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Abstract: (1) Background and aims: The exploration of the intention to adopt electric vehicles has
been intensively studied in developed countries where passenger cars are the most common private
motorized vehicle. However, the same is not true for motorcycle-dependent countries such as
Vietnam. This study aimed to advance our understanding of the determinants of motorcyclists’
intention to use electric vehicles (i.e., electric passenger cars) in settings where the motorcycle is
the dominant mode. (2) Data and methods: The partial least squares structural equation modeling
(PLS-SEM) and the data from 330 motorcycle owners in Hanoi, Vietnam, were utilized to empirically
test a research framework formulated based on the push–pull–mooring migration model. (3) Results:
The results indicated that the push factor was formulated by safety concerns and environmental
concerns while the pull factor was established by perceived usefulness, perceived ease of use, and
financial incentive policy. Both the push factor and the pull factor significantly contributed to the
adoption intention but the effect of the latter was stronger. Knowledge did not affect the intention;
however, it moderated the link between the pull factor and the intention. For the respondents with a
higher level of knowledge, the positive impact of the pull factor on the intention was lower (compared
to those with a lower level of knowledge). (4) Conclusions: Based on the findings of the associated
factors, policy implications were suggested to increase the prevalence of electric vehicles. Although
the theoretical and practical contributions of this study may be significant to the literature regarding
developing countries, more research is needed to validate and extend them.

Keywords: electric vehicles; motorcycles; electric passenger cars; Vietnam; pull–pull–mooring; knowledge

1. Introduction

Vietnam is a typical motorcycle-dependent country in the Global South [1–3] with
over 80% of the total daily trips performed by this motorized two-wheeled vehicle. In
Vietnamese megacities, such as the capital Hanoi, the number of motorcycles has kept
rising at a pace of over 9% per year during the period from 2010 to 2019 [4]. The steady
growth in motorcycle ownership is attributable to economic, utilitarian, and emotional
factors [5–8]. To be specific, the purchasing and operational cost (for fuel, maintenance,
insurance, and parking) of a motorcycle is reasonable for Vietnamese citizens [5]. A new
motorcycles costs from USD 900 to USD 2250, while the average annual income of a
Vietnamese person is approximately USD 3300 [9]. In addition, people are offered many
types of motorcycles at different prices by famous enterprises such as Honda, Yamaha,
Piaggio, and SYM. Additionally, buying an old motorcycle is a favorite choice for those
with a limited budget [10]. Besides the financial advantages, the functional merits of the
motorcycle are notable. Learning to operate a motorcycle is straightforward for most
people [7]. More importantly, it is easy to navigate a motorcycle that is able to accelerate
faster than passenger cars in urban conditions. This point is perceived as highly valued
during rush hours when motorcycles can weave in between stationary buses and passenger
cars to arrive at their destinations more quickly [8]. The motorcycle is also suitable for
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both long-distance trips and short trips for recreational or working purposes within cities.
Unlike drivers, motorcyclists often face little difficulty in finding parking space [11]. Riding
a motorcycle can bring about a strong sense of community because of the large motorcyclist
population in Vietnam [5]. Moreover, travelling by motorcycle can be pleasurable since
it enables one to enjoy the open space. However, the boom in motorcycles has resulted
in severe environmental issues, i.e., noise and air pollution [12,13]. Vietnam is ranked in
the top 30 most polluted countries while Hanoi was the most polluted city in Vietnam
in 2022 [14]. The environmental challenges are expected to increase because of the rapid
proliferation of passenger cars [15]. Hanoi had 328,000 registered passenger cars in 2019
while the figure for 2015 was only 226,000. The 2015–2019 period witnessed an average
annual growth rate in passenger cars of approximately 110% [4]. According to the latest
statistics from the Department of Hanoi Transportation, the capital had over 1 million
passenger cars (including commercial vehicles such as taxis and (electronic) contract-based
ones) in 2023, from which we can determine that, on average, one in every eight persons
has a passenger car [16]. To lessen the disastrous impacts of the use of private motorized
vehicles, the government made some attempts to develop a subsidized public transport
system with the operation of over 110 conventional bus routes, 10 e-bus routes, 1 BRT
corridor, and 1 sky-train line. Unfortunately, public transport systems have failed to attract
people away from private motorized vehicles [17–19]. Consequently, transport authorities
and planners have emphasized the use of electric private vehicles. Until 2022, Vietnam
had approximately 4000 electric passenger cars and is projected to have 1 million units
by 2028. The introduction of new electric passenger car types by VinFast (e.g., VF e34,
VF 8) is expected to considerably promote the prevalence of electric passenger cars in 2023
and later [20]. In some cities and provinces (e.g., Lamdong and Hanoi), electric passenger
cars have been utilized as taxis since March 2023. Recently, the charging system has been
provided at a larger scale in department stores in Hanoi and Ho Chi Minh City. Some plans
to equip charging points at fuel stations have been proposed but no acceptances have been
made to date. To encourage the use of electric passenger cars (instead of ordinary ones), an
extensive understanding of the factors associated with the acceptance of electric passenger
car especially critical. Moreover, where the motorcycle is the dominant mode (e.g., Vietnam,
Thailand, Indonesia, Malaysia, the Philippines, and Taiwan), most future owners of electric
passenger cars are estimated to be current motorcyclists [21,22]. Accordingly, knowledge of
what factors determine motorcyclists’ intention to use electric passenger cars is needed in
order to establish the sustainable development of urban transportation [23].

The exploration of the intention to adopt electric vehicles has been intensively studied in
developed countries where passenger cars are the most common private motorized vehicle.
However, the same is not true for motorcycle-dependent countries [24–26]. This study aimed
to advance our understanding of the determinants of motorcyclists’ intention to use electric
passenger cars (hereafter referred to as ‘electric vehicles’ or ‘EVs’) by using the partial least
squares structural equation modeling (PLS-SEM) and the data from 330 motorcycle owners in
Hanoi, Vietnam, to empirically test a research framework formulated based on the push–pull–
mooring migration model.

The current research’s contributions to the literature are three-fold. This is among the
first investigations of the factors associated with the intention to adopt EVs in motorcycle-
dependent countries. Second, this study proposes a new conceptual framework of modeling
the intention to accept EVs, which is an extension of the push–pull–mooring model. Third,
the effects of influencing factors and policy implications proposed in this study could be
informative for a number of countries with similar transportation conditions in Asia.

This paper continues with a review of studies on the intention to adopt EVs and an
establishment of the research model. Then, data collection and analytical methods are
presented in Section 3. Subsequently, Section 4 provides the discussions of the results.
Finally, Section 5 indicates theoretical and practical contributions together with future
research directions.
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2. Literature Review and Foundation of the Research Model
2.1. Earlier Research on EVs’ Adoption Intention

EVs—including battery electric vehicles (BEVs), plug-in hybrid electric vehicles
(PHEVs), and hybrid electric vehicles (HEVs) [24,26]—have been extensively researched in
the last decade as a result of the urgent need to mitigate the disastrous consequences of
emissions from road transportation. Existing studies have covered a range of dimensions
of EVs, such as charging systems, promotion incentives, safety, and environmental and
social impacts [27–32]. For example, a denser network of charging stations—particularly
free ones whose energy is generated by photovoltaic panels or wind turbines—means a
higher prevalence of EVs [24]. However, as a new technological product, the success or
failure of the EV market largely depends on people’s acceptance, which can be measured
through the adoption intention. Therefore, increasing scientific efforts have been invested
into investigating the drivers of and impediments to the intention to use EVs, mirrored
by the publication of review papers in the journals of Transportation, Sustainability, and
Energy [24,26,33–35]. However, the literature on EV acceptance has been limited in terms of
methods and geographical coverage.

According to the in-depth synthesis by Singh et al. [33], the adoption intention is
determined by the four factor groups, including (1) the demographics of the individual and
the household; (2) situational factors such as environmental and technological situations;
(3) contextual factors such as governmental policies; and (4) psychological factors such as
attitudes, perceived risk, and emotions. Among the four categories of predictors, the fourth
group is the most important, and is considered in traditional behavioral theories, including
the theory of planned behavior, diffusion innovation, normative theories, and the theory of
reasoned action. Nevertheless, in order to achieve more knowledge on usage intention, the
adoption of other well-established theories (e.g., the push–pull–mooring migration model)
is critical [35].

The development of the literature on EV adoption is geographically in line with
the major areas of this mode’s growth. The vast majority of prior analyses have been
conducted in developed countries, particularly in Europe, Canada, the US, and several
Asian countries [24,26,33–36]. However, little research has focused on developing contexts.
The study by Adnan et al. [37] analyzed the purchase intention of EVs based on the
responses of 391 Malaysian respondents and an extension of the theory of planned behavior.
Another study set in Malaysia [38] predicted the adoption intention of generation Y using
a conceptual framework formed from the theory of planned behavior and the technology
acceptance model. A recent work conducted in India explored the acceptance of EVs by
utilizing the technology acceptance model and the social comparison theory [39]. Obviously,
evidence from Malaysia and India has been insufficient to generalize to a large number of
emerging countries. As such, more findings from the Global South are desirable.

2.2. Push, Pull, and Mooring Constructs

The push–pull–mooring (PPM) migration model was initially developed for research
on human migration to account for why people change their residential locations to another
over a particular period [40,41]. Theoretically, a PPM structure encompasses three factor
groups (i.e., push factors, pull factors, and mooring factors). Push factors involve the
elements that drive a person away from an original location while pull factors involve
the elements that attract a migrant towards a specific place. Mooring factors refer to
the supplementary components that either facilitate or hinder decision making among
migration owing to individual, social, or environmental factors [41,42]. The PPM model has
been deployed to predict the intention of switching or discontinuance in a range of sectors,
such as commercial information technology services, social media, marketing, e-commerce,
and consumer behaviors [42–49].

Several previous studies have looked at the intentions of employing green transporta-
tion from the perspective of PPM [50–52]. Notwithstanding, to the best of our knowledge,
there has not been any research on the antecedents of the intention to shift from motorcycles



Sustainability 2023, 15, 8765 4 of 16

to EVs in a developing country. The use of the PPM framework is appropriate for this
study’s context because it allows one to simultaneously consider both the disadvantages of
the motorcycle (current mode) and the advantages of the EV (future mode).

2.2.1. Push Factors
Environmental Concerns

The increase in significant concerns about pollution, waste disposal, climate change,
and the greenhouse effect has pushed the practice of environmental protection at different
levels (i.e., government, enterprises, and individuals) with the aim of forming a balance
between environmental and human needs [53]. Actually, environmental challenges have
become one among the most important social issues of the current time [54]. Therefore,
the concept of environmental concerns has been increasingly used to predict the aban-
doning of polluting behaviors and the adoption of green alternatives [55–58]. Specifically,
environmental concerns in this study refer to the public awareness and consideration of en-
vironmental problems, particularly in relation to the use of conventional motorcycles [37,59].
Many studies have demonstrated that environmental concerns have a significant positive
association with the intention of purchasing new energy vehicles, such as autonomous
electric vehicles or EVs [37,60,61]. In a motorcycle-dependent country, the motorcycle is
expected to be the main source of emissions. Therefore, environmental concerns related to
this mode may push riders away from it to shift to an electric alternative [53].

Safety Concerns

These are formulated based on the consideration and awareness of the danger and risks
involved in using certain modes of transportation, such as the motorcycle [62,63]. Concrete
evidence has suggested that concerns about traffic safety are a (negative) predictor of mode
choices [64–66]. A study set in the US found that safety concerns inhibit public inclination
towards shared autonomous vehicles [62]. A research based in Vietnam reported that, due to
the fear of a collision risk, parents do not permit their children to ride a motorcycle [7]. It is
important to note that the motorcycle is notoriously risky with fatality rates being 20–30 times
higher than those for passenger car users per traveled distance [67]. Therefore, the current
study assumes that safety concerns regarding motorcycle usage lead motorcyclists to shift to
another move of transportation, such as EVs.

2.2.2. Pull Factors
Perceived Usefulness

Perceived usefulness is concerned with the utilitarian benefits of EVs that motorcyclists
can achieve if they shift to this mode. Specifically, the construct is conceptualized as the extent
to which a motorcyclist believes that employing an EV can improve their professional com-
mitments and meet their travel demand [68]. Perceived usefulness, which is a core construct
in the technology acceptance model, has been consistently found to be a strong facilitator of
the adoption of environmentally friendly transportation modes [65,69–71]. However, several
studies have also presented the insignificant impacts of perceived usefulness on the intention
to use electric vehicles [38].

Perceived Ease of Use

Similarly to perceived usefulness, the perceived ease of use is a main construct in the
technology acceptance model. It refers to the perception of EVs being free from physical and
mental efforts [68,72]. The perceive ease of use has been hypothesized and demonstrated
to exert positive direct effects on behavioral intention [73]. In travel behavior analysis,
the perceived ease of use usually has no direct effects on the behavioral intention to
use commercial services such as ride-hailing, possibly because accessing and using such
services is generally not complex thanks to the support of technological advancements
in booking and paying. However, when people have to select a mode and navigate it by
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themselves, they usually pay more attention to how to operate it [7]. As such, the intention
to adopt EVs is posited to be facilitated by the perceived ease of use.

Financial Incentive Policy

One of the largest obstacles to purchasing EVs consists in their high prices compared
to those of conventional gasoline vehicles [74,75]. Although the operational price of electric
vehicles can be considered one of their advantages during periods of energy crisis when the
cost of gasoline is significantly increased, the higher purchasing cost and the inconsistent
strategies of battery hiring or replacement prevent the acceptance of electric vehicles. In a
survey conducted in the US, more than half of the participants indicated the purchase price
as a prime impediment [76]. To lessen the purchase price and thus promote the adoption of
electric vehicles, issuing financial incentive policies such as purchasing subsidies have been
implemented and proved to be effective in many parts of the world [29,30]. A number of
prior studies have analyzed the influences of financial incentive policies on EVs sales and
adoption [77,78]. Evidence from the Netherlands recommends that financial support is useful
for attracting consumers [79]. Another international study based on data from 14 regions
reported a positive association between incentive policies and sales [80]. Accordingly, the
intention to adopt EVs for motorcyclists is expected to be boosted by a financial incentive policy.

2.2.3. Mooring Factors
Knowledge

This can be defined as the degree to which a motorcyclist technically understands
EVs, which can be measured through how much they believe that they know about this
mode [81]. Kaplan emphasizes that knowledge plays a critical role in helping customers
make decisions [82]. Much earlier research showed that a person’s knowledge of a green
product significantly and positively affects their buying intentions towards the product [83,84].
Interestingly, previous studies have suggested that, in Vietnam, people with less knowledge
are a hindrance to sustainable consumption [85]. In fact, technical knowledge of EVs such as
the range, battery capacity, charging system, and duration, varies across vehicle types and is
also limited in developed countries [26,86]. Krause et al. [87], based on an analysis of 21 US
cities, stressed that about two-thirds of over 2300 respondents gave the wrong answers to basic
questions on electric vehicles and over-look the advantages of this mode. Due to the failure
of having a sound understanding of the characteristics of EVs, people tend to over-estimate
their shortcomings and over-estimate their merits, leading to the deterioration of the adoption
intention. Additionally, the lack of knowledge may influence personal beliefs, such as the
perceived ease of use or perceived usefulness; hence, knowledge may have moderating effects
on the links between antecedents and behavioral intentions [88].

2.3. Research Hypotheses

The current research applies the method of [89,90], wherein the push and pull factors
are formulated as second-order constructs by (first-order) sub-constructs. Specifically,
the push factor is formatively created by environmental concerns and safety concerns;
meanwhile, the pull factor is formatively formed by the financial incentive policy, perceived
ease of use, and perceived usefulness. The application of a high-order research model has
received more attention in recent years as it can generate an abstract model with more
robust findings in terms of statistics. This approach enables one to better measure the
overall factor (i.e., the second-order construct) that is directly measured by its sub-construct
(rather than transferring the effects of sub-factors to the target variable (i.e., behavioral
intention) in a one-order model) [91].

Based on the aforementioned discussions on the considered sub-factors (Section 2.2) and
the relationships among the push, pull, and mooring factors in previous studies [51,89,90],
five hypotheses are suggested (Figure 1) as follows:
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H1. The push factor facilitates the intention to adopt EVs.

H2. The pull factor facilitates the intention to adopt EVs.

H3a. The mooring factor facilitates the intention to adopt EVs.

H3b. The mooring factor moderates the effect of the push factor on the intention to adopt EVs.

H3c. The mooring factor moderates the effect of the pull factor on the intention to adopt EVs.
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3. Data and Method
3.1. Questionnaire and Data Collection

To gather the data, a questionnaire was designed based on the proposed research
framework. It included three sections. The first is a cover letter, which declares the research
scope and objectives. It emphasizes that only the current motorcyclists should continue the
survey. The second asks for the basic demographics of the respondents, including gender,
age, income, and residential location. The third comprises a series of attitudinal statements
adopted to measure the latent constructs of the theoretical framework. The responses to the
items were based on a 5-point Likert scale ranging from “strongly disagree” to “strongly
agree” (see Table 1). The questionnaire was initially prepared in English before being
converted into Vietnamese. Due to potential inaccuracies arising the translation process,
the Vietnamese version was reviewed by three transportation experts whose feedback was
taken into consideration to improve the questionnaire. Subsequently, the questionnaire
was utilized to undertake some pilot surveys with five motorcyclists in Hanoi before being
revised to adopt the final form used for the large-scale survey.

Table 1. Measurement items.

Code Constructs/Indicators Supporting Studies

PU Perceived usefulness

[92,93]
PU_1 I can easily reach common destinations by EV.
PU_2 With an EV, I can save time and reduce fatigue due to travelling (compared to a motorcycle)
PU_3 An EV helps me to be less subject to the fluctuations of energy price
PU_4 An EV’s characteristics are useful for my everyday mobility

PEU Perceived ease of use

[92,93]
PEU_1 Learning how to ride an EV is not a difficult task
PEU_2 It is easy for me to become skilful with an EV
PEU_3 For me, the functionality and usage of an EV are simple

FIP Financial incentive policy

[77]FIP_1 From my point of view, the subsidy policies for EV in Vietnam is sufficient
FIP_2 From my point of view, the subsidy policies for EV in Vietnam is durable
FIP_3 From my point of view, subsidy policies are important when adopting an EV
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Table 1. Cont.

Code Constructs/Indicators Supporting Studies

EC Environmental concerns

[37]
EC_1 The heavy use of motorcycles results in air and noise pollution
EC_2 I think environmental problems are incresingly serious in recent years
EC_3 I think people should change their behaviours to lessen climate change and protect our ecology

SC Safety concerns

[10,62]
SC_1 Motorcycles have too few functions and equipment to protect motorcyclists’ health when a crash occurs
SC_2 Lack of adherence to the road rules is common among motorcyclists, leading to a high risk of traffic crash
SC_3 Generally, the risk of collisions for motorcyclists is high in Hanoi
SC_4 Generally, the risk of collisions for motorcyclists in Hanoi is increasing

K Knowledge

[77]
K_1 I am accustomed to the performance of an EV, such as charging time and driving range
K_2 I am aware of the purchase and usage cost of an EV
K_3 I am aware of advantages of an EV over a conventional one

AI Adoption intention

[77,90]AI_1 I am willing to use an EV
AI_2 Soon I will consider buying an EV
AI_3 I would like to recommend my friends to buy an EV

Data collection was carried out in Hanoi from 6 to 12 March 2023. To gain a sample
with a balanced distribution in terms of gender and residential locations, the surveys
were undertaken in both urban and non-urban districts. During each survey, only one
surveyor worked in one district and tried to obtain the equal number of men and women
respondents. Face-to-face interviews were applied because this method enabled the staff to
quickly approach potential respondents and support them during the survey procedure.
To increase the response rate and survey quality, VND 20,000 (approximately USD 1) were
given to each participant as compensation for contributing their time.

After one week of the survey, we collected 345 responses. However, 15 were removed
due to being unreliable and lacking the answers to some questions. The removal led to an
eligible sample comprising 330 responses.

The breakdown of the sample shows that the sample was nearly balanced in terms of
gender (51% of the respondents were men) and residential location (52% of the respondents
living in urban areas). More respondents (56%) were younger than 30 years old and 61% of
the participants came from households with a monthly income of less than VND 15 million
VND (USD 680).

3.2. Method

The structural equation modeling (SEM) technique is widely used to empirically
investigate theoretical frameworks that are based on traditional theories and include various
complex relationships, such as the PPM model. Two types of SEM utilized in parallel are
covariance-based SEM (CB-SEM) and partial least squares SEM (PLS-SEM). The former
is more common and even frequently indicated (misleadingly) as the only representation
of SEM in many previous studies [94,95]. The latter is an emerging alternative to the
former in various fields, such as marketing, e-commerce, education, safety research, and
transportation [96–101]. The debate on the pros and cons of the two methods is ongoing
and contested [95,102].

The current research utilized PLS-SEM to explore the proposed PPM-based research
model because many recent travel behavior analyses deployed this method [37,98,100,103].
PLS-SEM was found to provide robust and consistent estimates of the inter-relationships
among the constructs in complex theoretical frameworks [104,105], even for the estimation
of second-order constructs [99,106,107]. The approach is recommended when it comes to
testing the extensions of well-established theories [108]. Moreover, it does not set strict
requirements for the sample, such as the size and the normal distribution [96].

The professional software SmartPLS version 3.3.5 was employed to run PLS-SEM.
According to [108], the results of PLS-SEM are subject to two evaluation steps: (1) the
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evaluation of the measurement models; and (2) the evaluation of a structural model. In the
next section, evaluation results are provided and discussed.

4. Results and Discussions
4.1. Evaluation of First-Order Measurement Models

The measurement models were assessed through three criteria, as follows.

4.1.1. Internal Consistency Reliability

The reliability was measured with Cronbach’s alpha (CA) values and the composite
reliability (CR) values with the minimum levels of 0.7 [109]. The results shown in Table 2
indicate that all values of CA and CR for all constructs were over 0.7. As such, the criterion
of the internal consistency reliability was satisfied.

Table 2. Assessment of measurement models.

Construct Factor Loading Cronbach Alpha Composite Reliability Average Variance Extracted

Dimension of pull factor: financial incentive policy
FIP_1 0.891

0.799 0.882 0.715FIP_2 0.845
FIP_3 0.797

Dimension of pull factor: perceived ease of use
PEU_1 0.875

0.795 0.880 0.713PEU_2 0.832
PEU_3 0.826

Dimension of pull factor: perceived usefulness
PU_1 0.731

0.785 0.861 0.610
PU_2 0.874
PU_3 0.790
PU_4 0.719

Dimension of push factor: environmental concerns
EC_1 0.883

0.873 0.922 0.797EC_2 0.887
EC_3 0.909

Dimension of push factor: safety concerns
SC_1 0.893

0.891 0.925 0.755
SC_2 0.893
SC_3 0.844
SC_4 0.843

Knowledge
K_1 0.898

0.862 0.916 0.784K_2 0.874
K_3 0.884

Adoption intention
AI_1 0.921

0.891 0.932 0.821AI_2 0.899
AI_3 0.898

4.1.2. Convergent Validity

Convergent validity was assessed through factor loadings and the average variance
extracted (AVE) of indicators. Hair et al. [108] recommended the thresholds of 0.708 for
factor loadings and 0.5 for AVE. All of the estimated values of AVE and factor loadings fell
in the acceptable ranges; thus, the criterion of the convergent validity was met.

4.1.3. Discriminant Validity

Discriminant validity was evaluated through the heterotrait–monotrait (HTMT) cri-
terion [108]. Specifically, the values of HTMT should not be over 0.85. Since all of the
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estimated HTMT values are lower than the benchmark value (Table 3), discriminant validity
was confirmed.

Table 3. The result of checking the HTMT criterion.

Adoption
Intention

Environmental
Concerns

Financial
Incentive Policy Knowledge Perceived

Ease of Use
Perceived
Usefulness

Safety
Concerns

Adoption intention
Environmental concerns 0.684

Financial incentive policy 0.556 0.499
Knowledge 0.404 0.297 0.317

Perceived ease of use 0.534 0.317 0.584 0.162
Perceived usefulness 0.496 0.37 0.805 0.357 0.663

Safety concerns 0.642 0.848 0.591 0.343 0.339 0.414

4.2. Evaluation of Second-Order Measurement Models

The satisfactory results of evaluating the first-order measurement models enabled the
evaluation of the second-order measurement models. In the current study, there were the
measurement models wherein (1) the push factor was formatively formed by environmental
concerns and safety concerns; and (2) pull factors were formatively formed by perceived
usefulness, perceived ease of use, and financial incentive policy. The multi-collinearity risk
was insignificant because the values of the variance inflation factor (VIF) for all dimensions
were lower than 3 [96]. As can be seen in Table 4, the weights of all dimensions were
statistically significant (i.e., p < 0.05) and sufficiently larger (i.e., weight > 0.1) [110]. The
strongest contributor to the push factor was that of safety concerns while the counterpart
to the pull factor was perceived usefulness.

Table 4. Evaluation of second-order measurement model.

Second-Order Constructs Outer Weights Standard Deviation p-Value VIF

Dimensions of pull factors
Financial incentive policy 0.386 ** 0.004 0.005 2.187

Perceived ease of use 0.205 * 0.011 0.014 1.417
Perceived usefulness 0.451 *** 0.000 0.000 2.383

Dimensions of push factors
Environmental concerns 0.461 *** 0.006 0.000 2.329

Safety concerns 0.582 *** 0.007 0.000 2.529

Note: *** p < 0.001; ** p < 0.01; * p < 0.05.

4.3. Evaluation of Structural Model
4.3.1. Evaluation of Predictive Capacity and Model Fit

The predictive capacity of the structural model was assessed through the coefficient of
determination (R2) and the cross-validated redundancy measure (Q2), which was estimated
by the blindfolding procedure [96]. The R2 and Q2 values of adoption intention were higher
than 0—the cut-off value. In more detail, the R2 of 0.362 was considered moderate and the
Q2 of 0.286 was considered a medium predictive ability [96].

The model fit was measured through the normed fit index (NFI) and standardized
root mean square residual (SRMR). The results suggest that the NFI value of 0.895 was
higher than the minimum threshold of 0.8, while the SRMR value of 0.045 was lower than
the maximum cut-off of 0.08 [108,111]. Accordingly, the structural model fitted the data.

4.3.2. Hypothesis Testing

Table 5 and Figure 2 indicate the results of path analysis. Both the push factor
(β = 0.200) and the pull factor (β = 0.255) positively affect the adoption intention with the
impact of the former being smaller, implying the validation of H1 and H2. Hypothesis
H3a was not accepted since knowledge was found to insignificantly facilitate the adoption
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intention. The results also show that knowledge did not moderate the effect of the push
factor on the adoption intention, whereas it negatively moderated the impact of the pull
factor on the adoption intention. As such, for the respondents with a higher level of knowl-
edge, the positive impact of the pull factor on the intention was lower (compared to those
with a lower level of knowledge) (Figure 3).

Table 5. The results of hypothesis testing.

Path β SD p-Value Hypothesis Decision

Push factor→ adoption intention 0.200 ** 0.070 0.002 H2 Accept
Pull factor→ adoption intention 0.255 *** 0.052 0.000 H1 Accept
Knowledge→ adoption intention 0.054 0.064 0.285 H3a Reject
Push factor × knowledge→ adoption intention 0.046 0.054 0.386 H3b Reject
Pull factor × knowledge→ adoption intention −0.127 * 0.053 0.019 H3c Accept

Note: SD—standard deviation; *** p < 0.001; ** p < 0.01; * p < 0.05.
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4.4. Result and Discussions

The push factor was formulated by both environmental concerns and safety concerns.
The larger contribution of safety concerns to the push factor was understandable because
63.5% of crashes occurring between 2015 and 2020 involved motorcycles (while the percent-
age of collisions related to passenger cars was 30.2%) [4]. Meanwhile, the pull factor was
formed by all of three considered constructs, including perceived usefulness, perceived
ease of use, and financial incentive policy. Unsurprisingly, perceived usefulness was the
strongest facilitator (in terms of pull factor) because of the clear advantage of an EV com-
pared with a gasoline-based vehicle (i.e., being less oil-reliant) or motorcycle (i.e., travelling
to most places with a high level of comfort). Interestingly, the weight of the financial
incentive policy was higher than that of the perceived ease of use. It can be explained that
the respondents paid more attention to the governmental policies, which are currently
relatively limited and expected to be expanded in the short/medium-term [112,113]. The
higher the financial assistance from the government and companies, the lower the cost users
have to pay. An additional explanation may be the significant worry about the uncertainty
of EV-related policies in a new market [114], whereas the navigation and operation of EVs
are nearly similar to those of conventional ones; thus, the perceived ease of use did not
strongly affect the formulation of the pull factor.

The statistical results suggest that the adoption intention was significantly contributed
by the push factor, pull factor, and mooring factor. In line with previous studies [89], the
current research found that the characteristics of the destination (i.e., an EV) were the prime
ration behind the intention. A relatively large effect of the pull factor on the intention
indicated that people acknowledged issues of motorcycle use, leading to them thinking
about a coping strategy based on purchasing passenger cars. Of course, this is not good
news for urban planning but this is an emerging trend in the urban areas of developing
countries such as Vietnam [53]. In opposition to the results in [77], better knowledge did
not result in a higher intention in this study.

The present study found an insignificant moderating impact of knowledge on the path
from the push factor to intention; however, the effect of the pull factor on the adoption
intention was significantly smaller for those with better knowledge. This contradicted
previous findings [57,84,88] because the lack of knowledge of electric vehicles usually
results in the over-estimation of these disadvantages and the under-estimation of these
advantages. For the case of Vietnam, the provision of EVs is mainly the responsibility of a
Vietnamese enterprise named VinFast, whose marketing strategies have been successful in
promoting a very bright and impressive picture of EVs—which has been described as a
symbol of Vietnamese automobile manufacturing and a critical path to the development of
a green and modern society. As such, the insufficient understandings of EVs’ shortcomings
(i.e., poor knowledge) can become a good attitude and higher intention can result from the
strong impact of marketing policies. However, for those with better knowledge, they do
understand the limitations of EVs, and thus become less intent on adopting this mode.

5. Conclusions
5.1. Theoretical Contributions

The current paper has offered a number of theoretical insights, as follows. First, this is
among the first studies to investigate the intention to adopt EVs in a motorcycle-dependent
context, thus enriching the literature on the factors associated with the acceptance of this
mode. Secondly, this study has proposed a new conceptual framework adapted from
the PPM framework. In contrast with many other studies that have modeled constructs
separately, this analysis has considered a range of factors as the sub-constructs of two
second-order constructs (the push and pull factors). The proposed model has passed all
statistical tests and explained quite well the adoption intention; thus, it deserves to be
considered as a potential model for predicting the prevalence of different electric vehicle
kinds in different contexts. Third, the current paper found that the main reason for the
acceptance intention of EVs is the perceptions of this mode rather than those of the current
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mode (i.e., the motorcycle) which, however, does play a role. Fourth, a better understanding
of EVs may lead to the less prevalence of EVs. This is typically true for cases where the
marketing strategies are strong and effective and the development of EVs is in its infancy.

5.2. Managerial Contributions

Some managerial implications derived from the current study in order to encourage
the acceptance of EVs are as follows. The potential customers are more inclined to be
affected by the advantageous attributes of EVs. The (utilitarian) benefits of EVs need to be
persuasively demonstrated, including comfort, wide-range travel, safety, health, and free
from the energy crisis due to the shortage of oil. Financial assistance from the government
and manufacturers should be conducted consistently and informed when changes are
made in a timely. Another way to encourage the adoption of EVs is to highlight the safety
and environmental concerns stemming from riding a motorcycle through the introduction
of statistical figures from governmental bodies. When formulating marketing strategies
and solutions, it is essential to consider the knowledge of the target subject on EVs.

5.3. Research Limitations

Despite being carefully designed and carried out, the current paper has several lim-
itations which need to be considered when using its findings. The collected sample was
not necessarily representative of the motorcyclist population in Hanoi because only gen-
der and residential locations were considered during the survey phase. In addition, the
present research neglected a number of possible predictors of EV use intention, such as the
perceived risk and norms related to this mode. Finally, the results from Hanoi, Vietnam,
may be informative but cannot be completely applied to other contexts due to the unique
transportation context of the capital. As such, more studies should be implemented with
a better sampling strategy to deepen the knowledge of the antecedents of intentions to
adopt EVs. Future authors may consider various rider groups instead of only focusing on
motorcyclists. Additionally, another possible switch from conventional motorcycle riders is
that to electric motorcycles; hence, an exploration of the intention to adopt e-motorcycles
would result in valuable contributions to seek the path towards relieving the environmental
repercussions of the domination of motorcycles in developing countries.

Author Contributions: Conceptualization, M.H.N. and T.T.H.; methodology, T.T.H. and M.H.N.;
software, T.T.H. and M.H.N.; validation, all authors; investigation, M.H.N. and T.T.H.; resources,
T.T.H.; data curation, all authors; writing—original draft preparation, all authors; writing—review
and editing, all authors; project administration, all authors; funding acquisition, T.T.H. All authors
have read and agreed to the published version of the manuscript.

Funding: This research is funded by University of Transport and Communications (UTC) under
grant number T2023-KT-002.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable. The data are not publicly available due
to participants’ privacy.

Acknowledgments: The authors would like to give many thanks to the Guest editors and four
anonymous reviewers for valuable feedback to improve this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pojani, D.; Stead, D. (Eds.) The Urban Transport Crisis in Emerging Economies; The Urban Book Series; Springer International

Publishing: Berlin/Heidelberg, Germany, 2017; ISBN 978-3-319-43849-8.
2. Nguyen, M.H.; Pojani, D. Chapter Two—Why Do Some BRT Systems in the Global South Fail to Perform or Expand? In Preparing

for the New Era of Transport Policies: Learning from Experience; Shiftan, Y., Kamargianni, M., Eds.; Advances in Transport Policy and
Planning; Academic Press: Cambridge, MA, USA, 2018; Volume 1, pp. 35–61.



Sustainability 2023, 15, 8765 13 of 16

3. Khac, D.T.; Quoc, C.D. Efficiency measurement of bus routes in Hanoi city: An application of data envelopment analysis (DEA).
Tạp Chí Khoa Học Giao Thông Vận Tải 2020, 71, 368–379. [CrossRef]

4. NTSCV. Report on Road Traffic Injury in Vietnam during the Period from 2016 to 2020; National Transportation Safety Committee of
Vietnam: Hanoi, Vietnam, 2021.

5. Bray, D.; Holyoak, N. Motorcycles in Developing Asian Cities: A Case Study of Hanoi. In Proceedings of the 37th Australasian
Transport Research Forum, Sydney, NSW, Australia, 30 September–2 October 2015.

6. Cadavid, L.; Salazar-Serna, K. Mapping the Research Landscape for the Motorcycle Market Policies: Sustainability as a Trend—A
Systematic Literature Review. Sustainability 2021, 13, 10813. [CrossRef]

7. Nguyen, M.H.; Pojani, D.; Nguyen-Phuoc, D.Q. What Leads Underage Teenagers to Ride Motorcycles without a Permit? Utility
vs. Parental Permissiveness. J. Transp. Health 2023, 29, 101569. [CrossRef]

8. Yannis, G.; Golias, J.; Spyropoulou, I.; Papadimitriou, E. Mobility Patterns of Motorcycle and Moped Riders in Greece.
Transp. Res. Rec. J. Transp. Res. Board 2007, 2031, 69–75. [CrossRef]

9. Lived, W.W. Salaries in Vietnam: Best Sectors, Locations, Taxes, and More. Vietnam Daily. 2022. Available online: https:
//vietnamdaily.ca/culture/salaries-in-vietnam-best-sectors-locations-taxes-and-more/ (accessed on 12 April 2023).

10. Hagen, J.X.; Pardo, C.; Valente, J.B. Motivations for Motorcycle Use for Urban Travel in Latin America: A Qualitative Study.
Transp. Policy 2016, 49, 93–104. [CrossRef]

11. Albalate, D.; Fernández-Villadangos, L. Motorcycle Injury Severity in Barcelona: The Role of Vehicle Type and Congestion.
Traffic Inj. Prev. 2010, 11, 623–631. [CrossRef]

12. VnExpress Hanoi Air Pollution Worst in Five Years, Says Government Report—VnExpress International. Available online: https:
//e.vnexpress.net/news/news/hanoi-air-pollution-worst-in-five-years-says-government-report-3990280.html (accessed on
23 October 2022).

13. Sakamoto, Y.; Shoji, K.; Bui, M.T.; Phạm, T.H.; Vu, T.A.; Ly, B.T.; Kajii, Y. Air Quality Study in Hanoi, Vietnam in 2015–2016
Based on a One-Year Observation of NOx, O3, CO and a One-Week Observation of VOCs. Atmos. Pollut. Res. 2018, 9, 544–551.
[CrossRef]

14. IQAir World’s Most Polluted Cities in 2022. Available online: https://www.iqair.com/us/world-most-polluted-cities
(accessed on 28 March 2023).

15. Labbé, D. Urban Transition in Hanoi: Huge Challenges Ahead; ISEAS-Yusof Ishak Institute: Singapore, 2021; ISBN 978-981-4951-36-4.
16. kenh14.vn Every 8 Persons in Hanoi Has One Car [Cứ 8 Người ở Hà Nội Lại Có 1 Người Sở Hữu Xe ô Tô]. Available online:

https://kenh14.vn/cu-8-nguoi-o-ha-noi-lai-co-1-nguoi-so-huu-xe-o-to-20230402220643678.chn (accessed on 3 April 2023).
17. Nguyen, M.H.; Pojani, D. Why Are Hanoi Students Giving up on Bus Ridership? Transportation 2022, 50, 811–835. [CrossRef]
18. Nguyen, H.N.; Tu, S.S.; Nguyen, M.H. Evaluating the Maiden BRT Corridors in Vietnam. Transp. Commun. Sci. J. 2020, 71, 336–346.

[CrossRef]
19. Thanh Chuong, N.; Minh Hieu, N. A Review of Bus Crash Severity Analyses. Transp. Commun. Sci. J. 2022, 73, 439–448. [CrossRef]
20. Chiang, S. Vietnamese EV Maker VinFast Remains Optimistic despite Challenging Entry to U.S. Auto Market. Available online:

https://www.cnbc.com/2023/03/08/vietnam-ev-maker-vinfast-us-auto-market.html (accessed on 29 March 2023).
21. Pojani, D. Planning for Sustainable Urban Transport in Southeast Asia: Policy Transfer, Diffusion, and Mobility; The Urban Book Series;

Springer International Publishing: Berlin/Heidelberg, Germany, 2020; ISBN 978-3-030-41974-5.
22. Regmi, M.B.; Swamy, S.H.M. Tracking Sustainable Mobility in Asia-Pacific Cities; UNESCAP: Bangkok, Thailand, 2022.
23. Regmi, M.B. Measuring Sustainability of Urban Mobility: A Pilot Study of Asian Cities. Case Stud. Transp. Policy 2020, 8, 1224–1232.

[CrossRef]
24. Coffman, M.; Bernstein, P.; Wee, S. Electric Vehicles Revisited: A Review of Factors That Affect Adoption. Transp. Rev. 2017, 37, 79–93.

[CrossRef]
25. Rajper, S.Z.; Albrecht, J. Prospects of Electric Vehicles in the Developing Countries: A Literature Review. Sustainability 2020, 12, 1906.

[CrossRef]
26. Liao, F.; Molin, E.; van Wee, B. Consumer Preferences for Electric Vehicles: A Literature Review. Transp. Rev. 2017, 37, 252–275.

[CrossRef]
27. Hawkins, T.R.; Gausen, O.M.; Strømman, A.H. Environmental Impacts of Hybrid and Electric Vehicles—A Review.

Int. J. Life Cycle Assess. 2012, 17, 997–1014. [CrossRef]
28. Ahmadi, P. Environmental Impacts and Behavioral Drivers of Deep Decarbonization for Transportation through Electric Vehicles.

J. Clean. Prod. 2019, 225, 1209–1219. [CrossRef]
29. Yan, S. The Economic and Environmental Impacts of Tax Incentives for Battery Electric Vehicles in Europe. Energy Policy

2018, 123, 53–63. [CrossRef]
30. Hardman, S.; Chandan, A.; Tal, G.; Turrentine, T. The Effectiveness of Financial Purchase Incentives for Battery Electric Vehicles—A

Review of the Evidence. Renew. Sustain. Energy Rev. 2017, 80, 1100–1111. [CrossRef]
31. Zhang, X.; Xie, J.; Rao, R.; Liang, Y. Policy Incentives for the Adoption of Electric Vehicles across Countries. Sustainability

2014, 6, 8056–8078. [CrossRef]
32. Chen, T.; Zhang, X.-P.; Wang, J.; Li, J.; Wu, C.; Hu, M.; Bian, H. A Review on Electric Vehicle Charging Infrastructure Development

in the UK. J. Mod. Power Syst. Clean Energy 2020, 8, 193–205. [CrossRef]

https://doi.org/10.25073/tcsj.71.4.6
https://doi.org/10.3390/su131910813
https://doi.org/10.1016/j.jth.2023.101569
https://doi.org/10.3141/2031-09
https://vietnamdaily.ca/culture/salaries-in-vietnam-best-sectors-locations-taxes-and-more/
https://vietnamdaily.ca/culture/salaries-in-vietnam-best-sectors-locations-taxes-and-more/
https://doi.org/10.1016/j.tranpol.2016.04.010
https://doi.org/10.1080/15389588.2010.506932
https://e.vnexpress.net/news/news/hanoi-air-pollution-worst-in-five-years-says-government-report-3990280.html
https://e.vnexpress.net/news/news/hanoi-air-pollution-worst-in-five-years-says-government-report-3990280.html
https://doi.org/10.1016/j.apr.2017.12.001
https://www.iqair.com/us/world-most-polluted-cities
https://kenh14.vn/cu-8-nguoi-o-ha-noi-lai-co-1-nguoi-so-huu-xe-o-to-20230402220643678.chn
https://doi.org/10.1007/s11116-021-10262-9
https://doi.org/10.25073/tcsj.71.4.3
https://doi.org/10.47869/tcsj.73.4.8
https://www.cnbc.com/2023/03/08/vietnam-ev-maker-vinfast-us-auto-market.html
https://doi.org/10.1016/j.cstp.2020.08.003
https://doi.org/10.1080/01441647.2016.1217282
https://doi.org/10.3390/su12051906
https://doi.org/10.1080/01441647.2016.1230794
https://doi.org/10.1007/s11367-012-0440-9
https://doi.org/10.1016/j.jclepro.2019.03.334
https://doi.org/10.1016/j.enpol.2018.08.032
https://doi.org/10.1016/j.rser.2017.05.255
https://doi.org/10.3390/su6118056
https://doi.org/10.35833/MPCE.2018.000374


Sustainability 2023, 15, 8765 14 of 16

33. Singh, V.; Singh, V.; Vaibhav, S. A Review and Simple Meta-Analysis of Factors Influencing Adoption of Electric Vehicles.
Transp. Res. Part Transp. Environ. 2020, 86, 102436. [CrossRef]

34. Kumar, R.R.; Alok, K. Adoption of Electric Vehicle: A Literature Review and Prospects for Sustainability. J. Clean. Prod. 2020, 253, 119911.
[CrossRef]

35. Rezvani, Z.; Jansson, J.; Bodin, J. Advances in Consumer Electric Vehicle Adoption Research: A Review and Research Agenda.
Transp. Res. Part Transp. Environ. 2015, 34, 122–136. [CrossRef]

36. Ling, Z.; Cherry, C.R.; Wen, Y. Determining the Factors that Influence Electric Vehicle Adoption: A Stated Preference Survey
Study in Beijing, China. Sustainability 2021, 13, 11719. [CrossRef]

37. Adnan, N.; Nordin, S.M.; Rahman, I.; Rasli, A.M. A New Era of Sustainable Transport: An Experimental Examination on
Forecasting Adoption Behavior of EVs among Malaysian Consumer. Transp. Res. Part Policy Pract. 2017, 103, 279–295. [CrossRef]

38. Vafaei-Zadeh, A.; Wong, T.-K.; Hanifah, H.; Teoh, A.P.; Nawaser, K. Modelling Electric Vehicle Purchase Intention among
Generation Y Consumers in Malaysia. Res. Transp. Bus. Manag. 2022, 43, 100784. [CrossRef]

39. Shanmugavel, N.; Alagappan, C.; Balakrishnan, J. Acceptance of Electric Vehicles: A Dual-Factor Approach Using Social
Comparison Theory and Technology Acceptance Model. Res. Transp. Bus. Manag. 2022, 45, 100842. [CrossRef]

40. Lee, E.S. A Theory of Migration. Demography 1966, 3, 47–57. [CrossRef]
41. Moon, B. Paradigms in Migration Research: Exploring “moorings” as a Schema. Prog. Hum. Geogr. 1995, 19, 504–524. [CrossRef]
42. Bansal, H.S. “Migrating” to New Service Providers: Toward a Unifying Framework of Consumers’ Switching Behaviors.

J. Acad. Mark. Sci. 2005, 33, 96–115. [CrossRef]
43. Chang, H.H.; Wong, K.H.; Li, S.Y. Applying Push-Pull-Mooring to Investigate Channel Switching Behaviors: M-Shopping

Self-Efficacy and Switching Costs as Moderators. Electron. Commer. Res. Appl. 2017, 24, 50–67. [CrossRef]
44. Hsieh, J.-K.; Hsieh, Y.-C.; Chiu, H.-C.; Feng, Y.-C. Post-Adoption Switching Behavior for Online Service Substitutes: A Perspective

of the Push–Pull–Mooring Framework. Comput. Hum. Behav. 2012, 28, 1912–1920. [CrossRef]
45. Fu, S.; Li, H.; Liu, Y. Why Discontinue Facebook Usage? An Empirical Investigation Based on a Push–Pull–Mooring Framework.

Ind. Manag. Data Syst. 2021, 121, 2318–2337. [CrossRef]
46. Tang, Z.; Chen, L. An Empirical Study of Brand Microblog Users’ Unfollowing Motivations: The Perspective of Push-Pull-Mooring

Model. Int. J. Inf. Manag. 2020, 52, 102066. [CrossRef]
47. Susanty, A.; Handoko, A.; Puspitasari, N.B. Push-Pull-Mooring Framework for e-Commerce Adoption in Small and Medium

Enterprises. J. Enterp. Inf. Manag. 2020, 33, 381–406. [CrossRef]
48. Fan, L.; Zhang, X.; Rai, L.; Du, Y. Mobile Payment: The Next Frontier of Payment Systems?—An Empirical Study Based on

Push-Pull-Mooring Framework. J. Theor. Appl. Electron. Commer. Res. 2021, 16, 155–169. [CrossRef]
49. Nguyen, T.H.N.; Yeh, Q.-J.; Huang, C.-Y. Understanding Consumer’ Switching Intention toward Traceable Agricultural Products:

Push-Pull-Mooring Perspective. Int. J. Consum. Stud. 2022, 46, 870–888. [CrossRef]
50. Anwar, S.; Hussain, B.; Usman, M.; Asif Ali Naqvi, S.; Ahmad Shah, A. Consumers’ Switching Intentions from Conventional to

Green Vehicles in the Context of Smog Risk in Pakistan. Case Stud. Transp. Policy 2022, 10, 1695–1705. [CrossRef]
51. Wang, S.; Wang, J.; Yang, F. From Willingness to Action: Do Push-Pull-Mooring Factors Matter for Shifting to Green Transportation?

Transp. Res. Part Transp. Environ. 2020, 79, 102242. [CrossRef]
52. Jing, P.; Zha, Y.; Pan, K.; Xue, Y. Investigating Multidimensional Factors Influencing Switching Intention on School Bus among

Chinese Parents—A Push–Pull–Mooring Framework. Sustainability 2023, 15, 7770. [CrossRef]
53. Pojani, D.; Stead, D. Sustainable Urban Transport in the Developing World: Beyond Megacities. Sustainability 2015, 7, 7784–7805.

[CrossRef]
54. Fransson, N.; Gärling, T. Environmental concern: Conceptual definitions, measurement methods, and research findings.

J. Environ. Psychol. 1999, 19, 369–382. [CrossRef]
55. De Groot, J.; Steg, L. General Beliefs and the Theory of Planned Behavior: The Role of Environmental Concerns in the TPB.

J. Appl. Soc. Psychol. 2007, 37, 1817–1836. [CrossRef]
56. Fujii, S. Environmental Concern, Attitude toward Frugality, and Ease of Behavior as Determinants of pro-Environmental Behavior

Intentions. J. Environ. Psychol. 2006, 26, 262–268. [CrossRef]
57. Pagiaslis, A.; Krontalis, A.K. Green Consumption Behavior Antecedents: Environmental Concern, Knowledge, and Beliefs.

Psychol. Mark. 2014, 31, 335–348. [CrossRef]
58. Majeed, A.; Ahmed, I.; Rasheed, A. Investigating Influencing Factors on Consumers’ Choice Behavior and Their Environmental

Concerns while Purchasing Green Products in Pakistan. J. Environ. Plan. Manag. 2022, 65, 1110–1134. [CrossRef]
59. Liu, X.; Vedlitz, A.; Shi, L. Examining the Determinants of Public Environmental Concern: Evidence from National Public Surveys.

Environ. Sci. Policy 2014, 39, 77–94. [CrossRef]
60. Wu, J.; Liao, H.; Wang, J.-W.; Chen, T. The Role of Environmental Concern in the Public Acceptance of Autonomous Electric

Vehicles: A Survey from China. Transp. Res. Part F Traffic Psychol. Behav. 2019, 60, 37–46. [CrossRef]
61. Wang, Z.; Zhao, C.; Yin, J.; Zhang, B. Purchasing Intentions of Chinese Citizens on New Energy Vehicles: How Should One

Respond to Current Preferential Policy? J. Clean. Prod. 2017, 161, 1000–1010. [CrossRef]
62. Nazari, F.; Noruzoliaee, M.; Mohammadian, A. (Kouros) Shared versus Private Mobility: Modeling Public Interest in Autonomous

Vehicles Accounting for Latent Attitudes. Transp. Res. Part C Emerg. Technol. 2018, 97, 456–477. [CrossRef]

https://doi.org/10.1016/j.trd.2020.102436
https://doi.org/10.1016/j.jclepro.2019.119911
https://doi.org/10.1016/j.trd.2014.10.010
https://doi.org/10.3390/su132111719
https://doi.org/10.1016/j.tra.2017.06.010
https://doi.org/10.1016/j.rtbm.2022.100784
https://doi.org/10.1016/j.rtbm.2022.100842
https://doi.org/10.2307/2060063
https://doi.org/10.1177/030913259501900404
https://doi.org/10.1177/0092070304267928
https://doi.org/10.1016/j.elerap.2017.06.002
https://doi.org/10.1016/j.chb.2012.05.010
https://doi.org/10.1108/IMDS-12-2020-0709
https://doi.org/10.1016/j.ijinfomgt.2020.102066
https://doi.org/10.1108/JEIM-08-2019-0227
https://doi.org/10.4067/S0718-18762021000200112
https://doi.org/10.1111/ijcs.12733
https://doi.org/10.1016/j.cstp.2022.06.008
https://doi.org/10.1016/j.trd.2020.102242
https://doi.org/10.3390/su15107770
https://doi.org/10.3390/su7067784
https://doi.org/10.1006/jevp.1999.0141
https://doi.org/10.1111/j.1559-1816.2007.00239.x
https://doi.org/10.1016/j.jenvp.2006.09.003
https://doi.org/10.1002/mar.20698
https://doi.org/10.1080/09640568.2021.1922995
https://doi.org/10.1016/j.envsci.2014.02.006
https://doi.org/10.1016/j.trf.2018.09.029
https://doi.org/10.1016/j.jclepro.2017.05.154
https://doi.org/10.1016/j.trc.2018.11.005


Sustainability 2023, 15, 8765 15 of 16

63. Vieno, A.; Nation, M.; Perkins, D.D.; Pastore, M.; Santinello, M. Social Capital, Safety Concerns, Parenting, and Early Adolescents’
Antisocial Behavior. J. Community Psychol. 2010, 38, 314–328. [CrossRef]

64. Carver, A.; Timperio, A.; Hesketh, K.; Crawford, D. Are Children and Adolescents Less Active If Parents Restrict Their Physical
Activity and Active Transport Due to Perceived Risk? Soc. Sci. Med. 2010, 70, 1799–1805. [CrossRef] [PubMed]

65. Wang, Y.; Wang, S.; Wang, J.; Wei, J.; Wang, C. An Empirical Study of Consumers’ Intention to Use Ride-Sharing Services: Using
an Extended Technology Acceptance Model. Transportation 2020, 47, 397–415. [CrossRef]

66. Hsu, H.-P.; Saphores, J.-D. Impacts of Parental Gender and Attitudes on Children’s School Travel Mode and Parental Chauffeuring
Behavior: Results for California Based on the 2009 National Household Travel Survey. Transportation 2014, 41, 543–565. [CrossRef]

67. Blackman, R.A.; Haworth, N.L. Comparison of Moped, Scooter and Motorcycle Crash Risk and Crash Severity. Accid. Anal. Prev.
2013, 57, 1–9. [CrossRef]

68. Davis, F.D. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS Q. 1989, 13, 319–340.
[CrossRef]

69. Ning, Y.; Yan, M.; Xu, S.X.; Li, Y.; Li, L. Shared Parking Acceptance under Perceived Network Externality and Risks: Theory and
Evidence. Transp. Res. Part Policy Pract. 2021, 150, 1–15. [CrossRef]

70. Acheampong, R.A.; Siiba, A. Examining the Determinants of Utility Bicycling Using a Socio-Ecological Framework: An Exploratory
Study of the Tamale Metropolis in Northern Ghana. J. Transp. Geogr. 2018, 69, 1–10. [CrossRef]

71. Choe, J.Y.; Kim, J.J.; Hwang, J. Innovative Marketing Strategies for the Successful Construction of Drone Food Delivery Services:
Merging TAM with TPB. J. Travel Tour. Mark. 2021, 38, 16–30. [CrossRef]

72. Venkatesh, V. Determinants of Perceived Ease of Use: Integrating Control, Intrinsic Motivation, and Emotion into the Technology
Acceptance Model. Inf. Syst. Res. 2000, 11, 342–365. [CrossRef]

73. Mallat, N.; Rossi, M.; Tuunainen, V.K.; Öörni, A. The Impact of Use Context on Mobile Services Acceptance: The Case of Mobile
Ticketing. Inf. Manag. 2009, 46, 190–195. [CrossRef]

74. Degirmenci, K.; Breitner, M.H. Consumer Purchase Intentions for Electric Vehicles: Is Green More Important than Price and
Range? Transp. Res. Part Transp. Environ. 2017, 51, 250–260. [CrossRef]

75. Krishna, G.; Pillai, V.S.; Veettil, M.V. Approaches and Advances in the Development of Potential Therapeutic Targets and Antiviral
Agents for the Management of SARS-CoV-2 Infection. Eur. J. Pharmacol. 2020, 885, 173450. [CrossRef] [PubMed]

76. Carley, S.; Krause, R.M.; Lane, B.W.; Graham, J.D. Intent to Purchase a Plug-in Electric Vehicle: A Survey of Early Impressions in
Large US Cites. Transp. Res. Part Transp. Environ. 2013, 18, 39–45. [CrossRef]

77. Wang, S.; Wang, J.; Li, J.; Wang, J.; Liang, L. Policy Implications for Promoting the Adoption of Electric Vehicles: Do Consumer’s
Knowledge, Perceived Risk and Financial Incentive Policy Matter? Transp. Res. Part Policy Pract. 2018, 117, 58–69. [CrossRef]

78. Lin, B.; Wu, W. Why People Want to Buy Electric Vehicle: An Empirical Study in First-Tier Cities of China. Energy Policy
2018, 112, 233–241. [CrossRef]

79. Hoen, A.; Koetse, M.J. A Choice Experiment on Alternative Fuel Vehicle Preferences of Private Car Owners in the Netherlands.
Transp. Res. Part Policy Pract. 2014, 61, 199–215. [CrossRef]

80. Li, S.; Liu, Y.; Wang, J. Factors Affecting the Electric Vehicle Demonstration: 14 International Cities/Regions Cases. In Proceedings of
the 2015 International Conference on Logistics, Informatics and Service Sciences (LISS), Barcelona, Spain, 27–29 July 2015; pp. 1–7.

81. Park, C.W.; Mothersbaugh, D.L.; Feick, L. Consumer Knowledge Assessment. J. Consum. Res. 1994, 21, 71–82. [CrossRef]
82. Kaplan, S. Beyond Rationality: Clarity-Based Decision Making. In Environment, Cognition, and Action: An Integrated Approach;

Oxford University Press: New York, NY, USA, 1991; pp. 171–190. ISBN 978-0-19-506220-5.
83. Qian, L.; Soopramanien, D. Heterogeneous Consumer Preferences for Alternative Fuel Cars in China. Transp. Res. Part Transp. Environ.

2011, 16, 607–613. [CrossRef]
84. Burgess, M.; King, N.; Harris, M.; Lewis, E. Electric Vehicle Drivers’ Reported Interactions with the Public: Driving Stereotype

Change? Transp. Res. Part F Traffic Psychol. Behav. 2013, 17, 33–44. [CrossRef]
85. de Koning, J.I.J.C.; Crul, M.R.M.; Wever, R.; Brezet, J.C. Sustainable Consumption in Vietnam: An Explorative Study among the

Urban Middle Class. Int. J. Consum. Stud. 2015, 39, 608–618. [CrossRef]
86. Lane, B.; Potter, S. The Adoption of Cleaner Vehicles in the UK: Exploring the Consumer Attitude–Action Gap. J. Clean. Prod.

2007, 15, 1085–1092. [CrossRef]
87. Krause, R.M.; Carley, S.R.; Lane, B.W.; Graham, J.D. Perception and Reality: Public Knowledge of Plug-in Electric Vehicles in

21 U.S. Cities. Energy Policy 2013, 63, 433–440. [CrossRef]
88. Guo, J.; Lin, J.; Li, L. Building Users’ Intention to Participate in a Sharing Economy with Institutional and Calculative Mechanisms:

An Empirical Investigation of DiDi in China. Inf. Technol. Dev. 2020, 27, 645–669. [CrossRef]
89. Hou, A.C.Y.; Chern, C.-C.; Chen, H.-G.; Chen, Y.-C. ‘Migrating to a New Virtual World’: Exploring MMORPG Switching through

Human Migration Theory. Comput. Hum. Behav. 2011, 27, 1892–1903. [CrossRef]
90. Chen, Y.-H.; Keng, C.-J. Utilizing the Push-Pull-Mooring-Habit Framework to Explore Users’ Intention to Switch from Offline to

Online Real-Person English Learning Platform. Internet Res. 2019, 29, 167–193. [CrossRef]
91. Sarstedt, M.; Hair, J.F.; Cheah, J.-H.; Becker, J.-M.; Ringle, C.M. How to Specify, Estimate, and Validate Higher-Order Constructs

in PLS-SEM. Australas. Mark. J. 2019, 27, 197–211. [CrossRef]
92. Chen, C.-F.; Chao, W.-H. Habitual or Reasoned? Using the Theory of Planned Behavior, Technology Acceptance Model, and Habit

to Examine Switching Intentions toward Public Transit. Transp. Res. Part F Traffic Psychol. Behav. 2011, 14, 128–137. [CrossRef]

https://doi.org/10.1002/jcop.20366
https://doi.org/10.1016/j.socscimed.2010.02.010
https://www.ncbi.nlm.nih.gov/pubmed/20347200
https://doi.org/10.1007/s11116-018-9893-4
https://doi.org/10.1007/s11116-013-9500-7
https://doi.org/10.1016/j.aap.2013.03.026
https://doi.org/10.2307/249008
https://doi.org/10.1016/j.tra.2021.05.009
https://doi.org/10.1016/j.jtrangeo.2018.04.004
https://doi.org/10.1080/10548408.2020.1862023
https://doi.org/10.1287/isre.11.4.342.11872
https://doi.org/10.1016/j.im.2008.11.008
https://doi.org/10.1016/j.trd.2017.01.001
https://doi.org/10.1016/j.ejphar.2020.173450
https://www.ncbi.nlm.nih.gov/pubmed/32739174
https://doi.org/10.1016/j.trd.2012.09.007
https://doi.org/10.1016/j.tra.2018.08.014
https://doi.org/10.1016/j.enpol.2017.10.026
https://doi.org/10.1016/j.tra.2014.01.008
https://doi.org/10.1086/209383
https://doi.org/10.1016/j.trd.2011.08.005
https://doi.org/10.1016/j.trf.2012.09.003
https://doi.org/10.1111/ijcs.12235
https://doi.org/10.1016/j.jclepro.2006.05.026
https://doi.org/10.1016/j.enpol.2013.09.018
https://doi.org/10.1080/02681102.2020.1807894
https://doi.org/10.1016/j.chb.2011.04.013
https://doi.org/10.1108/IntR-09-2017-0343
https://doi.org/10.1016/j.ausmj.2019.05.003
https://doi.org/10.1016/j.trf.2010.11.006


Sustainability 2023, 15, 8765 16 of 16

93. Wolf, A.; Seebauer, S. Technology Adoption of Electric Bicycles: A Survey among Early Adopters. Transp. Res. Part Policy Pract.
2014, 69, 196–211. [CrossRef]

94. Anderson, J.C.; Gerbing, D.W. Structural Equation Modeling in Practice: A Review and Recommended Two-Step Approach.
Psychol. Bull. 1988, 103, 411–423. [CrossRef]

95. Dash, G.; Paul, J. CB-SEM vs. PLS-SEM Methods for Research in Social Sciences and Technology Forecasting. Technol. Forecast. Soc. Chang.
2021, 173, 121092. [CrossRef]

96. Hair, J.F.; Risher, J.J.; Sarstedt, M.; Ringle, C.M. When to Use and How to Report the Results of PLS-SEM. Eur. Bus. Rev. 2019, 31, 2–24.
[CrossRef]

97. Ghasemy, M.; Teeroovengadum, V.; Becker, J.-M.; Ringle, C.M. This Fast Car Can Move Faster: A Review of PLS-SEM Application
in Higher Education Research. High. Educ. 2020, 80, 1121–1152. [CrossRef]

98. Nguyen, M.H.; Pojani, D.; Nguyen-Phuoc, D.Q.; Nguyen Thi, B. What If Delivery Riders Quit? Challenges to Last-Mile Logistics
during the COVID-19 Pandemic. Res. Transp. Bus. Manag. 2022, 47, 100941. [CrossRef]

99. Quy Nguyen-Phuoc, D.; Ngoc Thi Nguyen, L.; Ngoc Su, D.; Nguyen, M.H.; Oviedo-Trespalacios, O. Deadly Meals: The Influence
of Personal and Job Factors on Burnout and Risky Riding Behaviours of Food Delivery Motorcyclists. Saf. Sci. 2023, 159, 106007.
[CrossRef]

100. Sukhov, A.; Olsson, L.E.; Friman, M. Necessary and Sufficient Conditions for Attractive Public Transport: Combined Use of
PLS-SEM and NCA. Transp. Res. Part Policy Pract. 2022, 158, 239–250. [CrossRef]

101. Ngoc, N.M.; Phuong, H.L.H.; Manh, N.D.; Duong, K.A.; Tung, T.T.; Hao, H.V.; Hieu, N.M. Exploring continuance intention to
use electric motorcycles among students in Hanoi using expectation confirmation theory. Tạp Chí Khoa Học Giao Thông Vận Tải
2023, 74, 58–71. [CrossRef]

102. Rigdon, E.E.; Sarstedt, M.; Ringle, C.M. On Comparing Results from CB-SEM and PLS-SEM: Five Perspectives and Five Recom-
mendations. Mark. ZFP 2017, 39, 4–16. [CrossRef]

103. Friman, M.; Lättman, K.; Olsson, L.E. Public Transport Quality, Safety, and Perceived Accessibility. Sustainability 2020, 12, 3563.
[CrossRef]

104. Hair, J.F.; Ringle, C.M.; Sarstedt, M. PLS-SEM: Indeed a Silver Bullet. J. Mark. Theory Pract. 2011, 19, 139–152. [CrossRef]
105. Khan, G.F.; Sarstedt, M.; Shiau, W.-L.; Hair, J.F.; Ringle, C.M.; Fritze, M.P. Methodological Research on Partial Least Squares

Structural Equation Modeling (PLS-SEM): An Analysis Based on Social Network Approaches. Internet Res. 2019, 29, 407–429.
[CrossRef]

106. Quy Nguyen-Phuoc, D.; An Ngoc Nguyen, N.; Nguyen, M.H.; Ngoc Thi Nguyen, L.; Oviedo-Trespalacios, O. Factors Influ-
encing Road Safety Compliance among Food Delivery Riders: An Extension of the Job Demands-Resources (JD-R) Model.
Transp. Res. Part Policy Pract. 2022, 166, 541–556. [CrossRef]

107. Nguyen, M.H.; Nguyen-Phuoc, D.Q.; Johnson, L.W. Why Do Parents Intend to Permit Their Children to Ride E-Bikes? Empirical
Evidence from Vietnam. Travel Behav. Soc. 2023, 32, 100586. [CrossRef]

108. Hair, J.F.; Hult, G.T.; Ringle, C.M.; Sarstedt, M. (Eds.) A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM),
2nd ed.; Sage: Los Angeles, CA, USA, 2017; ISBN 978-1-4833-7744-5.

109. Fornell, C.; Bookstein, F.L. Two Structural Equation Models: LISREL and PLS Applied to Consumer Exit-Voice Theory. J. Mark. Res.
1982, 19, 440–452. [CrossRef]

110. Lohmöller, J.-B. Latent Variable Path Modeling with Partial Least Squares; Springer: Berlin/Heidelberg, Germany, 1989;
ISBN 978-3-642-52512-4.

111. Hu, L.; Bentler, P.M. Fit Indices in Covariance Structure Modeling: Sensitivity to Underparameterized Model Misspecification.
Psychol. Methods 1998, 3, 424–453. [CrossRef]

112. Le, A.T.; Nguyen, T.Y.L.; Do, D.T. Study of Electric Mobility Development in Viet Nam; Deutsche Gesellschaft für Internationale
Zusammenarbeit (GIZ) GmbH: Bonn, Germany, 2021; p. 162.

113. Huu, D.N.; Ngoc, V.N. Analysis Study of Current Transportation Status in Vietnam’s Urban Traffic and the Transition to Electric
Two-Wheelers Mobility. Sustainability 2021, 13, 5577. [CrossRef]

114. Jones, L.R.; Cherry, C.R.; Vu, T.A.; Nguyen, Q.N. The Effect of Incentives and Technology on the Adoption of Electric Motorcycles:
A Stated Choice Experiment in Vietnam. Transp. Res. Part Policy Pract. 2013, 57, 1–11. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.tra.2014.08.007
https://doi.org/10.1037/0033-2909.103.3.411
https://doi.org/10.1016/j.techfore.2021.121092
https://doi.org/10.1108/EBR-11-2018-0203
https://doi.org/10.1007/s10734-020-00534-1
https://doi.org/10.1016/j.rtbm.2022.100941
https://doi.org/10.1016/j.ssci.2022.106007
https://doi.org/10.1016/j.tra.2022.03.012
https://doi.org/10.47869/tcsj.74.1.6
https://doi.org/10.15358/0344-1369-2017-3-4
https://doi.org/10.3390/su12093563
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.1108/IntR-12-2017-0509
https://doi.org/10.1016/j.tra.2022.11.002
https://doi.org/10.1016/j.tbs.2023.100586
https://doi.org/10.1177/002224378201900406
https://doi.org/10.1037/1082-989X.3.4.424
https://doi.org/10.3390/su13105577
https://doi.org/10.1016/j.tra.2013.09.003

	Introduction 
	Literature Review and Foundation of the Research Model 
	Earlier Research on EVs’ Adoption Intention 
	Push, Pull, and Mooring Constructs 
	Push Factors 
	Pull Factors 
	Mooring Factors 

	Research Hypotheses 

	Data and Method 
	Questionnaire and Data Collection 
	Method 

	Results and Discussions 
	Evaluation of First-Order Measurement Models 
	Internal Consistency Reliability 
	Convergent Validity 
	Discriminant Validity 

	Evaluation of Second-Order Measurement Models 
	Evaluation of Structural Model 
	Evaluation of Predictive Capacity and Model Fit 
	Hypothesis Testing 

	Result and Discussions 

	Conclusions 
	Theoretical Contributions 
	Managerial Contributions 
	Research Limitations 

	References

