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There are growing concerns on traffic congestion, climate change and parking problems in
major cities. Faced with these concerns, policy makers have sought sustainable transporta-
tion options including electric vehicle sharing programs (EVSPs). The city of Seoul with 10
million people also has recently launched an EVSP to provide citizens with an alternative
travel mode. This study attempts to explore factors affecting the EVSP participants’ atti-
tudes about car ownership and program participation. To do this, a web-based survey
was conducted for the participants of the Seoul EVSP, asking their satisfaction levels for
the components of the EVSP. Then, using 533 responses of 1772 EVSP members (a response
rate of 30%), ordered probit models were developed for three types of attitudes: (1) willing-
ness to dispose of a car, (2) willingness to purchase an EV and (3) willingness to continue
participating in the EVSP. The estimated models suggested that participants’ social and
economic perspectives were the most important factors affecting the participants’ atti-
tudes. In addition, the attitudes varied depending on personal characteristics such as gen-
der, age and income. Although this study was conducted in the early stage of an EVSP, its
results are expected to provide insights into a better EVSP design.

� 2015 Elsevier Ltd. All rights reserved.
Introduction

Electric vehicles (EVs) have become widely recognized as an environmentally friendly mode of transport. Along with this
aspect, most car manufacturers have started to develop and commercialize EVs, especially targeting the urban market
(Sierzchula et al., 2012). Some previous studies have shown that EVs can reduce local air pollution and traffic noise
(Brady and O’Mahony, 2011; Hawkins et al., 2013), and may improve the sustainability of the road transportation sector
which is responsible for the largest share of transportation carbon emissions (Brouwer et al., 2013).

In recent years, the popularity of car-sharing has grown in several large cities (Stasko et al., 2013) due to its benefits such
as saving the costs of car purchase and maintenance and reducing parking demand (Efthymiou et al., 2013). Car-sharing can
be classified into three types: neighborhood car-sharing, station cars and multi-nodal shared use vehicles (Barth and
Shaheen, 2002). Appropriate models can be selected depending on the conditions of the city. Martin and Shaheen (2011a)
reported that there are some positive effects of car-sharing operations. They insisted that car-sharing can induce people
to abandon their cars by giving access to an automobile only when needed, and providing some benefits from eliminating
costs of owning a private vehicle. They also argued that the service improves fuel efficiency because vehicle fleets for
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car-sharing tend to be composed of more fuel efficient cars such as hybrid cars. A more comprehensive review on car-sharing
including its history is found in Shaheen and Cohen (2007) and Shaheen et al. (1998).

Since EVs are typically well-suited for use in cities, many city governments are attempting to implement EV sharing ini-
tiatives in numerous ways by providing financial supports (Bakker and Trip, 2013). Some cities in European countries such as
Barcelona, Paris, Berlin, Hamburg, Rotterdam and Stockholm are implementing EV car-sharing programs (IEA, 2012). Since
the use of EVs for car-sharing is a recent application, most EVSP-related studies utilize data from experimental level small
programs rather than a city-wide scheme (Luè et al., 2012; Nakayama et al., 2002). The EV car-sharing program allows many
people to gain experience with driving EVs, which may be useful for educating the public about the technology and its
usability. In accordance with these trends, the city of Seoul, the biggest city in South Korea, had just officially started an
EVSP in May 2013. The program aims (a) to mitigate traffic congestion; (b) to take actions on climate change; and (c) to alle-
viate parking problems by reducing car-ownership of citizens. Since the beginning of the EVSP, many citizens have registered
their membership and experienced EVs through the service.

To help policy makers, this study investigates which factors affect the EVSP users’ attitudes about environment-friendly
and sustainable travel mode choices after participating in the EVSP and experiencing EVs. For this, this study conducts a sur-
vey asking the EVSP users about their satisfaction degrees for each EVSP component. Then, the components are grouped by
using a factor analytic technique in order to figure out which factors are closely related. Next, to analyze which factors will
affect the EVSP users’ attitudes, ordered probit models are estimated with dependent variables of three types of intentions:
willingness to dispose of a vehicle, to buy an EV and to continue using shared EVs. The paper discusses the implications on
the findings and provides recommendations for future research and policies. The results of the investigation are expected to
be useful for policy makers who are to efficiently operate and expand an EVSP, formulate EV transportation systems and
promote citizens to purchase EVs.
The electric vehicle sharing program in Seoul

In Seoul, public transit is the most frequently used transportation mode as suggested by the mode shares: 24.1% of pas-
senger car, 28.1% of bus, 36.2% of metro, 7.2% of taxi, and 4.4% of others as of year 2010. However, still a significant portion of
trips are made by personal cars because of the lack of accessibility to public transit for some areas, aggravating traffic con-
gestion (Kim et al., 2014). In addition, parking problems are very severe for some old residential areas where developers
failed to provide sufficient parking spaces meeting the sharply increased car-ownership. Under this circumstance, the city
government has strengthened parking requirements. For example, 20 years ago, developers did not need to provide parking
lots for houses with a floor area of less than 200 m2, but now they must provide at least one parking lot even for those hous-
es. In spite of the measures, some communities with old houses still face a severe problem of parking supply shortage. In the
case of Gangbuk-gu, an old residential area, the ratio of the numbers of parking lots to registered cars is only 0.64 as of 2011.

To mitigate these problems, Seoul Metropolitan Government (SMG) contracted with four private companies for the
operation of an EVSP and officially launched the program in May 2013 after a ten month pilot test. During the pilot test peri-
od, the EVSP was widely promoted to citizens and the renting systems became stabilized. SMG together with the central gov-
ernment supported the companies by providing an EV purchase subsidy (about 15,000 USD for each government), enabling
them to buy the vehicles at the same level of cost as conventional vehicles. In addition, SMG allowed the use of city-owned
parking spaces for their car-sharing stations with a discounted parking rate of 50%. At the initial stage, the EVSP deployed
132 all-electric vehicles (Kia Ray EVs, one single EV model at the time of deployment) with 59 car-sharing stations as seen
in Fig. 1. The Ray EVs are equipped with a 16.4 kW h lithium ion battery that allows an all-electric range of 138 km depend-
ing on driving conditions. Their charging time is about six hours for standard chargers and 25 min for high-speed chargers.
The drivers can recharge the EVs using 160 free public chargers including 28 high-speed battery chargers installed at car-
sharing stations and some public buildings such as city hall.

At the end of the year, the EV fleet size increased to 184 with 87 car-sharing stations. Most car-sharing stations are locat-
ed near metro stations in the business or commercial areas so as to provide public transit users with good accessibility to and
from the shared EVs, filling the gap between personal cars and public transit. The members of the EVSP can access the shared
EVs at any time with a reservation through the EVSP website or smart-phone applications. The online system provides the
members with the real-time information about the battery charge state of the shared EVs to be rent as well as their avail-
ability. The rental fee is assessed by adding two elements: basic fare (about 5.0 USD per hour including insurance) and dis-
tance-based fare (15 cents per kilometer). If a member travels 13 km (the average trip length of a Seoul citizen) using a
shared EV within an hour, the rental fee is about 7.0 USD, which may be compared with a taxi fare of 10.0 USD and a public
transit fare of 1.1 USD for the same distance trip.
Data

Survey

The research team developed a website for conducting a questionnaire-based survey to identify participants’ attitudes
about the EVSP. The web-based survey is advantageous in that it minimizes the occurrences of missing answers by advising



Fig. 1. EV sharing stations in Seoul.
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respondents to check all questions. In addition, a well-designed framework of a survey website may help respondents fully
understand the purpose of the survey and answer questions properly. More importantly, the online contact with the par-
ticipants is the only way to conduct the survey because the EVSP is operated on a basis of self-service. After obtaining par-
ticipants’ e-mail addresses with the cooperation from the EVSP operating companies, the research team sent the participants
e-mails, asking for their participation in the survey. The staff of the operating companies also helped the research team
design the questionnaire and reviewed the appropriateness of the question items. Of the 1772 participants that the emails
were sent to, 533 participants completed the survey, resulting in a response rate of 30%. This survey was conducted for a
length of one month in June of 2013.

In the survey, respondents were asked about their (a) travel patterns with the EVSP including main trip purposes, average
number of trips, renting and returning hours, and sharing stations; (b) the level of satisfaction degrees for each EVSP com-
ponent on a 5-point Likert scale from one (terrible) to five (excellent); (c) attitudes about car ownership and future plans for
using the EVSP with 5-point Likert-type answers from one (not willing to do) to five (willing to do); and (d) demographic
information such as household size, household income, gender, age, marital status, number of children, car ownership, occu-
pation and home address. The EVSP component is composed of 15 items including EV characteristics such as noise, speed and
driving range and renting and charging system related issues. In addition, user perceptions (e.g., whether the participation of
the EVSP contributes to improving the environment, reduces concerns about car maintenance and parking and makes a posi-
tive impression on others) were included in the EVSP component.

Characteristics of respondents

Table 1 illustrates the demographic characteristics of the participants who responded to the web-based survey. As sug-
gested by the table, most respondents are male (86.9%) and within the age group of 20s and 30s (77.9%), indicating that at
this early stage of the EVSP the program seems to be preferred by the group of male and younger citizens. Concerning car
ownership, 68.1% of the respondents are car owners, which is comparable with the car ownership rate of 32% for the age
group of 20 years and older in Seoul. This situation is somewhat counter-intuitive in that car-sharing programs are designed
to provide transportation service to citizens who do not have available cars. Potential reasons for the situation are as follows.
First, intended EV users are more likely to be car owners since they have enough car driving experience, and thus are more
ready to accept a new transportation mode, EV. Second, the EVSP is a new program in its early stage so even the car owners
may want to experience the new system. Third, the car-sharing program in Seoul may be useful even to the car owners for
non-commute trip purposes because of severe traffic congestion during peak hours and parking shortages or high parking
prices in business areas. They usually commute using public transit, leaving their cars home. Furthermore, the participants’
high car ownership rate implies that the major clients of the EV car-sharing program are not necessarily people who do not
have a car. Thus, the objective of a car-sharing program, second-car replacement or disposal of a car seems to be important
for the EVSP.

The respondents’ household income appears to be rather evenly distributed, with the middle-income group between 2
and 5 million KRW (1.0 USD = 1100 KRW) having the portion of 58.2%. This household income level may be closely



Table 1
Characteristics of respondents.

(n = 533)
Variable Description Frequency Percentage (%)

Gender Male 463 86.9
Female 70 13.1

Age 15–19 – –
20–29 191 35.8
30–39 224 42.0
40–49 97 18.2
50–59 20 3.8
Over 59 1 0.2

Monthly household Income (Million KRW) Below 1 18 3.4
1–2 55 10.3
2–3 128 24.0
3–4 91 17.1
4–5 91 17.1
5–6 57 10.7
Over 6 93 17.4

Car ownership 0 170 31.9
1 298 55.9
2 57 10.7
3 6 1.1
4 2 0.4

Marital status Single 334 62.7
Married 199 37.3

Occupation Office worker 336 63.0
Non-office worker 63 11.8
University Student 95 17.8
Others 39 7.3

Main trip purpose for car-sharing participation Commuting to work or school 29 5.4
Business 95 17.8
Shopping 26 4.9
Leisure 262 49.2
Personal activity (e.g. banking and religious activity) 94 17.6
Others 27 5.1
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associated with such sample characteristics as age, marital status and occupation. Most respondents are single and office
workers with 62.7% and 63.0%, respectively. Regarding the primary purposes of using the EVSP, the largest portion of respon-
dents revealed that they use the shared cars for leisure (49.2%), followed by business (17.8%) and personal activity (17.6%). In
summary, the representative respondents can be characterized by single young males who own a car, work at offices and use
the sharing cars for leisure.
Analytical approach

Factor analysis

Factor analysis is a multivariate statistical technique designed to produce uncorrelated factors and to reduce the number
of variables, adequately describing the data (Asfahani, 2014). Factor analysis has been used in some transportation-related
studies to uncover groupings in variables (Hill and Boyle, 2007; Westerman and Haigney, 2000). In this study, factor analysis
is utilized as a way to group various EVSP’s attributes into new variables that have similar satisfaction ratings.

The factor analysis model is formulated by expressing m variables X1, . . ., Xm with means l1, . . ., lm as linear functions as
presented in the following (Washington et al., 2011):
X1 � l1 ¼ l11F1 þ l12F2þ . . . þl1nFn þ e1

X2 � l2 ¼ l21F1 þ l22F2þ . . . þl2nFn þ e2

..

. ..
. . .

. ..
.

Xm � lm ¼ lm1F1 þ lm2F2þ . . . þlmnFn þ em:
In the equation with n observations, F and l represent factors and factor loadings, respectively. The error term e is associated
only with the variable.
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The appropriate number of factors was determined using a scree plot (Lattin et al., 2003). For the analysis, a maximum
likelihood factor analysis was conducted with a Varimax rotation which maximizes the sum of the variances of the factor
loadings (Kaiser, 1958; Asfahani, 2014). This rotation technique is designed to produce factors that are uncorrelated and
to reduce the number of variables on which a factor highly loads in order to better distinguish between factors. Each ques-
tion was then assigned to a factor, and the factor was named based on the questions that were grouped together (Hill and
Boyle, 2007). An interpretation of factor analysis is straightforward. Variables that have high factor loadings (the maximum
value is one) are thought to be highly influential in describing the factor, while variables with low factor loadings (minimum
value is zero) are less influential (Washington et al., 2011).

Ordered probit model

Ordered probit models have been popularly used when dependent variables are ordinal (Li et al., 2012; Erdem et al.,
2010). According to the typical form of an ordered probit model (Greene, 2012), a latent variable Y representing the degree
of EVSP users’ willingness to take an action is introduced as:
Y ¼ X0bþ �
where X0 is a vector of explanatory variables, b is a vector of coefficients, and � is a normally distributed random error term.
The probability of dependent variable Y taking on each of the willingness values, j = 1, . . ., J is:
PðY ¼ 1Þ ¼ Uðs1 � X 0bÞ
PðY ¼ jÞ ¼ Uðsj � X0bÞ �Uðsj�1 � X 0bÞ
PðY ¼ JÞ ¼ 1�UðsJ�1 � X0bÞ
where P(Y = j) is the probability of willingness taking a specific level j, J is the number of levels (in this case, J = 5), U(�) is the
standard normal cumulative distribution function, and sj is the threshold parameter (cut-off points) to be estimated for each
level.

In an ordered probit model, the coefficient associated with each explanatory variable indicates the impact of the variable
on the willingness value. However, it does not directly quantify the impact on the variable and cannot be intuitively inter-
preted, especially for intermediate willingness levels. Thus, the marginal effect is calculated for each variable to quantify its
impact on each willingness level. For a kth explanatory variable xk of X

0
, its marginal effect for the jth response, dk,j is given by

(Mallick, 2009)
dk;j ¼
@Prob½y ¼ jjX0�

@xk
¼ U sj�1 �

XK

k¼1

bkxk

 !
�U sj �

XK

k¼1

bkxk

 !" #
bk:
It determines how a change in xk changes the distribution of the outcome variable, i.e. all outcome probabilities.
For a continuous variable, the marginal coefficient illustrates the change of probability of willingness level by a one unit

increase in the variable while keeping all other variables at their mean values. For a dummy variable, the marginal effect for
willingness level is computed by comparing the outcome when the variable takes a value of one with the one when the vari-
able takes a value of zero, keeping all other variables at their means (Li et al., 2012).

Results

Satisfaction level and attitudes about the EVSP

The average scores and 99% confidence errors for the 5-point Likert scale questions about EVSP users’ satisfaction with
each EVSP component are presented in Fig. 2. As suggested by the average score of 3.86 at a 5.0 scale, the members seem
to be generally satisfied with the EVSP. In particular, the members were found to be most satisfied with the properties of
shared vehicles such as less noise, speed and comfort of EVs as seen in the figure. In addition, participants tend to report
higher scores on such benefits of EV operations as saved travel costs, reduced environmental and overall concerns.
Meanwhile, respondents tend to be less satisfied with charging and the limited number of renting stations.

Furthermore, participants were asked to rate their levels of willingness to change their behavior after experiencing the
shared EVs and participating in the EVSP. Fig. 3 shows the distributions of the marked rates for the three questions.
Concerning the question about their willingness to dispose of their vehicles or abandon to buy a new car, most respondents
replied that they are less likely to do that. In fact, positive replies for the question occupy only 11.1% while negative ones are
57.2%. At least at the initial stage of the EVSP, the program seems not strong enough to change participants’ car ownership
behavior. Regarding the EV purchasing intention, neutral responses occupy the largest portion (40.0%). However, slightly
more respondents revealed that they would not buy EVs (32.6% of ‘not to buy’ vs. 27.4% of ‘to buy’). For the question about
intention to continue using the EVSP, only 13.9% of the respondents negatively replied while more than half of the respon-
dents (51.0%) expressed their intentions to use the EVSP. Based on these results, it may be concluded that the participants are
likely to continue using the shared vehicles, but more or less reluctant to change their car owning behavior. Nonetheless, the



Fig. 2. Satisfaction scores for EVSP components. Squares indicate the sample mean values for each question; error bars indicate 99% confidence limits in the
mean. The labels on the x-axis of the figure above represent the followings: Q1 = vehicle noise, Q2 = environmental concerns, Q3 = vehicle speed,
Q4 = vehicle comfort, Q5 = reduced concerns (e.g. regular vehicle check-up), Q6 = travel cost savings, Q7 = Booking system (e.g. web-site, smart-phone
application), Q8 = cleanness of vehicle, Q9 = making a positive impression on others, Q10 = renting hour availability, Q11 = membership and payment
system, Q12 = annual membership fee and booking fare, Q13 = ease of using EVs and charger system, Q14 = renting station availability, Q15 = driving range.

Fig. 3. Frequency distributions of EVSP users’ intentions. Labels on the x-axis of the histograms above represent the followings: 1 = strongly will not do,
2 = will not do, 3 = moderate, 4 = will do, 5 = strongly will do.
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EVSP seems to be still meaningful in that some users revealed their intentions to reduce car ownership and purchase EVs.
The identification of such users’ characteristics would be helpful for a better EVSP and the wider use of EVs.
Factor analysis

Based on a scree analysis, the variables were grouped into four factors that account for 17.5%, 16.3%, 14.5%, and 12.0% of
the variance, respectively as seen in Table 2. Factor 1, labeled as ‘shared EVs’, includes factors associated with EVs’ speed,
comfort, noise and cleanness. As for the cleanness of shared EVs, the factor loading value for Factor 3 is slightly higher than
that of Factor 1 (0.42 vs. 0.40). However, the variable was assigned to Factor 1 because the vehicle cleanness seems to be
more directly related to general vehicle characteristics. Factor 2, named as ‘booking, fee and payment’, explains the degree
of satisfaction concerning fees for annual membership and rental and systems for payment and booking. Factor 3, named as
‘renting, charging and driving’, represents the satisfaction degrees about the ease of using EVs and chargers, renting station
and hour availability and driving range of EVs. Factor 4 includes reduced concerns for not owning a car, travel cost savings
and environmental concerns. In addition, making a positive impression on others is a part of this group. Factor 4 was named
as ‘social and economic perspective’. In general, the four factors seem to be reasonably structured, observing that all the vari-
ables, except for vehicle cleanness and booking system, were strongly associated with just one of the factors.
Ordered probit models

Three ordered probit models were estimated as presented in Table 3 for the EVSP users’ three intentions: (1) to dispose of
a car (or not to buy a car), (2) to purchase an EV and (3) to continue participating in the EVSP. In the modeling process, insig-
nificant variables at a significance level of 0.1 were excluded by using a stepwise method (Stata Press, 2013). The modeling
results show which factors are significantly associated with the intentions. For example, in Model 1 (dependent variable: will
dispose of a current vehicle), seven variables were identified as significantly related to the dependent variable, including
Factor 2, Factor 4, age, income, car ownership, marital status and occupation.



Table 2
Factor loading for the 15 EVSP user satisfaction levels.

EVSP user satisfaction levels Factor

1 2 3 4

Factor 1: Shared EVs (17.5% of variance, k = 5.0)
Vehicle speed 0.87 0.19 0.10 0.11
Vehicle comfort 0.82 0.09 0.12 0.19
Vehicle noise 0.81 0.21 0.00 0.04
Cleanness of vehicle 0.40 0.22 0.42 0.17

Factor 2: Booking & Fee & Payment (16.3% of variance, k = 1.6)
Annual membership fee and rental fee 0.20 0.84 0.09 0.13
Membership and payment system 0.28 0.82 0.11 0.09
Booking system 0.27 0.44 0.43 0.01

Factor 3: Renting & Charging & Driving (14.5% of variance, k = 1.3)
Ease of using EVs and charger system 0.17 �0.03 0.74 0.13
Driving range per charging 0.12 0.04 0.66 0.10
Renting station availability �0.08 0.44 0.60 �0.01
Renting hour availability 0.08 0.43 0.55 0.17

Factor 4: social and economic perspective (12.0% of variance, k = 1.2)
Reduced concerns (e.g., maintenance) 0.13 0.17 0.08 0.77
Environmental concerns 0.22 �0.01 0.15 0.67
Travel cost savings 0.06 0.55 �0.05 0.59
Making a positive impression on others 0.28 0.15 0.31 0.51

k is the eigenvalue for that factor.
The bold underlined numbers indicate that the question item is strongly associated with the factor.
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Among the factor variables, only Factor 4 was included in all the three models with positive coefficients. This result indi-
cates that an increase in the level of satisfaction with ‘social and economic perspective’ has positive effects on EVSP users’
likelihood to change their attitudes about car ownership and the EVSP participation. Overall, an increase in age is also likely
to increase the probabilities of EVSP users’ willingness to change their attitudes. This result looks rather counter-intuitive
because young people are usually believed to be early adopters of new technology and tend to easily change their behavior
under new circumstances. However, this phenomenon seems to be plausible since the survey was addressed to EVSP par-
ticipants, not the general public. In other words, it is likely that only the old participants who have a strong will to change
their car use patterns are to be included in the survey sample. Because of the same reason, the sample size for older par-
ticipants is rather small. Further studies may be required to prove this phenomenon using a different survey design.
Meanwhile, an increase in household income showed opposite results as suggested by the negative coefficient values for
the variable. The lower income group’s larger willingness to change their behavior may be induced by the lower costs of
the EVSP. Moreover, the government’s EV promotion policies such as the EV purchase subsidy and lower electricity rate
for EVs seem to be able to attract even lower income groups to the EV market. In fact, Korea’s government set special elec-
tricity rates for EV promotion which range between 5 cents and 18 cents per kilowatt hour according to peak load pricing.
The car ownership variable is rather unique in that it affects the intentions in a different direction. More specifically, car
owners are less likely to dispose of a car but more likely to purchase an EV.

Through the ordered probit model estimation, the marginal effects of contributing factors are estimated as seen in
Table 4. A positive marginal coefficient indicates the increased probability of a willingness level for a one unit increase in
an input variable, i.e., a 10-year increase for the age variable in Model 1 can decrease the probability of levels 1 and 2 by
5.0% and 2.5%, while increasing the probabilities of levels 3–5 by 4.2%, 1.9% and 1.4%, respectively.

Willingness to dispose of a current vehicle

Some previous research efforts reported that car-sharing can cut the needs to own a car, resulting in reducing household
vehicle ownership (Martin and Shaheen, 2011a; Glotz-Richter, 2012). In this study, however, the average score for the 5-
point Likert scale question about disposing of a vehicle (or abandoning to buy a new vehicle for those who do not have
an available vehicle) is only 2.39 which is below the moderate value three. This result implies that the EVSP does not have
an influential effect on car ownership behavior changes. Considering that the survey respondents had limited experience
(including the pilot test period) with the EVSP and EVs, the result may not be necessarily discouraging. Researchers may need
to keep tracing the participants’ attitudes according to EVSP’s deployment stages considering fleet size, EV performance, fee
levels and so on.

The result of Model 1 suggests that some factors may affect participants’ intentions to dispose of a car or not to buy a car.
Among the four factor variables, only Factor 4 was included in the model at a significance level of 0.01 while Factor 2 was
included only at a level of 0.1. This result indicates that the willingness to dispose of a vehicle (or abandoning to buy a new
vehicle) is substantially affected by the participants’ social and economic perspectives. Model 1 shows that young par-
ticipants are less likely to change their car ownership as suggested by the positive sign of the age variable. The coefficient



Table 3
Estimated results of ordered probit models.

Variable Estimated coefficients

Model 1 (Willingness to dispose of a
current vehicle)

Model 2 (Willingness to
purchase an EV)

Model 3 (Willingness to continue
participating in the EVSP)

User satisfaction level
Factor 1: Shared EVs – 0.126*** 0.138***

Factor 2: Booking & Fee &
Payment

0.087* – 0.268***

Factor 3: Renting & Charging
& Driving

– 0.156*** 0.226***

Factor 4: Social and economic
perspective

0.162*** 0.187*** 0.298***

Demographic
Female – – 0.294**

Age a 0.190*** 0.132** 0.187**

Income b �0.068** �0.068** �0.056**

Car owner c �0.285*** 0.223** –
Single 0.266** – 0.209*

Occupation
Office worker
Non-office job 0.368** – 0.380**

University student – – 0.355**

Trip purpose
Commuting to work or school
Leisure – – 0.332***

Personal usage – – 0.302**

Threshold s1 �0.651 �1.184 �1.763
Threshold s2 0.466 �0.228 �0.755
Threshold s3 1.565 0.862 0.457
Threshold s4 2.112 1.730 1.569

Summary statistics
L(c) �727.57 �766.40 �734.70
L(b) �699.94 �744.72 �666.18
�2(L(c) � L(b)) 55.25 43.35 137.03
P-value P < 0.001 P < 0.001 P < 0.001

* 0.10 level.
** 0.05 level.

*** 0.01 level.
a 10-year increase in age.
b One million KRW increase in monthly household income,
c Car owners those who have at least one available car.
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value for the household income variable indicates that an increase in household income will likely decrease the possibility to
dispose of a vehicle (or abandon to buy a new vehicle). Furthermore, single participants who do not need to take care of their
family members are more likely to abandon cars than married participants.

The estimated model also suggests that car owners are less likely to dispose of their cars. The marginal effect of the coef-
ficient provided in Table 4 shows that car owning respondents will be more likely to rate level 1 (strongly will not do) and
level 2 (will not do) than the other respondents by 7.1% and 4.2%, respectively. When interpreting this situation in a different
manner, the result implies that the respondents without a car are more likely to give up purchasing a car after experiencing
the EVSP.

When it comes to the occupation variable, non-office job workers were found to be more likely to abandon their cars,
compared to office workers. It seems that non-office job workers’ characteristics such as less car dependency, more flexible
work schedules and lower incomes may allow them to have more chances to dispose of a car. The main trip purpose of car
sharing appeared not to affect the car ownership behavior change as no significant variables were found for the trip purpose
variable.
Willingness to purchase EVs

As an effort to reduce greenhouse gas emissions in the transportation sector, the Korean government has tried to invigo-
rate the EV market. However, the penetration level of EVs in the city of Seoul falls behind other pioneering cities such as
Paris, London and Hamburg. In order to vitalize the EV market, research on demands of potential EV customers is essential.
Some previous studies (Axsen and Kurani, 2013; Jensen et al., 2013) suggested that the choice of alternative fuel vehicles is
influenced by several factors such as vehicle design, purchasing price, charger availability, vehicle images and functional



Table 4
Marginal effects of variables in the ordered probit models.

Variable Level 1 (strongly will not
do)

Level 2 (Will not
do)

Level 3
(moderate)

Level 4 (will
do)

Level 5 (strongly will
do)

Model 1: Willingness to dispose of a current vehicle
Factor 2: Booking & Fee & Payment �0.023 �0.012 0.019 0.009 0.006
Factor 4: Social and economic

perspective
�0.042 �0.021 0.036 0.016 0.012

Age �0.050 �0.025 0.042 0.019 0.014
Income 0.018 0.009 �0.015 �0.007 �0.005
Car owner* 0.071 0.042 �0.060 �0.030 �0.023
Single* �0.071 �0.032 0.059 0.026 0.019
Non-office job* �0.083 �0.063 0.070 0.041 0.035

Model 2: Willingness to purchase an EV
Factor 1: Shared EVs �0.018 �0.027 0.004 0.025 0.017
Factor 3: Renting & Charging &

Driving
�0.023 �0.033 0.005 0.031 0.021

Factor 4: Social and economic
perspective

�0.027 �0.040 0.005 0.037 0.025

Age �0.019 �0.028 0.004 0.026 0.017
Income 0.010 0.015 �0.002 �0.014 �0.009
Car owner* �0.034 �0.047 0.010 0.044 0.028

Model 3: Willingness to continue participating in the EVSP
Factor 1: Shared EVs �0.004 �0.020 �0.030 0.024 0.031
Factor 2: Booking & Fee & Payment �0.008 �0.040 �0.058 0.046 0.060
Factor 3: Renting & Charging &

Driving
�0.007 �0.034 �0.049 0.039 0.050

Factor 4: Social and economic
perspective

�0.009 �0.045 �0.064 0.052 0.066

Female* �0.007 �0.039 �0.069 0.042 0.073
Age �0.005 �0.028 �0.040 0.032 0.041
Income 0.001 0.008 0.012 �0.009 �0.012
Single* �0.006 �0.032 �0.043 0.037 0.045
Non-office job* �0.008 �0.048 �0.090 0.049 0.098
University student* �0.008 �0.047 �0.083 0.049 0.089
Leisure activity* �0.010 �0.049 �0.071 0.056 0.074
Personal usage* �0.007 �0.041 �0.070 0.044 0.074

* Discrete change of dummy variable from 0 to 1.
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limitations (i.e., driving range, top speed, fuel cost and battery life). In addition, the study of Jensen et al. (2013) found that
environmental concerns have a positive effect on the preference for EVs.

This study found that the average scores regarding the satisfaction with EV characteristics, including noise, speed and
comfort, were higher than the other EVSP aspects. Despite the EVSP users’ higher satisfaction with the EV characteristics,
it does not seem to directly lead people to buy EVs for their next vehicles (the average score of willingness to buy an EV
is just below the neutral point, 2.94). Model 2 presents some determinants which will prompt the EVSP users’ motivation
for purchasing EVs. They include Factor 1, Factor 3, Factor 4, age, income, and car ownership. The variables of Factor 4,
age and income show similar effects as Model 1. More specifically, the respondents with higher personal satisfaction with
‘social and economic perspective’ and older and lower income group are likely to purchase EVs. Similar to the previous stud-
ies as cited above, Factor 1 which represents the satisfaction with EV characteristics seems to be an important factor on pur-
chasing EVs. In addition, Factor 3 was found to be an influential factor. Especially, the respondents who are satisfied with the
ease of using EVs and chargers and driving range per charging seem to be more likely to purchase EVs as suggested by their
higher factor loadings in Table 2.

Unlike Model 1, the coefficient of car ownership was found to be positive, suggesting that car owners are more likely to
purchase EVs. This situation implies that for EV promotions, more policy actions should be taken targeting car owners.
Meanwhile, there were no significant relationships found for the variables of marital status, occupation and trip purpose.
Willingness to continue participating in the EVSP

In the early stage of an EVSP operation, increasing the number of the participants in the program is a critical issue for the
success of the program. Regarding this issue, one of the major concerns of policy makers would be on how many citizens will
join the EVSP, who will frequently rent the shared EVs or for what purposes the program will be used. Fig. 3 illustrates that a
considerably large portion of the respondents replied that they have an intention to use the EVSP when cars are needed. In
fact, about fifty percent of them expressed that they are likely to use the EVSP and the average score for the willingness is
3.52, which is much higher than those for the other questions.
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Model 3 suggests who will be likely to participate in the EVSP. The inclusion of all the factor variables in Model 3 implies
that satisfaction with shared EVs and several EVSP components are all important factors to attract people to the EVSP. The
comparison among the estimated coefficients indicates that Factor 4 influences the decision most significantly and is least
affected by Factor 1. Similar to the other models, this result suggests that the user’s social and economic perspectives are
critical elements for continuing the participation. Concerning the demographic characteristics of the respondents, female
users seem to have a higher propensity to use the EVSP than male, which matches with the finding revealed in Caulfield
(2009). This result seems to be reasonable in that women usually do not heavily rely on vehicles and try to avoid the burden
of car maintenance. Indeed, this aspect is the major benefit of a car-sharing program in which operating companies are
responsible for car maintenance. Older (survey respondents are all under sixty years old except only one respondent) and
single users are likely to continue using the EVSP. Meanwhile, users with higher household income are less likely to continue
participating in the EVSP. Of occupation variables, non-office job workers and university students were found to have posi-
tive coefficients, illustrating their more willingness to participate in the program. This may be attributed by their lower
income level and less car dependency (or non-regular basis of car using).

Different from Model 1 and Model 2, Model 3 included the variables related with the trip purposes of the EVSP. In par-
ticular, the variables of leisure and personal purposes were included in the model, presenting positive coefficient values. It is
analogous to the result of Martin and Shaheen (2011b) which insisted that car-sharing is generally used to complete non-
compulsory trips, e.g. leisure and shopping. These results indicate that the participants who use the EVSP mainly for non-
compulsory trips are likely to keep retaining their program membership but there is little chance for them to change their
car ownership behavior.

Conclusions

An exploration of EVSP users’ attitudes is important since it may direct the EVSP toward a success by helping policy mak-
ers effectively operate and expand the program. In fact, the policy makers may be interested in some practical issues such as
how many citizens will make use of the EVSP. In addition, they may wonder if the program can replace a significant portion
of conventional vehicle trips with EV trips, and those who have experienced EVs through an EVSP will dispose of their cur-
rent vehicles or purchase EVs for the next cars. This study is intended to provide policy makers with some implications about
the issues using a questionnaire-based survey addressed to EVSP participants.

The survey results indicated that the participants are rather reluctant to change their car ownership but have intentions
to continue participating in the EVSP as suggested by the average 5-point Likert scale scores: willingness to dispose of their
current vehicles (or abandon to buy a new vehicle) = 2.39; willingness to purchase EVs = 2.94; willingness to continue using
the shared EVs = 3.52. Further, ordered probit models were estimated to identify which factors affect EVSP users’ attitudes.
For the modeling, 15 EVSP components, for which satisfaction levels were asked, were grouped into four factors using factor
analysis, and employed as independent variables. Notably, the factor associated with the users’ social and economic perspec-
tives were found to significantly affect the car ownership behavior and EVSP participation. Willingness to dispose of cars (or
abandon to buy a new vehicle) appeared to be affected by car-sharing fee and payment system although the association was
rather weak. In addition, the purchase of EVs seemed to be affected by EV characteristics and systems of charging and rent-
ing. These findings indicate that car ownership behavior changes toward enhancing sustainability can be achieved more or
less through customer education as well as the improvement of EV and charger performance.

Variables of age and household income were found to significantly affect the behavior changes. Older participants showed
higher chances of car ownership change and continuous participation, which is rather counter-intuitive in that early adop-
ters are generally believed to be young people. However, this appeared to occur because the survey was addressed to the
EVSP participants with a strong will to change their travel modes, not the general public. On the contrary, the participants
with higher household income were found to be less likely to change their behavior, which might imply that the current level
of economic benefits is not satisfactory for the group. Car owners tended to be less likely to give up their cars, but likely to
purchase EVs. Thus, at the current stage, the EVSP appears not to be sufficiently effective for reducing car ownership. Single
participants showed a higher chance of disposing a car and continuing participation in the EVSP. Gender and main trip pur-
poses using the shared cars affected only the willingness to continue the participation.

Overall, the study results suggest that policy makers should carefully design an EVSP so that the program can contribute
to the establishment of sustainable urban transportation systems. The design should consider the characteristics of program
participants and components of the EVSP. Customized services or policy tools and effective educations are expected to sub-
stantially encourage participants to change their behavior in a more sustainable direction. Meanwhile, cares should be taken
in interpreting the results of this study since the survey was conducted during the relatively early phase of an EVSP. In this
situation, the participants might not be fully aware of the substantive effects of the EVSP. Further studies are encouraged to
conduct when the system of EVSP becomes stable and most participants properly recognize its effects. In addition, the EVSP
studied might not be able to effectively reflect a variety of consumers’ needs and preferences since the program deployed
only one single EV model and a limited number of car-sharing stations. When the future EV markets and programs are
expanded, the participants’ attitudes can be substantially altered. The conditions of a city where an EVSP is deployed can
be a critical factor that influences participants’ attitudes since program operational approaches are to be developed fully
reflecting the conditions. It should be cautious that the findings of this study may not be easily transferred to other cities
with different conditions than Seoul.
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