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Abstract: Electric vehicles (EVs) have been developed as an efficient solution to reduce automobile
emissions. To ensure the effective diffusion of EVs in current transport systems, it is vital to un-
derstand the factors affecting consumers’ intentions to purchase EVs. To provide insights for this
understanding, this study aims to investigate such factors with a particular focus on users” attitudes
and perceptions. A questionnaire survey was conducted in September 2019 among potential con-
sumers in the major cities of South Korea. A total of 1500 valid survey responses were obtained, and
investigations using binary logistic regression and regression tree were conducted for an empirical
analysis. The results showed that among attitudinal attributes, environmental and economic percep-
tions concerning EV use were the strongest predictors for an EV purchase. In addition, technological
concerns were found to have negative impacts on EV purchase intentions. The findings of this study
could provide reasonable guidelines for establishing marketing strategies and serve as a reference for
EV stakeholders to improve the applicability of current policies regarding EV adoption.

Keywords: electric vehicles; tree regression; purchase intention; survey

1. Introduction

The transportation sector is a major contributor to global carbon dioxide (CO,) emis-
sions, and three-quarters of these emissions are generated by road transport [1]. Conse-
quently, growing concerns about the environmental impact of current road transportation
systems have accelerated the adoption of clean, energy-efficient and environmentally
friendly alternatives that can reduce the carbon footprint [2]. In this context, electric vehi-
cles (EVs) are one of the most commonly considered alternatives [3,4]. EVs have several
advantages over conventional vehicles. They are environmentally friendly because they
emit no greenhouse gases (GHGs) during operation [1]. EVs are more economical in terms
of fuel cost owing to their excellent energy efficiency; their maintenance costs are also lower
because of the fewer parts they require [5]. Furthermore, EVs tend to be more comfortable
as they produce little vibration and noise [6]. Owing to these benefits, EVs have gradually
been recognized as promising alternatives to combustion engine vehicles, and therefore,
promoting the purchase and use of EVs can potentially have a large positive impact on the
environment and energy systems at both the global and local levels [7].

EV adoption is, however, limited by several barriers such as high retail prices due
to the lack of economies of scale, underdeveloped charging infrastructure, short driving
ranges that are not sufficient to meet consumer expectations, and high battery replacement
costs [8,9]. To overcome these limitations, financial incentives such as those to reduce
purchase costs have been widely adopted by governments in North America, Europe, and
Asia [10]. Moreover, many countries have adopted affirmative measures to encourage
people to drive EVs by considering the importance of taking necessary actions to combat
climate change [11]. In addition, several European countries have developed long-term EV
delivery programs. For example, France’s goal is to have two million cumulative EVs on
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the road by 2030, while Germany has a target of one million cumulative EVs [12]. These
efforts imply that the market predictions of EVs are relatively positive in most developed
countries [13].

In the case of South Korea, the national market for EVs is currently growing at a
rapid pace, similar to other developed countries [14]. As a part of the Paris Agreement,
the government of Korea has fixed and declared a voluntary target to minimize GHG
emissions to 37% from the business-as-usual (BAU) level by 2030. This voluntary target is
planned to be accomplished by a 34% reduction in GHG emissions from the transport sector.
The focus of this plan is the transportation system, with an emphasis on public transport,
electric cars, and bicycles. In particular, the Korean government has set a target that 20%
of its new vehicles sold will be green and eco-friendly in the near future. Additionally,
new policies have been developed to promote EV sales and emphasize the inclusion of
more environmentally sustainable transport technology in the country’s overall mobility
system. However, despite these developments and government support, EVs still cannot
attain the desired market level, and the penetration rate of EVs is only less than 2.5% in
Korea [15]. To address this challengg, it is imperative to understand customer preferences
and intentions when opting for EVs. Several studies have explored the moderating effects
of personal traits such as perceived value, personal innovativeness, and policy instruments
such as government support on the relationship between value attributes and the adoption
of EVs [16]. The results of these empirical analyses suggest that the influences of user
attitudes and perceptions have significant theoretical and practical implications for EV
purchase. They can enable a better understanding of the roles of endogenous personal
traits in EV adoption and thus boost the adoption of eco-innovation in the energy and
transport industry.

Based on these strategic focuses, this study aims to examine the factors that influence
the intention of customers who plan to buy cars in the next three years. In particular, this
study focuses on the attitude and perception of users. A survey was conducted to obtain
sufficient data; a total of 1500 survey responses were collected to study several aspects of
user preferences, reasons, and barriers limiting the adoption of EVs by potential consumers.
Logistic regression was used as a modeling approach, along with a multidimensional
tree regression classification technique. The results of this research can make several
contributions. First, this study adds to the growing body of literature dealing with the
factors affecting consumer’s intentions to purchase an EV. During the literature review
as shown later, it was found that previous studies have identified numerous factors such
as social image, environmental concerns, economic benefits, and purchasing costs to be
important determinants behind consumer’s intention to purchase EVs. However, the
literature lacks the user’s attitude and perception regarding the acceptance of EVs, which
can lead to inefficient strategies that fail to expand the market to a wider range of EV
customers. Second, the results of this study will help to understand how changes in a set
of specific attitude and perceptions variables affecting the decision to purchase EVs. This
understanding will provide direct evidence on the relationship between users’ personal
perceptions and EV purchase intentions, suggesting that policymakers must consider
the characteristics of customers in terms of their preferences and intentions to buy EVs.
Finally, the diffusion of EVs in the existing mobility systems of cities is still in its initial
phases; therefore, more detailed information is required regarding the factors that may
affect consumers’ intentions to adopt EVs. This additional information on factors affecting
consumers’ intentions will provide important implications for automotive industries and
other concerned stakeholders in designing improved strategies that motivate consumers to
purchase EVs.

The remainder of this paper is organized as follows. Previous studies are discussed in
Section 2. The proposed models and data are described in Section 3. Section 4 presents the
statistical modeling results. Finally, a summary of the study’s findings and conclusions is
provided in Section 5.
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2. Literature Review

Numerous studies have investigated the variables that affect EV acceptance and con-
sumers’ purchase intentions. For example, Wu et al., 2019 [17] explored factors affecting
the public acceptance of autonomous EVs by using data collected from an online survey in
China. Considering the potential environmental benefits of EVs, they evaluated the envi-
ronmental concerns that affect people’s intentions of buying autonomous EVs. The results
of their study showed that perceived usefulness, perceived ease of use, and environmental
concern have a positive relationship with consumers’ intentions to purchase autonomous
EVs. In addition, Wang et al., 2018 [18] analyzed the effects of consumer knowledge about
EVs, perceived risks, usefulness, and current financial incentives. The results of their study
showed that consumer awareness about EVs has a positive effect on perceived usefulness,
attitude, and intention to purchase EVs; however, it is negatively related to perceived risks.
Further, to identify the interacting factors in the relationship between perceived value and
adoption of EVs, Kim et al., 2018 [16] examined the moderating effects of environmen-
tal traits and government support on adoption intentions. They identified operational
economic benefits and charging risk as the main motivators or hurdles for EV diffusion.
Moreover, they found that environmental concerns and financial incentives significantly
enhanced the perceived values of adoption intention. Another study by Schuitema et al.,
2013 [19] investigated multidimensional benefits based on users’ expectations. They found
that the decision to adopt EVs in the United Kingdom is significantly influenced by con-
tributory features such as efficiency, practicality, and driving range; hedonic attributes
such as driving pleasure; and symbolic characteristics such as driving pride. The economic
benefits of EV adoption have also been examined empirically as primary determinants of
acceptance intent for EVs [8,20-22].

In addjition to the factors mentioned above, existing empirical studies have identified
several meaningful determinants. The authors of [23], for instance, identified the factors
affecting the purchase behavior of 2302 early EV buyers in the 21 largest metropolitan
areas of the United States. Their results revealed that consumers who express an early
interest in adopting EVs are typically highly educated, previous owners of conventional
hybrids, environmentally sensitive, and have concerns about dependence on foreign oil.
To identify the role of social identity variables such as social norms and collective efficacy
in predicting the acceptance of EVs, Ref. [24] collected survey data from 601 respondents,
including EV experts in Germany. They found that both EV experts and non-experts
considered cost-related factors to be more important than social identity variables in EV
adoption. Similarly, Ref. [25] emphasized the cost of EV purchase and suggested that cost
is an influential variable given that the decline in prices more effectively stimulates the
growth of the EV market. The authors of [26] performed a conjoint analysis concerning
the preferences of customers for EVs and fuel-cell vehicles on their potential deployment.
They conducted a questionnaire survey on two groups: drivers and non-drivers. The
results showed that the purchase price of the vehicle and increased charging stations
were the most important variables in the choice of vehicles for both groups. The authors
of [27] also confirmed that cost is a key element in the preference of EVs for prospective
buyers. The authors of [28] surveyed 502 citizens in Beijing and found that subsidy policies
have a substantial positive impact on attitude, perceived behavior management, cognitive
status, quality understanding, and monetary incentives, whereas subjective norms and
non-monetary incentive policies have little effect. Previous studies have suggested that
consumers’ perceived usefulness, social image, environmental concerns, economic benefits,
and purchasing costs to be the key factors behind a consumer’s intention to purchase an EV.

This literature review implies that a considerable number of researchers have analyzed
the factors influencing the purchase of EVs. In particular, previous studies suggest that
user attitude and perception, as well as personal characteristics and vehicle performance,
can have strong impacts. However, currently, the number of studies focusing particularly
on user attitude and perception is limited. We argue that this limited information can lead
to inefficient strategies that fail to expand the market to a wider range of EV customers.
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This is true because the EV market is still immature, and consumers tend to have relatively
narrow information and experience about EVs. Further, this study analyzed technological
concerns with different questions covering trust or fear towards new technology and
overall inconvenience due to unexpected problem occurrences. In this regard, this study is
expected to be meaningful because it contributes to the existing literature on EV adoption,
with a special emphasis on the impact of consumers’ personal attitudes and perceptions
using a case study in South Korea, which has an emerging EV market.

3. Method and Materials
3.1. Survey Design

This study uses data from a survey that seeks consumer responses toward their inten-
tion to purchase EVs. This survey was conducted online in September 2019 by hiring the
services of a professional company. A total of 1500 respondents from different metropolitan
areas and cities in South Korea, including the capital region comprising the Seoul, Incheon,
and Gyeonggi provinces, and seven other major cities, were collected, covering different
age groups, gender, income levels, and occupations in the sample. It should be noted that
to obtain a reliable dataset, only the respondents who intended to purchase a new vehicle
within the next three years were allowed to complete the survey. A structured questionnaire
was developed to effectively identify extract the following information: (1) respondents’
socio-demographics and economic background, (2) information pertaining to their travels
and characteristics of their owned vehicles, and (3) their attitude and perception about EVs.
Details about the questions asked concerning their attitude and perception of EVs will be
explained in the next section.

Table 1 shows the descriptive statistics of the variables measured in the first and
second parts of the questionnaire. The statistics showed that 90.4% of respondents intend
to purchase EVs, which may signify that the EV market in Korea will expand rapidly. The
shares of males and females were equally distributed in the dataset; this gender balance was
planned in the sampling process to avoid any sample biases by controlling the participation
of the survey panel. The age distribution shows that approximately 70% of the respondents
were in their 20 s and 40 s, followed by those in their 50 s and 60 s. Most of the respondents
were self-employed (52.2%) and office workers (20.1%), compared to students and others.
The high percentage of self-employed respondents in this sample does not represent the
actual distribution of employees in Korea. It is known that the self-employed occupy 24.6%
of the total working population in Korea [29]. Over 85% of respondents owned a car, and
50% had over 10 years of driving experience. With respect to household income, 35.6% of
respondents had a monthly household income of 4-6 million KRW. In terms of housing
type, 70.8% of the participants lived in apartments, and the rest lived in multi-family
(17.8%) and single-family houses (11.4%). Most participants (93.4%) were from the capital
area and major cities of Korea. In terms of car ownership, over 50% of the surveyed people
had only one vehicle in their households.

3.2. Measurement of User Attitude and Perceptions

In this section, the approach to measuring users’ attitudes and perceptions concern-
ing EVs is discussed. The survey uses a seven-point Likert scale ranging from 1 to 7
(1 = strongly disagree, 7 = strongly agree) to measure the responses of participants re-
lated to their attitude and perception toward EVs. Users” attitudes and perceptions were
measured in terms of the innovativeness of users, their environmental and technological
concerns, perceived economic benefits of using EVs along with subsidies on EV purchase,
and the user’s perception of their social image when using EVs.
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Table 1. Individual attribute statistics of the sample (1 = 1500).

Category Individual Attributes Variable Description Frequency Proportion (%)

. Yes 1356 90.4

Dependent Intention to purchase EV No 144 9.6
Gender Male 750 50.0
Female 750 50.0
20s 300 20.0
30s 370 24.6
Age 40s 370 24.6
50s 300 20.0
60s 160 10.6
Car ownershi Own/Yes 1289 85.9
P Do not own/No 211 14.1
Uptob 342 22.8
Driving experience (years) 5-10 195 13.0
More than 10 752 50.1
One 155 10.3
Family members Two 306 20.4
) ) Three and more 1039 69.3

Socio-demographic

characteristics Upto4 428 28.5
Household monthly 4-6 535 35.6
income (million KRW) 6-8 283 18.8
Over 8 255 17.0
Owner 1051 70.1
Type of house possession Lease 290 19.3
Monthly Rent 159 10.6
Apartment 1062 70.8
Housing type Multi-family house 267 17.8
Single-family house 171 11.4
Self-employed 783 522
Occupation Office workers 301 20.1
P Students 162 10.8
Others 254 16.9
Capital area ? 700 46.7
Location Major cities P 700 46.7

Other cities © 100 6.6
Number of cars Zero and one 1050 70.0
Two and more 450 30.0
Mini (<1000 cc) ;ég 571'63

Type of cars (engine size) Small and mid-sized (1000-2000 cc) ’

yp & Full-sized (>2000 cc)

Travel and vehicle Suv 221 14.7
characteristics 185 123
1-5 695 46.3
Vehicle age (years) 6-10 401 26.7
More than 10 193 12.8
Monthly fuel expenditure Up t0 0.3 818 245
(million KRW) 0.4-0.6 312 20.8
More than 0.6 159 10.6

1.0 million KRW a2 USD 900. ?: Seoul, Incheon, Gyeonggi; ®: Busan, Daegu, Daejeon, Ulsan; ¢: Chungnam, Chungbuk, Sejong.

User innovativeness was measured using four questions that asked how much inten-
tions the respondent had to accept new technologies. The questions related to environ-
mental concerns including whether the diffusion of eco-friendly vehicles will help protect
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the environment and reduce air pollution and whether the diffusion is consistent with
the current environmental policy. Regarding technological concerns, four questions were
considered: (1) fear of new technologies, (2) inconvenience in using EVs, (3) overall safety
level for operations, and (4) difficulty in handling situations when unexpected problems
(e.g., car break-down, depletion of battery) occur. Perceptions about the economic benefits
of EVs were measured by asking the extent to which they agree with the expectations
that the purchasing cost of eco-friendly vehicles, their maintenance, and operation costs
will be cheaper. In the case of purchase subsidy, the respondents were asked to mark the
degree of agreement with these statements: the level of subsidy for purchase will affect the
degree of use, taxes, and discounts help me adopt EVs, and financial incentives and related
policy support should be performed simultaneously. Finally, social influence or image
was measured with two questions by asking how much they agree with the statements:
‘I think eco-friendly vehicles are in line with social trends” and “You will be evaluated as
being ahead of the people around you by using eco-friendly vehicles. The details of these
measurement approaches, including the questions, are presented in Table 2.

Table 2. Measurement items for users’ perceptions and attitude towards EVs.

Items Questions
I challenge new technologies relatively early.
. I enjoy experiencing new technology.
Innovativeness
I adapt well to new technologies.
I think eco-friendly vehicle-related technologies are innovative.
I'have a lot of fear of new technology.
Technological Eco-friendly vehicles will be inconvenient to use because there are many unexpected problems.
concerns

Eco-friendly vehicles will not be safe overall.

Eco-friendly vehicles will be difficult to solve when unexpected problems occur.

Economic benefit

The cost of purchasing eco-friendly vehicles will be cheaper than internal combustion engine vehicles.

If you use eco-friendly vehicles, you receive economic benefits such as a reduction in parking fees.

Expenditure on fuel and maintenance will be reduced compared to vehicles with internal combustion engines.

Purchase subsidy

When purchasing eco-friendly vehicles, the level of subsidy for purchase will affect the degree of use.

Economic benefits (taxes and discounts) when purchasing eco-friendly vehicles will affect the degree of use.

Purchase subsidy and economic benefit-related policy support should be performed simultaneously.

The introduction of eco-friendly vehicles is consistent with the current environmental policy.

]];Z:I\lfg?trslmental Eco-friendly vehicles will emit fewer air pollutants than internal combustion engine vehicles.
The use of an eco-friendly vehicle will help protect the environment.

Social I think eco-friendly vehicles are in line with social trends

influence/image  yoy will be evaluated as being ahead of the people around you by using eco-friendly vehicles.

The resulting mean scores for users’ attitudes and perceptions of EVs are shown in
Figure 1. The figure indicates that the respondents recognize the importance of purchase
subsidy and environmental benefits, as shown by their greater scores, 5.48, and 5.46.
Moreover, it shows that the score for technological concerns was the lowest (3.94). This
may suggest that technological concerns are not a major issue for EV adoption. The survey
participants responded that they are to some degree innovative, as suggested by the score
of 4.91 (score for neutral = 3.0).
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Figure 1. Mean scores of attitude and perception variables. Note: Q1: innovativeness; Q2: techno-

logical concerns; Q3: economic benefits; Q4: purchase subsidy; Q5: environmental benefits; and Q6:
social influence/image. Error bars represent the 99% confidence interval for the mean.

3.3. Models

In this study, two approaches—regression tree and logistic regression—were used
to explore the factors affecting consumers’ intention to purchase EVs. The application
of both approaches is expected to reveal the factors from various perspectives. The use
of these methodologies is intended to demonstrate how a variety of factors impact EV
purchase decisions. The classification tree approach is helpful because of its ability to
reveal data structures with complex interactions among variables, while not requiring
a specific functional form [30]. However, the approach cannot determine the degree to
which each variable is statistically meaningful because it is a non-parametric procedure.
To overcome this weakness, logistic regression modeling was applied to predict factors
affecting consumers’ intention to purchase EVs accurately. Studies have shown that the
two approaches may be used together to provide a complete explanation of the causal
relationships between response and explanatory factors [30,31].

3.3.1. Regression Tree

To better understand consumers’ intentions to purchase EVs, a multidimensional
analysis considering interactions between factors was conducted using the tree-based
regression technique. The regression tree method is useful because it can reveal data
structures with complex interactions between variables without requiring a particular
functional form [30]. An empirical tree is a segmentation of the data generated by applying
a series of basic rules in decision tree modeling. Through the repeated splitting process,
these models produce a set of homogeneous groups that can be applied for prediction.
Chi-squared automatic interaction detection, classification, and regression trees are the
most common tree methods [32]. This method is attractive because the resulting trees
have a symbolic representation that is simple to interpret [33]. However, the approach
cannot determine the degree to which each variable is statistically meaningful because it
is a non-parametric procedure. To overcome this weakness, parametric models such as
logistic regression are often developed together, enabling analysts to confirm the statistical
significance of the identified factors.
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3.3.2. Binary Logistic Regression

Logistic regression has been widely used in the analysis of EV purchase literature [34-37].
In this study, a binary logit model was used to identify the factors affecting consumers’
intention to purchase EVs. The random utility of a customer is extracted from a single op-
tion situation, such as “intention to buy EV” or “do not buy EV.” Therefore, the dependent
variable is used as a binary variable that takes a value of 1 if the respondent expresses the
willingness to buy an EV in the next three years and a value of 0 if the respondent expresses
no willingness to buy an EV. The model specifications were as follows:

P =Prob(Y =1) = (Bo+ B1X1 + - - + BnXn) "

" 1+exp(Bo+BiXs+ 4 BaXn)

where P represents the probability of adopting EVs and Y is the dependent variable
representing the EV ownership status. The symbols X; ... ..X;, are explanatory variables, 3,
isa constant, and 3; ... .. B, are regression coefficients that reflect the impact of explanatory
variables on Y.

4. Results and Discussion

First, the regression tree results are presented in Figure 1, which predicts the most
homogenous responses of respondents based on their intentions to buy EVs. Second, the
results of the binary logistic regression model are presented, illustrating the influence of
consumers’ personal attitudes and perceptions that affect the decision to purchase EVs.

4.1. Regression Tree

The results of the regression tree are shown in Figure 2. For the construction of the
tree, two criteria were applied: (1) at least 50 samples in a final node and (2) depth of
tree = 3. The constructed final tree comprises 17 nodes based on the division of the left
subtrees, center subtrees, and right subtrees. The tree indicates that among the considered
variables, the perceptions about EVs’ economic benefits may be used as the top criteria
for classifying consumers’ intention to purchase EVs. In addition, users’ innovativeness,
age (20 s), technological concerns, fuel expenses, driving experience, and vehicle age were
found to be key variables determining consumers’ intentions.

Intention to purchase EVs
Yes=90.6%
No=9.4%

<33

Intention = 80.6%

ot 3
40 Innovativeness

=40

Intention

Intention

=45

3.5 through 4.5

Intention = 89.3% Intention = 95.7%

| |

Tnnovativeness® Age 205

=

671%

87.1% 148

Figure 2. Regression tree for consumers’ intention to purchase EVs. * Indicates perception and attitude variables.

=40 =4.0 No Yes
Intention = 83.3% Intention = 93.3% Intention = 94.4% Intention = 89.8%
i % Fuel expenditure Vi h'l 1 Driving experience
Technological concerns ehicle age g exp!

<40 | =40

= 0.3 million KRW | = 0.3 million KRW

> 5 Years | = 5 Years

>5Years | = 5Years

Intention

n

Intention

n

Intention | 0

Intention

n

Intention

n

Intention

n

Intention

n

Intention

914%

128

735%

86

97.0%

164

903 %

156

959 %

233

991%

223

81.1%

33

972%
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The constructed regression tree with ten terminal nodes, separated by the six factors,
clearly indicates that users’ perception and attitude variables are the key determinants of
the decision to purchase EVs. More specifically, less innovative respondents who weakly
perceive the economic benefits of EVs are the least anticipated group of purchasing EVs;
among such respondents, only 67.1% expressed their willingness to buy EVs. Note that for
the whole sample, 90.6% replied that they intend to buy EVs. Conversely, respondents in
the 30 s or older age group who strongly perceive that EVs will bring economic benefits
and own a rather new car (vehicle age of <5 years) were identified as the most anticipated
group of purchasing EVs. Indeed, 99.1% of the respondents in the group expressed their
intention to buy EVs. The constructed tree suggests that technological concerns also exert
strong impacts on EV purchase decisions; a higher degree of concern (>4.0) substantially
lowers the percentage of respondents who intend to purchase EVs (i.e., from 91.4% to
73.5%; for this, refer to the third and fourth terminal nodes from the left). Regarding fuel
expenditure, the tree implies that respondents who consume more fuel (probably travel
longer) are more likely to accept EVs. They may be motivated to save fuel expenditures
on EV purchases. In addition, less experienced drivers (<5 years) who belong to the age
group of 20 s and strongly perceive the EVs’ economic benefits tend to agree to buy EVs,
which is observed in the rightmost two terminal nodes.

4.2. Binary Logistic Regression

The results of the binary logistic regression are presented in Table 3. In the regression
model, variables were grouped according to their categories to explain the model. The
first category includes socio-demographic and economic variables (gender, age, family
size, house possession, type of house, area of residence, and household income); the
second category comprises attitude variables (users” innovativeness, technological concerns,
economic benefits, environmental benefits, and social influence/image), and the third
category comprises travel and vehicle characteristics (car ownership, vehicle age, and
current vehicle types, travel purpose, driving experience, and monthly fuel cost). However,
for brevity, only significant variables are discussed in this section.

The results of the model show that gender is a significant determinant of the decision
to purchase EVs. The positive and significant estimated parameter for the male variable
indicates that, on average, male respondents are more likely to buy EVs. Concerning age,
the young age group, specifically in their 20 s, showed a significantly negative association
with purchase intentions. This is unexpected, given that young people are believed to
easily accept new technology. However, concerning the purchase price of EVs, which
is substantially higher than that of conventional cars, this finding is reasonable. It is
highly likely that the income level of young people, particularly in their 20 s, may not be
sufficient for the purchase of EVs. Note that these gender and age effects are not always
the same. Some previous studies have shown a rather non-significant impact of gender
and age variables on EV purchase intention [38,39]. The estimated parameters for the
location variable showed that the respondents from the capital area and major cities had
a significantly positive intention to buy EVs. These findings can be interpreted as the
person from the urban and most developed areas facing relatively higher levels of air
pollution due to heavy traffic and, accordingly, may be more aware of the economic and
environmental benefits of EVs. The significantly positive coefficient for the variable of
housing type (apartment) suggests that people living in apartments are more likely to
purchase EVs. This may be because apartment complexes can easily provide parking
facilities equipped with chargers because of their sufficient parking supply. Concerning
household income, respondents with a household income of up to 4 million KRW showed
a significantly positive coefficient value. This implies that lower-income people who
are disproportionately burdened by fuel, maintenance, and repair costs of conventional
vehicles can be motivated to purchase EVs.
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Table 3. Estimation results of binary logistic regression (1 = 1500).

Category Variables/Reference Variable Variable Description Coefficients
Constant —3.214 **
(Ref. ~ Female) Male 0.861 ***
20s —1.164 ***
Age 30s —0.358
(Ref. =60s) 40 —0.615
50s —0.775
Location Capital area 1.065 **
(Ref. = other cities) Major cities 1.115 **
Socio-demographic House type Apartment 0.226 **
characteristics (Ref. = single-family) Multi-family —0.942
Upto4 0.926 *
Monthly household income (million KRW) 46 0.385
(Ref. = 6-8)
>8 0.430
) Self-worker 0.101
(I%;.Cip(?:lﬁ?s) Office worker —0.032
Student 0.853
Family size Member 2 —0.003
(Ref. = one) Member 3 and above —0.403
House possession Owner —0.302
(Ref. = monthly rent) Lease —0.197
Innovativeness 0.348 ***
Technological concerns —0.443 ***
Attitude and perceptions Environmental benefit 0.489 ***
Economic benefit 0.472 ***
Purchase subsidy —0.095
Social influence 0.068
b s o) Multi cars 0499 *
Mini —0.389
(RE?I;%P{?V) Small & mid-size —0.647 *
Full-size —0.746 %
Travel and vehicle Vehicle age (years) o —0.066
characteristics (Ref. > 10) 6-10 0.226
Driving experience (years) Upto5 0.231
(Ref. = 6-10) More than 10 —0.316
Works and schools 0.455
?ﬁ‘?ﬂp&iﬁiﬁ Business 0.723
Shopping 0.249
Monthly fuel expenses (million KRW) up to 0.3 —0.388
(Ref. > 0.6) 0.4-0.6 0.415
McFadden Pseudo R? 0.537

*p<0.1;* p <0.05 **p<0.01.

In addition, the estimated model indicates that customers’ attitudes and perceptions
can have a strong impact on the intention to purchase EVs. In particular, respondents’
innovativeness, environmental concerns, and economic benefits showed a positive and
statistically significant association with the intention to purchase EVs. As expected, the



Sustainability 2021, 13, 6778

110f 14

level of technological concerns was found to have a significantly negative relationship with
EV purchase, suggesting that regular maintenance and car safety are critical factors for EV
adoption by individuals. Meanwhile, the model did not reveal any significant impact on
the two variables of purchase subsidy and social influence. In this study, the magnitude
of the estimated coefficient for the environmental aspect variable was the largest (0.489)
compared to other attitude and perception variables, suggesting that it is the strongest
predictor among the six variables. Note that the perception of economic benefits was the
most critical factor in the regression tree analysis. This result is generally consistent with
the findings of previous studies. For example, [38] reported similar results with the highest
value of the coefficient for environmental aspects. Additionally, [16] reported that the
economic benefits of EVs have a positive impact on purchase intention. These findings
suggest that respondents’ perceptions of the government’s financial incentives, current
environmental policy, and public parking benefits for EVs play vital roles in consumers’
intention to purchase EVs.

Finally, the estimated parameters for the vehicle characteristics indicate that respon-
dents who own multiple cars respond positively to EV purchases. This may reflect the fact
that EVs are often used as a second car in a household because of their limited driving
range. The estimated parameters for the vehicle type variable confirmed that the owners of
medium to large vehicles negatively respond to EV purchases, compared to those who own
a smaller car. This can be understood by the fact that current EVs in the market are mostly
small. Similar findings were also found by [8,15], suggesting that respondents owning
full-size cars are less likely to opt for EVs. However, the estimated model also shows that
SUV owners have intentions to buy EVs, which is counterintuitive in that EVs in the form
of SUVs are rarely available in the market. Further studies are required to explain this
situation. EV purchase intentions are expected to greatly change as the EV lineup in the
market grows.

Statistical models were developed by applying both regression tree and binary logistic
regression based on a binary response variable (intention to purchase EV or do not purchase
EV) and twenty explanatory variables. The two approaches complemented each other
and revealed various aspects of the intention to purchase EVs. For example, regression
tree analyses revealed that economic benefits can be used as the top criteria for classifying
consumers’ intention to purchase EVs. In addition, respondents in 30 s or older age group
and vehicle age of <5 years were identified as the most predicted group of purchasing EVs.
In terms of fuel expenditure, the tree suggested that respondents who use more fuel (so
travel for a longer distance) are more likely to purchase EVs. They may be persuaded to
purchase EVs for saving fuel expenditure.

The results of the logistics regression further complimented the findings of tree regres-
sion with the added information of explanatory variables. Socio-demographic characteris-
tics were found to be significantly associated with intention to purchase EVs. In particular,
lower-income respondents are more likely to purchase EVs. This means that lower-income
people who are excessively burdened by fuel, maintenance, and repair costs of conventional
vehicles can be motivated to purchase EVs. In addition, male respondents have stronger
intentions to accept EVs. Regarding age, the young age group, particularly in their 20 s,
showed a significantly negative association with purchase intentions.

In addition, the estimated model indicates that customers’ attitudes and perceptions
can have a strong impact on the intention to purchase EVs. In particular, respondents’
innovativeness, environmental concerns, and economic benefits showed a positive and
statistically significant association with the intention to purchase EVs. Concerning car
ownership, respondents who own multiple cars are more likely to purchase EVs. The
estimated parameters for the vehicle type variable confirmed that the owners of medium
to large vehicles negatively respond to EV purchases, compared to those who own a
smaller car.
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5. Conclusions

This study aimed to explore the factors affecting consumers’ intentions to purchase
EVs, focusing specifically on users’ perception and attitude using survey data. Users’
perception and attitudinal attributes considered in this study included users” innovative-
ness, technological concerns, expected environmental and economic benefits, purchase
subsidy, and social influence/image. In addition to these attributes, respondents’ socio-
demographic, economic, and vehicle and travel characteristics were examined. In this
study, two approaches—tree regression and binary logistic regression—were used. The
random utility of a customer was extracted from a single-option situation, which is the
intention to buy EVs. The statistical models successfully produced interpretable outcomes,
revealing the influencing factors; thus, they can be used to help analysts reasonably predict
a consumer’s intention to purchase an EV. There are two major conclusions drawn in this
study that are worthy of attention for boosting sales in the EV market and promoting their
wide application in transportation systems.

First, this study highlights the importance of consumers’ attitudes and perception
variables. The results of the logistic regression revealed that among the six variables of
attitude and perception, four were statistically significant. In particular, the environmental
benefits variable was found to be the strongest predictor of positive attitudes toward
EVs. This finding can provide insights to the government and car manufacturers. More
specifically, the government can intensify the public perception of EVs by emphasizing their
environmental benefits. When planning the expansion of the EV market, EV manufacturers
should consider the environmental concerns that their potential customers may have.
In addition, the findings provide evidence that the perception of the economic benefits of
using EVs has a strong impact on EV purchase intentions. This emphasizes the consensus
that it is vital for customers to recognize the advantages of EVs in terms of economic
efficiency, such as lower operating costs. This added awareness among consumers will
help to form substitute relationships between existing vehicles (conventional vehicles) and
EVs. Additionally, consumers’ perceptions of government incentives that are aligned with
existing environmental policies, as well as measures for lowering the EV operating cost,
play a significant role in their decision to purchase EVs.

Second, as reported by several previous studies [16,26], we found that perceived tech-
nological concerns have a negative impact on EV purchase intentions. The technological
concern variable primarily addressed the concerns of respondents toward EV technol-
ogy, which is still in its infancy and therefore is more responsible for a safety issue that
reduces the probability of consumers purchasing EVs. Consequently, it is imperative to
increase consumers’ trust in EV technology and boost positive perceptions of EV values
to accelerate EV adoption. Prior to making a purchase, consumers go through various
processes to assess the overall value of new or innovative products. This value is generally
a measure of the overall benefits and risks associated with the intended product. Thus,
the government should attempt to advertise the advantages of EVs to alleviate the risks
and misunderstandings surrounding EVs; they should also aim to construct more charging
stations. Meanwhile, automotive companies should focus on improving their technology,
for example, to enhance battery safety and capacity. They may need to offer free test
drives to potential consumers to increase their understanding of EVs. Numerous harmo-
nious efforts from governments and car manufacturers are required to educate customers
about the economic benefits, comfortable and safe driving, environmental friendliness, and
emotional benefits of EVs.

This study provides an interface for the collaboration of city officials and automotive
companies to expand EV ownership and increase purchase intentions. This contribution
can be strengthened by adding information on factors affecting consumers’ intention to
purchase EVs, focusing specifically on users’ attitudes and perceptions. The evidence
provided in this study emphasizes the need to address the characteristics of customers in
terms of their intentions and preferences to buy EVs.
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Further studies may improve our understanding of user attitudes and perceptions. For
example, the longitudinal observation of behavioral changes of respondents will be useful
to draw a more casual relationship between users’ personal perceptions and EV purchase
intentions. In addition, collecting cross-sectional data covering a wider range of consumers
(e.g., from different countries/ cities and those with different levels of EV experience) may
help in observing the larger picture of divergent EV purchase intentions. Moreover, future
researchers can apply different methods of data analysis, such as machine learning and
multi-criteria decision-making approaches, to investigate EV purchase intentions and
perform comparisons to introduce EVs.
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