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Electric vehicles (EVs) are considered a technological innovation that helps reduce not only fuel consumption but
also air pollution and greenhouse gases that exacerbate global warming concerns. Despite these benefits, the
understanding of factors influencing EV adoption remains obscure, as it varies greatly across countries and
perspectives (e.g., the acceptance of EV technology, decisions to purchase and use EVs, and policies that affect
user decisions to purchase and use EVs). To better comprehend the dominance of such factors — especially in an
emerging market with a huge leap in EV usage, like Thailand — we devise a multi-perspective multi-criteria
decision analysis (MCDA) framework and apply it to datasets of Thai EV users, including both general EV user
and expert groups. Our results reveal that “Attitude Toward Using EVs” and “Subjective Norms” are crucial for
the acceptance of EVs, while “Product and Service Attributes” and “Purchasing Incentive Policies” greatly impact
the adoption decisions. Besides these factors, we also identify causal-effect relationships among factors in each of
these three different perspectives. This research thus allows stakeholders — including EV manufacturers,
transport authorities, and governments — to properly devise relevant mechanisms supporting countrywide EV

adoption in a more sustainable fashion.

Introduction

The spectrum of human activities — including transportation, elec-
tricity generation, industrial production, agricultural, and energy con-
sumption in residential and commercial buildings — has presented a
substantial impact on the environment, especially the rising level of
greenhouse gas (GHG) emissions that intensifies global warming (Kabir
et al., 2023; Kim et al., 2020). To better support the realization of sus-
tainable development for future generations, it is imperative for people
to be conscious of protecting the environment, considering the extensive
effects of these activities.

Among such activities, transportation is undeniably a major
contributor to air pollution and a significant producer of carbon dioxide
(CO2) emissions that continually aggravate global warming concerns
(Yang et al., 2020; Parker et al., 2021). As such, proposals to reduce air
pollutants and CO2 emissions in the transportation sector have been
widely initiated (Kim et al., 2020), including the promotion of sustain-
able clean energy and eco-friendly electric vehicle (EV) usage. Largely

due to the positive trends of EVs toward environmental sustainability
(Asadi et al., 2022; Guo et al., 2023; Malima and Moyo, 2023), the
number of EVs sold — and their respective market share — keeps
increasing from year to year across the globe. According to the Inter-
national Energy Agency (IEA), in 2022 alone, the global market share of
EVs rose by approximately 14 %, which was more than triple the rise in
their share in 2020.

As Thailand is a member state of the United Nations (UN) that pri-
oritizes the Sustainable Development Goals (SDGs), the Thai govern-
ment has diligently implemented a wide range of action plans aiming to
achieve a net-zero society by 2050. In line with the global trends, many
of these plans rely heavily on sustainable clean energy, including the
promoting of EV usage so that at least 30 % of all vehicles in the country
could be converted to EVs by 2030.

From the Thai user’s perspective, EVs are regarded as automotive
technological innovations — ranging from hybrid EVs (HEVs) and plug-
in hybrid EVs (PHEVSs) to full EVs like battery EVs (BEVs) or fuel cell EVs
(FCEVs) — that rely less on fossil fuel. Therefore, users predominantly
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value EVs for their fuel cost savings, followed by their eco-friendly
systems that help reduce air pollution, GHG emissions, and hazardous
hydrocarbon compounds (Asadi et al., 2022; Guo et al., 2023; Malima
and Moyo, 2023; Parker et al., 2021).

In terms of adoption by Thai users, their use and acceptance of EVs have
progressively increased. According to the Department of Land Transport,
the number of EV user registrations in Thailand has risen astronomically —
by more than 100 % each year since 2017. There are three reasons for this
(Jin et al., 2014; Kang and Park, 2011; Lane and Potter, 2007; Wang and
Zhou, 2019; Yang et al., 2016). Firstly, from the user standpoint, the cur-
rent EV advancements — including driving technology, safety, and other
innovative features — are far superior to those of previous EV generations.
Secondly, there are various EV price tiers that users can select based on
their driving preferences. Finally, the Thai government supports the
infrastructure (e.g., electric charging stations) and supply chain of the EV
industry in terms of both tax and provision benefits.

Although the number of EV users in Thailand has increased
tremendously over recent years, it still remains minimal compared to the
number of internal combustion vehicle users. Moreover, some EV types
have been available in the market for some time, but they have not been
widely used until recently. These issues may be attributed to several
factors — for instance, government policies may fail to attract people’s
attention in terms of tax cuts, subsidies, special rights, and basic infra-
structure (Kang and Park, 2011), or the automotive industry may not be
able to demonstrate EV features that meet user desires (Adamson, 2005;
Lietal., 2020; SchmalfuB et al., 2017; Wang et al., 2017). Other factors
that potentially affect EV adoption include inadequate advertisements,
promotions, and warranties for all user groups (Hardman et al., 2017;
Lane and Potter, 2007). More specifically, Kang and Park (2011) found
that extensive promotions might not effectively boost the EV adoption
rates of some user groups, such as those who lacked sufficient education
or those who lacked awareness of the benefits and drawbacks of EVs.

Most recent research also finds that factors influencing EV adoption
vary greatly across countries, as they depend not only on perception and
preferences but also on supportive government policies and the EV
features offered by manufacturers. To this end, Asadi et al. (2022) found
that price, perceived usefulness, social norms, and perceived benefits of
EV usage were significant in influencing EV adoption in Malaysia, while
battery capacity and lifespans, tax reductions, and government supports
were critical for Chinese users (Kuo et al., 2022). In addition to such
factors, perceived ease of use, perceived personal innovation, technol-
ogy acceptance, and user experience were also indispensable factors for
EV adoption in China and Thailand (Tu and Yang, 2019; Kuntawong
et al., 2022; Sinsap, 2023).

Since EV technology is perceived as a new technological challenge
for customers’ driving habits in emerging markets like Thailand, users —
as well as other parties aiming to promote EV adoption — must therefore
weigh the advantages and disadvantages of EVs across different per-
spectives. Unfortunately, these factors may not yet be fully compre-
hended at the present time due to the existence of intervening
relationships within and across different perspectives. To better under-
stand EV adoption in Thailand from a multi-perspective standpoint, this
research establishes a multi-criteria decision analysis framework
capable of identifying and ranking influential factors that potentially
affect the countrywide adoption of EVs across three different perspec-
tives (i.e., primary factors): (i) user acceptance of EV technology, (ii) user
decisions to purchase and use EVs, and (iii) supportive government
policies that encourage user decisions to purchase and use EVs.

To do so, we first extract related factors (i.e., secondary factors and
indicator questions) that might affect EV adoption within each of the
three primary factors from the literature. We, later, categorize them into
groups according to the Thai context using the factor analysis approach.
Next, the Decision-Making Trial and Evaluation Laboratory (DEMATEL)
approach is applied to prioritize secondary factors and unravel the in-
terrelationships among factors, which could be visualized by the causal-
effect diagrams. Based on this proposed framework, we would be able to
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not only identify the factors that influence the EV adoption by Thai users
with greater precision but also gain insights into the causal relationships
and the impacts of such factors within their respective domains. This
information, in turn, allows us to make informed decisions regarding EV
development and prioritize policy improvements (e.g., taxation, sub-
sidies, privileges, infrastructure development to support EV usage, or
sales strategies to meet customer demands) more efficiently than before.

Compared to the existing research that primarily focuses on factors
influencing EV adoption in one single dimension, this study investigates
a wider range of factors that spans across three different dimensions.
Additionally, we use factor analysis and the DEMATEL approach, so that
only relevant factors are retained and carried forward to the construc-
tion of causal-effect diagrams. While our study is conducted based on the
Thai context, the underlying research framework is, however, universal,
as it can be applied to other contexts with new identified factors, without
the need for major modifications. Considering the rapid shifts in the EV
industries worldwide, we expect that our proposed research framework
would serve as a stepping stone to the enhancement of EV adoption not
only in Thailand but also in other countries.

The remainder of this paper is organized as follows. Section 2 provides
a thorough review of the literature regarding factors influencing EV
adoption from three different perspectives. Section 3 introduces the pro-
posed methodology, and Section 4 presents the comprehensive results.
Section 5 concludes our work with some potential research directions.

Literature review

According to the literature, numerous factors could affect user de-
cisions to adopt EVs. Examples include factors related to customer
preferences, usage acceptance, environmental aspects, financial con-
siderations, marketing strategies, and policies by both manufacturers
and governmental bodies. For ease of analysis, we have divided such
factors into three main groups according to their relevance and the state-
of-the-art literature, namely (i) user acceptance of EV technology, (ii)
user decisions to purchase and use EVs, and (iii) supportive government
policies that affect user decisions to purchase and use EVs. The following
subsections discuss in detail each primary factor and the derivations of
secondary factors, along with their respective indicator questions.

Acceptance of EV technology

According to Ajzen’s (1991) theory of planned behavior, the factors
that influenced customer behavior in adopting new technologies were
behavioral intention, purchase intention, attitude, subjective norms, and
perceived behavioral control. Recent research has found several addi-
tional factors that potentially influence user attitudes toward new
technologies. Prominent examples include perceived usefulness,
perceived ease of use, compatibility, and personal innovativeness
(Davis, 1989; Williams et al., 1998; Agarwal and Prasad, 1997).

In terms of EV technology, Kuntawong et al. (2022) confirmed that
factors related to personal innovation and compatibility perception indeed
affected one’s attitude toward technological acceptance. In addition,
Panson (2018) found that financial benefits were crucial for EV adoption,
in which maintenance expenses were identified as one of the significant
factors influencing public acceptance of EVs. Apart from such expenses,
basic infrastructure and the distance that an EV could travel on a single
charge were listed as top-rated influential factors in the study.

Table 1 and Table Al in Appendix A report all 10 influential factors
and 35 indicator questions that contribute to the acceptance of EVs and
the behavior associated with EV adoption derived from the literature.

Decisions to purchase and use EVs
Personal perception has long been known as one of the main factors

affecting customers’ purchasing decisions. This is because it is an
important cognitive factor that effectively leads customers to believe
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Table 1
Identified factors for EV technology acceptance.
Factors Definition Source(s)
Interpersonal Perspectives of those who are close to Bhattacherjee
Influence EV users, such as family, friends, and (2000)
others; people’s actions, opinions, or
beliefs
Personal EV users’ thoughts, attitudes, Jalajas and
Innovativeness willingness, and opinions toward the Bommer (1999)

acceptability of EV technology
Acceptance of EVs at various price
levels, including the fundamental
expenditure of owning an EV, such as
upkeep and insurance premiums

EV users’ attitudes, perceptions, and
behaviors regarding their views on
accepting EV technology

Price Acceptance Sang and Bekhet

(2015)

Subjective Norms Taylor and Todd

(1995)

Compatibility Users’ feelings toward using EVs, such Taylor and Todd
as feeling that EVs are aesthetically (1995)
pleasing and offer greater convenience,
including aspects like maneuverability,
cost-effectiveness, and ease of locating
electric charging stations
Environmental EV users’ attitudes, perceptions, and Sang and Bekhet
Concerns behaviors toward environmental (2015)

concerns associated with accepting EV
technology as an eco-friendly option
that can reduce air pollutants and GHG
and conserve energy
Attitude Toward EV users’ thoughts and attitudes toward
Using accepting EV technology after use,
considering whether they view EV
technology as good or not, and assessing
its overall benefits and drawbacks
Perceived Ease of EV users’ thoughts and behaviors
Use regarding their acceptance of EV
technology, including whether they find
EVs easy to use, the level of effort
required for learning and adapting to
them, and whether they are perceived as
easy to learn and quick to adapt to
EV users’ thoughts regarding their
acceptance of EV technology, including
the extent to which using EVs can
provide benefits to users, whether they
enhance efficiency at work, and whether
they can improve users’ overall quality
of life
EV users’ attitudes, perceptions, and
behaviors on how they can influence
their social image as a result of using
EVs, such as how using EVs can
contribute to a positive image in society
or attract the interest of others

Davis (1989)

Davis (1989)

Perceived Davis (1989)

Usefulness

Social Norms Taylor and Todd

(1995)

that product differentiation efforts are important for making purchasing
decisions (Davis, 1989; Jalajas and Bommer, 1999; Taylor and Todd,
1995). From the EV user’s standpoint, Christian et al. (2012) found that
the primary reason people decided to buy an EV originated from their
desire to reduce fuel consumption, though they all were aware of the
positive impacts of EVs on the environment. Likewise, Carley et al.
(2013) found that customer perceptions toward EVs and awareness of
electric charging station availability within communities had a signifi-
cant impact on their decisions to instead purchase plug-in hybrid EVs.

In addition to personal perception, economic-related factors (e.g., EV
prices and fuel expenses) greatly influence users in their decision-
making processes. Haugneland and Hauge (2015), for instance, found
that over 59 % of their sample group decided to purchase EVs solely
because of fuel expenses savings. This is in line with the study by Segal
(1995), where customers largely considered the financial benefits and
tended to switch to options that helped save fuel costs. Finally, Garanad
(2019) found that EV users normally prioritized promotions and pricing
in their decision-making processes over other factors, such as product
features and distribution channels.
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Besides personal perception and economic concerns, Adamson
(2005) and Lane and Potter (2007) pointed out that the efficiency of EVs
was also deemed critical in users’ decision-making processes. In this
regard, Carley et al. (2013) and Schmalful et al. (2017) found that one
important aspect related to financial rewards for EV users was their
acceptance of EV efficiency. To this end, the maximum driving range
and charging time of EVs were revealed as significant factors — and thus
obstacles — for customers to purchase EVs.

In sum, Table 2 and Table A2 in Appendix A present the eight factors
and the 35 indicator questions related to decisions to purchase and use
EVs, derived from the literature.

Table 2
Identified factors for decisions to purchase and use EVs.

Factors Definition Source(s)

The overall features and
performance of EVs, such as
exterior design and interior
aesthetics, vehicle size, driving
performance, and driving range
per single charge

Savings from transitioning from
fuel-powered vehicles to EVs,
considering various financial
aspects that customers need to
deal with (e.g., price of EVs,
annual maintenance costs,
electricity charging expenses,
and even resale value)

The capabilities of EV
technology in terms of use, such
as EV type, driving technology,
safety technology, maximum
electric driving distance, and
duration of charging the battery
Basic issues that facilitate the
use of EVs, such as the
availability of electric charging
stations and whether there are
enough charging ports to meet
customer demands, the
readiness of skilled technicians
for service, the ease of installing
private electric charging
equipment, and considerations
regarding the privileges that EV
users should receive

EV users’ values, attitudes, and
opinions toward the decision to
use EVs in terms of concerns for
the environment and the laws
and policies from the
government

Customers’ prior experience in
information perception and use
of EVs — whether they
understand the benefits, the
risks, and how EVs work, and
their experience using EVs and
electric charging

EV users’ opinions regarding
their environmental concerns
and the impact of using EVs on
the environment, such as EVs
being able to reduce pollution,
decrease fuel consumption, and
mitigate emissions of pollutants
and greenhouse gasses
Information from distributors
that is sent to customers
regarding information on
various issues, such as product
advertising and promotional
activities

Attributes and
Performance

Adamson (2005); Kang and
Park (2011)

Financial Lane and Potter (2007);
Mourato et al. (2004);

Segal (1995)

Technology

Tangphet (2017)

Infrastructure
Readiness

Sang and Bekhet (2015);
Tangphet (2017); Tangtaku
(2015); Wang and Zhou
(2019)

Values Schulte et al. (2004);

Viardot (2004)

Frewer et al. (2003);
Schulte et al. (2004); Slovic
et al. (2004)

Experience

Environment Tangphet (2017); Tangtaku
(2015); Wang and Zhou

(2019)

Promotion Garanad (2019)
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Policies that affect user decisions to purchase and use EVs

Previous research (Wang et al., 2017; Hardman et al., 2017) shows
that potential EV users generally have a number of concerns regarding
EV price and the limited charging stations within/across communities.
Financial incentive policies from the government are therefore neces-
sary to convince such users to adopt EVs. Examples of such policies
include financial incentives for purchase, exemption from luxury taxes,
insurance discounts, and supports for better electric charging infra-
structure (Wang et al., 2018). Indeed, Wang et al. (2017) revealed that
better electric charging infrastructure could make it easier and more
convenient for users to adopt EVs, as it could reduce anxiety and in-
crease user acceptance of EVs at the same time.

In addition to these policies, Li et al. (2020) found that there were
also other interesting forms of policies that positively affected users’
decisions to purchase and use EVs. These policies included electric
charging discounts, supports for private charging point installation, and
driving-related policies that helped users save usage costs, such as
exemption from toll fees, electric car parking discounts, and additional
driving privileges (Aasness and Odeck, 2015; Wang et al., 2017; Li et al.,
2020).

Table 3 and Table A3 in Appendix A summarize the five government
incentive policies and the 15 indicator questions that could impact user
decisions to purchase and use EVs derived from the literature.

Table 3
Identified factors for policies that affect decisions to purchase and use EVs.

Factors Definition Source(s)

Purchasing The government’s interest in Bjerkan et al. (2016); Jin
Incentive encouraging people to buy EVs et al. (2014); Leurent &
Policies in Thailand based on ideas that Windisch (2011); Mersky

are helpful and worthwhile for et al. (2016); Yang et al.
customers to switch to EVs, such (2016)

as tax exemptions on EV

purchases, government

subsidies for EV purchases, and

insurance reductions for EVs

Charging The appeal of government
Incentive policies to incentivize electric
Policies charging for personal charging

and from public and private
service stations, such as electric
charging receipts being utilized
for tax deductions, gaining a
discount on electric charging,
and procuring subsidies for
building private electric
chargers

Driving The appeal of government
Incentive measures that encourage the
Policies desire to drive EVs, such as

rebates on EV parking,
dedicated parking spots for EVs,
and exemption for EVs from
tolls

Registering The appeal of government
Incentive policies to provide incentives for
Policies various registration privileges,

such as annual car tax
exemption, EV-only license
plates, and driving license fees
discounts

The appeal of government
policies to incentivize the use of
EVs by supporting basic
amenities to facilitate EV
adoption, such as increasing the
number of electric charging
stations, laws that guarantee
longer battery life, and
government subsidies for
vehicle maintenance

Other Incentive
Policies
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According to the reviewed literature, most existing research typically
focuses on examining factors influencing EV adoption in one single
dimension. This study, in contrast, makes new contributions by
comprehensively investigating such factors in three different perspec-
tives. Additionally, this study employs both factor analysis and DEMA-
TEL approaches to analyze the collected data. Methodologically, it
contributes knowledge on a new framework, including well-designed
questions for raw data collection and generic models that can be
tailored to identify, prioritize, and analyze the factors influencing EV
adoption, as well as their interrelationship. More importantly, the re-
sults of this research allow policy makers to better promote wider EV
adoption — not only in Thailand but also in other countries — in a more
sustainable fashion.

Methodology

This research investigates factors that influence EV adoption in
Thailand based on a blended framework of factor analysis and DEMA-
TEL approaches, using surveys as a data collection tool. Fig. 1 illustrates
the entire 10-step research process, starting from the extraction of
influencing factors from the literature to the design of the data collection
process and the data analysis using factor analysis and DEMATEL ap-
proaches. In accordance with our proposed framework, the results of
this study would identify relevant factors, together with their impor-
tance and causal-effect relationships within three primary perspectives
on Thai EV users: (i) acceptance of EV technology, (ii) decisions to
purchase and use EVs, and (iii) supportive government policies that
encourage user decisions to purchase and use EVs.

Extraction of influencing factors from the literature

According to the state-of-the-art literature, we categorize the factors
influencing EV adoption into three perspectives, namely (i) acceptance
of EV technology, (ii) decisions to purchase and use EVs, and (iii) sup-
portive government policies that affect user decisions to purchase and
use EVs. We extracted a set of 23 factors from the literature and then
placed them in one of the three perspectives according to their rele-
vance, which is summarized in Tables 1-3. In accordance with these 23
identified factors, the original questionnaire comprises 109 indicator
questions. However, only 85 indicator questions remain after the vali-
dation phase (i.e., some are removed due to redundancy and ambiguity),
as reported in Appendix A.

Data collection

Population and samples

The population and samples used in this research can be divided into
two groups, namely the general EV user group and the expert group,
whose detailed information is provided below.

1. General EV user group: The users in this group are those who
currently use or have experience in using any types EVs in Thailand,
including hybrid electric vehicles (HEVs), plug-in hybrid electric
vehicles (PHEVs), and battery electric vehicle (BEVs). According to
Yamane (1973), Eq. (1) shows the calculation of sample size (n),
where N denotes the population size — or the number of registered
EV users in Thailand — and e denotes the confidence level

N

T + Ne? M
Given the number of registered EV users of 334,308 in 2022

(Transport Statistics Group, Department of Land Transport) and the

confidence level of 90 %, the sample size of this group must be at least

100. In this study, we are able to collect information from 269 general

EV users; the data from 218 of them are valid (according to the validity

tests) and have been carried forward in further analysis using the factor
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Step 1 : Review and extract previously identified
factors from the literature

Initial set of

Step 6. Analyze data from general EV user group
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by factor analysis approach

General EV user group

influencing factors Expert EV user group
Step 2 : Identify population and sample groups Refined set of f \
T influencing factors Step 7. Create DEMATEL questionnaires for
expert EV user group
Step 3 : Create an initial questionnaire for general T
EV user group
T Step 8. Collect data from expert EV user group
Step 4 : Refine the questionnaire for general EV !
user group (pre-test, pilot-test, validity test) Step 9. Analyze data from expert EV user group
T by DEMATEL approach
Step 5 : Collect data from general EV user group \ j
! Factor prominence Causal-effect diagrams

A

Step 10. Result interpretation

Fig. 1. Overall research procedure.

analysis approach.

2. Expert group: The members of this group are domain experts from
academic institutions and EV users with rich experience. We select
this group using a purposive sampling method, in which a total of 17
experts are chosen for this research study. For consistency, these 17
experts are selected according to the summarized characteristics and
qualifications below

Academic experts (11 individuals)

Educational qualifications at the master’s level or higher
Possessing knowledge of EV technology, including a good under-
standing of EV systems

Engaged in research related to EVs or EV technology

Possessing knowledge related to the impacts of EVs on the
environment

Possessing knowledge of battery technology, including battery pro-
duction and disposal

Possessing knowledge of economics and marketing, enabling them to
analyze EV growth

Experienced EV users (six individuals)

Educational qualifications at the bachelor’s level or higher

Having at least three years of experience using EVs (any types)
Having good understanding of EV usage (e.g., car reviewers or in-
dividuals with relevant work experience in EV-related industries)
Having experience with charging EVs at charging stations (excluding
HEVs)

Unlike the general EV user group, the members of the expert group
would only conduct assessments of influencing factors within their areas
of expertise, with different sets of questionnaires that require more
detailed assessment items to be analyzed by the DEMATEL approach (e.
g, pairwise assessment). Accordingly, the number of assessments in each
primary perspective may vary depending on the experts’ areas. To this
end, we are able to conduct 12, 16, and 14 assessments respectively for

acceptance of EV technology, decisions to purchase and use EVs, and
supportive government policies that affect user decisions to purchase
and use EVs.

Data collection process

The data collection process in this research involves the collection of
two different datasets — one from each sample group and each with
different data-utilizing approaches. To be precise, we employ paper-
based and online-based questionnaires to collect data regarding fac-
tors influencing the respondents’ decisions to adopt EVs from the gen-
eral EV user group. This dataset will be analyzed by the factor analysis
framework in order to eliminate irrelevant factors and group highly
correlated factors into the same group. On the other hand, more detailed
DEMATEL questionnaires are developed and used to collect data from
the expert group. These questionnaires are administered in a paper-
based format to 11 academic experts and six seasoned EV users.

Validation of instruments

After creating the questionnaire for general EV users, a suitability
test (pre-test) is first conducted to assess the questionnaire’s ease of
understanding and clarity by interviewing a sample group of 10 in-
dividuals. The results of this pre-test are, subsequently, utilized in the
development of a more refined questionnaire that has been further
assessed in a pilot test with another sample group of 30 individuals. To
ensure that the questionnaire meets research objectives and covers all
relevant criteria before its administration to the sample group, Cron-
bach’s alpha analysis, along with the examination of the Index of Item
Objective Congruence (IOC), is herein employed (Turner and Carlson,
2003; Hair, 2010).

Following this refinement process, the final version of the ques-
tionnaire administered to the general EV user group comprises a total of
107 questions: (i) screening and general information questions (22
questions) and (ii) influencing factor-related questions (85 indicator
questions, as listed in Appendix A), measured by a five-point Likert scale
(Likert, 1932).

Another set of questionnaires to be administered to the expert group
(i.e., the DEMATEL questionnaire), also comprises of two main sections,
namely (i) screening and general information questions — with two
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question items in total — and (ii) influencing factor-related questions
—measured by a five-point Likert scale. Yet, the number of questions in
the latter section varies greatly across the primary perspectives, largely
due to the differences in the numbers of indicator questions in the
pairwise assessment. Specifically, there are 150, 196, and 56 questions
respectively for the assessments of influencing factors concerning
acceptance of EV technology, decisions to purchase and use EVs, and
supportive government policies that affect user decisions to purchase
and use EVs.

Data analysis

Factor analysis

Factor analysis is conducted to help group factors that have a strong
correlation into the same subgroup while excluding factors with weak
correlations from the analysis. We have adopted the Exploratory Factor
Analysis (EFA) to analyze the data from the general EV user group — in
which factor extraction is performed by the Principal Component Factor
Analysis method, while axis rotation is conducted using the Varimax
with Kaiser Normalization method (Kaiser, 1958). The components (i.e.,
factor groups) with eigenvalues greater than 1.0 are considered, and the
retained factor loading of factors in each component must be equal to or
greater than 0.4.

Following the EFA, an initial set of factors and indicator questions is
reformed (removed, combined, or created) into a new one based on their
interrelationships. And, we use this resulting set of factors and indicator
questions as a guideline in the development of the DEMATEL ques-
tionnaires administered to the expert group in the next step.

DEMATEL analysis

The Decision-Making Trial and Evaluation Laboratory (DEMATEL)
approach is developed primarily to analyze complex decision-making
problems, as well as decisions in environments with significant in-
terrelationships (Sumrit, 2013). According to the literature (see, Chiu
et al., 2006; Huang et al., 2007; Lin and Tzeng, 2009; Liou et al., 2007;
Sumrit, 2013; Liang et al., 2022; Murugan and Marisamynathan, 2022;
Konstantinou and Gkritza, 2023, for example), the DEMATEL approach
is a promising tool for analyzing multi-criteria decision-making (MCDM)
problems — mainly because of its effectiveness in examining cause-and-
effect relationships, in addition to impact assessments among evaluated
conditions in the decision-making process (Lin and Tzeng, 2009; Sumrit,
2013). Based on the success of DEMATEL in the previous literature (e.g.,
Shi et al., 2024), the DEMATEL approach has been herein adopted for
the analysis of expert group data through six steps, as summarized in
Fig. 2.

Step 1: We aggregate scores from expert opinions and calculate the
average direct relation represented by the z-matrix, whose size is NxN (N
denotes total number of assessed items). Each of the z-matrix elements
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can be computed according to Eq. (2).
>
k
Zjj = — Xij (2)
M=
where

z;; denotes the average value of the z-matrix when comparing the
influence level between factor groups in row i and column j,

k denotes the sequence of experts participating in the assessment,
M denotes the total number of experts who assess the influence level
of the factors, and

x;j* represents the score that expert k assigns to the influence level
between factor groups in row i and column j.

Step 2: We calculate the normalized initial direct relation repre-
sented by the D-matrix according to Eq. (3) and Eq. (4).

D=1x2Z 3
1 1

A= Min maxl < i < nzj'f:l|Zij|7 maxl < i < ny ¢, |Z| )

where

D denotes the matrix of scores representing the clarity of directional
relationships in the initial relationships (i.e., normalized initial direct
relation matrix), and

4 denotes the matrix of regression coefficients.

Step 3: We calculate total relations represented by the T-matrix ac-
cording to Eq. (5).
T=D(I-D) )
where T and I denote the total relation matrix and the identity matrix,
respectively.

Step 4: We calculate the sum of rows and columns of the T-matrix
according to Eq. (6) and Eq. (7).

r= [ri]nxl = |:Ztl]:| (6)
j=1

nx1

T = !
c=[g] 1, = { fif} ™
1xn

opinions and calculate the initial
direct-relation matrix

l

Step 2 : Calculate the normalized initial
direct-relation

}

Step 3 : Calculate the total relation matrix

!

Step 4 : Calculate the sum of rows and
columns of the total relation matrix

Step 1 : Aggregate scores from expert —

Step 5 : Set threshold values (a) e
Step 6 : Build a causal-effect relationship
diagram
NO

Evaluate diagram
suitability

i YES

[The final causal-effect relationship diagram ]

Fig. 2. A summary of the DEMATEL method.
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r denotes the vector representing the sum of rows of T (e.g., r; is the
sum of the i row of matrix T, indicating the effects that factor i has
on other factors), and

¢ denotes the vector representing the sum of columns of T (e.g., ¢; is
the sum of the j column of matrix T, indicating the total effects that
all factors have on factor j).

According to the definition of r; and ¢;, the value of (r; 4+c;) would
represent the total effects given and received by factor i, while the value
of (r; —c;) indicates the net contribution by factor i on the system. If
(ri —c;) is positive, factor i may be regarded as a net cause; otherwise,
factor i may be thought of as a receiver. Note that, to maintain the
generality of DEMATEL use in this context, the terminology “factors” is
kept and used to represent the influential factors of EV adoption.

Step 5: We set a threshold value (a to categorize the relationships
between cause and effect factors, as well as to eliminate some of the
minor effect elements in the T-matrix (Yang et al., 2008). This threshold
value can be calculated from the average number of elements in the T-
matrix, as outlined by Eq. (8).

Zi\il jN:I [tij]

TN ®)

Step 6: We build causal-effect diagrams to prioritize and visualize
the complex relationships between factors (Shieh et al., 2010) according
to the values of (r; + ¢;) and (r; —c;). Note that, in each of these causal-
effect diagrams, there are two axes. One axis represents the values of
(ri + ¢i), which is sometimes referred to as the factor prominence (e.g.,
the significance of the factors). The other axis shows the values of
(r; —c;), representing the relation of the factors, which could be used to
categorize whether a particular factor belongs to the cause group or the

Table 4
Selected descriptive statistics for 218 general EV users in Thailand.

Information Main Responses N Percentage

(sample) (%)
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effect group. In this regard, a factor is classified as a component of the
cause group if the value of (r; —c;) is positive and as a component of the
effect group if the value of (r; —¢;) is negative (Yang et al., 2008).

Results and discussion

From the collected 269 sets of questionnaires — 16 paper-based
questionnaires and 253 online-based questionnaires — only 218 ques-
tionnaires meet the screening criteria and will be carried forward to the
factor analysis. For the expert group, 12, 16, and 14 sets of question-
naires assessing the influencing factors in the three primary perspectives
are successfully collected from 17 experts. The results of the data ana-
lyses for both sample groups are summarized in the following sections.

Descriptive statistics

General EV user group

From an initial analysis of data collected from 218 general EV users
in Thailand, we can summarize the sample group’s characteristics using
descriptive statistics as shown in Table 4. According to Table 4, it has
been revealed that the majority of EV users in Thailand are married
females who live in Bangkok, aged 31 — 40 years, with bachelor’s de-
grees as their highest educational qualification and a monthly income in
the 20,001-40,000 THB range. The sample group’s outlook with respect
to the types of EVs shows that most respondents (50.5 %) adopt HEVs,
followed by BEVs (35.5 %) and PHEVs (14.2 %). Furthermore, 67.4 % of
the respondents are currently satisfied with their EV usage, and the HEV
is the main EV type that they are willing to buy in the future (33.9 %).

Expert group

For the group of 11 academic experts, data are collected from nine
university professors, one researcher, and one automotive industrial
expert specializing in the marketing of EVs. Regarding the group of six
expert users, data are collected from two EV reviewers and four
specialist EV users. All of these experts have over four years of experi-
ence in the EV industry.

Experience with EVs Yes 218 100.0
Gender Female 121 55.5
Age 31-40 156 71.6 Results of the factor analysis
Status Married 157 72.0
Highest level of education ~ Bachelor’s degree 189 86.7 X A X
Occupation Private company 157 79.0 According to the Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests for
employees all three main factors, we find that the collected data are suitable for the
Monthly income range 20,001-40,000 THB 164 75.2 factor analysis. This is based on the fact that all variables have signifi-
Province of residence Bangkok 86 39.4 cant interrelationships, with the KMO values greater than 0.7, as sum-
Province of work Bangkok 91 41.7 .
Daily travel distance using ~ 26-50 km 118 53.7 marized by Table 5.
EVs
Monthly EV usage days More than 20 days 174 79.4 Acceptance of EV technology
EV types used ?gg\r/‘)d electric vehicle 111 50.5 In the analysis of factors concerning the acceptance of EV technol-
Duration of EV usage 1.2 years 77 349 ogy, we ﬁfld that the initial .10 Afactors coulfi be regrouped into eight
Number of EVs owned 1 car 200 91.7 factors, with a total of 29 indicator questions and 61.26 % of the
Experience with EV Never 178 81.2 explained variance (i.e., the amount of variance in the collected data to
service center which the underlying set of factors accounts for), as shown in Table 6.
Usual charging spot No electric charging, i. 111 50.5
e., hybrid vehicles L. h d
Satisfaction with past EV Satisfied 147 67.4 Decisions t? purchase a.n‘ use EVs .
usage Regarding the decisions to purchase and use EVs, we find that the
Which type of EVs are you ~ Hybrid electric vehicle 74 33.9 initial eight factors could be regrouped into 12 factors, with a total of 33
interested in buyingin  (HEV) indicator questions and 61.42 % of explained variance, as shown in
the future?
Table 7.
Table 5
Results of the KMO and Bartlett’s tests.
Main Factors KMO Approx. Chi-Square df. Sig.
Acceptance of EV technology 0.709 1727.783 595 < 0.001
Decisions to purchase and use EVs 0.747 1718.252 595 < 0.001
Policies that affect user decisions to purchase and use EVs 0.738 741.763 105 < 0.001
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Table 6

Analysis of factors related to the acceptance of EV technology.

Factors

Indicator Questions

Factor
Loading

Interpersonal Influence
(explained variance:
22.472 %)

Personal Innovativeness and
Compatibility (explained
variance: 10.407 %)

Price Acceptance and Values
(explained variance: 8.372
%)

Environmental Concerns
(explained variance: 5.618
%)

Subjective Norms (explained
variance: 4.804 %)

Social Norms (explained
variance: 3.379 %)

Accept 4. Do you have knowledge
and understanding of EV innovations
and technology?

Accept 18. Do you think EVs are
suitable for you (price, aesthetics,
and technology)?

Accept 5. You are willing to give
advice on the use of EVs to others.
Accept 19. Do you think EVs are
compatible with urban driving in
communities (sufficient charging and
service centers, smooth road
surfaces, and high maneuverability)?
Accept 25. In this era, EVs are
considered essential.

Accept 14. The acceptable range of
expenses for EV insurance is
approximately 18,000 THB to 30,000
THB for standard personal liability
coverage.

Accept 16. Members of your family
are mostly interested in using EVs.
Accept 15. Your friend is mostly
interested in using EVs.

Accept 17. The person you contacted
is mostly interested in using EVs.
Accept 11. The EV price of more than
2,000,000 THB is acceptable to you.
Accept 10. The price range of EVs of
1,000,000-2,000,000 THB is
acceptable to you.

Accept 26. Overall, do you think
using EVs would result in more
benefits than drawbacks?

Accept 32. Using an EV will make
your life more convenient and
comfortable.

Accept 6. The increasing efficiency
levels of EVs create more motivation
for you to use EVs.

Accept 7. You would use an EV if the
maintenance costs are lower than
those of a gasoline-powered car.
Accept 12. The price range for
changing the battery of an EV is
acceptable to you.

Accept 23. You would use an EV if the
EV is energy-efficient.

Accept 22. You would use an EV to
help reduce environmental problems.
Accept 21. You would use an EV if it
helps reduce air pollution or
improves air quality.

Accept 24. Do you have a positive
attitude toward the use of EVs?

Accept 34. People around you
perceive using an EV as a positive
thing.

Accept 33. Having an EV in your
possession contributes to a positive
image of yourself in society.

Accept 2. Your friend or coworker
thinks you should use an EV.
Accept 1. Members of your family
think you should use an EV.

0.779

0.525

0.512

0.465

0.418

0.410

0.787

0.653

0.612

0.533

0.482

0.658

0.642

0.579

0.571

0.459

0.715

0.567

0.523

0.459

0.737

0.735

0.736

0.661
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Table 6 (continued)

Factor
Loading

Factors Indicator Questions

Accept 3. The person you have been 0.542
in touch with thinks that using an EV
is a good idea.

Attitude Toward Using EVs Accept 30. Using an EV can enhance  0.734
(explained variance: 3.179 the quality of your daily life.
%) Accept 29. EVs are suitable for your 0.445
daily tasks.

Perceived Usefulness and Accept 13. The acceptable price for 0.685
Perceived Ease of Use charging the battery of an EV is
(explained variance: 3.035 approximately 300-600 THB per full
%) charge, which can cover a range of
about 300-600 Km per charge cycle.
Accept 35. The importance of 0.562
choosing a vehicle that can attract
attention from others matters to you.

Bartlett’s Test of Sphericity 0.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.709
Total Explained Variance 61.264 %

Policies that affect decisions to purchase and use EVs

Finally, in the analysis of factors concerning policies that affect user
decisions to purchase and use EVs, we find that the original five factors
could be regrouped into a total of four factors and 15 indicator ques-
tions, with a total explained variance of 55.412 %, as shown in Table 8.

After regrouping the factors using factor analysis, we can now
construct a framework for the DEMATEL questionnaire, as shown in
Fig. 3. For ease of referencing, we will refer to factors and indicator
questions by the following variables.

e A represents the factors related to EV technological acceptance.

e Drepresents the factors related to decisions to purchase and use EVs.

e Prepresents the factors related to policies that affect user decisions to
purchase and use EVs.

o IA represents the indicator questions of factors related to EV tech-
nological acceptance.

e ID represents the indicator questions of factors related to decisions to
purchase and use EVs.

e [P represents the indicator questions of factors related to policies that
affect user decisions to purchase and use EVs.

Results from the DEMATEL analysis and implications

The DEMATEL analysis of data from 17 experts is conducted based
on the results of factor analysis, in which (i) eight factors (A1-A8) and
29 indicator questions (IA1-IA29) are assessed for the acceptance of EV
technology, (ii) 12 factors (D1-D12) and 33 indicator questions
(ID1-ID33) are assessed for the decisions to purchase and use EVs, and
(iii) four factors (PI1-P4) and 15 indicator questions (IP1-IP15) are
assessed for the policies that affect user decisions to purchase and use
EVs.

Acceptance of EV technology

Regarding the analysis of EV technological acceptance, 12 assess-
ments are assembled from eight academic experts and four seasoned EV
users. The results of vector calculations, by rows and columns of total
relation matrix (T), are summarized by Table Bl in Appendix B and
Tables 9-10.
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Table 7

Analysis of factors related to the decisions to purchase and use EVs.

Factors

Indicator Questions

Factor
Loading

Environment (explained
variance: 16.741 %)

Infrastructure Readiness and
Technology (explained
variance: 5.665 %)

Financial and Driving
Performance (explained
variance: 5.257 %)

Facilities and After-Sales
Service (explained
variance: 4.507 %)

Product (explained variance:
4.269 %)

Service and Attributes
(explained variance: 4.114
%)

Values (explained variance:
4.058 %)

Features and Performance of
Evs (explained variance:
3.858 %)

Decide 24. Have you heard about the
benefits of EVs?

Decide 23. Government
participation in environmentally
friendly incentive policies has a
positive impact on society.

Decide 29. EVs can reduce noise
pollution from the engine, as they
tend to operate more quietly than
conventional vehicles.

Decide 27. EVs can operate without
or reduce the amount of traditional
fuel used for driving.

Decide 17. Number of electric
charging stations covering all areas.
Decide 3. Safety features.
Decidel5. Charging time for the
battery.

Decide 8. Price of the EV.
Decide 7. Good driving capabilities.
Decide 9. Annual maintenance costs.

Decide 18. Special parking or traffic
lanes for EV users.

Decide 35. The EV dealership
engages in buying and selling used
EVs.

Decide 12. The resale value of used
EVs.

Decide 11. Cost of EV parts and
maintenance.

Decide 13. Performance and
reliability of the EV and battery
brand.

Decide 6. Adequate driving range on
a single charge.

Decide 32. The EV dealership
employs knowledgeable and
experienced sales staff to provide
services.

Decide 5. Attractive exterior and
interior design.

Decide 22. Regulations and laws
regarding environmental issues in
the automotive industry have
positive impacts on society.

Decide 28. EVs can contribute to a
decrease in emissions of pollutants
and greenhouse gases.

Decide 21. EVs are environmentally
friendly and have a lower impact on
natural resources and environmental
energy compared to traditional fuel-
powered vehicles.

Decide 1. Comfortable driving
experience.

Decide 2. High-quality overall
performance.

Decide 14. Maximum driving range
on electric power.

0.770

0.601

0.501

0.487

0.767

0.630
0.612

0.753
0.642
0.604

0.752

0.670

0.723

0.593

0.483

0.481

0.757

0.474

0.790

0.611

0.513

0.794

0.723

0.415

Transportation Research Interdisciplinary Perspectives 27 (2024) 101229

Table 7 (continued)

Factors Indicator Questions Factor
Loading
Experience (explained Decide 26. Have you studied or 0.810

learned about the mechanics of EVs?

Decide 25. Have you heard about the  0.618
risks or challenges associated with

EVs?

variance: 3.669 %)

Advertising (explained
variance: 3.367 %)

Decide 30. The EV dealership 0.746
advertises and promotes its products
through various media channels.

Decide 31. An EV dealership 0.456
conducts test drives.
Decide 19. Residential 0.417

accommodations that facilitate
electric charger installation.

Acceptance (explained Decide 10. Charging expenses. 0.592

variance: 3.018 %) Decide 16. Safety technology of the 0.437
EVs.

Promotion of EVs (explained Decide 34. The EV dealership 0.766

variance: 2.897 %) collaborates with presenters,

influencers, ambassadors, and

bloggers to promote its products.

Decide 33. The EV dealership offers 0.654
promotions, such as special

discounts, exclusive financing

conditions for EV loans, and

complimentary installation of

electric chargers as part of their

promotional activities.

Bartlett’s Test of Sphericity 0.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.747
Total Explained Variance 61.418 %

From Table 9, the factors with the highest values of (r;+c;) are
considered the most important factors; and, based on such values,
Attitude Toward Using EVs (A3), Subjective Norms (A2), and Personal
Innovativeness and Compatibility (A1) are regarded as the most influ-
ential factors within this perspective. This result is in line with the
studies by Lai et al. (2015), Panson (2018), and Asadi et al. (2022),
where attitude toward using EVs and financial-related factors signifi-
cantly affected user acceptance of EV technology.

Regarding the causal-effect relationships of factors within the
acceptance of EV technology perspective (see Table 10), Attitude To-
ward Using EVs (A3) could be categorized as an effect factor, while
Subjective Norms (A2) and Personal Innovativeness and Compatibility
(A1) are classified as causes, whose detailed relationships could be
illustrated by Fig. 4.

From Fig. 4, it is evident that Subjective Norms (A2) is the factor that
has the most significant impact on other factors within this perspective,
followed by Attitude Toward Using EVs (A3) and Interpersonal Influence
(A6). Accordingly, it is imperative to prioritize Subjective Norms (A2)
over other factors in the development of user acceptance — this could be
further investigated by analyzing the indicator questions and their
respective importance scores under the DEMATEL framework.

Subjective Norms (A2)

Similar to the analysis of the factors, the indicator questions with the
highest values of (r; +¢;) are considered the most important indicators
that contribute to the importance of such factors. For Subjective Norms
(A2), the indicator questions that hold the highest levels of importance
are IA11 (The price of EVs of 1,000,000-2,000,000 THB is acceptable to
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Table 8
Analysis of factors related to policies that affect user decisions to purchase and
use EVs.

Factors Indicator Questions Factor
Loading
Driving Incentive Policies Policy 8. Special parking spaces 0.835
(explained variance: exclusively for EVs.
23.427 %) Policy 9. Exemptions from toll fees 0.732
for EVs on expressways.
Policy 7. Discounts on parking fees 0.696
for electric vehicles.
Policy 15. Government incentives for 0.594
vehicle maintenance and repairs.
Policy 10. Exemptions or reductions 0.548
in annual vehicle tax and property
tax.
Charging Incentive Policies Policy 5. Financial incentives for the 0.800
(explained variance: installation of private electric
14.702 %) charging stations.
Policy 4. The ability to use electric 0.705
charging receipts for tax deductions.
Policy 6. Discounts or subsidies for 0.654
electric charging costs.
Policy 13. Expansion of the number 0.480
of electric charging stations.
Registering Incentive Policy 12. Exemptions from driver’s 0.803
Policies (explained license fees for EV users.
variance: 8.912 %) Policy 11. Special license plates for 0.74
EVs.
Policy 14. Expansion of the number 0.554
of electric charging stations.
Purchasing Incentive Policy 2. Tax exemptions for the 0.844
Policies (explained purchase of EVs.
variance: 8.371 %) Policy 1. Government financial 0.737
incentives for purchasing EVs.
Policy 3. Discounts on car insurance 0.530
for EVs.
Bartlett’s Test of Sphericity 0.000
Kaiser-Meyer—Olkin Measure of Sampling Adequacy 0.738
Total Explained Variance 55.412 %
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Table 9

Ranking of factors within the EV technological acceptance perspective.
Ranking (ri +¢) Factors
1 15.5741 Attitude Toward Using EVs (A3)
2 15.2584 Subjective Norms (A2)
3 14.5288 Personal Innovativeness and Compatibility (A1)
4 14.3577 Perceived Usefulness and Perceived Ease of Use (A7)
5 13.7565 Price Acceptance and Values (A8)
6 13.5882 Interpersonal Influence (A6)
7 12.9831 Social Norms (A5)
8 12.6332 Environmental Concerns (A4)

Table 10

Causal-effect relationships of factors within the EV technological acceptance
perspective.

Relation (ri—¢j) Factors

Cause 0.5442 Interpersonal Influence (A6)

Cause 0.1795 Personal Innovativeness and Compatibility (A1)
Cause 0.1511 Social Norms (A5)

Cause 0.1463 Subjective Norms (A2)

Effect —0.1089 Perceived Usefulness and Perceived Ease of Use (A7)
Effect —0.2686 Environmental Concerns (A4)

Effect —0.3041 Price Acceptance and Values (A8)

Effect —0.3395 Attitude Toward Using EVs (A3)

you), IA7 (Most members of your family are interested in using EVs), and
IA8 (The majority of your friends are interested in using EVs). Further-
more, the causal-effect relationships, as shown in Fig. 5, indicate that
IA11 and IA7 are cause indicators, while IA8 could be regarded as an
effect indicator. To this end, the EV industry should accordingly pay
attention to Subjective Norms (A2) by ensuring that the EVs are
reasonably priced according to their performance and features.

Attitude Toward Using EVs (A3)

The indicator questions that hold the highest levels of importance in
terms of Attitude Toward Using EVs (A3) are IA12 (Overall, do you think
using EVs would result in more benefits than drawbacks?), IA14 (The
increasing efficiency levels of EVs create more motivation for you to use
EVs), and IA13 (Using an EV will make your life more convenient and
comfortable). The results of the causal-effect relationships, as illustrated
in Fig. 6, further indicate that IA12 and IA13 are cause indicators, while

Factors influencing the adoption of EVs in Thailand

Decisions to purchase and use EVs
Acceptance of EV Technology * DI : Environment

* D2 : Infrastructure Readiness and Technology Policies that effect user decisions to purchase
¢ Al : Personal Innovativeness and Compatibility « D3 : Financial and Drive Performance and use EVs
¢ A2 : Subjective Norms * D4 : Facilities and After-Sales Service
* A3 :Attitude Toward Using EVs « D5 : Product * Pl : Driving Incentive Policies
¢ A4 : Environmental Concerns « D6 : Service and Attributes ¢ P2 : Charging Incentive Policies
*  AS5:Social Norms *  D7: Values +  P3:Registering Incentive Policies
* A6 : Interpersonal Influence «  D8: Features and Performance of EVs * P4 :Purchasing Incentive Policies
*  A7: Perceived Usefulness and Perceived Ease of Use «  D9: Experiences
*  A8: Price Acceptance and Values +  DIO: Advertising

* DI : Acceptance

*  DI2: Promoter and Promotion of EVs

Fig. 3. A resulting framework for identifying factors influencing the use of EVs in Thailand after applying the factor analysis approach.
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Fig. 4. The causal-effect relationships and impacts of factors influencing the acceptance of EV technology.
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Fig. 5. The causal-effect relationships and impacts of indicator questions influencing Subjective Norms (A2).
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Fig. 6. The causal-effect relationships and impacts of indicator questions influencing Attitude Toward Using EVs (A3).
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Table 11
Ranking factors within the domain of decisions to purchase and use EVs.
Ranking (ri +¢) Factor
1 20.7798 Product (D5)
2 20.2152 Service and Attributes (D6)
3 19.8596 Features and Performance of EVs (D8)
4 19.6914 Acceptance (D11)
5 19.6116 Experience (D9)
6 19.4314 Infrastructure Readiness and Technology (D2)
7 19.3282 Financial and Drive Performance (D3)
8 19.3065 Facilities and After-Sales Service (D4)
9 19.1460 Promoter and Promotion of EVs (D12)
10 18.9940 Advertising (D10)
11 17.9765 Values (D7)
12 17.1656 Environment (D1)
Table 12

Causal-effect relationships of factors within the domain of decisions to purchase
and use EVs.

Relation (ri—¢j) Factor

Cause 0.5300 Financial and Drive Performance (D3)
Cause 0.2634 Promoter and Promotion of EVs (D12)
Cause 0.1584 Facilities and After-Sales Service (D4)
Cause 0.1005 Values (D7)

Cause 0.0970 Infrastructure Readiness and Technology (D2)
Cause 0.0129 Experience (D9)

Effect —0.0247 Features and Performance of EVs (D8)
Effect —0.0386 Advertising (D10)

Effect —0.1097 Acceptance (D11)

Effect -0.1622 Service and Attributes (D6)

Effect —0.3857 Product (D5)

Effect —0.4413 Environment (D1)

IA14 is an effect indicator. This finding suggests that it is essential to
raise user awareness by providing more accurate information about EVs
— especially that related to financial and environmental aspects — to
potential EV users in Thailand.

Decisions to purchase and use EVs

In the analysis of factors related to decisions to purchase and use EVs,
16 assessments are collected from 10 academic experts and six seasoned
EV users. The results of vector calculations, by rows and columns of total
relation matrix (T), are summarized by Table B2 in Appendix B and
Tables 11-12.

From Table 11, the factors that hold the highest levels of importance
within this perspective are Product (D5), Service and Attributes (D6),
and Features and Performance of EVs (D8). The causal-effect relation-
ships of factors related to decisions to purchase and use EVs, as

D7

D1

G
SN eSS
o
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presented in Table 12 and Fig. 7, indicate that D5, D6, and D8 are all
effect factors, whereas Financial and Drive Performance (D3) and Pro-
moter and Promotion of EVs (D12) stand out as cause indicators.

This finding aligns well with the results of several studies in the
literature, where factors related to the characteristics and performance
of EVs — with an emphasis on safety, driving range per charge, and
battery capacity (Kuo et al., 2022; Kuntawong et al., 2022) — as well as
those related to marketing promotion (Kang and Park, 2011; Garanad,
2019) could effectively motivate new users to adopt EVs with greater
confidence.

Product (D5)

Regarding Product (D5), the indicator questions that hold the highest
levels of importance are ID15 (Performance and reliability of electric
vehicle brands and batteries), followed by ID13 (Resale price of used
EVs) and ID14 (Cost of EV parts and maintenance) — in which ID14 is a
cause indicator, while ID13 and ID15 are effect indicators. It is also
evident, from Fig. 8, that ID15 is the indicator that has the most sig-
nificant impact on other indicators within this factor group (D5).
Therefore, in the development of EV products, it is crucial to prioritize
the performance and reliability of EVs, along with that of batteries, as it
is the most influential indicator that could impact user decisions to
purchase and use EVs.

Service and Attributes (D6)

The indicator questions that hold the highest levels of importance in
terms of Service and Attributes (D6) are ID17 (The EV dealership has
knowledgeable and experienced sales staff) and ID18 (Beautiful exterior
design and interior decoration). The results of the causal-effect re-
lationships, as shown in Fig. 9, further reveal that ID17 is a cause indi-
cator, while ID18 is an effect indicator. This finding suggests that it is
crucial to provide sales staff with sufficient EV knowledge, as this is
identified as the most influential indicator in this regard.

Policies that affect user decisions to purchase and use EVs

In the analysis of factors related to policies that affect user decisions
to purchase and use EVs, 14 assessments are collected from 11 academic
experts and three seasoned EV users. The results of vector calculations,
by rows and columns of total relation matrix (T), are summarized by
Table B3 in Appendix B and Tables 13-14.

According to Tables 13 and 14, the factors that hold the highest
levels of importance in terms of policies are Purchasing Incentive Pol-
icies (P4), Driving Incentive Policies (P1), and Charging Incentive Pol-
icies (P2) — in which Purchasing Incentive Policies (P4) is an effect
factor, while Driving Incentive Policies (P1) and Charging Incentive
Policies (P2) are causes. Fig. 10 depicts the causal-effect relationships of
the factors in this perspective. It reveals that, among all the factors,
Purchasing Incentive Policies (P4) has the highest significant impact.
This finding suggests that it is crucial to prioritize purchasing incentive
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Fig. 7. The causal-effect relationships and impacts of factors influencing decisions to purchase and use EVs.
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Fig. 9. The causal-effect relationships and impacts of indicator questions influencing Service and Attributes (D6).

Table 13
Ranking of the factors related to policies that affect user decisions to purchase
and use EVs.

Ranking (i +¢) Factor

1 20.5929 Purchasing Incentive Policies (P4)

2 19.5988 Driving Incentive Policies (P1)

3 18.9124 Charging Incentive Policies (P2)

4 17.8736 Registering Incentive Policies (P3)
Table 14

Causal-effect relationships of factors related to policies that affect user decisions
to purchase and use EVs.

Relation (ri—¢j) Factor

Cause 0.3294 Charging Incentive Policies (P2)
Cause 0.2868 Driving Incentive Policies (P1)
Effect —0.1661 Purchasing Incentive Policies (P4)
Effect —0.4501 Registering Incentive Policies (P3)
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policies of various forms so that more potential users can be convinced
to purchase and use EVs.

Regarding the indicator questions, we find that IP14 (Government
incentives for EV purchases), IP13 (EV purchase tax exemption), and
IP15 (EV insurance discount) hold the highest levels of importance — in
which IP13 and IP14 are cause indicators, while IP15 is an effect indi-
cator. Fig. 11 depicting the causal-effect relationships of indicators
influencing Purchasing Incentive Policies (P4) indicates the importance
of IP14 as the most significant indicator. This implies that government
incentives for EV purchases is one of the most critical instruments in the
development of purchasing incentive policies that effectively stimulate
users to purchase and use EVs in Thailand. This is in line with the results
of other research, including Kang and Park (2011), Kuo et al. (2022), Lai
et al. (2015), Zhang et al. (2011), and Kuntawong et al. (2022),
demonstrating that government assistance — such as financial subsidies
or tax reductions — could effectively incentivize users to purchase and
drive EVs.

Conclusions

EVs are a considerably new technology in emerging markets like
Thailand. In order to implement a smooth transition from conventional
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Fig. 10. The causal-effect relationships and impacts of factors influencing the policies that affect user decisions to purchase and use EVs.
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Fig. 11. The causal-effect relationships and impacts of indicator questions influencing Purchasing Incentive Policies (P4).

combustion vehicles to EVs — with an overall goal to achieve a net-zero
society by 2050 — the Thai government needs to comprehend not only
the factors influencing the acceptance of EV technology but also those
affecting decisions to purchase and use EVs within the country. This
research reveals such factors in a systematic fashion by thoroughly
investigating factors in three different perspectives — namely, (i)
acceptance of EV technology, (ii) decisions to purchase and use EVs, and
(iii) policies that affect user decisions to purchase and use EVs — with
two different data-utilizing approaches. Specifically, the factor analysis
approach is first applied to the dataset of general EV users in order to
group factors with high correlations together, while eliminating factors
with weak dominance. Then, the DEMATEL approach is applied to the
dataset of the expert group in order to identify prominent factors with

14

greater impacts — and thus their causal-effect relationships. This in-
formation, in turn, allows us to prioritize factors and make informed
decisions more efficiently than before regarding EV development and
policy improvements, including taxation, subsidies, privileges, infra-
structure development to support EV usage, and sales strategies to meet
customer demands.

In terms of EV technological acceptance, Attitude Toward Using EVs
(A3) isregarded as the most important factor, along with indicators IA12
(Overall, do you think using EVs would result in more benefits than
drawbacks?) and IA14 (The increasing efficiency levels of EVs create
more motivation for you to use EVs). These findings show that it is
essential to prioritize customer attitudes toward EV usage in order to
increase public acceptance of EV technology within the country. This
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could be achieved by raising user awareness and providing more accu-
rate information about EVs to potential users, especially information
related to the financial and environmental aspects.

In addition to Attitude Toward Using EVs (A3), Subjective Norms
(A2) are crucial to the acceptance of EV technology. Indeed, this factor is
considered the most influential and pivotal in impacting other factors.
Based on this finding, the EV industry should accordingly ensure that the
EVs are reasonably priced according to their performance and features.

Regarding decisions to purchase and use EVs, Product (D5) and
Service and Attributes (D6) are important, along with the indicators
ID15 (Performance and reliability of electric vehicle brands and batte-
ries) and ID17 (The EV dealership has knowledgeable and experienced
sales staff). As such, to better promote decisions to purchase and use EVs
in Thailand, emphasis should be placed on product and service aspects.
This could be achieved by offering highly efficient EVs with aesthetic
appeal that fit customers’ expected price ranges. In addition to these
considerations, the EV brand’s image is also crucial for instilling confi-
dence in user decisions to buy and use EVs.

Finally, Purchasing Incentive Policies (P4), together with the in-
dicators IP14 (Government incentives for EV purchases) and IP13 (EV
purchase tax exemption), are the most prominent factors and indicators
revealed by the DEMATEL approach. This finding stresses the need for
supportive government policies to stimulate potential users to purchase
and use EVs. Examples of these policies include subsidies for first-time
EV buyers and tax incentives for EVs.

While this study comprehensively covers a wide range of factors
capable of influencing the adoption of EVs in Thailand, new unidentified
factors may potentially arise due to the dynamics of the EV industry (e.
&, changes in EV technology, evolving lifestyles, and new regulations or
incentive policies implemented by government and private sectors to

Appendix A
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further stimulate customer adoption decisions). As such, it is advisable
to refine the measurement questions in future studies to cover such as-
pects so that they remain comprehensively up to date. Clearly, with a
more relevant set of questions, more informative results would be ex-
pected — but no modification of the framework is needed. Considering
the detailed insights that our proposed framework offers — i.e., the
dominant factors and their respective causal-effect relationships — our
study would serve as a stepping stone for the development of informed
decisions that help enhance the public use of EVs in the long run, not
only for an emerging country like Thailand but also for other countries.
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Tables A1-A3 show all identified factors and indicator questions of EV Technology acceptance, decisions to purchase and use EVs, and policies

influencing decisions to purchase and use EVs, from the literature.

Table Al

Identified factors and indicator questions for EV technology acceptance from the literature.

Factors Indicator Questions

Interpersonal Influence

Accept 1. Members of your family think you should use an EV.

Accept 2. Your friend or coworker thinks you should use an EV.
Accept 3. The person you have been in touch with thinks that using an EV is a good idea.

Personal
Innovativeness

Accept 4. Do you have knowledge and understanding of EV innovations and technology?
Accept 5. You are willing to give advice on the use of EVs to others.

Accept 6. The increasing efficiency levels of EVs create more motivation for you to use EVs.

Price Acceptance

Accept 7. You would use an EV if the maintenance costs are lower than those of a gasoline-powered car.

Accept 8. You would use an EV if the price of electricity for charging is lower than the price of fuel for a gasoline-powered car.

Accept 9. The price range of EVs of 500,000-1,000,000 THB is acceptable to you.

Accept 10. The price range of EVs of 1,000,000-2,000,000 THB is acceptable to you.

Accept 11. The EV price of more than 2,000,000 THB is acceptable to you.

Accept 12. The price range for changing the battery of an EV is acceptable to you.

Accept 13. The acceptable price for charging the battery of an EV is approximately 300-600 THB per full charge, which can cover a range of about 300-600

Km per charge cycle.

Accept 14. The acceptable range of expenses for EV insurance is approximately 18,000 THB to 30,000 THB for standard personal liability coverage.

Subjective Norms Accept 15. Your friend is mostly interested in using EVs.

Accept 16. Members of your family are mostly interested in using EVs.
Accept 17. The person you contact is mostly interested in using EVs.

Compatibility

Accept 18. Do you think EVs are suitable for you (price, aesthetics, and technology)?

Accept 19. Do you think EVs are compatible with urban driving in communities? (sufficient charging and service centers, smooth road surfaces, high

maneuverability).

Accept 20. Do you think EVs align well with your lifestyle? (comfortable lifestyle use, ease of learning, and convenient charging).
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Table A1 (continued)

Factors Indicator Questions

Compatibility Accept 21. You would use an EV if it helps reduce air pollution or improves air quality.
Accept 22. You would use an EV to help reduce environmental problems.
Accept 23. You would use an EV if the EV is energy-efficient.
Accept 24. Do you have a positive attitude toward the use of EVs?

Environmental Accept 21. You would use an EV if it helps reduce air pollution or improves air quality.
Concerns Accept 22. You would use an EV to help reduce environmental problems.
Accept 23. You would use an EV if the EV is energy-efficient.

Attitude Toward Using ~ Accept 24. Do you have a positive attitude toward the use of EVs?
Accept 25. In this era, EVs are considered essential.
Accept 26. Overall, do you think using EVs would result in more benefits than drawbacks?

Perceived Ease of Use Accept 27. You can easily and quickly learn how to use an EV.
Accept 28. Allocating time for charging can be done and is appropriate for your schedule (6-8 h for regular charging or 30-40 min for fast charging).
Accept 29. EVs are suitable for your daily tasks.

Perceived Usefulness Accept 30. Using an EV can enhance the quality of your daily life.
Accept 31. Using an EV can help reduce monthly expenses.
Accept 32. Using an EV will make your life more convenient and comfortable.
Accept 33. Having an EV in your possession contributes to a positive image of yourself in society.
Accept 34. People around you perceive using an EV as a positive thing.
Accept 35. The importance of choosing a vehicle that can attract attention from others matters to you.

Table A2
Identified factors and indicator questions for decisions to purchase and use EVs from the literature.

Factors Indicator Questions
Attributes and Decide 1. Comfortable driving experience.
Performance Decide 2. High-quality overall performance.

Decide 3. Safety features.

Decide 4. Appropriate size.

Decide 5. Attractive exterior and interior design.
Decide 6. Adequate driving range on a single charge.
Decide 7. Good driving capabilities.

Financial Decide 8. Price of the EV.
Decide 9. Annual maintenance costs.
Decide 10. Charging expenses.
Decide 11. Cost of EV parts and maintenance.
Decide 12. The resale value of used EVs.

Technology Decide 13. Performance and reliability of the EV and battery brand.
Decide 14. Maximum driving range on electric power.
Decide 15. Charging time for the battery.
Decide 16. Safety technology of the EVs.

Infrastructure Readiness Decide 17. Number of electric charging stations covering all areas.
Decide 18. Special parking or traffic lanes for EV users.
Decide 19. Residential accommodations that facilitate electric charger installation.
Decide 20. Availability of skilled technicians and service centers at various distances.

Values Decide 21. EVs are environmentally friendly and have a lower impact on natural resources and environmental energy compared to traditional fuel-
powered vehicles.
Decide 22. Regulations and laws regarding environmental issues in the automotive industry have positive impacts on society.
Decide 23. Government participation in environmentally friendly incentive policies has a positive impact on society.

Experience Decide 24. Have you heard about the benefits of EVs?
Decide25. Have you heard about the risks or challenges associated with EVs?
Decide 26. Have you studied or learned about the mechanics of EVs?

Environment Decide 27. EVs can operate without or reduce the amount of traditional fuel used for driving
Decide 28. EVs can contribute to a decrease in emissions of pollutants and greenhouse gases.
Decide 29. EVs can reduce noise pollution from the engine, as they tend to operate more quietly than conventional vehicles.

(continued on next page)
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Table A2 (continued)

Factors Indicator Questions

Promotion Decide 30. The EV dealership advertises and promotes its products through various media channels.
Decide 31. An EV dealership conducts test drives.
Decide 32. The EV dealership employs knowledgeable and experienced sales staff to provide services.
Decide 33. The EV dealership offers promotions, such as special discounts, exclusive financing conditions for EV loans, and complimentary installation of
electric chargers as part of their promotional activities.
Decide 34. The EV dealership collaborates with presenters, influencers, ambassadors and bloggers to promote its products.
Decide 35 The EV dealership engages in buying and selling used EVs.

Table A3

Identified factors and indicator questions for policies influencing decisions to purchase and use EVs from the literature.
Factors Indicator Questions
Purchasing Incentive Policies Policy 1. Government financial incentives for purchasing EVs.

Policy 2. Tax exemptions for the purchase of EVs.
Policy 3. Discounts on car insurance for EVs.

Charing Incentive Policies Policy 4. The ability to use electric charging receipts for tax deductions.
Policy 5. Financial incentives for the installation of private electric charging stations.
Policy 6. Discounts or subsidies for electric charging costs.

Driving Incentive Policies Policy7. Discounts on parking fees for electric vehicles.
Policy 8. Special parking spaces exclusively for EVs.
Policy 9. Exemptions from toll fees for EVs on expressways.

Registering Incentive Policies Policy 10. Exemptions or reductions in annual vehicle tax and property tax.
Policy 11. Special license plates for EVs.
Policy 12. Exemptions from driver’s license fees for EVs.

Other Incentive Policies Policy 13. Expansion of the number of electric charging stations.
Policy 14 Extended warranty coverage for EV batterie.
Policy 15. Government incentives for vehicle maintenance and repairs.

Appendix B

Tables B1-B3 show the results of vector calculations, by rows and columns of total relation matrix (T) in all three main perspectives.

Table B1
The results of vector calculations for the EV technological acceptance.

Al A2 A3 A4 A5 A6 A7 A8 ri G
Al 0.835 1.003 1.059 0.848 0.838 0.863 0.972 0.936 7.3542 7.1747
A2 0.996 0.919 1.108 0.890 0.886 0.902 1.014 0.987 7.7023 7.5561
A3 0.998 1.040 0.958 0.884 0.874 0.884 1.005 0.974 7.6173 7.9568
A4 0.797 0.850 0.882 0.630 0.729 0.724 0.797 0.774 6.1823 6.4509
A5 0.837 0.892 0.931 0.781 0.666 0.785 0.849 0.825 6.5671 6.4160
A6 0.900 0.961 1.012 0.829 0.835 0.728 0.913 0.887 7.0662 6.5220
A7 0.940 0.969 1.036 0.813 0.808 0.843 0.816 0.899 7.1244 7.2333
A8 0.872 0.921 0.970 0.775 0.781 0.792 0.866 0.748 6.7262 7.0303

Table B2
The results of the vector calculations for decisions to purchase and use EVs.
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 T ¢

D1 0.582 0.709 0.678 0.688 0.769 0.727 0.667 0.721 0.709 0.701 0.723 0.689 8.3622 8.8034
D2 0.739 0.745 0.800 0.820 0.909 0.872 0.746 0.855 0.831 0.805 0.838 0.803 9.7642 9.6672
D3 0.748 0.828 0.737 0.831 0.918 0.884 0.775 0.866 0.848 0.822 0.856 0.817 9.9291 9.3991
D4 0.727 0.826 0.798 0.736 0.902 0.875 0.749 0.843 0.832 0.808 0.837 0.801 9.7325 9.5740
D5 0.785 0.858 0.842 0.849 0.852 0.907 0.789 0.892 0.867 0.842 0.875 0.840 10.1971 10.5828
D6 0.756 0.845 0.819 0.848 0.924 0.807 0.772 0.864 0.862 0.833 0.867 0.829 10.0265 10.1887
D7 0.719 0.749 0.735 0.742 0.827 0.801 0.638 0.777 0.772 0.755 0.786 0.738 9.0385 8.9380
D8 0.762 0.840 0.821 0.821 0.922 0.874 0.763 0.779 0.849 0.816 0.858 0.812 9.9174 9.9422
D9 0.750 0.827 0.798 0.822 0.905 0.871 0.767 0.853 0.759 0.810 0.848 0.803 9.8123 9.7993

(continued on next page)
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Table B2 (continued)
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D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 T ]
D10 0.735 0.790 0.766 0.793 0.868 0.847 0.742 0.813 0.808 0.712 0.817 0.788 9.4777 9.5163
D11 0.758 0.835 0.804 0.810 0.891 0.865 0.770 0.848 0.844 0.800 0.765 0.799 9.7908 9.9005
D12 0.744 0.813 0.802 0.815 0.895 0.859 0.761 0.831 0.819 0.812 0.830 0.723 9.7047 9.4413
Table B3
The results of vector calculations for factors related to policies that affect user decisions to purchase and use EVs.
P1 P2 P3 P4 Ti (4]
P1 2.315 2.458 2.422 2.747 9.9428 9.6560
P2 2.480 2.157 2.321 2.663 9.6209 9.2915
P3 2.227 2.146 1.925 2.413 8.7117 9.1619
P4 2.633 2.531 2.494 2.555 10.2134 10.3795
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