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A sharp decline in public transport use has been reported worldwide since the outbreak of the COVID-19 pan-
demic. As the virus spreads through close contacts, particularly in closed environments, public transport vehicles
could be considered as hotspots for its transmission. However, public transport operations cannot be entirely
stopped as many people in developing countries rely on them for their travel needs. This study aims to provide
insights into people’s travel mode choices during the COVID-19 pandemic. Data, i.e., 1,516 complete survey re-
sponses, were obtained through a questionnaire that was conducted in Lahore, Pakistan. A binary logistic model
was developed using the collected data to model the likelihood of choosing solo or public transport modes during
COVID-19. The results explained that the respondents preferred solo modes more than the public transport modes
during the pandemic. Gender, income, education, profession, trip frequency, car ownership, motorbike owner-
ship, and an underlying factor that was defined as “safety precautions” were found to be significant predictors
of the public transport choice relative to solo modes. Females tend to choose public transport modes relative
to solo modes as compared to males. Private vehicle (car or motorbike) owners were less likely to use public
modes relative to solo modes when compared to those who do not own private vehicles. The outcomes of this
study could be important for the government authorities, policymakers, and transport operators to understand
the public transport use in developing countries during pandemics. Such information will be useful to devise reg-
ulations and preventive measures to control infectious diseases associated with public transport use, particularly
in developing countries, where private transport options are limited.

mission. The study by Harris [24] concluded that the subway system of
New York City was a major transmitter of the COVID-19 infection during

1. Introduction

The eruption of the COVID-19 pandemic has remarkably disrupted
public transport operations around the world ([19,50,46]). The virus
transmits from a person to another through close contact in a short
range (usually 1 m) and by touching contaminated surfaces, particu-
larly inside closed atmospheres. Hence, necessary precautionary mea-
sures were recommended by the World Health Organization (WHO) to
control the spread of the virus, which included maintaining a social dis-
tance, avoiding crowded places, and wearing facemasks [48]. As pub-
lic transport is often crowded, particularly in developing countries, and
it is difficult to maintain social distance under such conditions, public
transport vehicles are considered as potential hotspots for virus trans-
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the first wave of the epidemic during March 2020. As stated in Nuki and
Newey [42], the virus transmission rates could be up to six times higher
for the people who use public transport. Therefore, a drastic decline in
public transport use was reported around the world during the COVID-
19 pandemic. Private transport happened to provide the advantage of
social distancing and thus, emerged as one of the safest modes during
the pandemic attracting public transport users. Similarly, active modes
(walking and cycling) also offered safer traveling alternatives during the
pandemic [36,17].

In general, travel restrictions are implemented during outbreaks of
infectious diseases to control the virus transmission [37]. These restric-
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tions triggered sudden and massive changes in the traffic pattern and
travel behavior of people worldwide (Lee at al., [2, 32]). A study ana-
lyzed ten countries on six continents in order to understand the deter-
minants of protective behavior in relation to the transport sector and
COVID-19. The outcomes demonstrated huge disruptions for commut-
ing as well as non-commuting trips, showing a significant decline in
trip frequencies for all types of trips and the use of all types of modes.
Furthermore, inequalities in socioeconomic characteristics and mobility
patterns are not only related to actual health risks but also to perceived
risks, as demonstrated in the relevant literature [8]. Even before the
pandemic, the use of public transport was characterized by a number of
critical issues such as psycho-social barriers [7]. In addition, the mech-
anism of virus transmission, i.e., close contacts in closed environments,
indicates that public transport vehicles could trigger the transmission
of infectious diseases [28, 34, 38]. Therefore, a significant reduction
in public transport use was observed around the world [1, 14]. Main-
taining social distance and wearing facemasks have been recognized as
effective measures to mitigate the transmission of the virus and thus,
public transport users are required to follow these measures [15, 16].
However, it is not certain that to what extent public transport users
will follow these protective measures. For instance, it has been reported
that facemasks were not being used by all the passengers [22]. Hence,
recent studies that used mobility data and passenger counts reported a
considerable decline in public transport use in several countries [6, 11,
29]. In addition, the fear of infection [27, 45] and uncertainty about
the transit service frequency [9] may also play a role in reduced public
transport use. Avoiding public transport was identified as an effective
protective method to avoid infections as perceived by the people [49],
whereas active transport modes were promoted during the pandemic
[5]. As reported by de Haas et al. [19], trips based on public transport
were declined by more than 90% during the early days of the COVID-
19 outbreak in the Netherlands. The reduction in public transport use
caused people to shift towards alternative modes, e.g., private cars and
active modes [1]. The use of private and active modes increased dur-
ing the pandemic since they do not generally require close contact with
other people.

Abdullah et al. [3] developed three models to examine the intentions
of people to use public transport under three scenarios during COVID-
19, i.e., using public transport (i) in general, (ii) while following pre-
cautions, and (iii) when having COVID-19 symptoms. However, they
did not develop any models for the mode choice behavior during the
COVID-19 pandemics. Further, the relative importance and choices of
other modes (i.e., travel modes other than public transport modes) were
not considered. From travelers’ perspective, the travel modes could be
classified into two categories, namely solo modes and public modes.
Solo modes can be defined as the means of travel used by a single per-
son and sometimes accompanied by a driver such as a private car and,
taxi, etc. Whereas public modes can be defined as those alternatives
which are used by several people at a time e.g., public buses, trains, and
wagons, etc. This study aims at understanding people’s mode choices
in terms of solo or public modes in Lahore, Pakistan. Choice of pub-
lic transport could be risky because that could trigger the transmission
of the virus. On the other hand, people in developing countries might
have limited travel options other than public transport. Therefore, be-
fore implementing regulation and restrictions on public transport use,
peoples’ mode choice behaviors should be comprehensively understood.
To explore the choice behaviors of public versus solo travel modes, a
questionnaire survey was conducted in Lahore city, Pakistan and 1516
completed responses were obtained. Detailed statistical analyses were
carried out to model the likelihood of choosing solo or public transport
modes during the COVID-19 pandemic.

The rest of the paper is organized is follows: Section 2 presents the
details of the questionnaire survey and analysis methods adopted in this
study. This is followed by Section 3 where results are discussed. Finally,
discussion and conclusions are presented in Section 4.
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2. Methodology
2.1. Study area

Lahore is the second most populous city of Pakistan with a popula-
tion of more than 11 million people spread in an area of approximately
1772 sq. Km. Lahore is considered as a key center for academic, finan-
cial, and social activities. Several transport modes are available in the
city such as conventional public transport buses, bus rapid transit (metro
bus), an intercity train (metro train), wagons/vans, auto and motorcy-
cle rickshaws, demand-responsive travel modes, and taxi and rideshar-
ing services. The first case of COVID-19 was reported on February 26 in
Pakistan. The government then implemented a nationwide lockdown on
April 01, 2020, which was eventually lifted on May 09, 2020. However,
a partial/smart lockdown was still in place till August 07, 2020. Right
before this survey was conducted, about 3.4 Million COVID-19 cases had
been reported and 6513 people had died in Pakistan by October 3, 2020
[40].

2.2. Questionnaire design and administration

A questionnaire was designed keeping in view the objectives of the
study. The questionnaire contained three sections: (1) socioeconomic
and -demographic characteristics (SEDs) such as gender, age, education
level, income, profession, and car ownership, (2) mode choice and trip
frequency during the pandemic, and (3) likelihood of using public trans-
port if the riders have to comply with the precautionary measures such
as wearing face masks, using hand sanitizers and maintaining social dis-
tance inside public transport vehicles. The questions about the likeli-
hood of using public transport while obeying the health and precaution-
ary procedures were measured using a 5-point Likert scale (1 = never to
5 = always). Face-to-face interviews, owing to their relatively higher re-
liability and response rates, were conducted to collect the required data.
The questionnaire did not collect any personally identifiable details of
the respondents.

A well-educated and properly briefed team of interviewers was
formed for data collection purposes. Personal interviews have certain
advantages over the self-completion questionnaire, e.g., interviewers
can explain the questions to the respondents and higher completion rates
can be achieved [43]. The questionnaire was designed and conducted
in accordance with the guidelines by the University of Management and
Technology, Pakistan. Further, the interviewers were instructed to ad-
here to the necessary health and safety guidelines while conducting the
interviews. A total of 1516 complete survey responses were achieved
from the study area. Past studies indicate that, for a large population
size, a minimum sample size of 500 is able to produce statistics that are
almost representative of the population parameters [13]. The sample
size in this study fulfills this requirement. The data was collected using
a convenience-based random sampling approach. In this approach, the
survey locations were decided based on convenience, whereas the re-
spondents at those survey locations were chosen randomly to minimize
the bias. This survey strategy was easier for the surveyors to understand
and implement. The data was collected during October and November
of 2020. The survey was carried out at several important locations in
Lahore city, e.g., Qaddafi Stadium, Racecourse, Mughalpura Railway
Station, Liberty Market, Mall Road, Anarkali, and several bus stops.

2.3. Analyses methods

Initially, a descriptive analysis was conducted on the responses of
the questionnaire. The items measuring the likelihood of using public
transport while adhering to health precautions during the pandemic can
be represented by several underlying factors. Exploratory Factor Anal-
ysis (EFA) is one such technique to determine those underlying factors.
Conducting an EFA generally involves a 5-step procedure: determining
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Fig. 1. Influence of income level on solo versus public
travel mode choice (1 USD = Approx. 160 PKR).
100%

the suitability of the data, factor extraction method, factor extraction
criteria, rotation method, and interpretation and labeling [47]. In this
study, the maximum likelihood method and eigenvalue criteria were
used as the factor extraction method and factor extraction criterion, re-
spectively. A rotation method was not required because the EFA resulted
in a single underlying factor only. The factor scores for the underlying
factor were computed using the Bartlett approach, which is a refined
method for computing factor scores and produces unbiased estimates of
the true factor scores as compared to the other refined methods [21]. A
binary logistic regression model was then developed to explore the like-
lihood of choosing solo and public transport modes during the COVID-19
pandemic. The mode choice variable was entered as the dependent vari-
able, whereas SEDs, trip frequency, and the underlying factor (obtained
from EFA) were used as the input variables. The statistical analyses were
performed using IBM SPSS Statistics software v. 20.

3. Results
3.1. Descriptive statistics

The descriptive statistics of the responses of the subjects are shown in
Table 1. The proportion of males is more than the females and that may
be attributed to the fact that the females have a smaller working popu-
lation in Pakistan [4]. Most of the respondents belonged to the younger
(20-40 years old) and well-educated class (bachelors and above). About
70% of the respondents mentioned that their trip frequencies were 5 or
more days a week during the pandemic. Most of the respondents men-
tioned that they will never or rarely choose public transport modes when
they have to adhere to the precautionary measures.

The respondents were asked to tick all the travel modes they were us-
ing during the pandemic. The travel modes were later classified into two
categories, namely solo and public. Solo modes consisted of private car,
walking, bicycle, motorbike, auto rickshaw, taxi, ridesharing services
and any combinations of these modes. Auto rickshaw, taxi, rideshar-
ing services were classified into solo modes owing to the fact that, gen-
erally, only one passenger uses these services along with a driver. In
addition, the companies operating these services made it mandatory for
their drivers/captains to wear facemasks and use hand sanitizers, hence,
these modes can be classified as solo modes. Public modes consisted of
public transport (bus, trains), wagons/vans, Qingqi rickshaw and any
combinations of these services. It should be noted that the users using
a combination of solo and public modes, such as private car as well as
public bus, were also classified into the public mode category. About
60% of the respondents used solo modes whereas, about 40% of the
respondents used public modes during the pandemic.

Fig. 1 depicts the mode share in terms of solo and public modes
depending on the income levels. It can be understood that people be-
longing to low-income levels tend to use public transport more often
as compared to high-income groups. Low-income groups in developing
countries have limited private transport options and the travel cost dif-
ference between public and shared modes (e.g., taxi) could be signifi-
cantly different. Therefore, they tend to rely on public transport modes
even during pandemics.

Fig. 2 presents the mode share for different genders. As this figure
explains, compared to males, females are more likely to use public trans-
port. Several previous studies reported that females tend to use public
transport more often and automobiles less often compared to males [10,
12, 30, 44]. Further, there are some cultural dimensions as well, i.e., in
developing countries, particularly in this region, females rarely drive
[35].

Previous studies (conducted before the COVID-19 pandemic) have
explained that there is a negative relationship between public transport
use and car ownership [18, 33]. That is, when public transit use in-
creases ownership and usage of cars drop. During a pandemic, the situ-
ation could be different, as people would shift to private vehicles simply
because of the fear of infection even though public transport options are
available.

As shown in Fig. 3, car owners used less public transport compared
to non-car owners as expected. However, 12% of car owners declared
that they used public transport. This could be due to the characteristic
of the trip, user, and destination. For example, if parking spaces are
not available at the destinations, considering the security of the vehicle,
people might not use cars for some trips.

Fig. 4 compares the share of solo and public transport for motorbike
owners. As expected, motorbike owners tend to use less public transport
compared to non-motorbike owners. However, compared to car own-
ers (Fig. 3), motorbike owners use public transport more. This could
be due to the reason that motorbikes are not suitable for certain types
of trips, e.g., long-distance trips. Previous studies have identified that
trip distance, duration and purpose can be the key determinants for the
shift from private to public transport modes [31]. Further, given the hot
weather conditions and dust in South Asian cities, people might not use
motorbikes for commuting to their workplaces.

The majority of the respondents declared that they would never or
rarely use public transport if they were required to obey the precau-
tionary measures. That is, 66.5%, 49.4% and 57.4% of the respondents
stated that they would never or rarely use public transport if they were
required to keep a social distance, wear a facemask, and use hand sani-
tizers or disinfectants, respectively. Distributions of responses for Likert
questions are summarized in Figs. 5 and 6, respectively, for public trans-
port and solo transport users.

It can be understood that public transport users were willing to use
that mode often or always when they have to comply with precautionary
measures as compared to solo travel mode users. In particular, 53% of
public transport users declared that they would choose that option often
and always if they were required to wear facemasks. However, they
place less importance on other precautionary means considered in this
study, i.e., social distancing and using hand sanitizers. These findings
indicate that if appropriate health precautionary measures are in place,
people tend to use public transport.

3.2. Exploratory factor analysis

Exploratory factor analysis (EFA) that used maximum likelihood es-
timation was carried out on the 3 Likert items measuring the likeli-
hood of using public transport while complying with health and safety
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Table 1
Summary of the survey responses.

Variable Category Frequency Percent

Section 1 - SEDs

Gender Male 993 65.5
Female 523 345

Age (years) <20 180 11.9
21-30 732 48.3
31-40 467 30.8
41-50 114 7.5
>50 23 1.5

Household income (PKR) <30k 223 14.7
30k-60k 505 333
61k-100k 477 31.5
>100k 311 20.5

Education High School 201 133
FA/FSc 224 14.8
BA/BSc 690 45.5
Master and Above 401 26.5

Profession Student 345 22.8
Civil Employee 414 27.3
Private Employee 533 35.2
Others 224 14.8

Marital status Single 860 56.7
Married 656 433

Car ownership Yes 570 37.6
No 946 62.4

Motorcycle ownership Yes 937 61.8
No 579 38.2

Section 2 - Mode choice and trip frequency

Travel Mode Solo 910 60.0
Shared 606 40.0

Trip Frequency 1-2 days a week 179 11.8
3-4 days a week 283 18.7
5-6 days a week 655 43.2
Almost every day a week 399 26.3

Section 3 - Likelihood of choosing public transport modes during COVID-19

How often would you use public transport while you have to maintain a Never 479 31.6

social distance? Rarely 529 34.9
Sometimes 274 18.1
Often 186 123
Always 48 3.2

How often would you use public transport while you have to wear a Never 322 21.2

facemask? Rarely 427 28.2
Sometimes 280 18.5
Often 302 19.9
Always 185 12.2

How often would you use public transport while you have to use hand Never 380 25.1

sanitizers or disinfectants? Rarely 489 323
Sometimes 263 17.3
Often 231 15.2
Always 153 10.1

[l solo [ Public Fig. 2. Influence of gender on solo versus public travel
mode choice.
0% 50% 100%

Male JGEEA 36%
Female JEE¥A 47%

precautions during the pandemic (Section 3 of the questionnaire). A
single-factor solution was obtained based on the eigenvalues criterion,
i.e., eigenvalue > 1, which explained about 76.118% of the total vari-
ance. This means that the responses to the Likert items could be re-
duced to a meaningful one factor and this factor was labeled as "safety-
precautions". As confirmed with the Kaiser-Meyer-Olkin measure (=
0.724), the sampling adequacy was satisfactory. Further, the Bartlett’s
test of sphericity was significant (0.000) and the determinant of the ma-
trix was 0.130. These statistics indicate that the factor model is mean-
ingful and appropriate. In addition, Cronbach’s alpha was excellent, i.e.,
0.900, indicating that the items have a high internal consistency. Out-
comes of EFA are summarized in Table 2.

3.3. Modeling mode choices

Since the mode choice variable consisted only of two categories i.e.,
solo and public, it was modeled using a binary logistic model. The gen-
eral form of the logistic regression model is given as follows;

p

log(ﬁ) =B, + Bix) + Pyxy + ...+ BX; o))
!

where, p, is the probability that one mode (out of two modes) is chosen

and (1 — p;) is the probability that the other mode is chosen, x;,..., x;

are the predictors or explanatory variables, and f,,,..., f; are regression

coefficients. The model, i.e., log of (probability of choosing a mode /
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[l solo [ Public Fig. 3. Influence of car ownership on solo versus public
travel mode choice.
0% 50% 100%

Car owners g3 12%

[l solo [ Public Fig. 4. Influence of motorbike ownership on solo versus
public travel mode choice.
0% 50% 100%

Motorbike owners {¥&A 34%

Never [l Rarely [l Sometimes [l Often [l Always

0% 50% 100%
How often would you use public transport while you - o, o
have to maintain a social distance? L 2 2 1hers

How often would you use public transport while you

have to wear a facemask? 12% 14% 203 3¢% e

How often would you use public transport while you

L) Oy 0y Oy
have to use hand sanitizers or disinfectants? LAA% Sl i Lis e

Fig. 5. Distribution of responses for likelihood statements for public transport mode users.

Never [lRarely [l Sometimes [l Often [ Always

0% 50% 100%
How often would you use public transport while you = =
have to maintain a social distance? S s % i

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

II

27% 38% 17% 13

How often would you use public transport while you . o
have to use hand sanitizers or disinfectants? 31% i o Lk,

Fig. 6. Distribution of responses for likelihood statements for solo travel mode users.

Table 2
Summary of the exploratory factor analysis of the items in Section 3 of the questionnaire.

Factor loadings

Items Underlying Factor (Safety-precautions)
How often would you use public transport while you have to maintain a social distance? 939
How often would you use public transport while you have to wear a facemask? .900
How often would you use public transport while you have to use hand sanitizers or disinfectants? ~ .770
% of variance explained 76.118
Cronbach’s alpha 0.900
probability of not choosing that particular mode), forms a linear com- Table 3
bination of the explanatory variables. Likelihood ratio test.

The mode choice consisting of two categories (solo mode and pub-
lic mode) was entered as the dependent variable. The SEDs, trip fre-
quency, and the underlying factor about the likelihood of using pub- ]S;l?c’k 2‘3063 (5)58 ?6 .g(z)g
lic transport while following precautionary measures (namely safety- Model  636.558 16 .000
precautions) were entered as explanatory variables with the first cat-
egory as the reference category. All the SEDs and trip frequency were
entered as categorical variables, whereas the underlying factor (safety-

Chi-square  df Sig.

precautions) was entered as a continuous variable. The analysis was (x% = 15.402, df = 8, p = 0.052) which explains that the model is a
carried out using the forward stepwise approach (Wald method). As good fit. Cox and Snell, and Nagelkerke R squares were 0.347 and 0.470,
shown in Table 3, the likelihood ratio test was significant, which indi- respectively. The model correctly classified 78% of the cases. Gender,
cated that the final model is a significant improvement compared to the income, education, profession, trip frequency, car ownership, motor-
intercept-only model. Hosemer and Lemeshow test was non-significant  bike ownership, and the score for underlying factor (that was defined
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Table 4
Regression coefficients and model fitting information.

Regression Odds 95% C.I. for Odds Ratio

Variables Coefficients Sig. Ratio
Lower Upper

Gender (female) .559 .000 1.749 1.279 2.393
Education .000
Education (FA/FSc.) -1.073 .000 342 .208 .562
Education (BA/BSc.) -1.611 .000 .200 125 318
Education (Master and above) -2.092 .000 123 .070 217
Profession .033
Profession (Civil employee) .085 704 1.089 .703 1.687
Profession (Private employee) .035 .860 1.036 .700 1.534
Profession (Others) —-0.585 .015 557 347 .894
Income (PKR) .000
Income (30 K-60 K) .660 .001 1.935 1.302 2.877
Income (61 K-100 K) —-0.081 735 922 .575 1.477
Income (>100 K) 139 671 1.150 .604 2.187
Car ownership (No) 1.955 .000 7.064 4,724 10.561
Motorbike ownership (No) 551 .001 1.735 1.255 2.398
Trip frequency .000
Trip frequency (3-4 days a week) 1917 .000 6.798 4,011 11.522
Trip frequency (5-6 days a week) 1.095 .000 2.990 1.758 5.087
Trip frequency (Almost every day a week) 1.211 .000 3.358 1.975 5.710
Underlying factor (Safety-precautions) 597 .000 1.816 1.581 2.087
Constant -2.188 .000 112

as safety-precautions) were significant variables. Regression coefficients
and model fitting information only for significant categories are sum-
marized in Table 4. It was noted that the age and marital status were
non-significant. This observation implies that, regardless of the risk (for
the age and family members), people tend to use public transport mainly
due to the unavailability of alternative travel modes.

The results showed that the females tend to use public transport more
frequently relative to solo modes as compared to males. It can be ex-
plained by the fact that females rarely drive in Pakistan owing to several
social and cultural factors [35]. Hence, they have limited options during
the pandemic.

Those with higher educational qualifications are less likely to use
public modes relative to solo modes when compared with those having
lower educational qualifications. It could be attributed to the fact that
the people who have better educational qualifications (bachelor’s degree
or above) are likely to possess more knowledge about the virus [26, 39].
In addition, the descriptive analysis showed that the people belonging
to the higher educational qualification group are more likely to have a
higher income and they are more likely to own a car, which promotes
the use of solo modes for highly qualified people during the pandemic.

Those belonging to the "other" profession category are less likely to
use public modes relative to solo modes when compared to students.
The other category mainly contained housewives, and retired person-
nel who are generally old. Therefore, the less likelihood of using public
modes can be explained by the fact that the old people are more vul-
nerable to the virus and may therefore avoid crowded places during the
pandemic. Those belonging to the middle-income category (30 K - 60 K
PKR) tend to use public modes relative to solo modes as compared to the
lowest income category. This result seems counterintuitive and requires
additional studies for a better explanation.

Private vehicle (car or motorbike) owners are less likely to use pub-
lic modes relative to solo modes when compared to those who do not
own private vehicles. This is in line with the published literature [1].
Those with higher factor scores for safety-precautions are more likely
to use public modes relative to solo modes. It is intuitive since these
are the users, who intend to use public transport more frequently while
adhering to the health and safety guidelines.

People with higher trip frequencies tend to choose public modes
relative to solo modes when compared to those with the lower trip
frequency. Evidence suggests that risk perception decreases with in-
crease in trip frequency [41]. This is particularly dangerous since an

infected high-frequency traveler is likely to spread infectious diseases
more rapidly than a low-frequency traveler [25].

The underlying factor, i.e., safety-precautions, was found to be sig-
nificant, indicating that people, who are willing to use public transport
following the safety measures, tend to use public modes relative to pri-
vate modes during pandemics. In other words, public transport users are
willing to follow the health and safety guidelines while using that mode
during a pandemic.

4. Discussion and conclusions

Public transport services were significantly interrupted during the
COVID-19 pandemic mainly due to the government restrictions and per-
ceived safety hazards by the travelers. On the other hand, the service
frequency was reduced by transit service operators due to the reduced
demands and income. In developing countries, a significant portion of
the population relies on public transport. That is, as the private trans-
port modes are in limited use, people have to choose public transport
for travelling purposes even during the pandemics. Nevertheless, public
transport modes could trigger the transmission of viruses as safety pre-
cautions are not often followed by the transit operators as well as uses
in developing countries. Thus, regulations and restrictions are needed
to control the virus transmission associated with the use of public trans-
port. On the other hand, peoples’ travel needs should be satisfied even
during the pandemic. For such purposes, understanding the character-
istics of travel patterns, in particular, related to different travel modes,
is extremely important.

This study explored people’s travel mode choices, in particular, the
public transport and solo transport modes, during the COVID-19 pan-
demic. The dataset consisted of 1516 responses achieved through a
questionnaire survey conducted in Lahore, Pakistan. A binary logistic
regression model was developed to model the likelihood of choosing
solo or public transport modes during COVID-19. Gender, income, ed-
ucation, profession, trip frequency, ownership of car or motorbike, and
an underlying factor (safety-precautions) were found to be key determi-
nants of the choice of public transport relative to solo modes during the
pandemic. In particular, people with lower educational qualifications
and higher trip frequencies were more likely to choose public transport
modes relative to solo modes when compared with those having lower
educational qualifications. This finding highlights the importance of ed-
ucation and awareness programs or campaigns that particularly target
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the low education population and frequent travelers. The mode choice
model further indicated that the private vehicle, e.g., car or motorbike,
owners were less likely to choose public transport modes relative to
solo modes when compared to non-private vehicle owners. This out-
come is intuitive, because those who own private vehicles tend to use
them during pandemics, as these modes are safer. The results of this
study will be useful for government authorities, transport planners, and
transit operators for planning public transport services and operations
during pandemics. Government authorities can play a role to emphasize
precautionary measures, e.g., social distancing and use of facemasks in-
side public transport vehicles. Further, public transport operators may
increase the service frequency to minimize delays and to ensure social
distancing. Social distancing will decrease the capacity of a public trans-
port vehicle. However, as many people will shift from public transport
to other modes, demand will also decrease. Therefore, the service fre-
quency should be increased depending on the new demand levels.

It was also noted that the low-income groups tend to choose public
transport modes over solo modes even during pandemics. This could be
due to the lack of alternative transport options available for such groups
and the cost difference between public and solo travel options. This
implies that the need of government intervention to provide transport
means particularly for low-income groups. Previous studies conducted
before COVID-19 have also highlighted that public transport policies
should target the provision for the transportation-disadvantaged groups,
i.e., who are unable of owning and operating an automobile [20, 23].

This study had some methodological limitations. It should be noted
that the data presented in this study describes mode choice during
the pandemic only. It does not draw any comparison with the mode
choices before the pandemic. Hence, the results have been interpreted
in the context of the pandemic only. In addition, the sample was skewed
towards highly educated people. Nonetheless, the current study con-
tributes important insights into the mode choices, in particular related
to public transport, during pandemics.

Declaration of competing interest

Authors: Muhammad Abdullah, Nazam Ali, Muhammad Ashraf
Javid, Charitha Diass and Tiziana Campisi For the above titled
manuscript, the authors declare that there is no conflict of interest.

Acknowledgement

Open access funding was provided by the Qatar National Library.

References

[1] M. Abdullah, C. Dias, D. Muley, M. Shahin, Exploring the impacts of COVID-19 on
travel behavior and mode preferences, Transp. Res. Interdiscip. Perspect. 8 (2020)
100255.

[2] M. Abdullah, A.L.I. Nazam, S.A. Hussain, A.B. Aslam, M.A Javid, Measuring changes
in travel behavior pattern due to COVID-19 in a developing country: a case study of
Pakistan, Transp. Policy (Oxf) 108 (2021) 21-33.

[3] M. Abdullah, N. Ali, C. Dias, T. Campisi, M.A. Javid, Exploring the Traveler’s inten-
tions to use public transport during the COVID-19 pandemic while complying with
precautionary measures, Appl. Sci. 11 (8) (2021) 3630.

[4] M. Ali, Effect of gender inequality on economic growth. Case of Pakistan, J. Econ.
Sustain. Dev. 6 (9) (2015) 10 10.

[5] N. Ali, M. Abdullah, M.A. Javid, Accessibility-based approach: shaping travel needs
in pandemic situation for Planners’ perspectives, Eng. J. 25 (1) (2021) 15-22.

[6] ... & A. Aloi, B. Alonso, J. Benavente, R. Cordera, E. Echaniz, F. Gonzalez, R. Safiudo,
Effects of the COVID-19 lockdown on urban mobility: empirical evidence from the
city of Santander (Spain), Sustainability 12 (9) (2020) 3870.

[7]1 M.A. Al-Rashid, H.C. Goh, Y.A.S. Harumain, Z. Ali, T. Campisi, T Mahmood, Psy-
chosocial barriers of public transport use and social exclusion among older adults:
empirical evidence from Lahore, Pakistan, Int. J. Environ. Res. Public Health 18 (1)
(2021) 185.

[8] ... & D.M. Barbieri, B. Lou, M. Passavanti, C. Hui, I. Hoff, D.A. Lessa, T.H. Rashidi,
Impact of COVID-19 pandemic on mobility in ten countries and associated perceived
risk for all transport modes, PLoS ONE 16 (2) (2021) e0245886.

[9] R. Basu, J. Ferreira, Sustainable mobility in auto-dominated Metro Boston: chal-
lenges and opportunities post-COVID-19, Transp. Policy (Oxf) 103 (2021) 197-210.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

Transportation Engineering 5 (2021) 100078

H. Best, M. Lanzendorf, Division of labour and gender differences in metropolitan
car use: an empirical study in Cologne, Germany, J. Transp. Geogr. 13 (2) (2005)
109-121.

P. Bucsky, Modal share changes due to COVID-19: the case of Budapest, Transp. Res.
Interdiscip. Perspect. 8 (2020) 100141.

R. Buehler, J. Pucher, Demand for public transport in Germany and the USA: an
analysis of rider characteristics, Transp. Rev. 32 (5) (2012) 541-567.

M.A. Bujang, N. Sa’at, T.M.L.T.A Bakar, Sample size guidelines for logistic regression
from observational studies with large population: emphasis on the accuracy between
statistics and parameters based on real life clinical data, Malaysian J. Med. Sci.:
MJMS 25 (4) (2018) 122.

T. Campisi, S. Basbas, A. Skoufas, N. Akgiin, D. Ticali, G. Tesoriere, The impact of
COVID-19 pandemic on the resilience of sustainable mobility in Sicily, Sustainability
12 (21) (2020) 8829.

A. Carteni, L. Di Francesco, M. Martino, How mobility habits influenced the spread
of the COVID-19 pandemic: results from the Italian case study, Sci. Total Environ.
741 (2020) 140489.

... & D.K. Chu, E.A. Akl S. Duda, K. Solo, S. Yaacoub, H.J. Schiinemann, M. Reinap,
Physical distancing, face masks, and eye protection to prevent person-to-person
transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-analy-
sis, The Lancet 395 (10242) (2020) 1973-1987.

T.S. Combs, C.F. Pardo, Shifting streets COVID-19 mobility data: findings from a
global dataset and a research agenda for transport planning and policy, Transp. Res.
Interdiscip. Perspect. 9 (2021) 100322.

S. Cullinane, The relationship between car ownership and public transport provision:
a case study of Hong Kong, Transp. Policy (Oxf) 9 (1) (2002) 29-39.

M. de Haas, R. Faber, M. Hamersma, How COVID-19 and the Dutch ‘intelligent lock-
down’change activities, work and travel behaviour: evidence from longitudinal data
in the Netherlands, Transp. Res. Interdiscip. Perspect. 6 (2020) 100150.

D. Deka, Transit availability and automobile ownership: some policy implications,
J. Plann. Educ. Res. 21 (3) (2002) 285-300.

C. DiStefano, M. Zhu, D. Mindrila, Understanding and using factor scores: consider-
ations for the applied researcher, Practic. Assess. Res. Evaluat. 14 (1) (2009) 20.
E.K.J. Dzisi, O.A Dei, Adherence to social distancing and wearing of masks within
public transportation during the COVID 19 pandemic, Transp. Res. Interdiscip. Per-
spect. 7 (2020) 100191.

G. Giuliano, Low income, public transit, and mobility, Transp. Res. Rec. 1927 (1)
(2005) 63-70.

Harris, J.E. (2020). The subways seeded the massive coronavirus epidemic in New
York City. NBER working paper, (w27021).

T.D. Hollingsworth, N.M. Ferguson, R.M. Anderson, Frequent travelers and rate of
spread of epidemics, Emerg. Infect. Dis. 13 (9) (2007) 1288.

... & B. Honarvar, K.B. Lankarani, A. Kharmandar, F. Shaygani, M. Zahedroozgar,
M.R.R. Haghighi, M Zare, Knowledge, attitudes, risk perceptions, and practices of
adults toward COVID-19: a population and field-based study from Iran, Int. J. Public
Health 65 (6) (2020) 731-739.

S. Hotle, P. Murray-Tuite, K. Singh, Influenza risk perception and travel-related
health protection behavior in the US: insights for the aftermath of the COVID-19
outbreak, Transp. Res. Interdiscip. Perspect. 5 (2020) 100127.

R.E. Howland, N.R. Cowan, S.S. Wang, M.L. Moss, S. Glied, Public transportation
and transmission of viral respiratory disease: evidence from influenza deaths in 121
cities in the United States, PLoS ONE 15 (12) (2020) e0242990.

E. Jenelius, M. Cebecauer, Impacts of COVID-19 on public transport ridership in
Sweden: analysis of ticket validations, sales and passenger counts, Transp. Res. In-
terdiscip. Perspect. 8 (2020) 100242.

0. Johansson-Stenman, Estimating individual driving distance by car and public
transport use in Sweden, Appl. Econ. 34 (8) (2002) 959-967.

S.C. Kwan, R. Sutan, J.H. Hashim, Trip characteristics as the determinants of inten-
tion to shift to rail transport among private motor vehicle users in Kuala Lumpur,
Malaysia, Sustain. Cities Soc. 36 (2018) 319-326.

H. Lee, S.J. Park, G.R. Lee, J.E. Kim, J.H. Lee, Y. Jung, E.W. Nam, The relationship
between trends in COVID-19 prevalence and traffic levels in South Korea, Int. J.
Infect. Dis. 96 (2020) 399-407.

Y. Liu, C. Cirillo, Measuring transit service impacts on vehicle ownership and use,
Public Transp. 7 (2) (2015) 203-222.

T. Liu, D. Gong, J. Xiao, J. Hu, G. He, Z. Rong, W. Ma, Cluster infections play im-
portant roles in the rapid evolution of COVID-19 transmission: a systematic review,
Int. J. Infect. Dis. (2020).

A. Masood, Negotiating mobility in gendered spaces: case of Pakistani women doc-
tors, Gender Place Culture 25 (2) (2018) 188-206.

S. Moslem, T. Campisi, A. Szmelter-Jarosz, S. Duleba, K.M. Nahiduzzaman,
G. Tesoriere, Best-worst method for modelling mobility choice after COVID-19: ev-
idence from Italy, Sustainability 12 (17) (2020) 6824.

D. Muley, M. Shahin, C. Dias, M. Abdullah, Role of transport during outbreak
of infectious diseases: evidence from the past, Sustainability 12 (18) (2020)
7367.

C. Musselwhite, E. Avineri, Y. Susilo, Editorial JTH 16-The Coronavirus Disease
COVID-19 and implications for transport and health, J. Transp. Health 16 (2020)
100853.

G. Narayana, B. Pradeepkumar, J.D. Ramaiah, T. Jayasree, D.L. Yadav, B.K. Ku-
mar, Knowledge, perception, and practices towards COVID-19 pandemic among gen-
eral public of India: a cross-sectional online survey, Curr. Med. Res. Practice 10 (4)
(2020) 153-159.

National Institute of HealthWeekly Field Epidemiology Report. Federal Disease
Surveillance and Response Unit Field Epidemiology & Disease Surveillance Division
National Institute of Health, NIH, Islamabad, 2020.


http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0001
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0001
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0001
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0001
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0001
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0002
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0003
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0004
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0004
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0005
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0005
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0005
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0005
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0006
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0007
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0008
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0009
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0009
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0009
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0010
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0010
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0010
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0011
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0011
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0012
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0012
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0012
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0013
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0013
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0013
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0013
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0014
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0015
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0015
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0015
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0015
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0016
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0017
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0017
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0017
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0018
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0018
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0019
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0019
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0019
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0019
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0020
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0020
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0021
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0021
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0021
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0021
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0022
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0022
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0022
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0023
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0023
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0025
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0025
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0025
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0025
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0026
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0027
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0027
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0027
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0027
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0028
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0029
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0029
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0029
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0030
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0030
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0031
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0031
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0031
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0031
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0032
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0033
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0033
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0033
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0034
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0035
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0035
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0036
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0037
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0037
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0037
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0037
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0037
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0038
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0038
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0038
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0038
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0039
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0040

M. Abdullah, N. Ali, M.A. Javid et al.

[41]

[42]

[43]

[44]

[45]

L. Neuburger, R. Egger, Travel risk perception and travel behaviour during the
COVID-19 pandemic 2020: a case study of the DACH region, Curr. Issue. Tourism
(2020) 1-14.

Nuki, P., & Newey, S. (2020), How to avoid the spread of coronavirus when
travelling on public transport, https://www.telegraph.co.uk/global-health/science-

and-disease/coronavirus-public-transport-how-avoid-catch-travelling-advice-tubes/.

Accessed on 9th April 2021.

C.N. Phellas, A. Bloch, C. Seale, Structured methods: interviews, questionnaires and
observation, Research. Soc. Culture 3 (2011) 181-205.

M. Polk, The influence of gender on daily car use and on willingness to reduce car
use in Sweden, J. Transp. Geogr. 12 (3) (2004) 185-195.

A.U.M. Shah, S.N.A. Safri, R. Thevadas, N.K. Noordin, Abd Rahman, Sekawi A, .... Z,
M.T.H Sultan, COVID-19 outbreak in Malaysia: actions taken by the Malaysian gov-
ernment, Int. J. Infect. Dis. 97 (2020) 108-116.

[46]
[47]

[48]

[49]

[50]

Transportation Engineering 5 (2021) 100078

R. Vickerman, Will Covid-19 put the public back in public transport? A UK perspec-
tive, Transp. Policy (Oxf.) 103 (2021) 95-102.

B. Williams, A. Onsman, T. Brown, Exploratory factor analysis: a five-step guide for
novices, Australa. J. Paramed. 8 (3) (2010).

World Health Organization (WHO) (2021), Coronavirus disease (COVID-19)
advice for the public: Mythbusters, https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/advice-for-public/myth-busters#:~:text=COVID%2D19%
20is%20spread,%2C%20mouth%200r%20nose. Accessed on 9th April 2021.

M. Yildirim, A. Giiler, COVID-19 severity, self-efficacy, knowledge, preventive be-
haviors, and mental health in Turkey, Death Stud. (2020) 1-8.

J. Zhang, Y. Hayashi, L.D. Frank, COVID-19 and transport: findings from a
world-wide expert survey, Transp. Policy (Oxf.) 103 (2021) 68-85.


http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0041
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0041
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0041
https://www.telegraph.co.uk/global-health/science-and-disease/coronavirus-public-transport-how-avoid-catch-travelling-advice-tubes/
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0043
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0043
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0043
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0043
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0044
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0044
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0045
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0046
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0046
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0047
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0047
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0047
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0047
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public/myth-busters\043:~:text=COVID\0452D19\04520is\04520spread,\0452C\04520mouth\04520or\04520nose
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0049
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0049
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0049
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0050
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0050
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0050
http://refhub.elsevier.com/S2666-691X(21)00034-8/sbref0050

	Public transport versus solo travel mode choices during the COVID-19 pandemic: Self-reported evidence from a developing country
	1 Introduction
	2 Methodology
	2.1 Study area
	2.2 Questionnaire design and administration
	2.3 Analyses methods

	3 Results
	3.1 Descriptive statistics
	3.2 Exploratory factor analysis
	3.3 Modeling mode choices

	4 Discussion and conclusions
	Declaration of competing interest
	Acknowledgement
	References


