United States reported that the lack of awareness about the prevention methods may
increase the risk of the virus transmission in certain racial and ethnic communities [47].
However, empirical evidence also suggests that increased awareness about prevention
measures may not necessarily increase compliance to the safety precautions, which may
possibly be linked to low perceived risk of the COVID-19 pandemic [48]. Hence, awareness
about both the risk of the disease as well as the prevention measures is necessary to contain
the virus especially inside public transport.

To resume public transport services in the post-Covid-19 era, regaining the attraction
is crucial. A recent study highlighted that new policies, e.g., “fare-free policy”, “more
rides-more discounts”, “off-peak-hours free-ride policies”, could enhance the ridership [49].
This study concluded that the latter 2 policies increased the subway ridership by about 24%.
However, there could still be hesitations and concerns to use public transit and as shown
in [50], passengers, who are anxious and concerned about pandemic information, perceived
less safety on public transport. In addition to such policies, additional payments can be
provided to the public transport operators to maintain the services [51]. However, these
solutions are short-term, and a major rethinking is required to provide persisting solutions.

3. Methodology
3.1. Study Area

This research study was conducted in Lahore, Pakistan, which is the second most
populous city of Pakistan with a population exceeding 11 million people and an area of
about 1772 sq. Km. Public transport in the city mainly consists of conventional buses
and bus rapid transit (metrobus) operated by the local government. Recently, an intercity
train (orange line metro train) operation has also started along a specific route in Lahore.
There are several para-transit modes e.g., auto rickshaw, motorcycle rickshaw (Qingqi),
wagons/vans, demand-responsive transport (Airlift/SWVL), and taxi services (conven-
tional taxi, Uber, and Careem etc.). Since Lahore is a major hub for educational, social,
and financial activities, its population is increasing due to migration from other areas. The
demand for public transport is also rising with the increase in population. The COVID-19
timeline in Pakistan is shown in Figure 1.
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First Case of Lockdown Lifted,
COVID-19 Reported Smart Lockdown Began

Feb 26, 2020

Apr 01, 2020 May 09, 2020 Aug 07, 2020

Lockdown Smart Lockdowm
Implemented Lifted

Figure 1. COVID-19 timeline in Pakistan.

3.2. Questionnaire Survey

A questionnaire consisting of three different sections was designed. The first section
was designed to collect information about socio-economic and -demographic features
(SEDs) such as gender, age, income, and car ownership etc. It also contained some questions
about travel behavior such as traveling frequency etc. The second section consisted of
5-point Likert-type items about the intentions to use public transport during the pandemic,
to adhere to safety instructions, and to use public transport while experiencing the COVID-
19 symptoms. The third section included carefully designed Likert items to explore the
underlying unobservable factor which could affect the intentions to use public transport
during the pandemic. An extensive literature review pointed towards three main factors:
awareness, the ascription of responsibility, and difficulty. Other items related to attitudes
were also added in this section. The Likert items were carefully designed to represent these
unobservable factors. The data was collected through personal interviews (face-to-face
approach). However, it was made sure that safety guidelines about the spread of the
COVID-19 virus are fully observed while conducting the interview surveys. Interviewers
were advised and trained to maintain a necessary social distancing, use sanitizers and wear
facemasks during the interviews. The face-to-face interview method is generally reliable
and has a relatively higher response rate, however, it has certain disadvantages such as
interviewer bias, high cost per participant, geographical limitations, and time pressure on
respondents. To overcome these issues, well-educated interviewers were hired for data
collection purposes who were properly briefed about the study before the commencement
of the survey. In addition, the length of the questionnaire was kept reasonable i.e., less than
15 min. The questionnaire did not collect any personal identifying details and all of the
respondents were informed about the use of the information collected.

3.3. Questionnaire Administration and Sample Size

A convenience-based random sampling strategy was adopted for data collection.
A total of 1516 samples were collected from the target respondents using the personal
interviews approach. The data was collected during the months of October and November
of 2020. A well-educated team of interviewers collected the data. The team was properly
briefed about the study and was also instructed to follow the necessary precautions during
the interviews. The survey was conducted at important locations in Lahore city such as
Racecourse, Qaddafi Stadium, Liberty Market, Mughalpura Railway Station, Anarkali,
Mall road, and various bus stations.

3.4. Data Analyses Methods

Initially, a descriptive analysis of the collected data was carried out (Table 1). The
questionnaire included several items which affect public transport use during the pandemic.
Many of these items measured a single underlying factor. Exploratory factor analysis is one
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such technique which can be used to extract those underlying factors. Hence, exploratory
factor analysis (EFA) was conducted on the items affecting public transport use during
the COVID-19 pandemic. The underlying factors were extracted using the maximum
likelihood method. Orthogonal Varimax rotation was employed to obtain interpretable
underlying factors. For further statistical analyses, factor scores were computed for each
participant using regression approach to represent its relative standing on the underlying
factors. Three different regression models were then developed to model the intentions of
the users to use public transport during the pandemic, to follow safety precautions and
to use public transport while having the COVID-19 symptoms (Figure 2). SEDs and the
underlying factors were entered as the explanatory variables in all three models. p values
of 0.05 were used to indicate statistically significant variables which imply 95% confidence
level. The statistical software package SPSS v. 20 was used for the statistical analyses. The
flow of the study is described in Figure 3.

Table 1. Scio-economic and -demographic characteristics (SEDs) of the respondents.

Characteristics Distribution (%)
Gender Male (65.5), female (34.5)
Age (years) Under 20 (11.9), 20-30 (48.3), 31-40 (30.8), 41-50 (7.5), above
50 (1.5)
Marital status Single (56.7), married (43.3)
Education High school (13.3), higher secondary school (14.8), bachelor

(45.5), master and above (26.5)

Students (22.8), civil employees (27.3), private employees
(35.2), others (14.8)

Household income (PKR) zlgf:i 52228,810%7()2, OSg,)OOO 60,000 (33.3), 61,000-100,000 (31.5),
Car ownership Yes (37.6), No (62.4)

Motorcycle ownership Yes (61.8), No (38.2)

1-2 days a week (11.8), 3—4 days a week (18.7), 5-6 days a
week (43.2), almost every day a week (26.3)

Profession

Trip frequency

Modeling the intentions to
use public transport during
COVID-19 pandemic

Figure 2. Description of the models developed in this study.
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Figure 3. Research methodology adopted for the study.

4. Results and Discussion
4.1. Descriptive Analysis

The descriptive statistics of the socio-economic and -demographic characteristics of
the respondents are shown in Table 1. The percentage of male respondents is more than
female respondents, which is consistent with the share of males and females in the working
population in Lahore, Pakistan. The sample is skewed towards younger (20-40 years old)
and highly educated class (bachelors and above). Approximately 70% of the respondents
have a trip frequency of 5 or more days a week. The distribution of responses for the
items in Section 2 of the questionnaire is shown in Figure 4. It can be seen that most of the
respondents (94.2%) declared that they will use public transport less frequently if they are
experiencing COVID-19 symptoms.

[ Never [ Rarely

38.8%

31.6%

VAN

25.1%

75.9%

1. How often would you use public transport considering the COVID-19 situation?

2. How often would you use public transport while you have to maintain a social distance?

3. How often would you use public transport while you have to wear a facemask?

4. How often would you use public transport while you have to use hand sanitizers or disinfectants?

5. How often would you use public transport while you have covid-19 symptoms?

Sometimes Often Always

27.1% 20.1% 7.5%  6.6%

34.9% 18.1% 12.3%

VAR 18.5% 19.9% 12.2%

32.3% 17.3% 15.2% 10.1%

18.3%

Figure 4. Distribution of responses for Section 2 of the questionnaire.

4.2. Exploratory Factor Analysis (EFA)

Exploratory factor analysis (with maximum likelihood estimation and varimax rota-
tion) was conducted on unobservable factors (the items in Section 3 of the questionnaire)
affecting public transport use during the pandemic. A four-factor solution was obtained
based on eigenvalues > 1 criterion which explained about 64.438% of the total variance.
The factor loadings are presented in Table 2. The items with loadings below 0.5 and those
with high cross-loadings were removed. The sampling adequacy was satisfactory (Kaiser-
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Meyer-Olkin measure = 0.857); Bartlett’s test of sphericity was significant (0.000); and the
determinant of the matrix was 1.12 x 10~°.

Table 2. Exploratory factor analysis of the questionnaire items (Varimax rotation).

Attitudes Awareness Responsibility Difficulty

I'would consider public transport for travelling if all

L R 0.885
passengers are aware to maintain a social distance.
I will only use public transport when vehicles are
.. 0.839
properly disinfected.
I'would consider public transport for travelling if all 0.790
related facilities are properly disinfected. ’
I will only use public transport when COVID-19 0.776
related safety guidelines are fully followed. :
I would consider public transport for travelling if all 0.734
passengers wear a facemask. ’
I would consider public transport for travelling if the
. 0.731
vehicles are uncongested.
I do/would avoid using public transport as I have a 0.540

fear of being infected.

I believe that wearing a face mask protects us from
COVID-19 while travelling on public transport.

I believe that maintaining a social distance helps in
avoiding COVID-19 infection while travelling on 0.825
public transport.

I believe that the use of hand sanitizers or

disinfectants can prevent us from COVID-19 infection 0.641
while travelling on public transport.

I'believe that avoid travelling with COVID-19
symptoms can reduce the spread of disease.

I feel a moral obligation to wear a facemask while
travelling on public transport.

I feel a moral obligation to avoid travelling on public
transport if I have COVID-19 symptoms.

I feel an equal responsibility to use sanitizers for the
safety of all passengers.

I feel an equal responsibility to keep a social distance
from passengers while travelling on public transport.
It is difficult to use hand sanitizers all the time while
travelling on public transport.

It is difficult to wear a facemask all the time while
travelling on public transport.

% of variance explained 260.397 190.189 90.928 80.924
Cronbach’s alpha 0.888 0.871 0.859 0.818

0.847

0.619

0.597

0.556

0.879

0.728

0.862

0.768

The first factor explained 26.397% of the total variance. Seven items representing
attitudes loaded on the first factor, which explained 26.397% of the total variance and
was consequently named as “attitudes”. The second factor explained 19.189% of the
total variance and six items loaded on this axis which represented “awareness” of the
consequences. The third factor explained 9.928% of the total variance with two items
loading on it representing the responsibility to keep public transport safe during the
pandemic. Therefore, this factor was referred to as “responsibility”. The fourth factor
explained 8.924% of the total variance. Two items loaded on this factor which represented
the “difficulty” in following precautionary guidelines while using public transport during
the pandemic. Cronbach’s alpha was adequate for all the factors i.e., 0.888, 0.871, 0.859 and
0.818, respectively suggesting that the items have high internal consistency.

Three different models were developed treating the items in the Section 2 of the
questionnaire as dependent variables and those in Sections 1 and 3 as explanatory variables
(Figure 1).

4.3. Model 1—Intentions to Use Public Transport during COVID-19 Pandemic

An ordinal regression model was developed to model the intentions to use public
transport during the COVID-19 pandemic. Socio-economic and -demographic variables,
and the underlying factors were entered as the explanatory variables. Correlations were
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checked before entering the explanatory variables. Income was removed from the ex-
planatory variables since it had a strong correlation with age. Item 1 of Section 2 of the
questionnaire (How often would you use public transport considering the COVID-19
pandemic) was entered as the dependent variable. Since the distribution of responses
was skewed towards “never” as compared to “always”, the five levels (never to always)
were collapsed into three levels as “never—rarely”, “sometimes”, and “often—always”.
The chi-square statistic was significant indicating that the model is a significant improve-
ment over the intercept-only model (Table 3). However, the goodness-of-fit measures
i.e., Pearson statistic and Deviance statistic were significant which could be attributed
to the fact that there were zero frequencies in a considerable number of cells especially
because of the continuous predictors and these statistics may not provide stable estimates
of goodness-of-fit under such conditions [52]. The good-of-fit measures i.e., Cox and Snell,
Nagelkerke, and McFadden pseudo R square were 0.203, 0.246 and 0.130, respectively.
The non-significant chi-square statistic (x> = 4.946, df = 19, p = 0.999) indicated that the
test of parallel lines was satisfied. Parameter estimates for the ordinal regression model
are shown in Table 4. The sign of the coefficients indicates direct or indirect relationships
between continuous explanatory variables and the ordinal outcome variable. The relative
values of the coefficients for factor categories can help in explaining the effects of the cate-
gorical explanatory variables. The sign of a coefficient for a factor category indicates the
effect of a particular factor category relative to the reference category. Age, profession, car
ownership, motorbike ownership, education and the four underlying factors were found
to be significant explanatory variables (i.e., p-values < 0.05). The signs of the coefficients
indicate that the underlying factors, “attitudes”, “responsibility” and “difficulty” had an
inverse relationship whereas, “awareness” had a direct relationship with the intentions
to use public transport during the pandemic. It means that those with higher awareness
about the disease and its transmission may use public transport more frequently during
the pandemic. Whereas, those who consider it to be their responsibility to take precaution-
ary measures may avoid the use of public transport altogether to promote self-isolation.
Similarly, those experiencing difficulties while following the necessary precautions may
also reduce the use of public transport during the pandemic. The value of coefficients for
[marital status = single] is positive (0.081), which suggests that singles are more likely to
use public transport as compared to married people during the pandemic. Similarly, the
coefficients for various categories (3140 and 41-50 years) of age indicated that those in the
younger age groups are more likely to use public transport during the pandemic relative to
those in the oldest age category (i.e., above 50). It could be attributed to the fact that the
virus has been found to be particularly dangerous for older people and therefore, they may
use public transport less frequently during the pandemic [53]. Students and government
and public employees are more likely to use public transport during the pandemic relative
to others which may include housewives and retired personnel. In addition, government
and public employee are more likely to use public transport during the pandemic relative
to students. It can be explained by the fact that educational institutions were closed in
Lahore during the pandemic. Car owners and motorbike owners are less likely to use
public transport relative to non-car owners and non-motorbike owners. Since the virus
spreads through close contact with other people and infected surfaces causing public
transport to be more risky, private cars and motorbike offer alternative travel choices with
lower chances of infection. The positive coefficients for all the categories of education
variable indicate that those with lower educational qualifications are more likely to use
public transport during the pandemic. The descriptive analysis showed that those with
lower educational qualifications have lower household income and are less likely to own a
private car or a motorbike making them captive public transport user.
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Table 3. Model 1—Model fitting information.

—2Log . :
Model Likelihood Chi-Square df Sig.
Intercept Only 2639.734
Final 2295.955 343.779 19 0.000

Link function: Logit.

Table 4. Model 1—Parameter estimates for the ordinal regression model.

] 95% Confidence Interval
Estimate  Std. Error Wald  df  Sig o -ontdence ‘nterva

Lower Upper
Bound Bound
How often would you use Never-rarely 3.217 0.618 27.129 1 0.000 2.006 4.427
public transport considering
during the COVID-19
pandemic? Sometimes 4.627 0.626 54.723 1 0.000 3.401 5.853
Trip frequency —0.033 0.079 0.176 1 0.675 —0.189 0.122
F1_attitudes —0.226 0.069 10.688 1 0.001 —0.361 —0.090
F2_awareness 0.164 0.075 4.778 1 0.029 0.017 0.311
F3_responsibility —0.362 0.066 30.311 1 0.000 —0.491 —0.233
F4_difficulty —0.154 0.072 4.588 1 0.032 —0.295 —0.013
Gender Male —0.164 0.137 1.431 1 0.232 —0.434 0.105
Female 02 0
Marital Status Single 0.081 0.156 0.268 1 0.605 —0.225 0.387
Married 0@ 0
Age <20 0.474 0.586 0.653 1 0.419 —0.676 1.623
21-30 0.986 0.556 3.139 1 0.076 —0.105 2.076
31-40 1.520 0.544 7.813 1 0.005 0.454 2.585
41-50 1.260 0.566 4.946 1 0.026 0.150 2.370
Above 50 oa 0
Profession Student 1.299 0.273 22.669 1 0.000 0.764 1.834
Civil 1.569 0.241 42.479 1 0.000 1.097 2.041
Employee
Private 1.800 0.231 60627 1  0.000 1.347 2.253
Employee
Others oa 0
Car Ownership Yes —0.404 0.152 7.029 1 0.008 —0.703 —0.105
No oa 0
Motorbike Ownership Yes —0.634 0.134 22.403 1 0.000 —0.897 —0.371
No 02 0
Education High School 2.140 0.256 69.690 1 0.000 1.638 2.643
FA /FSc 0.896 0.226 15.707 1 0.000 0.453 1.339
BA/BSc 0.558 0.163 11.687 1 0.001 0.238 0.877
Master and a
Above 0 0

Link function: Logit. Reference category: Often-always. ? This parameter is set to zero because it is redundant.

4.4. Model 2—Intentions to Use Public Transport during COVID-19 Pandemic While Adhering to
Safety Precautions

The items 3 to 4 of Section 2 of the questionnaire (How often would you use public
transport while you have to maintain a social distance? How often would you use public
transport while you have to wear a facemask? and How often would you use public
transport while you have to use hand sanitizers or disinfectants?) represent the intentions
to adhere to safety precautions while using public transport during COVID-19 pandemic.
A single factor underlying these items was extracted using exploratory factor analysis and
the corresponding regression factor scores were computed (Table 5). A multiple linear
regression model was then developed by treating the underlying factor as a dependent
variable. SEDs and the underlying factors namely, attitudes, awareness, responsibility,
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and difficulty were entered as explanatory variables. The F-ratio tests indicate that the
explanatory variables are statistically significant in explaining the outcome variable, F
(12, 1477) = 19.385, p < 0.0005 (i.e., the regression model is a good fit of the data). The R-
squared and adjusted R-squared values are 0.136 and 0.129, respectively. The relatively low
R-squared values indicate that there may be other variables affecting the intentions to use
public transport during the COVID-19 pandemic. Certain possible factors might include
governmental lockdowns and shift to online work etc. The model has low prediction power;
however, it is significant and useful for explanatory purposes. Gender, car ownership,
motorbike ownership, trip frequency, age, education, and the underlying factors “attitudes”,
“responsibility” and “difficulty” were found to be significant explanatory variables (i.e.,
p-values < 0.05). The positive coefficient for gender indicated that females are more likely to
use public transport during the pandemic while they have to adhere to safety precautions.
Existing literature suggests that females have higher risk perception of the COVID-19
pandemic [54] and therefore, may be likely to follow the necessary precautions while using
public transport. The positive coefficients for car ownership and motorbike ownership
indicated that those who do not own a car and motorbike are more likely to use public
transport while they have to adhere to safety precautions. Since the users without a private
car or a motorbike can be classified as captive users, they do not have an option other
than using public transport while following the necessary precautions. Those belonging
to higher age are more likely to public transport while they have to follow the safety
guidelines including wearing a face mask, using hand sanitizer and maintaining a social
distance. Those who find it difficult to follow the necessary precautions are less likely to
use public transport during the pandemic while they have to follow the precautionary
measures. Furthermore, those who believe that they are responsible for their actions are
more likely to use public transport while following the necessary precautions.

Table 5. Model 2—Parameter estimates for the multiple linear regression model.

Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) —0.654 0.213 —3.068 0.002
Gender 0.197 0.054 0.098 3.615 0.000
Marital Status —0.093 0.061 —0.048 —1.529 0.126
Profession -0.014 0.027 —0.015 —0.524 0.600
Car Ownership 0.316 0.056 0.159 5.598 0.000
Motorcycle Ownership 0.244 0.052 0.123 4.655 0.000
Trip Frequency —0.098 0.027 —0.097 —3.598 0.000
F1_attitudes 0.170 0.027 0.167 6.361 0.000
F2_awareness 0.022 0.026 0.021 0.832 0.406
F3_responsibility 0.092 0.026 0.090 3.538 0.000
F4_difficulty —0.140 0.027 —0.132 —5.195 0.000
Age 0.089 0.042 0.073 2.122 0.034
Education —0.079 0.029 —0.078 —2.694 0.007

Dependent Variable: REGR factor score.

4.5. Model 3—Intentions to Use Public Transport during COVID-19 Pandemic While
Experiencing the COVID-19 Symptoms

An ordinal regression model was developed to model the intentions to use public
transport during COVID-19 pandemic while experiencing the COVID-19 symptoms. Socio-
economic and -demographic variables, and the underlying factors were entered as the
explanatory variables. Income was removed from the model since it had a strong correlation
with age. Item 5 of Section 2 of the questionnaire (How often would you use public
transport while you have covid-19 symptoms?) was entered as the dependent variable.
The chi-square statistic was significant (x2 =297.205, df = 19, p < 0.005) indicating that
the model is a significant improvement over the intercept-only model (Table 6). Deviance
statistic was significant (x? = 1880.049, df = 2901, p = 1.000). However, Pearson statistic was
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non-significant (x> = 9792.048, df = 2901, p < 0.05). The good-of-fit measures i.e., Cox and
Snell, Nagelkerke, and McFadden pseudo-R square were 0.178, 0.233 and 0.136, respectively.
The non-significant chi-square statistic (x2 =67.794, df =57, p = 0.155) indicated that the test
of parallel lines was satisfied. Trip frequency, marital status, age, profession and education
were found to be significant explanatory variables (Table 7). More frequent travelers
are less likely to use public transport while they have COVID-19 symptoms. Singles are
less likely to use public transport relative to married people when they have COVID-19
symptoms. Those in the younger age groups are more likely to use public transport while
experiencing COVID-19 symptoms relative to those in the oldest age group, which could be
explained by the fact that the disease proved to be particularly dangerous for older people.
Those with low educational qualifications are more likely to use public transport while
experiencing COVID-19 relative to those having higher qualifications. As explained earlier,
the respondents with lower educational qualifications had lower household incomes and
lower car and motorbike ownerships making them captive public transport users.

Table 6. Model 3—Model fitting information.

Model —2 Log Likelihood Chi-Square df Sig.
Intercept Only 2180.824
Final 1883.619 297.205 19 0.000

Link function: Logit.

Table 7. Model 3—Parameter estimates for the ordinal regression model.

95% Confidence Interval

Estimate Std. Error  Wald df Sig. L
ower Upper
Bound Bound
How often would you use Never 2.763 0.847 10.654 1 0.001 1.104 4.422
public transport while you Rarely. 4.767 0.857 30.929 1 0.000 3.087 6.447
have covid-19 symptoms? Sometimes 6.460 0.885 53.294 1 0.000 4.725 8.194
Often 7.622 0.950 64.356 1 0.000 5.760 9.484
Trip frequency —0.275 0.088 9.737 1 0.002 —0.447 —0.102
F1_attitudes —0.074 0.077 0.925 1 0.336 —0.226 .077
F2_awareness 0.053 0.081 0.421 1 0.516 —0.106 0.212
F3_responsibility 0.042 0.077 0.296 1 0.587 —0.108 0.192
F4_difficulty 0.057 0.081 0.490 1 0.484 —0.102 0.215
Gender Male —0.153 0.156 0.972 1 0.324 —0.459 0.152
Female oa 0
Marital Status Single —0.561 0.182 9.442 1 0.002 —0.918 —0.203
Married 02 0
Age <20 3.006 0.830 13.122 1 0.000 1.380 4.632
21-30 1.900 0.806 5.561 1 0.018 0.321 3.478
31-40 2.154 0.794 7.366 1 0.007 0.598 3.709
41-50 1.650 0.814 4.109 1 0.043 0.055 3.246
Above 50 oa 0
Car Ownership Yes —0.270 0.174 2414 1 0.120 —0.611 0.071
No oa 0
Motorbike Ownership Yes —0.077 0.151 0.259 1 0.611 —0.373 0.219
No 02 0
Profession Student —0.355 0.290 1.498 1 0.221 —0.923 0.213
Civil Employee 0.016 0.245 0.004 1 0.947 —0.463 0.496
Private Employee 0.882 0.217 16.451 1 0.000 0.456 1.308
Others oa 0
Education High School 1.888 0.272 48.219 1 0.000 1.355 2421
FA/FSc 0.795 0.251 10.028 1 0.002 0.303 1.287
BA/BSc 0.121 0.197 0.379 1 0.538 —0.265 0.508
Master and Above 0@ 0

Link function: Logit. Reference category: Always. ? This parameter is set to zero because it is redundant.
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5. Policy Implications

During the COVID-19 pandemic, people reduce the use of public transport due to the
perceived fear of infection. On the other hand, operators tend to reduce their services due
to the declined demand and profits. Regaining trust in public transport modes is important,
particularly in developing countries, while maintaining necessary safety levels. This might
be achieved through various demand management techniques, e.g., controlling demands
and queues, time and space dependent pricing, advance reservation and booking schemes,
etc. [55]. However, such schemes have direct links to existing public transport means and
therefore, some intervention by government authorities might be needed. Therefore, the
possibility of deploying other flexible alternatives, e.g., demand responsive transport, para
transits, should be explored to satisfy the travel needs of people.

The difficulty in using hand sanitizers and wearing face masks all the time in public
transport was negatively associated with public transport use when the users have to
follow the necessary precautions. Alternative options such as maintaining social distance by
leaving certain seats vacant in the public transport and properly ventilating and disinfecting
the public transport may also be exercised. This may require training for public transport
drivers. The results also indicated that awareness and the ascription of responsibility
had no significant effect on public transport use while experiencing COVID-19 symptoms.
More effective campaigns about the consequences of the disease spread may increase the
awareness and responsibility among the public transport users. Removeable stickers or
variable message signs in the vehicles should be placed mentioning the guidelines of safety
and to increase the awareness among travelers. Furthermore, people with low educational
qualifications are more likely to use public transport during the pandemic, however, they
are less likely to use it if they have to follow the necessary precautions. Hence, public
transport users with low educational qualifications and low household incomes should
be specifically targeted in such campaigns. In addition, free masks and hand sanitizers
in public transport vehicles may prove helpful in attracting this particular segment of the
society back to public transport. Local governments may provide incentives to the public
transport operators for arranging these requisites to curb the spread of the virus in public
transport systems. The models developed in this study suggest that certain segments of
the society may reduce the use of public transport due to either the pandemic, the necessity
to follow the precautionary measures or the COVID-19 symptoms.

Past evidence suggests that public transport use declined during the pandemic [42],
which has disrupted public transport operations around the world. Hence, alternative
traveling options for lower public transport demand such as demand-responsive-transport
(DRT) coupled with necessary precautions should also be explored to cater the existing
public transport demand. Ref. [56] reported that the demand for DRT was almost unaffected
by the pandemic. Since several smartphone application-based DRT services are more
flexible in their operation and can keep a track record of their passengers. In addition, most
of these services are use mobile applications for registering users demand and collecting
fare [57]. Hence, they have the potential advantage of managing their demand more
effectively while minimizing the virus transmission. Operators of these public transport
DRT services should adapt to the new normal to sustain their operations during the
COVID-19 pandemic. For example, regardless the size of the vehicle, the DRT services
may need to reduce their seating capacity to ensure social distancing. Further, extended
services, i.e., door-to-door services, could also be provided as there is a possibility to use
flexible routes in contrast to traditional fixed-route public transport systems. Effective
coordination between all the stakeholders including government authorities and public
transport/DRT operators may prove helpful in regaining the trust of the users during the
pandemic. Private partnerships and sponsorships may also help public transport/DRT
services in reviving their operations.
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6. Conclusions

Three different models were developed in this study to explore people’s intentions
to use public transport during the pandemic, to use public transport while following
the necessary precautions, and to use public transport while experiencing the COVID-19
symptoms. The data was collected through a questionnaire survey conducted in Lahore,
Pakistan. The results indicated that older people are less likely to use public transport
during the pandemic, however, they are more likely to use public transport when they
have to follow the necessary precautions. In addition, older people declared less often
public transport use when they have COVID-19 symptoms. People with low educational
qualifications are more likely to use public transport during the pandemic, however, they
are less likely to use it if they have to follow the necessary precautions. Furthermore,
people with low educational qualifications are more likely to use public transport while
experiencing COVID-19 symptoms. The underlying factors “attitudes”, “responsibility”
and “difficulty” had an inverse relationship whereas, “awareness” had a direct relationship
with the intentions to use public transport during the pandemic. The underlying factor,
“difficulty”, was found to be associated with less often public transport use while the
users have to follow the necessary precautions. This means that these underlying factors
play a key role in determining the choice of public transport and intention to use public
transport during the pandemic and post-pandemic times. Outcomes of this study help in
understanding the intentions of the public transport users during the COVID-19 pandemic.
Necessary precautions should be exercised while transferring the results of this study
to other countries especially developed countries since they may have different travel
modes as compared to developing countries. Nonetheless, the study provides important
insights for policymakers and public transport operators for planning safe public transport
operations during the current and any possible future pandemics.

This study had some limitations. The sample was skewed towards the younger and
more educated population. In order to better analyze the behavioral component of public
transport travelers, future research steps will focus on a broader sampling and assessment
of feelings of fear, anxiety and stress generated by the use of public transport during
different pandemic periods. In addition, studies with repeated measurement design can
also be conducted since people may adapt to the pandemic and as a result, may perceive it
to be less risky. Furthermore, a cross-country comparison may also provide further insights
into public transport use during pandemics. Also, the factors causing non-compliance to
precautionary measures especially while using public transport should also be studied.
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