
Citation: Sai, Q.; Bi, J.; Zhao, X.;

Guan, W.; Lu, C. Understanding

Travel Behavior of Electric

Car-Sharing Users under Impact of

COVID-19. World Electr. Veh. J. 2023,

14, 144. https://doi.org/10.3390/

wevj14060144

Academic Editor: Grzegorz

Sierpiński
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Abstract: The outbreak of the COVID-19 pandemic has raised concerns about the use of public
transport, with a surge in people considering personal car usage. However, owning private cars is
costly and wasteful of resources. Electric car-sharing (ECS) is considered a safer and more private
mode of transportation compared with public transportation. The COVID-19 pandemic has affected
transport on transportation policies and travel willingness. What is the effect of the COVID-19
pandemic on CS travel, especially considering the safety issues during the COVID-19 pandemic?
This study analyses the differences in the travel characteristics of private car owners and nonowners
while using CS under the influence of the COVID-19 pandemic. Quantitative analysis during four
months before and four months after the outbreak of the COVID-19 pandemic is conducted based on
CS order data in Lanzhou, China. It was found that the number of CS orders fell by 55.8% during
the COVID-19 pandemic. Travel behavior during the pandemic is different from that before the
outbreak of the pandemic. Additionally, both private car owners and nonowners use CS while having
differences in travel characteristics. Based on the results, business suggestions are introduced on the
distribution of vehicles to help improve the profit of CS operators.

Keywords: electric car-sharing; travel characteristics; quantitative analysis; demand preferences

1. Introduction

Since early 2020, the COVID-19 pandemic has spread explosively across the world.
The COVID-19 pandemic is highly contagious. During the pandemic, people have been
encouraged to reduce their trips and to practice social distancing. Therefore, the pandemic
has had a great impact on global transport regarding transportation policy and travel
willingness [1]. The load rate and frequency of public transportation are limited. The
agglomeration of public transportation has led to a decrease in the adoption rate of public
transportation [2]. In a follow-up study, the study confirmed that the private car is the clear
winner in the COVID-19 pandemic [3]. Private car owners can travel in private cars, which
are safe and flexible. However, it is costly and a waste of resources to buy a private car for
private car nonowners. However, people still need to travel by car for medium and long
distances, especially travelers who do not have private cars. Electric car-sharing (ECS) is
regarded as a means of transportation between public transportation and private cars. ECS
can provide the driving experience of private cars [4] and help improve the efficiency of
vehicle utilization [5]. The COVID-19 pandemic has changed travelers’ attitudes toward
mobility choices. Safety factors are taken as the main criteria [3]. So, ECS got more attention
after the outbreak of the COVID-19 pandemic. Understanding the usage behavior of ECS
users can improve the sustainable development of the ECS industry after the outbreak of
the pandemic [6].

ECS is a new type of car rental industry in which cars are owned by ECS companies.
ECS is generally divided into station-based and free-floating ECS, depending on whether
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the vehicle should be rented at the dedicated station [7]. Station-based ECS is easy to
manage vehicles, so it is popular in many counties, such as China, Norway, and Sweden.
This study focuses on station-based ECS. In station-based ECS, users reserve cars through
smart devices, such as smart mobile phones [8]. After users place an order, they will pick
up the car at a pick-up station and return the car at a drop-off station. In this way, users
can have a travel experience similar to that of a private car. Thus, ECS has the potential to
reduce the number of private cars.

During the pandemic, ECS can make up for the shortage of the high cost of private
cars and the aggregation of public transport. There is a market for developing ECS [9,10].
However, there is still a challenge for the development of ECS due to the reduced travel
numbers of users. The reduction of mobility behavior was even more severe for recreational,
retailing, and working purposes [11]. Understanding how to develop ECS in this situation
is crucial for ECS operators. There is a call for studies that help to understand travel
behaviors when making operation decisions during and after the COVID-19 pandemic.
Aiming at this, this study research on the effect of the COVID-19 pandemic on the ECS. The
differences in travel behaviors by ECS are analyzed under the influence of the COVID-19
pandemic. More specifically, for users who do not own a private car, ECS has provided
a private space making it possible to avoid cross-infection caused by crowded public
transportation. At the same time, ECS users who are private car owners prefer to use
private cars during the pandemic. So, a question arises about whether there are differences
between private car owners and nonowners in the use of ECS. In addition, special periods,
such as the period of the COVID-19 pandemic, may have an impact on ECS choices. Who
prefers to choose ECS under the impact of COVID-19?

This study analyzed the differences between private car owners and nonowners under
the influence of the COVID-19 pandemic. Moreover, the difference between ECS preference
and non-preference groups is explored, which can lay the foundation for business strategies.
A questionnaire and order data of Lanzhou, China on the characteristics of ECS travel were
obtained to explore the characteristics of ECS users’ travel behavior. The questionnaire
involves the perception of users’ willingness to use ECS, psychology, and travel scenarios
before and after the outbreak of the pandemic. Moreover, the order data presented the
ECS travel characteristics before and after the outbreak of the pandemic is obtained. This
study constructs the following analysis based on the two kinds of data. First, a structural
equation model (SEM) is constructed to compare the characteristics of ECS users who own
private cars (UOs) and ECS users who do not own private cars (UNs). Second, UOs are
subdivided into those who prefer ECS (UOPs) and those who do not prefer ECS (UONs).
A binary logistic regression model is constructed to predict user types and to analyze
their behavioral characteristics. Finally, the UN group is further divided into users with
a preference for ECS (UNPs) and users with no preference (UNNs). A binary logistic
regression model is constructed to predict user types, and the differences in behavioral
characteristics are analyzed.

This study contributes to academic perspectives and business practice. First, this
study provides a new angle to analyze the ECS adoption willingness and travel behaviors
before and during the COVID-19 pandemic. The quantitative analysis methods are used to
prove that the ownership of private cars has an effect on ECS travel behaviors from four
aspects. Second, business suggestions during the COVID-19 pandemic are introduced to
help improve the profit of car-sharing operators.

The rest of the paper is organized as follows. Section 2 reviews the literature on ECS
users. Section 3 introduces the data, and Section 4 describes the methodology of this study.
The results are shown in Section 5. Section 6 provides suggestions and policy implications
based on the results. The final section concludes the paper and suggests future research.

2. Literature Review

Analyzing the behavior of ECS users is important for ECS companies to develop
operational strategies. The literature regarding ECS users’ behavior is mainly divided into
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two aspects, i.e., studies on the willingness to use ECS and comparisons of the behavior of
ECS users.

Existing studies focus on the willingness to choose ECS mainly to compare and analyze
the attitudes and travel characteristics of ECS users and nonusers [8,12,13]. Variables
such as social attributes, family structure, and purpose of the trip are compared between
users and non-users. Luca et al. [14]. focused on the willingness to use ECS for intercity
travel and user characteristics. They found that intercity ECS services can replace cars
as a transportation mode and be a choice that supplements the public transportation
system. Namazu et al. [15]. focused on the willingness of users to use free-floating ECS
and compared the characteristics of different travel choices. Shaheen et al. [16] focused
on the willingness of older adults to choose ECS. Acheampong et al. [17] analyzed the
determinants of young people’s willingness to adopt ECS, namely, attitudes, perceived
benefits, travel expectations, and sociodemographic factors. Jin et al. [18] compared electric
ECS, fuel ECS, and ECS non-users based on an SEM-logit model. Their results indicated that
private car owners are reluctant to use ECS. Some studies have found travel characteristics
between travelers who use ECS and who do not use ECS. Jin et al. [17] found that the ECS
starting point of morning peak travel is residential and that the endpoint is a business
district or green space. Commuting and long-distance travel are more sensitive to drops in
prices. Wang et al. [5] introduced the differences in usage patterns between ECS users and
private car users. However, these studies mainly focused on comparing travelers who use
ECS and who do not use ECS. There is no comprehensive analysis of the differences in the
use of ECS between UOs and UNs.

Some studies classified ECS users and analyzed behavioral differences, which is
helpful in making recommendations for vehicle allocation. Burghard et al. [19] compared
early users and late users. Early user behavior can be used to predict later ECS users.
Qian et al. [20] divided users into five groups and analyzed their behaviors. The results
showed that the users were mainly college students and people in office buildings and
commercial districts. Most users’ travel demands were temporary and involved a short
or medium distance. Users who used shared cars frequently for a long time aimed to
commute. Hui et al. [21] showed that the behavioral patterns of users with different usage
frequencies are different. The behavioral patterns of users in the highest frequency group
are similar to the characteristics of commuters. Chicco and Diana [22] explored the impacts
of ECS on air pollutants and greenhouse gas emissions. Abbasi et al. [23] investigated the
factors that influence car-sharing operators’ selection of car-sharing station locations and
demand based on rental transaction data. Ye et al. [24] analyzed the impacts of car-sharing
on selling cars, giving up, and delaying purchasing a car in Shanghai based on survey data
on vehicle ownership from users and actual operations data.

There is limited existing research on transportation methods during the pandemic,
which is urgently needed. Hossain [25] explored the attitudes toward sharing economy
during COVID-19 but did not focus on car-sharing. Garaus [3] focused on ECS usage
intention during the COVID-19 pandemic. Esfandabadi et al. [26] focused on the status
of car-sharing services in Italy before and after the COVID-19 pandemic. The provided
insights indicate that the pandemic outbreak has had significant impacts on car-sharing
services. However, behavioral differences between private car owners and nonowners
were not analyzed. The pandemic has brought opportunities for the expansion of ECS
users. Therefore, studying the behavior of ECS users in the post-pandemic era holds
great significance.

Most existing studies have focused on ECS users and nonusers, but they have not
analyzed the differences in travel characteristics among station-based ECS users. Thus,
resources cannot be reasonably allocated. To fill these gaps, this study classifies ECS users
who are classified as private car owners and nonowners. Studying the differences in travel
characteristics will help to discover diversified demands and then reasonably allocate
vehicle resources. It is helpful to study the role of ECS as a supplement to and substitute
for private cars and to integrate ECS into the urban transportation system. Moreover, users
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who prefer and who do not prefer ECS are analyzed, which will promote the rational
allocation of ECS resources and maximize benefits.

3. Survey and Data Collection
3.1. Study Area

The study area is Lanzhou City, Gansu Province, China. Lanzhou introduced the
station-based ECS in 2017. The ECS system is operated by a business entity. There are
58 ECS stations with 400 vehicles in the main urban area of Lanzhou. Fifty thousand people
have become car-sharing members since its inception. The map of the main urban area of
Lanzhou city is shown in Figure 1.
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Figure 1. Study area and ECS stations.

COVID-19 has affected traffic policies in Lanzhou. On 25 January 2020, Lanzhou
launched a first-level response to major public health emergencies. Residents are asked
to reduce the number of travels. On 8 February, the residential quarters implemented
closed management. The frequency of public transport is limited. On 21 February, the
emergency response level for epidemic prevention and control in Lanzhou was adjusted
from first-level emergency response to third-level emergency response. The frequency of
public transport is increasing. Traffic basically returned to normal in May.

3.2. Order Data

Order data are obtained from car-sharing operators, which is the actual travel behavior
of car-sharing users. The data sample is shown in Table 1.

Table 1. Example of order data.

User ID Tel Car ID Time Rental Station Return Station Duration/min

10343553400119 18810652145 car_54354 5 March 2020
9:58:08 Baiyun station Baohua station 186

Some definitions are as follows.
Target time span: The outbreak of the COVID-19 pandemic in Lanzhou is on February

2020. In order to analyze the effect of the COVID-19 pandemic on car-sharing, eight months
from 1 October 2019 to 31 May 2020 is defined as the target time span, that is, four months
before the outbreak of the COVID-19 pandemic and four months after the outbreak of
a pandemic.
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Target users: ECS users who used ECS during the target time span. A total of
121,019 pieces of ECS order data were generated during the target time span in Lanzhou. A
total of 8100 users who rented ECS during the target time span are defined as target users.

3.3. Questionnaire Survey of Target Users

In this study, users’ travel attitudes were obtained through an online questionnaire
conducted in June 2020. We send messages to the target users with the attached link to the
questionnaire. The messages are randomly sent to the users to ensure the representativeness
of the collected sample. A total of 2000 questionnaires were distributed to target users.
Moreover, 240 valid questionnaires were obtained. The amount of data obtained is sufficient
to analyze the car-sharing travel characteristics. Garaus et al. [3] also invested 240 qualified
participants, indicating that the sample size of 240 is valid. The content of the questionnaire
is shown in Appendix A.

A total of 240 pieces of survey data and 4300 pieces of order data of 240 target users
are obtained. Users were matched between the survey data and the order data according
to users’ telephone numbers. Consequently, each of the 240 users surveyed has a piece of
surveyed data and several pieces of order data. For each target user, travel characteristics
by ECS are obtained from order data. Meanwhile, travel attitude is obtained from survey
data. Therefore, comprehensive car-sharing travel information of each user can be obtained
from two kinds of data.

In the questionnaire, the question “Whether the user owns a private car” was used to
classify users as UNs and UOs. The question “Whether ECS was chosen as the preferred
means of transportation for trips” was used to classify users as those who prefer and those
who do not prefer ECS. Among the 240 respondents, 136 users are UNs, accounting for 57%
of all users. A total of 104 users are UOs, accounting for 43%.

4. Methodology

This research includes three analyses. The diagram of the research framework is
shown in Figure 2. Three analyses are introduced. First, UOs and UNs are compared based
on the SEM. Second, we analyze users in depth based on their preferences. A comparison of
UOPs and UONs based on the logit model is conducted. Finally, a comparison of UNPs and
UNNs based on the logit model is conducted. The specific method is detailed as follows.
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4.1. Behavioral Comparison of UOs and UNs Based on an SEM

This study examines whether the variables of users who own a private car influence
their attitudes and ECS choice behavior. The correlation between an independent variable
and multiple dependent variables is analyzed. The SEM is used to model the causal
relationship. We build SEM to analyze whether the ownership of vehicles leads to the
difference in users’ attitudes and ECS choice behavior, as shown in Figure 3. e is the residual
error. An SEM can analyze multilevel causal relationships without splitting the model,
which cannot be realized by traditional regression analysis. Therefore, this study uses an
SEM to construct multiple linear models, which is more intuitive.
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The SEM is composed of a set of linear regression equations, as shown in Equation (1).
The differences in seven types of variables in Appendix A between UOs and UNs are ana-
lyzed. The linear equations are constructed based on the 48 variables listed in Appendix A.
Each linear equation is composed of a dependent variable and an independent variable,
that is, whether a person owns a private car.

Yi = βiX + ei (1)

where X is whether the user owns a private car; Yi is the explained variables in Appendix A;
ei is the residual; and βi is the coefficient.

The path diagram of the SEM is shown in Figure 3. The relationship between variables
is determined by whether the coefficients are statistically significant. The maximum likeli-
hood method is used for parameter estimation. The t-test was used to test the significance
of the parameters. If p < 0.05, the null hypothesis is rejected, and the influence of variables
is considered significant. Each regression equation has a coefficient of determination, R2

i ,
which represents the proportion of the variance of the corresponding variable that can
be explained by equation i. (1− R2

i ) represents the unexplainable part of the remaining
equation. For a path analysis model that includes multiple variables, its coefficient of
determination is a comprehensive index. The calculation is shown in Equations (2)–(4).

R2
SEM = 1− (1− R2

1)(1− R2
2) . . . (1− R2

i ) . . . (1− R2
n) (2)

Q =
1− R2

before simplify

1− R2
after simplify

(3)

The W statistic can be calculated based on Q. W conforms to the chi-square distribution
with d degrees of freedom.

W = −(n− d)lnQ (4)
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where n is the number of equations and d is the number of deleted models after simplifying
the model.

4.2. Comparison of Users Who Prefer and Users Who Do Not Prefer ECS Based on a Logit Model

First, the behavioral characteristics of UOPs and UONs are analyzed. Based on the
questionnaire, ECS users who own private cars are divided into those who prefer ECS and
those who do not prefer ECS, according to the question “whether ECS is the preferred
choice”. Among the 136 UNs, 85 are UNPs, accounting for 62.5% of all users. A total of
51 users are UNNs, accounting for 37.5%. The user’s preference for ECS is predicted based
on the binary logistic regression model. The dependent variable is the proportion of log
occurrences in the logit model. The prediction ratio for the two types of users is within
a reasonable range and cannot exceed 1. This study uses the logit model to classify and
predict ECS users.

The maximum likelihood method is used to estimate the parameters. The binary logit
model is designed to analyze UOPs and UONs, as shown in Equation (5).

log(
P(Y = 1 |Xi )

1− P(Y = 1 |Xi )
) = E(Y) = β0 + β1X1 + β2X2 + . . . + βnXn (5)

where P(Y = 1 |Xi ) is the probability of Y = 1 under the condition of Xi and βi is estimated
based on maximum likelihood estimation.

The explained variable is the binary categorical variable, that is, whether car users are
UOPs or UONs. The explanatory variables are the ECS travel characteristic variables in
Appendix A. Whether there is a significant linear relationship between each explanatory
variable and LogitP is calculated. In this study, the Wald test is used to test the significance
of the coefficient. To avoid the influence of the correlation between the variables on the
solution results, a stepwise regression method is used to determine the final explanatory
variable based on the likelihood function value, which ensures that the variables are
linearly independent.

In this study, the value of the goodness of fit can evaluate the impact of each variable
on the user’s profit contribution. McFaddenR2 is used to calculate the goodness of fit, as
shown in Equation (6).

McFaddenR2= 1− l(β̂)/l(β̃) (6)

where l(β̂) is the maximum value of the log-likelihood function and l(β̃) is the maxi-
mum value of the likelihood function when all coefficients are restricted to 0 except for
the constant.

Moreover, the behavioral characteristics of UNPs and UNNs are compared. Based
on the questionnaire, ECS users who do not own private cars are divided into users who
prefer ECS and users who do not prefer ECS, according to the question “whether ECS is
the preferred choice”. Among the 104 UNs, 36 users are UNPs, accounting for 34.6% of all
users. A total of 68 users are UNNs, accounting for 65.4%. The user’s preference for ECS is
predicted based on the binary logistic regression model. The maximum likelihood method
is used to estimate the parameters.

5. Results and Analysis
5.1. Comparison of UOs and UNs
5.1.1. Statistical Description

A statistical description is provided to introduce the characteristics of UOs and UNs.
Statistical methods are used to bring the numbers into graphical analysis to uncover
patterns. The variables are defined as shown in Table 2. The results are shown in Figure 4.
Before the pandemic, UNs used ECS for travel alone and to visit relatives and friends. As
shown in Figure 4a, there was a larger proportion of UOs who chose ECS to commute and
take trains or airplanes. As shown in Figure 4b, during the pandemic, UNs used ECS to
travel alone, go shopping, and visit relatives and friends. There was a larger proportion
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of UOs who use ECS to commute and take trains and airplanes. Compared with the
nonpandemic period, UNs had an increased demand for ECS to go shopping.

Table 2. Variables and their explanations are shown in Figure 4.

Variables Questionnaire Content

A1-C You used ECS before the pandemic with the aim of commuting.
A2-A You used ECS before the pandemic with the aim of driving travel alone.
A3-S You used ECS before the pandemic with the aim of going shopping.

A4-O You used ECS before the pandemic with the aim of taking a one-way plane or
train trip.

A5-V You used ECS before the pandemic with the aim of visiting friends and relatives.
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As shown in Figure 5a, before the pandemic, travel time and cost had significant
impacts on users’ choice of ECS. The variables are defined as shown in Table 3. Indeed,
ECS can compensate for the shortcomings of public transportation and subways, such as
long delays. In this way, ECS is able to meet personalized travel demands. Meanwhile,
compared to private cars and taxis, ECS has cheaper travel costs. Due to these advantages,
ECS was attractive to users and caused them to choose it. Note that UOs paid more
attention to walking distance than UNs. UNs chose ECS because they wanted the travel
experience of a private car, that is, private space and a lower delay time.

As shown in Figure 5b, during the pandemic, UNs believed that avoiding contact with
people by ECS was a safe way to travel. When driving family members, UNs preferred to
use ECS. UOs chose ECS when public transportation was not convenient. This conclusion
is consistent with the research results from the previous literature, which show that ECS is
a substitute for transit when transit is not adequately provided during operation. Moreover,
during the pandemic period, UOs seldom chose ECS, and they still preferred private cars
for reasons of safety.

Table 3. Variables and their explanations are shown in Figure 5.

Variables Questionnaire Content

C1-C The following is an important consideration in choosing ECS—comfort.

C2-P The following is an important consideration in choosing ECS—private space.

C3-A The following is an important consideration in choosing ECS—driving alone.

C4-W The following is an important consideration in choosing ECS—walking distance.

C6-S You will increase the percentage of your ECS usage to have improved
sanitary conditions.
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Table 3. Cont.

Variables Questionnaire Content

EA7-L You have used ECS during the pandemic with the aim of making it easy to
carry luggage.

EA8-F You have used ECS during the pandemic with the aim of driving
family members.

Pri4-F The following is an important consideration in choosing ECS—fees.

R3-D The following is an important consideration in choosing your travel mode—the
travel duration.

R5-W The following is an important consideration in choosing ECS—the delay time
(including waiting time).

R8-B When do you choose ECS? When taking a bus wastes time.

S2-I You choose ECS during the pandemic because ECS makes it possible to avoid
cross-infection and is safer.
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The variables are defined as shown in Table 4. As shown in Figure 6, ECS users held
the view that ECS is a clean and environmentally friendly travel tool. In addition, 63% of
UNs used ECS because they did not want to buy a private car. This result indicates that
ECS can satisfy their travel demands and save on costs.

Table 4. Variables and their explanations are shown in Figure 6.

Variables Questionnaire Content

W1-Ce You think electric ECS vehicles are clean energy and environmentally friendly.
W2-Tc You think electric ECS vehicles can reduce urban traffic congestion.
W3-Bp You choose ECS because you do not want to buy a private car
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5.1.2. Results of the Comparison between UOs and UNs Based on the SEM

The SEM model is used to model the differences in user choices. After removing
the nonsignificant variables, the goodness-of-fit index (GFI) = 1, which shows satisfactory
goodness of fit. Table 5 shows the results of the differences in variables between UOs and
UNs obtained from the SEM. In the following content, the user’s travel difference will be
analyzed in detail regarding the variables in Table 5. p is the probability. If p < 0.05, the
variable is considered significant. S.E. is the standard error of the estimate. C.R. is the value
of statistics. The conclusions from the survey data are verified by the conclusions from the
order data.

Table 5. Results of the SEM.

Col Variable Questionnaire Content Estimate S.E. C.R. p

1 A1-C You used ECS before the pandemic with the aim
of commuting. 0.155 0.075 2.062 0.039

2 A2-A You used ECS before the pandemic with the aim of
driving travel alone. −0.303 0.07 −4.312 ***

3 A3-S You used ECS before the pandemic with the aim of
going shopping. 0.009 0.075 0.126 0.9

4 A4-O You used ECS before the pandemic with the aim of
taking a one-way plane or train trip. 0.167 0.072 2.323 0.02

5 A5-V You used ECS before the pandemic with the aim of
visiting friends and relatives. −0.206 0.075 −2.746 0.006

6 A6-T When do you choose to travel by ECS? When I
am traveling. −0.195 0.06 −3.24 0.001

7 A7-L When do you choose to travel by ECS? When I am
carrying luggage. −0.095 0.075 −1.255 0.209

8 A8-F When do you choose to travel by ECS? When I am
driving family members. −0.334 0.072 −4.605 ***

9 A9-B When do you choose to travel by ECS? When I am
going on business travel. −0.045 0.046 −0.977 0.329

10 A10-P When do you choose to travel by ECS? When public
transport is not operating. 0.182 0.075 2.417 0.016

11 C1-C The following is an important consideration in
choosing ECS—comfort. −0.021 0.077 −0.275 0.783

12 C2-P The following is an important consideration in
choosing ECS—private space. −0.075 0.077 −0.982 0.326

13 C3-A The following is an important consideration in
choosing ECS—driving alone. −0.174 0.073 −2.396 0.017
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Table 5. Cont.

Col Variable Questionnaire Content Estimate S.E. C.R. p

14 C4-W The following is an important consideration in
choosing ECS—walking distance. 0.05 0.073 0.683 0.495

15 C5-R You will increase the percentage of your ECS usage
to reduce your walking distance. −0.075 0.077 −0.982 0.326

16 C6-S You will increase the percentage of your ECS usage
to have improved sanitary conditions. −0.135 0.048 −2.786 0.005

17 C7-I You choose ECS during the pandemic because
driving alone can avoid cross-infection. −0.133 0.076 −1.757 0.079

18 C8-B When will you choose ECS? During bad weather. −0.038 0.075 −0.503 0.615

19 C9-T You will increase the percentage of your ECS usage
to increase your vehicle types. −0.22 0.067 −3.279 0.001

20 EA1-C You have used ECS during the pandemic with the
aim of commuting. 0.071 0.076 0.94 0.347

21 EA2-T You have used ECS during the pandemic with the
aim of self-driving travel. −0.203 0.063 −3.207 0.001

22 EA3-S You have used ECS during the pandemic with the
aim of going shopping. −0.072 0.075 −0.963 0.336

23 EA4-O You have used ECS during the pandemic with the
aim of taking a one-way plane or train. 0.086 0.068 1.261 0.207

24 EA5-V You have used ECS during the pandemic with the
aim of visiting friends and relatives. −0.11 0.074 −1.484 0.138

25 EA6-P
You have used ECS during the pandemic with the

aim of avoiding wasting time on
public transportation.

0.087 0.069 1.268 0.205

26 EA7-L You have used ECS during the pandemic with the
aim of making it easy to carry luggage. −0.183 0.075 −2.435 0.015

27 EA8-F You have used ECS during the pandemic with the
aim of driving family members. −0.301 0.071 −4.255 ***

28 Pri1-R You will increase the percentage of your ECS use to
reduce fees. −0.083 0.077 −1.081 0.28

29 Pri2-C When do you choose ECS? When it is cheaper than
using a private car. −0.155 0.071 −2.187 0.029

30 Pri3-T When do you choose ECS? When it is cheaper than
a taxi. −0.097 0.073 −1.332 0.183

31 Pri4-F The following is an important consideration in
choosing ECS—fees. −0.133 0.076 −1.757 0.079

32 R1-M You will increase the percentage of your ECS use
when more cars are available. 0.116 0.076 1.517 0.129

33 R2-P When do you choose ECS? When it is hard to find a
parking spot for a private car. 0.119 0.072 1.651 0.099

34 R3-D The following is an important consideration in
choosing your travel mode—the travel duration. −0.134 0.073 −1.831 0.067

35 R4-P
The following is an important consideration in

choosing ECS—there is no need to worry
about parking.

0.57 0.052 10.978 ***

36 R5-W
The following is an important consideration in

choosing ECS –the delay time (including
waiting time).

−0.087 0.07 −1.248 0.212
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Table 5. Cont.

Col Variable Questionnaire Content Estimate S.E. C.R. p

37 R6-C You will increase the percentage of your ECS used to
guarantee enough charge. −0.067 0.077 −0.872 0.383

38 R7-E When do you choose ECS? During an emergency. 0.045 0.073 0.607 0.544

39 R8-B When do you choose ECS? When taking a bus
wastes time. 0.121 0.073 1.661 0.097

40 S1-S I would like to spend the time to receive education
on standard driving and safe driving while ECS. −0.049 0.075 −0.648 0.517

41 S2-I You choose ECS during the pandemic because ECS
makes it possible to avoid cross-infection and is safer. −0.229 0.074 −3.078 0.002

42 S3-D
During the pandemic, I will increase my proportion

of ECS use if more efforts are made to disinfect
the vehicles.

−3.9 0.104 −37.502 ***

43 S4-M You will increase the percentage of your ECS use if
the vehicles are regularly maintained. −0.102 0.07 −1.452 0.146

44 S5-U
During the pandemic, I have given up public

transportation because it is unsafe due to the crowds
of people.

−3.415 0.136 −25.086 ***

45 S6-G During the pandemic, for safety reasons, I have tried
my best to give up ECS and use private cars instead. 0.494 0.052 9.423 ***

46 W1-Ce You think electric ECS vehicles are clean energy and
environmentally friendly. −0.137 0.074 −1.853 0.064

47 W2-Tc You think electric ECS vehicles can reduce urban
traffic congestion. −0.075 0.071 −1.06 0.289

48 W3-Bp You choose ECS because you do not want to buy a
private car 0.273 0.069 −3.973 ***

Codes: *** Significant at 99% confidence level.

(1) The impact of travel purposes on spatiotemporal demand

It is possible to draw conclusions from the travel purpose results of the questionnaire.
As shown in columns 1–10 of Table 5, UOs used ECS to commute, take a one-way plane
trip, and travel during the nonoperational hours of public transportation. UNs traveled by
ECS to visit relatives, drive family members, and travel with luggage.

Based on different travel purposes, UOs used a greater proportion of ECS in the
mornings and evenings, while UNs had a greater demand for ECS during flat periods.
To verify these conclusions, the spatiotemporal distribution is shown in Figure 7. The
vertical axis is the station number. At the same time, the number of car rentals is different
at different stations, which shows that there is indeed a large difference in the pick-up time
and drop-off time between UOs and UNs. For UNs, the pick-up time is mainly distributed
between 10:00 and 18:00, while for UOs, it is concentrated at 10:00 and at 18:00. In terms of
space, the peak times of travel of UOs and UNs are distributed at different stations.

As shown in Figure 8, the total number of orders during the pandemic declined. More-
over, comparing November 2019 and February 2020, the pick-up time is more concentrated
between 10:00 and 18:00. Night trips are almost nonexistent.
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The variation in travel proportion is shown by weekday in Figure 9. Great demands
are observed on Saturdays and Mondays. Compared with UOs, UNs preferred to use
ECS on Saturdays. During the pandemic, UOs increased the proportion of orders during
workdays. In other words, there is a large difference in the spatiotemporal demand for ECS
between UOs and UNs.
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The study shows that among ECS users, there are both UOs and UNs. UOs will not
give up ECS and choose private cars only. The ECS behavior of private car owners is
different from that of nonowners. UOs will replace some of their travel with ECS. This
conclusion is consistent with that of Liao et al. [27] Therefore, private cars and ECS will
coexist for a period of time to satisfy users’ diversified demands. The focus of management
should be on the complementarity of multimodal transportation

(2) Differences in users’ choice of car types

As shown in column 19 of Table 5, UNs had higher requirements for vehicle types.
Based on the travel purpose, as shown in columns 1–10 of Table 5, UNs preferred to travel
with family members. Thus, they may choose large vehicles. UOs used ECS to commute
when it was difficult to find parking spots. Therefore, the destinations of UOs may be in
commercial districts and areas with a high rate of utilization. UOs mainly used small cars.
The corresponding car types can be matched at stations based on the characteristics of the
vehicles used during vehicle allocation. The study analyzed type selection based on the
order data.

The choice of vehicle type in the order data can reflect the differences in user demands.
Table 6 shows the types and the number of vehicles launched. Although there are differences
in the total proportion of the various types of cars available for ECS users in Lanzhou,
different stations are equipped with various types for users to choose from. Therefore, the
car type selected by a user can reflect the user’s preference for the car type.

Table 6. The types and number of vehicles launched.

Type Number Attributes

EX260 29 Economical type, two seats
E C 200 200 Economical type, four seats

ZE200 90 Economical type, four seats, more expensive
and comfortable than EC200

BYDE5 94 Comfortable type, five seats
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Among the four existing types, due to the differences in the total number of vehicles,
EC200 has the largest usage ratio, and EX260 has the smallest usage ratio, as shown in
Figure 10. Moreover, UNs had a larger proportion of BYD E5, while UOs had a larger
proportion of ZE200. UNs had higher requirements for large and comfortable cars, while
UOs had a demand for small two-seater models, which provides a reference for vehi-
cle configuration.

During the pandemic, UNs increased the proportion of EX260 and decreased the
proportion of EC200. This result means that the number of trips made by individuals rather
than family members increased for purposes of safety.
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(3) Differences in ECS demand before and after the pandemic

The results indicate that UOs reduced their ECS and used private cars during the
pandemic, as shown in columns 40–45 of Table 5. During the pandemic, UNs reduced the
number of bus trips due to the clustering of people involved in public transportation. For
purposes of safety during the pandemic, increasing the intensity of disinfection in cars
increased the proportion of ECS trips.

Figure 11 shows the differences in ECS travel demand before and during the pandemic.
The stations are ranked based on demand in Figure 11a,b. The demand in February 2020,
when the pandemic was the most severe, was the lowest. Orders fell by 55.8% compared
with January. After February, demand started to grow. The orders in March fell by 34.2%
compared with January. The demand curve for 24 h over eight months is shown in
Figure 11c,d. The total demand of the operator is shown in Figure 11a,c. The demand of the
questionnaire respondents is shown in Figure 11b,d. The ratio of the demands of private
car users and nonusers is shown by the red line.

In February 2020 and March 2020, because students and some private car nonusers left
Lanzhou Province and people were asked not to go out, the ratio was low. However, the
ratio increased in April. After the outbreak of the pandemic, UNs became the main users
of ECS. In terms of vehicle allocation, the preference for multimatched vehicles to gather
stations for UNs is helpful for the reasonable allocation of vehicles, thereby increasing the
operators’ profit.

The travel mileage was different because the travel purposes before and during the
pandemic were different. As shown in Figure 12, the mileage was different between UNs
and UOs. Before the pandemic, UOs preferred to drive 8 km by ECS, while in February
2020, UOs had an increased probability of driving 5 km by ECS. In addition, UOs had
an increased probability of driving 15 km by ECS and a decreased probability of driving
longer than 20 km by ECS. UNs preferred short trips by ECS. UNs decreased the proportion
of long-distance trips in February 2020, similar to UOs. Overall, UOs preferred to travel a
longer distance by ECS than UNs. During the pandemic, both UOs and UNs decreased the
proportion of long-distance trips.
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(4) Impact of ECS on the number of private cars

From an economic perspective, UNs thought that ECS was cheaper than private cars;
thus, they did not want to buy private cars, as shown in column 29 and column 48 of
Table 5. If ECS is reasonably matched to meet the travel demands of users, ECS can be used
as a substitute for private cars. Liao et al. [27] show that if ECS can fulfill the demand for
travel, it is likely to reduce the demand for car ownership. Therefore, it can achieve the goal
of reducing the number of private cars and reducing the waste of resources to some extent.

5.2. Comparison between UNPs and UNNs Based on the Logit Model

Due to the heterogeneity between UOs and UNs, it is more accurate to separately
analyze the differences between those who prefer ECS and those who do not prefer ECS.
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Based on the questionnaire, UNs are divided based on whether they prefer to choose ECS
when they need to travel by car. The logit model is used to construct the classification
prediction model. Based on the results, the accuracy meets the requirements. The GFI is
−2 times the log-likelihood, which is 25.040. The Cox and Snell R-squared is 0.649. The
Nagelkerke R-squared is 0.885. The overall fitting accuracy is 95.6%.

Conclusions regarding the differences between UNPs and UNNs can be drawn based
on Table 7.

(1) UNPs chose ECS because of their preference for private space, for travel alone, and
because of the lower delay and waiting time. Driving family members and ensuring
sufficient power attracted UNPs.

(2) UNNs preferred to travel by ECS when carrying luggage, and a discount was offered.
(3) UNPs believed that it is safer to use ECS during the pandemic. Increasing the number

of vehicles at a station prompted them to use ECS.

Table 7. Results of the logit model for UNPs and UNNs.

Variable Questionnaire Content B S.E. Wald p

Pri1-R You will increase the percentage of
your ECS used to reduce fees. 2.532 1.173 4.658 0.031

C2-P
The following is an important

consideration in choosing
ECS—private space.

4.217 2.066 4.165 0.041

C7-I
You choose ECS during the

pandemic because driving alone
can avoid cross-infection.

4.118 1.884 4.779 0.029

R5-W
The following is an important

consideration in choosing ECS—the
delay time (including waiting time).

5.019 2.053 5.977 0.014

R6-C
You will increase the percentage of

your ECS used to guarantee
enough charge.

6.229 2.843 4.802 0.028

Pri1-R You will increase the percentage of
your ECS use to reduce fees. −10.957 4.711 5.409 0.020

Pri2-C When do you choose ECS? When it
is cheaper than using a private car. −7.437 3.260 5.203 0.023

S2-I

You choose ECS during the
pandemic because ECS makes it
possible to avoid cross-infection

and is safer.

15.862 6.603 5.770 0.016

A7-L When do you choose to travel by
ECS? When I am carrying luggage. −12.070 5.282 5.221 0.022

A8-F
When do you choose to travel by

ECS? When I am driving
family members.

6.863 3.046 5.075 0.024

constant −10.758 4.437 5.880 0.015

5.3. Comparison between UOPs and UONs Based on the Logit Model

Based on the questionnaire, UOs are divided based on whether they prefer to choose
ECS when they need to travel by car. The logit model is used to construct the classification
prediction model. Based on the results, the accuracy meets the requirements.

The GFI is −2 times the log likelihood, which is 29.261. The Cox and Snell R-squared
is 0.605. The Nagelkerke R-squared is 0.832. The overall fitting accuracy is 91.1%.

Conclusions regarding the differences between UOPs and UONs can be drawn based
on Table 8.
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(1) When it is difficult to find parking spaces for private cars, UOPs preferred to use
ECS. This conclusion is consistent with Liao et al. [27]. Kim [28] illustrates that the
number of parking spaces has a negative relationship with ECS. Therefore, areas with
a shortage of parking spaces have a high demand for ECS.

(2) UONs preferred to use ECS to go shopping or to take a one-way plane or train trip.
(3) UOPs chose ECS during the pandemic because it is safe. During the pandemic, UOPs

did not give up ECS and only used private cars.

Table 8. Results of the logit model for UOPs and UONs.

Variable Questionnaire Content B S.E. Wald p

Pri1-R You will increase the percentage of
your ECS used to reduce fees. 2.935 1.024 8.207 0.004

R2-P
When do you choose ECS? When it
is hard to find a parking spot for a

private car.
−7.394 3.092 5.719 0.017

S2-I

You choose ECS during the
pandemic because ECS makes it
possible to avoid cross-infection

and is safer.

8.386 3.227 6.753 0.009

S5-U

During the pandemic, I have given
up public transportation because it

is unsafe due to the crowds
of people.

−5.511 1.924 8.203 0.004

W1-Ce
You think electric ECS vehicles are

clean energy and
environmentally friendly.

5.016 1.865 7.232 0.007

A3-S You used ECS before the pandemic
with the aim of going shopping. 4.634 1.943 5.686 0.017

A4-O
You used ECS before the pandemic
with the aim of taking a one-way

plane or train trip.
5.848 2.162 7.316 0.007

constant −14.713 5.115 8.274 0.004

6. Discussions

The objective of this study is to obtain a deeper understanding of the ECS travel
characteristics during the COVID-19 pandemic. Furthermore, we investigate the effect of
private car ownership on ECS choice behaviors. The ECS system is operated by a business
entity. Understanding the impact of private car ownership on ECS choice behavior can
assist ECS operators in optimizing operation strategy, including ECS demand prediction
and vehicle distribution plans. Understanding the impact of the ownership of private
cars on the ECS choice behavior can help the ECS operator optimize operation strategy,
including the ECS demand prediction and vehicle distribution plans. Moreover, exploring
the preference of ECS users can assist the operator in developing user-related strategies
to maximize profit. In this study, it is possible to draw business strategies in terms of
four aspects, namely, pick-up and drop-off times, travel purposes, influencing factors, and
sociality. The differences in user behavior before and after the outbreak of the COVID-19
pandemic are introduced.

Pick-up and drop-off times: There are differences in the spatiotemporal demands of
UOs and UNs. For UOs, the pick-up time is distributed in the morning and evening peaks.
For UNs, it is distributed in flat periods. During the pandemic, the total number of orders
declined. Moreover, compared with the number of orders before the pandemic, the pick-up
time was more concentrated between 10:00 and 18:00. During the pandemic, the pick-up
time was more dispersed. In addition, there was variation in the travel proportion by
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weekday. Great demands occurred on Saturdays and Mondays. Compared with UOs, UNs
preferred to use ECS on Saturdays. During the pandemic, UOs increased the proportion
during workdays. Understanding the differences in user travel time can help in formulating
scheduling plans based on the spatiotemporal differences in demand.

Travel purposes: UNs uses ECS to travel, visit relatives and friends, drive family
members, and carry luggage. UOs used ECS to commute during nonoperating bus hours
and to take one-way train and plane trips. Some UOs preferred to use ECS when it is
difficult to find parking spaces for private cars. Therefore, large-capacity models can be
located in places where private car nonusers gather. There are UOs who prefer to use ECS
to commute; thus, vehicles can be properly dispatched during commuting. Small cars are
the main vehicle type that fully meets such users’ demands. When it is difficult to find a
parking space for a private car, UOPs preferred to use ECS. Therefore, ECS stations can
be set up in densely populated areas where parking spaces are difficult to find, such as
commercial areas and scenic spots.

Influencing factors: For ECS users, among the main considerations, driving time, price,
and comfort account for a large proportion. UOs paid more attention to walking distance
than UNs. UNs chose ECS because they want to have the travel experience of a private car,
that is, private space and a lower delay time. Users with cars are more concerned about
the number of vehicles available, while users without cars have higher requirements for
hygiene and car types.

During the pandemic, UNs believed that ECS is a safe way to travel that makes it
possible to avoid personal contact. Therefore, UNs increased the proportion of ECS. When
driving family members, UNs preferred to use ECS. During the pandemic, UNs reduced
the number of bus trips due to the clustering of people on buses. For safe traveling during
the pandemic, increasing disinfection efforts increased the proportion of UNs choosing
ECS. During the pandemic period, UOs seldom choose ECS when going out. They still
prefer private cars.

Sociality: ECS users generally believe that ECS is a clean and environmentally friendly
travel tool. A large proportion of UNs do not want to buy a private car because of ECS.
When ECS can meet the travel demands of UNs, the goal of reducing the number of private
cars can be achieved.

The management policies can be implied according to the analysis results as follows.
First, the ownership of private cars has a significant impact on ECS travel behaviors.

In order to make the vehicle distribution strategy, ECS operators should know about the
vehicle ownership status of the users. The vehicles can be relocated to the stations at specific
times according to the travel behaviors of UOs and UNs. Due to the number of vehicles
being limited, the matching between demand and vehicles is designed based on the analysis
of ECS travel behaviors. For example, UNs prefer to use ECS on Saturdays compared with
UOs. So, more vehicles should gather at the pick-up stations of UNs on Saturdays.

Second, UNs and UOs have different travel purposes when traveling by ECS. Different
types of vehicles should be configured in fleet configuration. UNs prefer to choose large-
size vehicles. UOs use ECS to commute and take one-way trains. Therefore, small-size
vehicles can satisfy the demand of UOs. Multi-type vehicles are recommended to configure
the fleet.

Third, during the pandemic, UNs increase the proportion of ECS, while UOs seldom
chose ECS. Therefore, it is possible to increase the number of vehicles in UN areas during
the pandemic period, which will help attract car users. At the same time, vehicles can be
allocated in a timely manner to ensure user satisfaction.

7. Conclusions

This study focuses on the travel characteristics of ECS between private car owners and
nonowners under the influence of COVID-19. Preference analysis of car-sharing users is
performed using order data and survey data. ECS should be used as a supplement to and
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substitute for private cars. The focus of the business strategy should be integrating ECS
into the urban transportation system.

This study analyses ECS users and obtains the difference in the travel characteristics
of users based on three models. First, it is found that there are large differences in the
travel behavior of UOs and UNs. Vehicle resources can be rationally allocated based on the
differences in spatiotemporal characteristics of travel. Diversified demands are analyzed
based on order data and survey data. Second, this study builds two models to predict
users who prefer and users who do not prefer ECS, which will help operators construct
user-centric management strategies. This study believes that ECS and private cars will
coexist for a period of time. ECS can be used as a supplement to and substitute for private
cars. Reasonable suggestions are provided for ECS operators. Complementary advantages
can better optimize the urban traffic structure; thus, researchers should focus on studying
the rational allocation of resources due to travel differences.

Due to the limited survey data, this study may have limits on the generalizability of
the results. We combine user survey data and order data to verify the results. In future
research, we will continue to conduct surveys and design more variables to explore the
characteristics of users in other cities. Additionally, after obtaining user orders, the demand
for ECS will be predicted based on pandemic control efforts. A time series model of ECS
will be constructed under the influence of the pandemic.
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Appendix A

The survey is as follows. The answer to all of the questions was yes (x = 1) or no
(x = 0).

Table A1. The content of the questionnaire.

Category Variables Questionnaire Content

OP Do you own a private car?

F Do you choose ECS as your preferred means of transportation for
driving trips?

Aim A1-C You used ECS before the pandemic with the aim of commuting.

A2-A You used ECS before the pandemic with the aim of driving
travel alone.

A3-S You used ECS before the pandemic with the aim of going shopping.

A4-O You used ECS before the pandemic with the aim of taking a
one-way plane or train trip.

A5-V You used ECS before the pandemic with the aim of visiting friends
and relatives.

A6-T When do you choose to travel by ECS? When I am traveling.

A7-L When do you choose to travel by ECS? When I am
carrying luggage.

A8-F When do you choose to travel by ECS? When I am driving
family members.

A9-B When do you choose to travel by ECS? When I am going on
business travel.
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Table A1. Cont.

Category Variables Questionnaire Content

A10-P When do you choose to travel by ECS? When public transport is
not operating.

Comfortable C1-C The following is an important consideration in
choosing ECS—comfort.

C2-P The following is an important consideration in choosing
ECS—private space.

C3-A The following is an important consideration in choosing ECS
–driving alone.

C4-W The following is an important consideration in choosing
ECS—walking distance.

C5-R You will increase the percentage of your ECS usage to reduce your
walking distance.

C6-S You will increase the percentage of your ECS usage to have
improved sanitary conditions.

C7-I You choose ECS during the pandemic because driving alone can
avoid cross-infection.

C8-B When will you choose ECS? During bad weather.

C9-T You will increase the percentage of your ECS usage to increase your
vehicle types.

E-Aim EA1-C You have used ECS during the pandemic with the aim
of commuting.

EA2-T You have used ECS during the pandemic with the aim of
self-driving travel.

EA3-S You have used ECS during the pandemic with the aim of
going shopping.

EA4-O You have used ECS during the pandemic with the aim of taking a
one-way plane or train.

EA5-V You have used ECS during the pandemic with the aim of visiting
friends and relatives.

EA6-P You have used ECS during the pandemic with the aim of avoiding
wasting time on public transportation.

EA7-L You have used ECS during the pandemic with the aim of making it
easy to carry luggage.

EA8-F You have used ECS during the pandemic with the aim of driving
family members.

Price Pri1-R You will increase the percentage of your ECS use to reduce fees.

Pri2-C When do you choose ECS? When it is cheaper than using a
private car.

Pri3-T When do you choose ECS? When it is cheaper than a taxi.
Pri4-F The following is an important consideration in choosing ECS—fees.

Reliable R1-M You will increase the percentage of your ECS use when more cars
are available.

R2-P When do you choose ECS? When it is hard to find a parking spot
for a private car.

R3-D The following is an important consideration in choosing your travel
mode—the travel duration.

R4-P The following is an important consideration in choosing
ECS—there is no need to worry about parking.

R5-W The following is an important consideration in choosing ECS—the
delay time (including waiting time).

R6-C You will increase the percentage of your ECS used to guarantee
enough charge.

R7-E When do you choose ECS? During an emergency.
R8-B When do you choose ECS? When taking a bus wastes time.
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Table A1. Cont.

Category Variables Questionnaire Content

Safe S1-S I would like to spend the time to receive education on standard
driving and safe driving while ECS.

S2-I You choose ECS during the pandemic because ECS makes it
possible to avoid cross-infection and is safer.

S3-D During the pandemic, I will increase my proportion of ECS use if
more efforts are made to disinfect the vehicles.

S4-M You will increase the percentage of your ECS use if the vehicles are
regularly maintained.

S5-U During the pandemic, I have given up public transportation
because it is unsafe due to the crowds of people.

S6-G During the pandemic, for safety reasons, I have tried my best to
give up ECS and use private cars instead.

Social W1-Ce You think electric ECS vehicles are clean energy and
environmentally friendly.

W2-Tc You think electric ECS vehicles can reduce urban traffic congestion.
W3-Bp You choose ECS because you do not want to buy a private car.
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