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Abstract: The rapid development of automobile industry in China did improve people’s quality of
life. However, it has also damaged the ecological environment. The emission of a large amount of
automobiles is one of the serious air pollution sources. In recent years, the shortage of petrochemical
energy, the rapid rise of harmful particles in the air (e.g.,, PM2.5 and PM10), and the increasing
worse atmospheric environment are becoming obstacles to China’s sustainable development. Battery
electric vehicles (BEVs) are recognized as an ideal alternative to conventional cars. This study aims
to explore the factors that can promote consumers’ adoption of BEVs and to construct domains of
these factors. Firstly, an open web questionnaire and semi-structured interviews were conducted to
widely collect factors that promote consumers’ purchase of BEVs. Then, questionnaire survey and
exploratory factor analysis were used to construct domains of promoting consumers’ purchasing
willingness. A total of six factors that promote consumers’ adoption of BEVs were obtained. Finally,
the research results can provide references for the Chinese government and the BEV manufacturers in
the development and promotion of EVs.

Keywords: electric cars; purchasing decisions; exploratory factor analysis; environment

1. Introduction

Our planet is paying a heavy price for climate change and action is needed to be taken to reach a
more sustainable development model [1]. According to the intergovernmental panel on climate change
(IPCC), the transport sector produced 7.0 GtCO2eq of direct greenhouse gas (GHG) emissions (including
non-CO, gases) in 2010 and, hence, was responsible for approximately 23% of total energy-related
CO, emissions (6.7 GtCO;) [2]. In the past decades, various aspects of low-carbon transportation
technologies have been studied to reduce carbon emissions [3]. Therefore, there are many potential
alternatives to conventional diesel/gasoline internal combustion engines [4]. Electric vehicles (EVs) have
become representative new-energy vehicles [5]. EVs are increasingly popular as an effective component
of sustainable transport systems by reducing reliance on fossil fuels and reducing transport-related
emissions [6,7]. From the perspective of sustainable development, China has implemented the policy
of exempting the purchase tax of battery electric vehicles (BEVs) [8]. Additionally, the central and local
governments have subsidized the purchase of BEVs. The BEV market has developed rapidly since
2011 with various subsidy policies for consumers and BEV manufacturers. While the sales of BEVs
growing rapidly, the proportion of BEVs of the whole car market is still low. Recently, China’s central
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and local governments have gradually increased their requirements for subsidies for the purchase of
BEVs. As a result, sales of EVs had fallen for three consecutive months from June 2019 [9].

On the face of it, the decline in sales of EVs is caused by a reduction in subsidies, but obviously there
are deeper reasons. There are many factors that affect consumers’ BEV purchase behavior, including
product attributes, policy attributes, and city infrastructure [10]. In addition, psychological factors such as
personal attitude and environmental value are also important [11,12]. Obviously, the factors influencing
the consumers’ purchase of BEVs and conventional fuel vehicles are different.

The purpose of this study is to explore the factors that promote consumers’ purchase of BEVs in
China. These factors can provide references for policy making to promote the adoption of BEVs and
BEV manufacturers to improve product competitiveness.

2. Literature Review

2.1. Research Background

The automobile industry is an important pillar of China’s national economy. With the rapid
development of China’s economy, the automobile industry has also been maintaining a high-growth
rate. China has a large population and a large demand for automobiles. The development of automobile
industry will bring more serious energy shortage and environmental pollution. The adverse effects
of energy and environmental pressures have boosted the cultivation and development of BEVs.
To promote green technologies, such as BEVs, requires not only technological upgrades, but also
major changes in political regulations, tariff and pricing regimes, and user behavior [13]. China has
given substantial financial subsidies and preferential policies to BEV manufacturers in recent years.
The government also provide consumers with price subsidies and preferential policies. However,
the current market penetration of EV is relatively low despite the implementation of many strong
governmental policies [14]. Consumers’ resistance to BEVs is considered as a barrier to promotion of
BEVs [1]. The expectation is that better knowledge of consumer preferences for BEVs can make these
policies more effective and efficient [14]. In order to promote the adoption of BEVs, it is necessary to
find out which factors could promote consumers’ adoption, because consumers’ adoption is the key to
the success (or failure) of the BEV industry [15].

2.2. Factors Influencing Consumers’ Adoption of EVs

Research on consumers” adoption of EVs started earlier in developed countries than in developing
countries like China [5]. There are many studies on the factors influencing consumers’ adoption of
new-energy cars, of which research objects include hybrid electric vehicles [16-20], hydrogen-fuel
vehicles [20-22], and BEVs. Liao etal. conducted a literature review on consumers’ preference for EVsin
2016. Based on the differences in focusing factors, theories, and models, they divided studies concerning
EV adoption into two categories: economic and psychological. The most widely applied methodology
among economic studies is discrete choice analysis in which EV adoption is described as a choice
among a group of vehicle alternatives described by their characteristics or “attributes” [14]. These given
characteristics or “attributes” do lead to limitations of research scope. An open questionnaire survey
along with semi-structured interview with BEV owners were taken to collect not only attributes of BEVs
but also any other factors influencing consumers’ adoption. Psychological researches can help speculate
what factors consumers care about. Cheron and Zins found that expectancies and perceived risks affect
EV purchase decisions [23]. Tu and Yang discovered that perceived usefulness and perceived ease
of use had influence on consumers’ purchase intention [24]. Bockarjova and Steg found that severity
(environment and energy), vulnerability (environment and energy), rewards, self-efficacy (environment
and energy), response-efficacy, and costs were important factors influencing consumers’ adoption of
EVs [25]. Klockner’s research proved that the awareness of the need, responsibility, personal norms,
attitudes, and perceived behavioral control, knowledge, planning ability, and intentions will influence
consumers’ adoption of EVs [26]. According to Peters and Dutschke, relative ease, compatibility, ease
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of use, trialability, observability, and social norm would influence consumers” adoption of EVs [27].
Dynamic performance and cruising performance were found to have influence on consumers’ adoption
of EVs in line with Skippon’s research [28]. In a word, there would be a correspondence between
consumers’ psychological attributes and physical characteristics of BEV, which could be important for
our judgment of the data collected from respondents. We made an update of list of recent researches
on consumers’ adoption of BEV based on Bigerna and Micheli’s work [1], as shown in Table 1.

Table 1. Recent researches on factors influencing consumers electric vehicle (EV) adoption.

References Authors (Year) Country Investigated Key Findings

[10] Li et al. (2020) China Battery warranty, battery depreciation rate, operation cost
Denmark, Finland, Iceland, Experience with EVs, fuel economy, financial savings,

(241 Chen etal. (2020) Norway, and Sweden invironmental value, vehicle-to}igrid capability i

[29] Mukherjee and Ryan(2020) Ireland University degree, long-distance commuting

[30] Bjerkan et al. (2016) Norway High purchase costs

[31] Barth et al. (2016) Germany Purchasing cost, driving range, charging time

[32] Beck et al. (2017) Australia Driving range, government incentives, climate change

[33] Dumortier et al. (2015) United States Battery cost, driving range

[34] Huang and Qian (2018) China Monetary attributes, charging servicg, driving range,

coverage of charging stations
[35] Adepetu and Keshav (2015) United States Driving range, battery capacity, purchasing cost
36] Chu et al. (2019) China and Korea Environm‘ental -concern, ﬁ%el costs, gover‘nment sub§idies,
usage satisfaction, operation cost, charging convenience

[37] Dorcec et al. (2019) Croatia Battery innovation, network of chargers, charging tariffs

[38] Higgins et al. (2017) Canada Age, education, fuel economy

[39] Shahraki et al. (2018) China Charging infrastructure

[40] Biresselioglu et al. (2018) European Union Charging infrastructure

[41] Xydas et al. (2016) United Kingdom Charging infrastructure

[42] Plotz et al. (2017) Germany and United States Driving range

[43] Nicholas and Tal (2017) United States Charging infrastructure

[44] Morrissey et al. (2016) Ireland Charging infrastructure

[45] Caperello et al. (2015) United States Charging infrastructure

[46] Langbroek et al. (2017) Sweden Environmental sustainability

[47] Wang et al. (2017) China Financial incentive policy measures

[48] Moon et al. (2018) Korea Charging time and purchase costs

[49] Ferguson et al. (2018) Canada Maintenance costs

From the list of literature, we can find that consumer groups in different regions care about different
aspects of BEVs. Liao et al. also mentioned in their study that the research on adoption preference
assumes that the preference is stable, while the preference for EV should change from time to time [23].
There are two reasons for this. Firstly, EVs are relatively new, and different groups of people will adopt
them according to their acceptance of innovation. People have different preferences at different time
nodes, so consumers’ preferences may change with time [50]. Secondly, people’s preferences will be
affected by technological advances, increased understanding of EVs, higher market share, greater social
influence and other factors. If consumers’ purchase preferences do change significantly, the results of
related research based on static preferences will only apply to specific time periods. Hence, it is necessary
to rediscover factors that promote consumers’ adoption of BEVs at this turning point of market and
policy environment in China.

3. Methods

This study aims to identify factors that influence consumers’ adoption of BEVs. Open questionnaire
survey and semi-structured interview were employed to collect data. This study is divided into two
phases. The first phase includes consumer surveys and interviews with BEV owners. The goal is to
collect as many influential factors, which affect consumers” adoption of BEVs, as possible. The results
of the first phase will serve as the basis for the second-phase questionnaire. In the second phase,
the construct of factors that influence consumers” adoption of BEVs are obtained through principal
component analysis and then named. In the following part, all the answers derived from respondents’
answers will be called “item”, and the construct derived from principal component analysis will be
called “factor”.
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3.1. First-Phase Questionnaire Survey and Interview

The first-phase questionnaire and interview were conducted during November 6, 2019 and
November 17, 2019. The sampling method was convenience sampling. All the respondents were
invited to fill out the questionnaire through web link sent by authors. Respondents were confirmed to
have some knowledge of conventional vehicles and BEVs by answering a self-assessment question.
The open questionnaire included three questions: (1) Were you involved in the family car purchase
decision? (2) Would you consider buying an electric car? (3) What do you think are the factors
that promote consumers’ purchase of EVs? A total of 345 samples were recovered, of which 46.96%
were male and 53.04% were female. Respondents aged under 25 accounted for 62.32%, respondents
aged from 26 to 30 accounted for 11.59%, respondents aged from 31 to 40 accounted for 19.42%, and
respondents aged over 40 accounted for 6.67%. A total of 77.39% of the respondents indicated their
family already own a car. As this study seeks to explore the factors that drive consumers to buy EVs,
samples were considered invalid for expressing complete reluctance to purchase electric vehicles.
Those that said they would not participate in the car purchasing decision process were also considered
invalid. A total of 172 valid samples were collected after deleting the invalid ones. Among them,
46.58% were men, 53.42% were women, respondents aged under 25 accounted for 38.95%, respondents
aged from 26 to 30 accounted for 18.02%, respondents aged from 31 to 40 accounted for 31.98%, and
respondents aged over 40 accounted for 11.05%. One-hundred percent of the respondents indicated
their family already own a car.

The semi-structured interview serves as a supplement to the questionnaire survey results. Due to
time and financial constraints, the researchers recruited only nine respondents who owned EVs by
inviting friends or paying volunteers with convenience sampling method. The respondents were all
male. The interview outline and schedule were sent to the respondents before the interview. Limited
by geographical location, the interview was conducted via telephone interview and the recording was
saved. The profile of the respondents is listed in Table 2.

Table 2. Profile of respondents.

Number Gender Age Vehicle Model Duration of Ownership

1 Male 27 Tesla Model X 7 months
2 Male 26 Tesla Model S 18 months
3 Male 32 Tesla Model S 11 months
4 Male 32 Nio ES8 6 months
5 Male 36 Nio ES8 5 months
6 Male 30 Geely EV450 9 months
7 Male 37 Geely EV350 5 months
8 Male 31 Roewe Ei5 12 months
9 Male 24 Chery eQ1 7 months

Five main questions of the interview designed based on the purpose and scope of the study are
shown in Table 3.

Table 3. Questions of semi-structured interview.

Number Question Description
1 Have you ever used a petrol/diesel-powered car before?
2 Why did you choose to buy an electric car?
3 Do you have any concerns before you buy an electric car?
4 What characteristics are you feel satisfied with the battery electric vehicle (BEV) you purchased?
5 What did you find unsatisfactory after you purchased the electric car?
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The processing of answers collected from valid questionnaires is as follows: (1) List all the
collected items by number; (2) split those items that contain more than one key feature (e.g., policy
attributes, BEV characteristics) to make sure that each item contains only one key feature; (3) categorize
all the items based on key features within each items; (4) merge the items with similar descriptions
and meanings, then calculate the frequency of each item. The processing of answers collected from
interview is as follows: (1) Turn the recording into a verbatim transcript; (2) derive items from verbatim
transcript and list all the collected items by number, make sure that each item contains only one key
feature; (3) categorize all the items based on key features within each item; (4) merge the items with
similar descriptions and meanings, then calculate the frequency of each items. The questions of the
semi-structured interview were asked and answered in Chinese. In this study, those items with a
frequency less than 3 after they were merged were deleted. After that, 32 items were derived from the
result of first-phase questionnaire survey and interview, which serves as the basis of the second-phase
questionnaire survey.

3.2. Second-Phase Questionnaire Survey and Factor Analysis

The second-phase questionnaire was conducted during November 20, 2019 and November 26,
2019. All the respondents were confirmed to have some knowledge of conventional vehicles and
BEVs by answering a self-assessment question. Furthermore, respondents were invited to fill out the
questionnaire through web link sent by authors. The questionnaire consists of two parts: The basic
information of the respondents and the items, which were derived from the result of the first phase,
that promote consumers” adoption of BEVs. The respondents’ basic information included gender,
age, education, and whether they had bought an electric car. The second-phase questionnaire used a
Likert’s seven-point scale, with 1 representing strong disapproval and 7 representing strong approval.
The collected data were analyzed by principal component analysis, and the extracted factors were
tested by independent sample t test and one-way ANOVA for demographic variables. Respondents
to both questionnaires were Chinese and they filled in questionnaires online. The questions of the
questionnaire were asked in Chinese.

Before the formal questionnaire survey, 50 respondents were asked to participate pre-test to
collect data for item analysis. The item analysis process was divided into two steps. In the first step,
the corrected item total correlation >0.5 was used as the judging criteria, it was found that all 32 items
met the requirement. In the second step of item analysis, the principal component analysis was adopted
to extract only one factor from all items, items with extracted communality <0.3 were considered not
suitable for further factor analysis, and then deleted [51].

In the formal test, 490 valid samples were collected through online questionnaires, and the sample
size has reached the suitable scale for factor analysis [52,53]. A total of 60.4% of respondents were male
and 39.6% were female. Respondents aged under 30 accounted for 21.22%, respondents aged 31 to 50
accounted for 53.27%, respondents aged over 50 accounted for 25.51%. A total of 31.02% of respondents
had a high school education or below, respondents with college and bachelor’s degrees account for
60.41%, respondents with graduate degree accounted for 8.57%. A total of 12.44% of respondents
were from cities with traffic restrictions, and the rest were from cities without traffic restrictions.
Respondents with monthly income below 5000 RMB accounted for 42.04%, respondents with monthly
income of 5001-10,000 RMB accounted for 36.33%, respondents with monthly income above 10,001
RMB accounted for 21.63%. Ninety-five respondents had already purchased EVs, accounting for 19.4%
of all respondents, and the male:female ratio was 60%:40% which was close to the gender ratio of the
total respondents.

The principal component analysis (PCA) and maximum variance (MAA) methods in factor
analysis were used to extract factors promoting consumers’ adoption of BEVs. In principal component
analysis, there are two methods to extract factors, Method 1 is to extract factors with eigenvalues
greater than 1, and Method 2 is based on the given number of factors. Results of both methods were
compared and the more suitable one was chosen. The extracted factors were then named according
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to the included items. Independent sample t-test and one-way ANOVA were used to test whether
there were significant differences between different levels of user demographic variables on each
factor. Demographic variables included gender, age, education, restrict of city transition, income level,
and whether purchased an electric car or not.

4. Results and Discussion

4.1. Results of First-Phase Questionnaire Survey and Interview

In the first phase, a total of 457 items were obtained from online questionnaire, and 36 items were
left after being merged (Table 4).

Table 4. Items derived from the first-phase questionnaire.

Number Item Description Frequency
1 Q1. Battery electric vehicles (BEVs) are environmentally friendly. 121
2 Q2. BEVs are energy efficient. 61
3 Q3. Electricity is cheaper than petrol/ diesel. 48
4 Q4. Maintenance cost for BEVs is low. 28
5 Q5. BEVs are cheap. 25
6 Q6. The endurance mileage of the electric car is up to your expectation. 22
7 Q7. BEVs are trends of future development. 17
8 Q8. The government subsidizes the purchase of BEVs. 13
9 Q9. BEVs have good acceleration performance. 10
10 Q10. BEVs could free the country from its energy constraints. 10
11 Q11. The transition of BEVs will not be restricted. 9
12 Q12. BEVs are safe. 9
13 Q13. In some cities it is easier to get a license plate. 7
14 Q14. The government promoted the purchase of BEVs. 7
15 Q15. The shape of BEVs is variable. 7
16 Q16. There is no purchase tax on BEVs. 6
17 Q17. The charging infrastructure for BEVs in cities are expanding. 4
18 Q18. BEVs can recharge as fast as you expected. 4
19 Q19. The BEVs’ battery life attenuates as expected. 4
20 Q20. BEVs make less noise. 4
21 Q21. It is my wish that China’s environment will become better. 4
22 Q22. Many people around me have bought BEVs. 4
23 Q23. BEVs are trendy. 4
24 Q24. BEVs have more features. 4
25 Q25. People around me feel good after they bought BEVs. 3
26 Q26. I want to support domestic electric car brands to help the rise of the Chinese automobile industry. 3
27 Q27. BEVs leave people a strong feeling of technology. 3
28 Q28. It gives me a sense of national pride that more Chinese brands are manufacturing BEVs. 3
29 Maintenance of the mechanical structure of BEVs is simple. 2
30 The spatial design of BEVs is reasonable. 2
31 BEVs make people feel novel. 2
32 BEVs have green license plates (China’s petrol-powered cars have blue ones). 2
33 I hate the smell of gasoline. 2
34 The user experience of BEVs’ on-board computer is good. 1
35 The driving experience of BEVs is good. 1
36 BEVs are more likely get license plates with a preferred combination of numbers and letters. 1

Those items with a frequency less than 3 after being merged were deleted, leaving 24 items after
deletion. During the collection of first-phase questionnaire, a semi-structed interview was conducted
to collect more factors.

A total of 73 items were derived from the interview results, and 19 items were left after being
merged (Table 5).

Those items derived from the semi-structed interview with a frequency less than 3 were deleted.
After merging the same items, a total of 32 items were collected from the open questionnaire
semi-structure interview, which were used as the basis of the second-phase questionnaire.
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Table 5. Items derived from semi-structured review.

Number Item Description Frequency
1 Q3. Electricity is cheaper than petrol/ diesel. 9
2 Q6. The endurance mileage of the battery electric vehicles (BEVs) is up to your expectation. 8
3 Q9. BEVs have good acceleration performance. 8
4 Q29. BEV brands offer longer battery warranties or free battery replacements. 6
5 Q7. BEVs are trends of future development. 6
6 Q1. BEVs are environmentally friendly. 6
7 Q27. BEVs leave people a strong feeling of technology. 6
8 Q30. BEVs make people feel novel. 5
9 Q31. The driving experience of BEVs is good. 4
10 Q32. I have environmentally friendly values. 3
11 Recharging BEVs is convenient. 2
12 In some cities it is easier to get a license plate. 2
13 The transition of BEVs will not be restricted. 2
14 BEVs are safe. 1
15 The service of BEVs is humane. 1
16 BEV is suitable to be the second car after owning a conventional fuel car. 1
17 BEVs have more features. 1
18 BEVs are cheap. 1
19 There is no purchase tax on BEVs. 1

4.2. Item Analysis of the Second-Phase Questionnaire

The results of item analysis are shown in Table 6. After deleting Q1 and Q7, there were a total of
30 items left for the formal questionnaire survey.

Table 6. Item analysis results.

Item Number  Corrected Item Total Correlation  Extracted Communality

Q1 0.502 0.277
Q2 0.593 0.376
Q3 0.639 0.453
Q4 0.740 0.593
Q5 0.660 0478
Q6 0.602 0.387
Q7 0477 0.248
Q8 0.699 0.529
Q9 0.803 0.673
Q10 0.571 0.358
Q11 0.637 0.455
Q12 0.708 0.527
Q13 0.708 0.547
Ql4 0.737 0.574
Q15 0.698 0.510
Q16 0.653 0.469
Q17 0.666 0.479
Q18 0.646 0.445
Q19 0.646 0.438
Q20 0.763 0.609
Q21 0.650 0.467
Q22 0.624 0415
Q23 0.691 0.497
Q24 0.786 0.646
Q25 0.770 0.622
Q26 0.770 0.628
Q27 0.757 0.600
Q28 0.758 0.613
Q29 0.707 0.528
Q30 0.716 0.535
Q31 0.825 0.707

Q32 0.574 0.353
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4.3. Analysis of the Appropriateness and Reliability of the Second-Phase Questionnaire Results

The KMO and Bartlett’s sphericity results show that KMO value is 0.949 and approximate
chi-square of Bartlett’s spherical test is 12549.662, degrees of freedom is 435, and the p-value is 0.000
(significant). The results indicate the correlation coefficient and net correlation coefficient of all the
items in this study have a good sampling adequacy. These items are suitable for factor analysis [54].
The test results of this study show that the Cronbach’s « of the overall scale is 0.964, indicating a good
internal consistency [55].

4.4. Factor Analysis of the Second-Phase Questionnaire

Four factors were extracted by Method 1, and the initial eigenvalues of each factor were respectively:
factor = 14.906, factor 2 = 2.235, factor 3 = 1.789, factor 4 = 1.599. A total of 68.430% variance was
explained by four factors, and the explained variance of each factor is 49.687%, 7.449%, 5.964%, and
5.330%. After the maximum variance rotation, the proportion of variance explained by each factor
changed, and the proportion difference of explained variance between each factor is more balanced.
Proportion of variance explained by factor 1 decreased from 49.687% to 20.541%, proportion of variance
explained by factor 2 increased from 7.449% to 19.897%, proportion of variance explained by factor
3 increased from 5.964% to 14.114%, proportion of variance explained by factor 4 increased from
5.330% to 13.878%, the commonality and relative position of the factors did not change, and the sum
of the eigenvalues and the total explained variance remained the same. However, when researchers
tried to name each factor, they found that the items in factor 2 were complicated and difficult to
name. Therefore, this study tried to extract six factors according to the number of original categories.
The initial eigenvalues of each factor extracted by Method 2 are: Factor 1 = 14.906, factor 2 = 2.235,
factor 3 = 1.789, factor 4 = 1.599, factor 5 = 0.904, factor 6 = 0.882. These six factors explained 74.384%
of the total variance, factor 1 accounted for 49.687%, factor 2 accounted for 7.449%, factor 3 accounted
for 5.964%, factor 4 accounted for 5.330%, factor 5 accounted for 3.014%, factor 6 accounted for 2.940%.
After maximum variance rotation, the proportion of variance explained by each factor was rebalanced,
proportion of variance explained by factor 1 decreased from 49.687% to 19.377%, proportion of variance
explained by factor 2 increased from 7.449% to 13.181%, proportion of variance explained by factor
3 increased from 5.964% to 12.876%, proportion of variance explained by factor 4 increased from
5.330% to 12.447%, proportion of variance explained by factor 5 increased from 3.014% to 8.948%,
proportion of variance explained by factor 6 increased from 2.940% to 7.554%. The comparison of
the eigenvalues and proportion of explained variance of the two extraction methods are shown in
Table 7. Compared with Method 1, the proportion of explained variance of factor 1, factor 3, and factor
4 decreased less in Method 2, while the increase of proportion of explained variance of factor 5 and
factor 6 was accompanied by a significant decrease of proportion of explained variance of factor 2. It is
found that items classified by Method 2 are more reasonable than by Method 1. Therefore, the results
of Method 2 were adopted in this study (Table 8).

Table 7. Eigenvalues and extraction of squared loadings comparison.

Method 1 Method 2

Number Eigenvalue % of Variance  Number Eigenvalue % of Variance
Factor 1 6.162 20.541% Factor 1 5.813 19.377%
Factor 2 5.969 19.897% Factor 2 3.954 13.181%
Factor 3 4.234 14.114% Factor 3 3.863 12.876%
Factor 4 4.163 13.878% Factor 4 3.734 12.447%
Total 68.430% Factor 5 2.684 8.948%
Factor 6 2.266 7.554%

Total 74.384%
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Table 8. Summary of principal component analysis using varimax method.

Item Number Fa;tor Factor2  Factor 3 Factor 4 Factor5  Factor 6
Q27 0.766 0.227 0.216 0.125 0.176 0.104
Q9 0.747 0.170 0.228 0.233 0.166 0.029
Q15 0.742 0.140 0.127 0.117 0.089 0.364
Q31 0.740 0.234 0.369 0.226 0.113 0.008
Q24 0.740 0.172 0.272 0.197 0.266 0.114
Q30 0.737 0.200 0.219 0.168 0.008 0.336
Q23 0.717 0.287 0.138 0.097 0.021 0.344
Q20 0.705 0.313 0.215 0.096 0.249 0.055
Q21 0.206 0.806 0.125 0.214 0.122 -0.050
Q28 0.314 0.755 0.125 0.188 0.257 0.109
Q32 0.231 0.736 0.203 0.173 0.003 0.153
Q26 0.318 0.733 0.112 0.152 0.236 0.143
Q2 0.221 0.592 0.303 0.118 0.259 0.239
Q18 0.258 0.177 0.816 0.100 0.230 0.101
Q6 0.363 0.104 0.775 0.137 0.199 -0.038
Q19 0.280 0.099 0.706 0.122 0.147 0.267
Q29 0.115 0.449 0.631 0.119 0.147 0.092
Q12 0.365 0.183 0.630 0.235 0.083 0.187
Q11 0.117 0.157 0.088 0.831 0.186 0.042
Q13 0.194 0.223 0.091 0.775 0.239 0.086
Q16 0.255 0.213 0.162 0.713 0.163 0.294
Q8 0.217 0.131 0.241 0.679 0.112 0.425
Q17 0.106 0.363 0.433 0.473 0.278 0.132
Q3 0.228 0.286 0.247 0.251 0.703 0.035
Q4 0.252 0.117 0.257 0.421 0.677 0.187
Q10 0.109 0.368 0.208 0.168 0.655 0.259
Q5 0.249 0.149 0.264 0.405 0.602 0.248
Q22 0.392 0.127 0.099 0.247 0.227 0.722
Q14 0.343 0.208 0.198 0.400 0.228 0.579
Q25 0.253 0.182 0.332 0.339 0.263 0.564
Eigenvalue 5.813 3.954 3.863 3.734 2.684 2.266
% of explained variance 49.687%  7.449% 5.964% 5.330% 3.014% 2.940%
% of explained variance after varimax ~ 19.377%  13.181%  12.876%  12.447% 8.948% 7.554%
Total % of explained variance 74.384%
Cronbach’s « of all items 0.964
Cronbach’s « of each factor 0.942 0.895 0.890 0.888 0.879 0.867

In conclusion, this study extracts six factors from 30 items by principal component analysis, and
74.384% of the total variance is explained. Factor 1 has 8 items, factor 2 has 5 items, factor 3 has 5 items,
factor 4 has 5 items, factor 5 has 4 items, factor 6 has 3 items. The Cronbach’s « values of each factor are
as follows: factor 1 = 0.942, factor 2 = 0.895, factor 3 = 0.890, factor 4 = 0.888, factor 5 = 0.879, factor 6 =
0.867, indicating that all six factors have good internal consistency.

The items included in factor 1 are: Q27, Q9, Q15, Q31, Q24, Q30, Q23, Q20. BEVs have better
acceleration performance and lower operating noise due to the use of electric motors. The lower-placed
battery pack gives the vehicle a lower center of gravity, which brings a better driving experience.
Additionally, most BEVs use more intelligent interactive systems and avant-garde design concepts,
bringing consumers a sense of technology, novelty, and trend. Hence, factor 1 is named “design”.
Obviously, consumers in China pay great attention to the usage experience of BEVs, which caters to
Chu et al.’s research results [36]. Factor 1 accounts for the largest proportion of total explained variance,
indicating that consumers focus more on own preferences when choosing BEVs and vehicle attributes
are the most important part for BEV manufacturers.

The items included in factor 2 are: Q21, Q28, Q32, Q26, Q2. Electricity is considered cleaner than
fossil fuels such as gasoline. Consumers’ expectation of environmental quality, environmentally friendly
values and emphasis on energy efficiency all demonstrate consumers’ environmental beliefs [56].
Results of Nordic (developed area) research show that environmental value has significant influence on
consumers’ adoption of EVs [24]. In recent years, China has been adhering an environmentally friendly
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developing policy, which echoes consumers’ environmental beliefs. As BEVs gradually gain consumers’
acceptance, many homegrown automobile manufacturers have emerged with governmental incentive
policies. Both policies seem to have had their due effect. Consumers’ desire for a better national
environment and support for the development of the national automobile industry both can be
understood as a national consciousness, so factor 2 is named “national awareness”.

The items included in factor 3 are: Q18, Q6, Q19, Q29, Q12. Charging a BEV is not as easy and
quick as refueling a petrol-powered one. Therefore, shorter charging time and longer travel distance
would boost consumers’ confidence in BEVs. The battery material along with physical and chemical
properties of battery determine that battery attenuation is an unavoidable problem at the current
stage. Therefore, reasonable battery attenuation rate and reliable battery after-sales service have
become factors that promote consumers” adoption. Battery is one of the core components of BEVs,
and continuous battery innovation can increase consumer confidence in adoption [37]. Hence, factor 3
is named “battery”.

The items included in factor 4 are: Q11, Q13, Q16, Q8, Q17. In China, consumers can obtain
license plates for BEV after purchasing. In June 2019, the National Development and Reform Commission,
the Ministry of Ecology and Environment, and the Ministry of Commerce jointly issued “Resources Recycling
Plan for Promoting Smooth Update of Key Consumer Products (2019-2020)”, which clearly emphasized
that local governments should not restrict city transition of BEVs. Additionally, Chinese government
updates the “Catalogue of New-energy Vehicle Exempted from Vehicle Purchase Tax” and “Recommended
Model Catalogue for Promotion and Application of EVs” regularly, consumers can buy the cars listed in
these catalogues at subsidized prices without purchase tax. Generally, consumers can charge their vehicles
through household charging piles given away by manufacturers for free at their home. “The Guidelines for
The Development of EV Charging Infrastructure (2015-2020)" issued by the state puts forward the goals
for the development of public charging piles: By 2020, 12,000 centralized charging and battery-changing
stations will be built, and 4.8 million charging piles will be scattered to meet the recharging needs of
5 million BEVs nationwide. The construction of charging infrastructure attract attention from consumers
in USA, EU, and UK, as well as China [40,41,43]. In China, the construction of charging infrastructure
especially depends on the support of government policies. It shows that the government’s policy support
for the purchase and use of BEVs is very comprehensive. Hence, factor 4 is name “government policy”.

The items included in factor 5 are: Q3, Q4, Q10, Q5. Generally, BEVs cost less per mile than
fuel cars [57]. The maintenance costs of conventional cars vary greatly from one to another. It does
raise consumers’ concerns about maintenance costs of BEVs. Coupled with the relatively simple
mechanical structure, the maintain costs of BEVs is usually lower than that of same-level conventional
cars. Therefore, governments and manufacturers need to let consumers know more about the usage
cost of BEVs to eliminate consumer concerns [10]. Now the government is encouraging consumers to
buy BEVs, not only subsidizing the purchase price of some models, but also exempting the purchase
tax, so the purchase cost of EVs will be cheaper than fuel cars. Hence, factor 5 is named “cost of
purchase and use”.

The items included in factor 6 are: Q22, Q14, Q25. Two of the three items mentioned that
information shared by people close to consumers would boost their intention of purchase an electric
car. Government propaganda is a more influential means in China, and Richard Taylor believes that
the continuous propaganda from the government is just an application of herd mentality [56]. Hence,
factor 6 is named “herd mentality”.

4.5. The Influence of User Demographic on Six Factors

In this section, all independent sample t-tests and one-way ANOVA were performed separately, and
each test corresponds to a separate hypothesis. A total of 36 separate tests were conducted. The results
showed that there were no significant differences between different levels of restriction of transition
conditions and income. Those tests with significant differences are presented as follows.
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Gender, age, education, and whether purchased an electric car or not show significant differences
in some factors at the 95% confidence level. As can be seen from Table 9, gender has significant
differences in design, national awareness, battery, and herd mentality. Men score higher than women on
four factors: design, national awareness, battery, and herd mentality. Therefore, it can be inferred that
men are more concerned about the design of BEVs than women, which reminds manufacturers that they
can make some optimizations based on gender difference when designing vehicles. Men tend to have
a higher national awareness than women, which means women'’s needs may be more concentrated on
vehicle attributes when buying BEVs. Men also care more about batteries and after-sales than women.
Batter warranty and battery innovation are unavoidable issues for the sustainable development of the
electric vehicle market, government and manufacturers should work together to push further progress
in the development of battery technology.

Table 9. Summary of independent sample t test.

Factor Group Mean SD t p (Two-Tailed)

LR T R,
National awareness Flt\e/[;zlaele gzgig 112332 2.334 0.020 *

RN S
Herd mentality Fle\z/[riiﬁe Z:;;Zig 1:28;; 2.423 0.016 *

S g
National awareness Notl;il;ccizssee?i yet gg}ég (1)213??,;; 4414 0.000 *

Battery Notl}))lllirrccizssiccll yet gigéé hl%gggg 2917 0.004*
st S LB g
*p < 0.05

There are significant differences in design, national awareness, battery, government policy, cost of
purchase and use, and herd mentality between those who have already bought EVs and those who have
not. Respondents who have already bought an electric car scored higher on all factors. Respondents
who have already bought BEVs agree that design is the factor that drives their purchase more than those
who have not. The aesthetic part of the exterior design is of course different from one person to another,
but BEVs usually have more functions and better human—car interaction experience. Respondents
who have already bought an electric car agree that national awareness is the factor that drives their
purchase more than those who have not. On the one hand, it shows that respondents who have already
bought BEVs have a stronger sense of national pride and national identity, on the other hand, it also
shows that they have a higher awareness of environmental protection. Respondents who have already
bought BEVs scored higher on battery indicates that their approval of current battery technology and
future of BEVs. Respondents who have already bought BEVs scored higher on “government policy”
indicates their satisfaction with government’s welfare policies for EVs. Respondents who have already
bought BEVs agree more on cost of purchase and use indicates that they are more concerned about
the cost, which also shows that EBVs are indeed cheaper to purchase and use than fuel cars. Hence,
governments and manufacturers should put more effort into eliminating potential BEV consumers’
confusion about the usage cost.
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As can be seen from Table 10, respondents with different educational backgrounds have significant
differences in design and national awareness. Respondents with college or bachelor degrees or below
score higher on “design” than those with a graduate degree. Respondents with graduate degree score
higher on “national awareness” than those with college and bachelor degrees or below. Post hoc
comparison shows that respondents with a higher education level have higher approval of national
awareness. With the increase of average life expectancy, elderly-friendly design ideas have been
introduced in many fields. Perhaps manufacturers can optimize the vehicle design details for users of
different ages. Respondents of different ages also show significant differences in design and national
awareness. People aged over 50 score higher on “design” than those aged under 50. Post hoc comparison
shows that older people have higher approval of design. People aged under 30 score higher on national
awareness than those who aged over 31. Post hoc comparison shows that younger people have higher
approval of national awareness.

Table 10. Summary of one-way ANOVA.

Education
Sum of squares of Degree of Sum of mean F Post hoc comparison
deviations (SS) freedom (df) squares (MS) 4 P
SSw 23.237 2 11.619
Design  SS, 1033.558 487 2122 5475  0.004* M;Isitei/g?}z o fiaggfv‘zf) <
SS¢ 1056.795 489 &
. SSw 19.180 2 9.590
National =g 611.843 187 1256 763 ooo1x  MaterPhD> giakfi‘;lvof) ”
awareness g, 631.023 489 &
Age
Sum of squares of Degree of Sum of mean F Post hoc comparison
deviations (SS) freedom (df) squares (MS) P P
SSw 2 15.018 15.018
Design SSp 487 2.108 2.108 7123 0.001* (Under 30 < 31-50) < over 51
SSt 489
National SSw 2 10.579 10.579
ationa ss, 487 1252 1.252 8448 0.000*  Under 30 < (31-50 < over 51)
awareness
SS¢ 489
*p < 0.05

5. Conclusions

Under the global trend of developing green travel mode, we have to realize that conventional
cars will be replaced by EVs in the coming future. BEV is a choice of EVs with advanced technology,
stable performance, and affordable price. Countries around the world are actively popularizing BEVs.
In recent years, the Chinese government has provided substantial financial subsidies and welfare
policies for the promotion of BEVs. However, sales of BEVs have seen cliff-like drop as subsidy declines.
Hence, it is necessary to explore influence factors of consumers’ adoption of BEVs. The conclusions of
this study are as follows:

1. This study concludes the factors and detailed items that promote consumers’ adoption of BEVs in
China. There are six factors in total: Factor 1 is “design”, factor 2 is “national awareness”, factor 3
is “battery”, factor 4 is “government policy”, factor 5 is “cost of purchase and use”, and factor 6 is
“herd mentality”.

2. The factor “design” explains most of the total variance, indicating that characteristics of the cars
are still the most important consideration for consumers when purchasing BEVs. What is more,
national awareness, battery, government policy, cost of purchase and use, and herd mentality are
all factors that can promote consumers’ adoption of BEVs.

3. Men pay more attention to design and performance than women when buying BEVs, and are
more susceptible to influence from surrounding people.
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4. At present, consumers who had already purchased BEVs agree more with the design, battery,
welfare policy, use, and purchase cost of BEVs than those who had not purchased them.
Additionally, consumers who had already purchased BEVs have higher national awareness and
are more susceptible to influence from surrounding people.

5. Consumers with a higher education cared less about design of BEVs and had higher recognition
of national awareness than consumers with lower education.

6.  Older consumers usually cared more about design than younger consumers. While the younger
consumers had higher recognition of national awareness than older consumers.

Compared with other studies on consumers’ purchase of BEVs, the results of this study propose a new
factor "design”, which is the most important consideration for Chinese consumers. BEV manufacturers
could make some optimizations based on gender difference when designing vehicles and optimize the
vehicle design details for users of different ages, especially for the elderly. In addition, the BEV industry,
as an important part of the revitalization of the Chinese automobile industry, experienced a serious
decline after the decline in national financial subsidies. For the government, it may be the best time to
think about the currently broad but not sophisticated subsidy policies, and it is imperative to formulate
more diversified policies, such as using the personal carbon trading (PCT) scheme and the tradable
driving credits (TDC) scheme to replace those subsidy policies [10]. Manufacturers and the government
should pay special attention to this special factor of national awareness. This emotional factor stems from
consumers’ trust and expectations of manufacturers and the government. Therefore, the government
should accelerate the construction of BEV-related infrastructure, such as charging infrastructure and
battery recycling facilities, to realize a more sustainable traffic mode. In addition, domestic manufacturers
should not rely on government subsidies to fight price wars with foreign brands, but actually improve
product quality from technical and design levels.
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