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Abstract 
Spain is one of the countries that lead the contribution to the growing levels of consump- 
tion and environmental impacts. Specifically, it is the fifth most polluting country in the 
European Union. Given this situation, urban mobility represents one of the main chal- 
lenges for sustainable development and the electric vehicle one of the most beneficial 
means of transport. The objective of this research article is to identify the core factors 
that influence the users of electric vehicles. For instance, a theoretical model based on 
the Meta-UTAUT Theory has been proposed, which uses the following variables: perfor- 
mance expectancy, effort expectancy, social influence, facilitating conditions, perceived 
risk, environmental concerns and how these variables influence the use behaviour and atti- 
tude towards electric vehicles. Data collection was carried out through a self-administered 
survey in which 326 responses were obtained. Data have been analysed using Structural 
Equation Modelling (SEM). The results show that the factors performance expectancy, 
social influence, and environmental concerns have a significant impact on the adoption of 
electric vehicles. However, it has been detected that the factors effort expectancy, facilitat- 
ing conditions, and perceived risk are not significant. These results expand the available 
theoretical knowledge of the Meta-UTAUT and, from a practical perspective, provide 
public institutions and automotive companies with relevant information to improve their 
performance. Finally, this paper facilitates possible new technological developments in the 
field of transport planning and the use of electric vehicles. 

 
Keywords  Meta-UTAUT · Electric vehicles · Use Behavior · Environmental concern · 
Technology 

 

 
 
1 Introduction 

 
Spain is one of the countries that contributes the most to the increasing levels of CO2 emis- 
sions generated by consumption with known environmental impact (Higueras-Castillo et 
al., 2021); specifically, it is ranking as the fifth most polluting country in the European 
Union (European Enviroment Agency, 2023). This fact rising from the effect of highly den- 
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sity urban areas and mobility challenges, presents an area for improvement associated with 
the implantation of electric vehicles (EVs) as the most idoneous technology-based solution 
to an everlasting problem, connected to sustainable development (Buranelli de Oliveira et 
al., 2022; Saura et al., 2023a). Furthermore, EVs are technological devices which could be 
related to the latest advances in mobility and digital networks, such as Cyber-Physical Sys- 
tems (for example, unmanned vehicles) or the Internet of Things (IoT) (Bagade et al., 2017; 
Sedigh & Hurson, 2012; Wanasinghe et al., 2022). 

Recently, several studies have identified the main advantages and disadvantages in new 
technologies adoption (Cunningham et al., 2023; Mahdiraji et al., 2023; Saura, Palacios- 
Marqués et al., 2023b), also for EVs as a visible improvement for city planning (Di Foggia, 
2021; Gunawan et al., 2022; Jain et al., 2022; Manutworakit & Choocharukul, 2022). There 
are many barriers confronting users and the adoption of a new technology in transportation; 
mainly, purchase price, as compared to the cost of combustion vehicles (Biresselioglu et al., 
2018), limited battery range, autonomy and mileage efficiency (Buranelli de Oliveira et al., 
2022), and the limitation of charging points at the level of infrastructure and related technol- 
ogy (Di Foggia, 2021). Among the advantages, we highlight the environmental, economic, 
and fiscal benefits (Sovacool et al., 2019). 

According to ‘IV Observatory of Sustainable Mobility in Spain’ report (Grant Thornton, 
2023), Spain currently has 180,000 electric vehicles circulating on its roads. The study high- 
lights the importance of advancing towards sustainable mobility in relation to the environ- 
ment, technology, and new population habits. It needs to be considered that the target set 
in the Integrated National Energy and Climate Plan (PNIEC) aims at reaching five million 
electric vehicles by 2030, which represents approximately 16% of the total vehicle fleet. 

Taking into consideration the increasing number of studies focused on EVs in recent years, 
few research studies have centered the analysis on the intention to use electric vehicles; par- 
ticularly, the central focus for the study falls in Spain and applies Meta-UTAUT model. This 
approach provides added depth and interest in the angle of technology adoption, first, by 
introducing variables such as attitude (Balakrishnan et al., 2022), perceived risk (Gunawan 
et al., 2022), and environmental awareness (Bhat et al., 2022). Another innovation, original 
to this approach, relies in including users of all types of electric vehicles for a wider scope 
into the EV phenomenon. Additionally, it needs to be noted that electric vehicles should be 
understood as vehicles powered by one or more electric motors, and therefore, a private fleet 
of electric vehicles includes cars, motorcycles, scooters, and bicycles (Faiz, A., Weaver, C. 
S., Walsh, 1996). In the present study, the following research questions and objectives are 
identified to provide a background for the analysis and discussion: 

Q1: What are the factors of the Meta-UTAUT model that affect attitude and intention to 
use EVs? 

Q2: Could factors such as perceived risk and environmental concerns, improve the pre- 
dictive model of the Meta-UTAUT in attitude and intention to use EVs? 

O1: To identify the degree of influence that the factors from Meta-UTAUT model (per- 
formance expectancy, effort expectancy, social influence, and facilitating conditions) have 
on the attitude and intention to use EVs. 

O2: To determine which factor has the greatest influence on the attitude and intention to 
use EVs. 

O3: To analyze whether the factors of perceived risk and environmental awareness 
improve the predictive model of the Meta-UTAUT in the usage of EVs. 
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O4: To evaluate the relationship between the factors perceived risk and environmental 

awareness in the attitude and intention to use EVs. 
This study is structured into five sections, after this introduction, to address the pre- 

liminary research questions and objectives (Saura, Palacios-Marqués, et al., 2023c). The 
first part, Sect. 2, provides a critical review of the scholarly articles referenced on Meta- 
UTAUT model and EVs; this introduction into the theoretical framework explores the rela- 
tionship among factors and variables integrated as part of the model. Next, Sects. 3 and 4, 
describe the methodology and present the results, respectively. In Sect. 5, we look into the 
insights from the variables affecting intention to use EVs. Finally, Sect. 6, limits the scope 
of the analysis and supports a series of academic and practical recommendations, along with 
future research lines. 

 
 
2 Framework for the analysis 

 
2.1 A theory framework: scientific research on models UTAUT2/Meta-UTAUT  in 
relation to EVs 

 
The study of technology acceptance and usage through the prediction of certain factors 
has a long history of scholarly inquiry. One of the theories employed in this field is the 
UTAUT model (Venkatesh et al., 2003), which, from an integrative and multidisciplinary 
perspective, incorporates up to eight theories to align within constructs: Innovation Diffu- 
sion Theory (IDT) (Rogers, 1962), Theory of Reasoned Action (TRA) (Ajzen & Fishbein, 
1980), Theory of Planned Behavior (TPB) (Ajzen, 1991), Social Cognitive Theory (SCT) 
(Bandura, 1986), Technology Acceptance Model (TAM) (Davis, 1989), Model of Personal 
Computer Utilization (MPCU) (Thompson et al., 1991), Motivational Model (MM) (Davis 
et al., 1992)d TAM; Combined TAM-TPB (Taylor & Todd, 1995). Previous known con- 
structs from UTAUT are Performance Expectancy, Effort Expectancy, Social Influence, and 
Facilitating Conditions. Usage behavior depends on usage intention, which in turn is influ- 
enced by the four mentioned variables (Venkatesh et al., 2003). 

Based on this line up, applicable and currently being used by researchers up to present 
(Amofah & Chai, 2022), there are three new variables to consider as part of the model (Ven- 
katesh et al., 2012), expanding the framework into the UTAUT2 model; these variables are 
Hedonic Motivation, Price/Value, and Habit, which improved the model’s predictions(García 
de Blanes Sebastián et al., 2022, 2023; Venkatesh et al., 2016). At present, the UTAUT2 
model is widely recognized in scholarly literature with numerous studies attempting to pre- 
dict technology acceptance and usage in various fields related to the tourism and leisure 
industry, while also contributing new factors. Some of the mentioned fields include tourism 
applications (Kamboj & Joshi, 2021; Palos-Sanchez et al., 2021), travel reviews (Assaker 
et al., 2020), restaurants (Palau-Saumell et al., 2019), and entertainment (Aranyossy, 2022). 

As an update to the UTAUT model, following a key study (Venkatesh et al., 2016) that 
identified a limited use of the entire model in a significant portion of the previous literature, 
as well as, neglect of moderators, reviewing of the model using meta-analysis and structural 
equation techniques (Dwivedi et al., 2019), and it included attitude as a mediating factor. 
The revised model is known as Meta-UTAUT. 
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The model Meta-UTAUT has already been applied to assess the acceptance and usage 

of EVs (Buranelli de Oliveira et al., 2022) in Brazil. In spite of the study’s highlight of a 
positive attitude towards EVs and a positive intention to use the new technology, the study 
reveals its limitations, as these arise from the periphery of EV technology, aspects such as, 
charging time, vehicle price, and battery autonomy. In a different geographical area, India, 
(Jain et al., 2022) have used the UTAUT2 model to identify perception of risk. This factor 
negatively affects the intention to use electric vehicles in the southeast Asian area, as oppose 
to performance expectations and facilitating conditions showing a positive influence on the 
intention to use EVs. (Gunawan et al., 2022) applied the Meta-UTAUT model to electric 
vehicle users in Indonesia, with a very extensive application of variables and factors. Fol- 
lowing Saura et al. (2021) models for the design of tables, Table 1 is shown with a summary 
of previous research. 

 
2.2 Hypotheses for guided analysis 

 
In relation to the previous section that describes the Meta-UTAUT model and its application 
in the context of EVs, the following hypotheses develop preliminary to the analysis for up 
to 6 twofold hypotheses, presenting a dual dimension as it relates, on the one hand, to usage 
behavior and on the other hand, to attitude towards use of electric vehicles (Fig. 1). 

 
 
 

Table 1 Studies preliminary to Authors Methodology Dimensions 
the proposed model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: authors 

de Oliveira 
et al. (2022) 
 
 
 
 
 
 
Jain et al. 
(2022) 
 
 
 
 
 
 
Gunawan et 
al. (2022) 

Data collected through 
an online survey from 
488 Brazilian respon- 
dents and analyzed 
using the Structural 
Equation Modeling 
technique. It uses Meta- 
UTAUT theory. 
Quantitative data from 
284 customers analyzed 
using hierarchical linear 
regression analysis and 
verified with the analy- 
sis of necessary condi- 
tions. It uses UTAUT2 
theory. 
Using Structural equa- 
tion modeling (SEM) 
method for data analy- 
sis; data collected from 
526 respondents in vari- 
ous cities, in Indonesia. 
It uses Meta-UTAUT 
theory. 

Attitudes; Subjective Norm; 
Perceived Behav- ioral; 
Control; Complexity; 
Relative Advantage; Com- 
patibility; Mass Media; 
Peers; Self-efficacy. 
Facilitators; Constraints; 
Emotions; Intention to use. 
Performance expectancy; 
Effort expectancy; Social 
influence; Facilitating 
conditions; Perceived risk; 
Environmental concerns; 
Government support; 
adoption intention. 
 
Attitude Toward Use; Effort 
Expectancy; Facilitating 
Condition; Habit; Hedonic 
Motiva- tion; Intention to 
Use; Per- ceived Behavior 
Control; Performance 
Expectancy; Perceived 
Financial Risk; Perceived 
Performance/ Functional 
Risk; Perceived Physical 
Risk; Perceived Social 
Risk; Perceived Time Risk; 
Price Value; Subjective 
Norm. 
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Fig. 1 Proposed model in the research Source: Authors 
 
 
 
 
 

Performance expectancy is understood as “the degree to which using a technology pro- 
vides benefits to consumers in performing certain activities” (Venkatesh et al., 2003, p. 
447) or understood as “the extent to which users believe that using this system will help 
them utilize innovative technologies in voluntary situations” (Curtale et al., 2021, p. 267). 
Based on these definitions, we can understand performance expectancy as a variable that 
measures consumers’ opinions about the effectiveness and efficiency of electric vehicles in 
transportation. Measures of performance in EV include utility and productivity, relative to 
driving habits or speed around urban areas (Manutworakit & Choocharukul, 2022). Previ- 
ous research suggests that performance expectancy has a strong influence on usage behavior 
(Kandemir et al., 2022; Venkatesh et al., 2016). Specifically, in the context of EVs, (Jain 
et al., 2022) demonstrate that this relationship is due to the perception of EVs by users as 
vehicles that consume less fuel, use clean energy, and require less maintenance compared 
to gasoline or diesel vehicles (Di Foggia, 2021). In this context, the following hypothesis 
is proposed: 

 
H1 Performance expectancy has a direct and positive influence on the intention to use elec- 
tric vehicles. 

 
Performance expectancy is considered one of the most important dimensions in the UTAUT 
model (Balakrishnan et al., 2022) and the Meta-UTAUT model (Patil et al., 2020). In the 
context of Meta-UTAUT, (Dwivedi et al., 2019) express a favorable attitude towards tech- 
nology. In the context of chatbot services, (Balakrishnan et al., 2022) demonstrate that 
performance expectancy, also, generates a positive attitude towards use. Consequently, the 
following hypothesis is proposed: 
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H2 Performance expectancy has a direct and positive influence on the attitude towards 
electric vehicles. 

 
Effort expectancy is understood as “the degree of ease associated with using the system” 
(Venkatesh et al., 2003, p. 450) or as “the degree of ease associated with using electric vehi- 
cles by consumers” (Jain et al., 2022, p. 3). Therefore, effort expectancy can be understood 
as a variable that measures the ease of use and skill in driving an electric vehicle. In the 
context of electric vehicles, (Jain et al., 2022) demonstrates that the perceived ease of use of 
an electric vehicle will increase with more usage given its characteristics (Di Foggia, 2021). 
(Madigan et al., 2016) state that effort expectancy directly influences consumer acceptance 
of new road transportation systems in European areas (Abbasi et al., 2021). Therefore, the 
following hypothesis is proposed: 

 
H3 Effort expectancy has a direct and positive influence on the intention to use electric 
vehicles. 

 
This focus on the effort required for an individual to become skilled in using technology 
(Venkatesh et al., 2016) is like Davis theory on perceived ease of use (Davis, 1989); it is 
based on the extent to which individuals perceive technology use as effortless, promoting 
a positive attitude. In the context of electric vehicles, effort expectancy positively affects 
attitudes towards the use of electric vehicles (Gunawan et al., 2022). Based on this, the fol- 
lowing hypothesis is formulated: 

 
H4 Effort expectancy has a direct and positive influence on the attitude towards electric 
vehicles. 

 
Social influence is understood as “the extent to which consumers perceive those important 
others (i.e., family and friends) believe they should use a particular technology” (Venkatesh 
et al., 2003, p. 451) or as “the social status gained by owning an electric vehicle” (Jain et 
al., 2022, p. 4). Intention to use in this area is affected by social influence because it is often 
believed that a technology product or service conveys the consumer’s self-image as well 
as their external image (Bhat et al., 2022). Therefore, since EVs are considered one of the 
most sustainable innovations, consumers could be more inclined to adopt electric vehicles 
in order to enhance their social image. Previous research in the context of EVs links social 
influence and intention to use (Bhat et al., 2022; Chen et al., 2016; Kapser & Abdelrahman, 
2020; Patil et al., 2020). In this context, it is considered that: 

 
H5 Social influence has a direct and positive relationship with the intention to use electric 
vehicles. 

 
(Dwivedi et al., 2019) identifies that social influence has a strong link to attitude, specifi- 
cally indicating that individuals can modify their attitudes positively or negatively based on 
the comments of acquaintances who have used the same technology (Yakubu et al., 2020). 
In the context of the Meta-UTAUT model, it is confirmed that the significant relationship 
between social influence and attitude and shows the need to make this relationship acces- 
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sible for an improved explanatory model (Patil et al., 2020). Therefore, this study proposes 
that: 

 
H6 Social influence has a direct and positive relationship with the attitude towards electric 
vehicles. 

 
Facilitating conditions are considered as “consumers’ perceptions of the resources and sup- 
port available to perform a behavior” (Venkatesh et al., 2003, p. 453) or as “the availability 
of technology, organizational systems, and resources in terms of infrastructure, software 
system” (Manutworakit & Choocharukul, 2022, p. 4). Compatibility with other technologi- 
cal resources such as navigation use, smartphone connectivity, and the availability of charg- 
ing stations are considered dimensions that facilitate the use of electric vehicles (Anderson 
et al., 2018). Previous studies point to a direct relationship between facilitating conditions 
and intention to use EVs (Bhat et al., 2022; Junquera et al., 2016; Kapser & Abdelrahman, 
2020). Thus, we assume that: 

 
H7 Facilitating conditions have a direct and positive influence on the use of electric 
vehicles. 

 
(Buranelli de Oliveira et al., 2022) state that the higher the compatibility of EVs with other 
technological resources, the more positive the attitude towards them (Higueras-Castillo et 
al., 2021). Similarly, (Kapser & Abdelrahman, 2020) argue that the greater the access to 
knowledge and assistance for using EVs, the greater the influence and development of a 
positive attitude can be measured towards usage. Following these arguments, the following 
hypothesis is proposed: 

 
H8 Facilitating conditions have a direct and positive influence on the attitude towards the 
use of electric vehicles. 

 
Risk perception is considered as “consumers’ perceptions of the barriers associated with 
the use of electric vehicles” (Balakrishnan et al., 2022, p. 4). Spain, as many other nations 
in the process of developing a sustainable transportation strategy, EVs face multiple chal- 
lenges such as autonomy (Jain et al., 2022; Junquera et al., 2016), privacy issues (Saura et 
al., 2022), or charging time (Shukla et al., 2014), which lead consumers to resist using EVs. 
Additionally, consumers tend to compare combustion vehicles with EVs in terms of the 
distance traveled after a full charge (Jensen et al., 2013), the speed they can reach (Jain et 
al., 2022), safety concerns (Wang et al., 2018), the loss of economic resources (Degirmenci 
& Breitner, 2017), or charging waiting time (Weldon et al., 2018). Previous research in the 
context of EVs has shown that risk perception negatively influences the intention to use 
EVs (Jain et al., 2022), however, other studies have demonstrated that the perceived benefits 
influence the intention to use electric vehicles positively (Bhat et al., 2022). Therefore, we 
propose the following hypothesis: 

 
H9 Risk perception has a direct and negative influence on the use of electric vehicles. 
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Risk perception is formed by dimensions related to performance, social, physical, financial, 
psychological, psychosocial, and time associated risks (Dowling, 1986). (Sanaye & Bah- 
mani, 2012) state that users who perceive physical risk in using EVs may develop a negative 
attitude, but over time, it will turn positive according to Al-Majali’s work (Al-Majali, 2020). 
(Gunawan et al., 2022) identified that consumers perceive EVs for their edge technology 
and, as such, innovations may not function properly so that consumers may not obtain the 
expected financial benefits. This leads to a negative, and so the proposed hypothesis weight 
in an oscillation in the context of perceived risks: 

 
H10 Risk perception has a direct and negative influence on the attitude towards the use of 
electric vehicles. 

 
Environmental concerns are defined as “awareness of the ongoing environmental degrada- 
tion among consumers” (Bhat et al., 2022, p. 3)(Bhat et al., 2022, p.3) or as “the extent to 
which an individual holds values or consciousness towards the environment” (Schuitema 
et al., 2013, p. 41). These values influence the consumer decision-making process regard- 
ing the intention to use EVs (He et al., 2018). In this context, EVs are considered an eco- 
friendly technology (Jinliang et al., 2023; Pagiaslis & Krontalis, 2014), and previous studies 
have demonstrated a direct and positive influence between environmental concerns and the 
intention to use EVs (Bhat et al., 2022; Sinnappan & Rahman, 2011). Therefore, the guide- 
line proposed for these variables state that: 

 
H11 Environmental concerns have a direct and positive influence on the use of electric 
vehicles. 

 
(Liu et al., 2021) finds in their study that environmentally concerned consumers develop a 
positive attitude towards the use of electric vehicles, which indirectly leads to the behavior 
of using electric vehicles (Lohana et al., 2023; Wang et al., 2016). Other studies have shown 
that consumers who are more environmentally concerned tend to purchase EVs instead of 
gasoline or diesel vehicles (Sinnappan & Rahman, 2011). Therefore, the thesis presented 
follows that: 

 
H12 Environmental concerns have a direct and positive influence on the attitude towards 
the use of electric vehicles. 

 
Attitude is defined as “the degree to which individuals have a positive or negative evalu- 
ation of the behavior in question” (Ajzen, 2020, p. 318) and behavioral intention as “the 
willingness of a person to perform a specific behavior.“ According to Ajzen’s definition 
attitude is often the most powerful predictor of behavioral intention (Ajzen, 2020). There- 
fore, consumers who develop a positive attitude towards EVs will have the intention to use 
EVs, while those who develop a negative attitude towards these will have a lower measured 
degree in their intention. In the context of Meta-UTAUT, there are many studies show- 
ing attitude as a direct and positive influence on behavioral intention (Balakrishnan et al., 
2022; Dwivedi et al., 2019; Patil et al., 2020). The present study evaluates whether attitude 
towards the use of EVs influences the intention to use the new technology and thus proposes 
the following hypothesis: 
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H13 Attitude towards electric vehicles have a direct and positive influence on the use of 
electric vehicles. 

 
 
 
3 Research methodology 

 
The present study adopts a quantitative approach to describe our focus on EV adoption 
(Cooper & Schindler, 2014). The quantitative analysis is based on the collection of data 
from empirical research. From the previously laid ground for a theoretical foundation, this 
methodology adds a background overview, before the discussion centering the obtained 
results (Cooper & Schindler, 2014). The objective of this study is to identify the factors 
influencing the attitude and intention to use EVs; an empirical based approach roots on the 
collection of primary data relative to Spain. To calculate the necessary sample, Hair et al. 
(2014) instructions have been followed and Soper’s calculator has been used. Considering 
that, current research questionnaire has 32 observed items, 8 latent concepts, an anticipated 
effect size of 0.25 and a desired statistical power level of 0.8, with a 0.05 probability level, a 
minimum sample size of 271 completed questionnaires was obtained. Finally, a total of 326 
respondents with varied demographic characteristics are interviewed, following a conve- 
nience sampling method for economical and temporal reasons. The questionnaire technique 
is employed to gather the data; the questionnaire is distributed both in-person and online to 
the respondents between January 15, 2023, and March 15, 2023, consisting of 32 statements 
measured on a five-point Likert scale, addressing the antecedents of EVs in line with the 
theoretical basis from the Meta-UTAUT model. The respondents rated their agreement with 
the statements on a scale from 1 (strongly disagree) to 5 (strongly agree). The statements 
are drawn from previous academic works and grouped into eight variables. Additionally, the 
questionnaire includes seven questions related to the respondents’ identifying information. 
The analysis of the collected primary data is conducted using the statistical software SPSS 
v. 28. The table below shows the sample structure set out for the statistical analysis and 
demographic bands (Table 2). 

The sample representation is composed of 53.1% men respondents, while women rep- 
resent 46.9%. This indicates a balanced assigned-sex distribution. The most representative 
age group is in the category “2000–2009,“ comprising 35.6% of the participants, followed 
by the groups “1965–1979” with 26.4%, and “1980–1999” 23.3%; only a 14.7% enters the 
“prior to 1965” age group. These results reveal a predominant group participant of young 
individuals, born after the millennial. 

In terms of educational level, 34.4% of the participants have completed compulsory sec- 
ondary education, while 65.6% have university or equivalent studies. Thus, participants 
with a higher educational level predominate. All of the participants, 100% claim to have 
used an electric vehicle on some occasion. It is observed that 2.1% of the participants have 
used an EV in the last 6 months, with 63.8% of them having accessed this technology up to 
4 times. This suggests a high degree of familiarity and experience with this type of trans- 
portation. Additionally, 47.2% of the participants use an electric car for commuting, while 
52.8% use other types of electric vehicles. There is an underlying diversity for a nuanced 
analysis of transportation options used by the participants. While 22.1% of the participants 
indicate that they have used an electric vehicle because it was an only option; 77.9% state 



1 3 

M. García de Blanes Sebastián et al.  

 

 
Table 2 Sample Structure 

 
Characteristics Frequency Percent 
Gender Male 173.00 53.01 

Female 153.00 46.09 
Age Anterior 

1965 
48 14.7 

1965–1979    86 26.4 
1980–1999    76 23.3 
2000–2009    116 35.6 

Education High school 
or below 

112 34.4 

 
Have you ever used an 
electric vehicle? 

Bachelor’s    214 65.6 
Yes 326 100.0 
No 0 0 

What type of electric 
vehicle do you use for 

Electric 
vehicles 

154 47.2 

transportation? 
How many times have you 
used an electric vehicle in 
the last 6 months? 

Others 172 52.8 
1 7 2.1 
2 37 11.3 
 
3 74 22.7 
4 or more 
times 

208 63.8 

 
 
 

Source: Authors 

Have you used the electric 
vehicle because it was the 
only means of transportation 
available? 

Yes 72 22.1 
No 254 7.9 

that they have used it for other reasons. This indicates that most participants have access to 
transportation alternatives besides electric vehicles. 

 
 
4 Results 

 
The proposed model is evaluated using Structural Equation Modeling (SEM), which 
involves assessing both the measurement model and the structural model. The measurement 
model depicts how the measured variables combine to represent the theoretical constructs, 
while the structural model illustrates how these constructs relate to one another (Hair et al., 
2010). The statistical software SPSS AMOS v27 is employed for this study. Confirmatory 
Factor Analysis (CFA) is conducted to test the measurement model. 

 
4.1 Measurement model for the analysis 

 
In the measurement model, the relationship between observable variables, indicators, and 
latent variables, constructs, is evaluated to determine the validity and reliability of the indi- 
cators used to measure the theoretical constructs (Bagozzi & Yi, 1988). Ten items are elimi- 
nated due to cross-loadings. After the new specification, 22 items are analyzed. Constructs 
are considered to have convergent validity when they meet certain criteria. Convergent 
validity is established when the coefficient of reliability (CR) exceeds the threshold of 0.70 
(Heinzl et al., 2011). Additionally, the average variance extracted (AVE) should be greater 
than 0.50 (Hair et al., 2010), and the item loadings on each factor should be above 0.70 or at 
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Constructs Items Loadings AVE CR 
Performance Expectancy PE1 0.701 0.526 0.816 
 PE2 0.751   
 PE3 0.732   
 PE4 0.714   
Effort Expectancy EE1 0.686 0.567 0.722 

 EE2 0.814   
Social Influence SI1 0.771 0.569 0.726 

 SI2 0.738   
Facilitating Conditions FC1 0.721 0.505 0.671 

 FC2 0.7   
Risk perception RP1 0.75 0.558 0.791 

 RP2 0.743   
 RP3 0.748   
Environmental concerns CE1 0.753 0.567 0.839 

 CE2 0.783   
 CE3 0.723   
 CE4 0.751   
Attitude AV1 0.964 0.695 0.82 

 AV2 0.930   
 AV3 0.921   
Behaviroual Intention UB3 0.871 0.861 0.949 

 UB4 0.795   
 

 
Table 3 Measurement Model 
Results 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Authors 
 
 
 

Table 4 Heterotrait-Monotrait Ratio of Correlations 

 PE EE FC RP CE UB AV 
PE 
EE 0.71       
FC 0.877 0.873      
RP 0.753 0.653 0.71     
CE 0.734 0.473 0.813 0.554    
UB 0.86 0.566 0.748 0.789 0.672   
AV 0.822 0.725 0.896 0.564 0.844 0.865  
Source: Authors 

 
least 0.50 (Hair et al., 2010). These criteria are used to evaluate and ensure the reliability and 
validity of the constructs to align with the research study. Most of the item factor loadings 
are above 0.7, and both the Average Variance Extracted (AVE) and the Construct Reliability 
(CR) for each construct are above 0.5 and 0.7, respectively, indicating good convergent 
validity in the measurement model (Table 3). 

Next, discriminant validity is examined to verify that the latent variables are distinguish- 
able from each other (Hair et al., 1998). It is assessed through the HTMT measure (Hetero- 
trait-Monotrait Ratio of Correlations). The HTMT indicates that the indicators of a construct 
are correlated with each other, more than with the indicators of other constructs. According 
to (Henseler et al., 2015), there are two different thresholds: one for strict assessment (0.85) 
and another for a more liberal assessment of discriminant validity (0.90). If this condition 
is met, it is considered to have good discriminant validity. The results (Table 4) show that 
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Measure Estimate Threshold Interpretation 
CMIN/DF 2.171 Between 1 and 3 Excellent 
CFI 0.948 > 0.95 Acceptable 
RMSEA 0.06 < 0.06 Acceptable 
PClose 0.022 > 0.05 Acceptable 

 

 
the HTMT values are below 0.9, indicating that the average correlation between different 
constructs is lower than the average correlation within the same construct. This confirms 
that the constructs are distinguishable from each other and have good discriminant validity. 

Finally, once the model parameters have been analyzed, different fit measures are used 
to assess how well the model fits the observed data. The model fit evaluated are shown in 
Table 5; it is found that these indices are within the recommended values. 

 
4.2 Structural model analysis 

 
To assess the validity of the sample used in the structural equation analysis, the critical N 
index by Hoelter is applied with a significance level of 0.05, corresponding to a confidence 
level of 95% (Bollen & Liang, 1988; Hoelter, 1983). For a significance level of 0.05 and a 
confidence level of 95%, the required sample size would have been 177. The sample size 
used, 304 questionnaires, implies that the sample size used in the analysis is sufficient to 
obtain reliable and significant results within the context of structural equations. 

Also, the fit of the structural model is examined (CMIN 2.171, CFI 0.948, RMSEA 0.06, 
PClose 0.022). The fit indicators are comparable to those of the measurement model for 
evidence of a good overall fit of the model. The coefficient of determination, R2, is calcu- 
lated to determine the predictive ability of the model on attitude and intention to use electric 
vehicles. The obtained result is an R2 of 58.5% for attitude and R2 of 55.7%, for intention 
to use EVs. 

The causal relationship between the constructs is evaluated using the structural equation 
model proposed by Hair et al. (Hair et al., 2010). The results of the research hypotheses and 
their relationship with attitude and intention to use EVs are presented below. 

According to the results of the structural equation model, the following findings observed 
provide a line of analysis for tackling one of the research questions guiding the study: What 
are the factors of the Meta-UTAUT model that affect attitude and intention to use EVs? For 
this preliminary approach we formulate up to nine hypotheses (H1, H2, H3, H4, H5, H6, 
H7, H8, and H13) from Sect. 2 that are showcased in the contrast analysis (Table 6). 

A second research question introduced risk perception as a factor of consideration along 
with environmental concerns; how these variables enhance the predictive model of Meta- 
UTAUT regarding attitude and intention to use EVs? The four hypotheses (H9, H10, H11, 
H12) formulated are aligning with the results, as follows in Table 6: 

 
 
5 Discussion 

 
By looking at attitude and intention of use from a theoretical lens, the results arising from 
the model, extended Meta-UTAUT, along with the empirical data from the model, the coef- 
ficient of determination (R2) 58.5% confirms that environmental consciousness is the vari- 

 
Table 5 Model Fit Summary 

 
 
 
 

Source: Authors 
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Table 6 Results of the structural 
analysis of the Meta-UTAUT 

 
Hypotheses 

 
β 

 
t value 

 
p value 

 
Interpre- 
tation 

model H1: Performance 
expectancy to Use 
Behavior 

-0.075 -0.237 0.812 Unsup- 
ported 

 H2: Performance ex- 
pectancy to attitude 
towards EVs 

0.421 1.266 0.205 Unsup- 
ported 

 H3: Effort expectan- 
cy to Use Behavior 

-0.419 -2.352 0.019 Sup- 
ported 

 H4: Effort expec- 0.005 0.029 0.977 Unsup- 
 tancy to attitude    ported 
 towards EVs     
 H5: Social influence 

to Use Behavior 
0.477 1.483 0.138 Unsup- 

ported 

 H6: Social influence 
to attitude towards 
EVs 

-0.636 -1.252 0.211 Unsup- 
ported 

 H7: Facilitating 
conditions to Use 
Behavior 

-0.266 -0.793 0.428 Unsup- 
ported 

 H8: Facilitating con- 
ditions to attitude 
towards EVs 

0.488 1.322 0.186 Unsup- 
ported 

 H9: Perceived risk 
to Use Behavior 

0.464 3.028 0.002 Sup- 
ported 

 H10: Perceived risk -0.005 -0.032 0.975 Unsup- 
 to attitude towards    ported 
 EVs     
 H11: Environmental 

concerns to Use 
Behavior 

-0.825 -3.243 0.001 Sup- 
ported 

 
 
Note: Significance in the 

H12: Environmental 
concerns to attitude 
towards EVs 

0.414 2.632 0.008 Sup- 
ported 

correlation values: † p < 0.100 
* p < 0.050 ** p < 0.010 *** 
p < 0.001 

H13: Attitude 
towards electric 
vehicles to Use 

1.984 3.797 *** Sup- 
ported 

Source: Authors Behavior 
 

able predominant around attitude. Additionally, intention of use around an R2  coefficient 
of 55.7%, shows that more than half of the variability in the intention to use EVs can be 
explained by four variables, as shown above: attitude, effort expectancy, perceived risk, 
and environmental consciousness. These results support the theoretical model underlying 
bases for understanding and predicting intention of use in technology, and, in the new area 
of electric vehicles. 

Among the independent variables, performance expectancy (PE) does not present a sig- 
nificant relationship with attitude toward electric vehicles (β = 0.421, p = 0.205) nor with 
usage behavior (UB) (β=-0.075, p = 0.812). With the specific context of Spain, as set, it is 
noticeable that the lack of electric vehicle charging infrastructure provides a link to a lower 
interest as the overall concept expands to the overall upgrade (Egbue & Long, 2012; Fal- 
chetta & Noussan, 2021; Hall & Lutsey, 2020; Verma et al., 2020). Although users may have 
positive expectations about the performance of electric vehicles, concerns about the avail- 
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ability and accessibility of charging points can outweigh these expectations. This lack of 
extended access to infrastructure generates uncertainty about the convenience and viability 
of acquiring an electric vehicle, which negatively affects the measured attitude and intention 
to use. The limited range and prolonged charging time are features in the network that raise 
concerns about the electric vehicle’s ability to reach the level of service expected for the 
use of vehicles and automobile; this is more obvious in habits for everyday movements in 
urban area as well as longer road trips, as these planning will have to align with the charging 
infrastructure that is compatible and provided for the areas. Overall, the concerns relative 
to EVs and charging technology can override positive performance expectations as well as 
influence the attitude and intention to use. 

Price becomes an obstacle for mass adoption of electric vehicles as it is known their cost 
represents a higher price point, as it compares to traditional gasoline/injection vehicles. In 
this regard, it has been noted that effort expectancy (EE) does not influence electric attitude 
towards EVs (β = 0.005, p = 0.977), but there is an association with use behavior (β=-0.419, 
p = 0.019), a guideline for adoption that concurs with our approach. Social influence (SI) 
also did not show a significant relationship with attitude toward electric vehicles (β=-0.636, 
p = 0.211) nor with usage behavior (UB) (β = 0.477, p = 0.138). The lack of social influence 
on attitude toward electric vehicles and usage behavior can be attributed to ingrained cul- 
tural values, lack of social interactions related to electric vehicles, and unfamiliarity with 
this technology. Since electric vehicles still represent a minority of the carpool share, pro- 
spective drivers may not have access to experienced drivers and/or to direct testimonies 
from people with more exposure. This could limit and impact the outcomes of social net- 
work and the influence of a circle of users with experience; thus, prompting attitudes and 
behaviors in user intention. Adoption of EVs is influenced by individual factors such as 
personal beliefs and environmental consciousness rather than direct social influence. This 
line of connection to technology as it integrates with an everyday context of use, confirms 
that social influence has no impact, what is coinciding with the results and consistent with 
previous studies (Jain et al., 2022). 

Facilitating conditions (FC) are not significant in the attitude toward adoption of new 
technology around electric vehicles (β = 0.488, p = 0.186) nor with user behavior (UB) 
(β=-0.266, p = 0.428). Despite the importance of having favorable conditions such as fiscal 
incentives or access to restricted areas exclusively for this type of vehicles in certain cities 
in Spain, these variables do not seem to have a significant impact on attitude formation or 
usage behavior of electric vehicles in this study. These conditions may be related to infor- 
mation availability and education. Lack of awareness and understanding of the benefits and 
features of electric vehicles can limit the influence of enabling conditions on attitude forma- 
tion and usage behavior. If users are not well-informed about the environmental benefits, 
performance, and availability of electric vehicles and perceive the fiscal benefits as scarce 
or limited, enabling conditions are less likely to have a significant impact on attitude and 
on usage. These findings are supported by other studies (Lashari et al., 2021; Salari, 2022). 

The lack of significant influence of perceived risk factor on attitude towards electric 
vehicles can be explained by technological advancements and increased consumer familiar- 
ity with electric vehicles, which may have diminished the perceived risk associated with 
attitude. However, users perceive more risk in usage, due to the perception of a relatively 
new technology in contrast to a established carpool based on gas injection vehicles. The 
novelty creates uncertainty and adds concerns regarding areas in performance, durability, 
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and reliability. Perceived risk (PR) showed a significant relationship with use behavior (UB) 
(β = 0.464, p = 0.002) but not with attitude towards electric vehicles (β=-0.005, p = 0.975). 
Furthermore, since perceived risk is associated with unknown/unmeet user expectations in 
terms of range, charging time, or availability of charging stations, and access to fair points 
of charge, EVs seem to justify the higher cost, which brings in additional concern for the 
maintenance, autonomy, battery replacement, etc. Higher costs are perceived in the area of 
generated risk for consumers, regardless of their needs and expectations which does affect 
user intention around EVs. 

Another aspect related to perceived risk is charging infrastructure. The availability and 
accessibility of charging stations for electric vehicles can raise concerns about the conve- 
nience and feasibility of using these vehicles. Consumers may fear running out of charge in 
the middle of a journey or not being able to easily find a charging point when needed. The 
lack of adequate charging infrastructure can increase perceived risk and decrease intention 
to use electric vehicles. These results are supported by previous research specific to this field 
(Jain et al., 2022; Jensen et al., 2013; Kapser & Abdelrahman, 2020; Shukla et al., 2014). 

Concern for the environment has a significant relationship with attitude towards electric 
vehicles (β = 0.414, p = 0.008) and usage behavior (UB) (β=-0.825, p = 0.001). Users with a 
deeper concern for environmental issues and the negative impact of CO2 emissions, have 
a positive attitude towards electric vehicles, perceiving them for the advantages around 
sustainability and development. Environmental concerns relate to awareness of the effects 
of greenhouse gas emissions, air pollution, and depletion of natural resources. Consumers 
who value rules that protect the variety of habitats and natural environment aim at reducing 
their own carbon footprint; obviously users conscious of degraded environment in relation 
to climate change, tend to have a greater inclination towards electric vehicles. This attitude 
of more accepting disposition towards a new technology, translates into a higher intention 
to use EVs. It can be said that individuals who are concerned about the environment and 
actively pursue transformative change and adapting to more sustainable uses of technology, 
promotes a behavior that is aligning with alternatives to mainstream market options (Jain 
et al., 2022). 

Awareness and consciousness regarding environmental issues aligns with Spanish social 
concerns at any level and status. From the standpoint of scientific dissemination and media 
spread of relevant content, the campaigns contributing to express concerns and to mobilize 
citizens shows a commitment towards environmental matters, including the 2015’s Paris 
Agreement on Climate Change. International pacts have generated a bottom ground in order 
to provide a framework that can be referred and adopted when implementing concrete mea- 
sures at any level; also, the existence of extensive environmental legislation and policies 
in Spain contributes to extend real actions around effective respond after environmental 
hassle and planning for containment in emissions and any matter relative to environmental 
degradation. 

Extreme weather events are not exclusive to this geographic area; however, events like 
droughts, wildfires, and air pollution have raised environmental concern for a long time. 
Only recently the increased magnitude of some of these events have generated greater 
awareness on the need to protect natural resources and preserve the quality of the environ- 
ment. According to the Barometer of the Center for Sociological Research (CIS), 88.9% 
of Spanish people consider that we are witnessing climate change, and, over that, 89.4% 
express a deep commitment and active concern to act upon it (April 2022). This demon- 
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strates that overall, Spanish society increased awareness over the urgency to address climate 
change and the importance of taking decisive action to prevent it. 

Regulatory measurement and environmental policy seek to protect natural resources, 
reduce pollution, and promote sustainable practices in industry sectors, including, but not 
limited to energy, waste management, and biodiversity conservation. Attitude influences 
users’ intention to acquire new technology and electric vehicles because it is linked to a 
positive or negative evaluation from the person towards such vehicles. A favorable attitude 
towards electric vehicles can generate a greater willingness to use them, while a negative 
attitude can reduce the intention to use them. 

 
 
6 Conclusions 

 
After applying the Meta-UTAUT model from a dual perspective, expanded to examine atti- 
tude and usage intention, the model shows its productivity is various contexts to under- 
stand technology adoption. In our study, by applying it specifically to EVs in Spain, where 
there are limited research opportunities, the framework provides a deeper understanding on 
the key constructs from the model and how this work specifically in the EV context. This 
can help strengthen and validate the Meta-UTAUT model and its applicability in diverse 
domains by providing empirical evidence of its usefulness and relevance. By extending the 
Meta-UTAUT model with the environmental awareness factor, the theoretical framework is 
broadened to consider aspects beyond the traditional factors of technology adoption. 

 
6.1 Theorical contributions 

 
This research was proposed in order to verify which factors of the Meta-UTAUT model 
affected the attitude and intention to use EVs, and whether factors such as perceived risk 
and environmental concern improved the predictive model. The results presented in support 
of the analysis for the adequacy of the theoretical extended Meta-UTAUT model, in the 
context of attitude and intention to use electric vehicles show a coefficient of determination 
(R2) of 58.5% for attitude and 55.7% for usage intention, indicating that more than half of 
the variability of these factors can be explained from an empirical standpoint. Performance 
expectancy, social influence, and facilitating conditions do not display a significant relation- 
ship with attitude towards electric vehicles or usage behavior intention. This can be attrib- 
uted to factors such as the lack of adequate charging infrastructure in Spain, limited social 
interactions related to electric vehicles, and lack of familiarity with this technology. 

Environmental concerns influencing attitude towards electric vehicles and usage inten- 
tion are factoring in for users who showed a greater concern due to negative environmental 
impact; these factors are inducing a positive attitude towards EVs and a clear intention from 
users to try the new electric vehicles. This aligns with the growing environmental aware- 
ness and concerns present across different Spanish areas, after environmental disasters and 
scientific dissemination regarding climate change have become more prevalent. 

Finally, the present research demonstrates the versatility of the Meta-UTAUT model, as 
it can be enhanced and expanded by the inclusion of new variables, which enable specific 
actions based on the original model, thereby improving the specific knowledge of technolo- 
gies that are crucial in addressing the challenge of Climate Change. 
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6.2 Practical contributions 

 
The results of the study demonstrate that environmental concerns are positively related to 
attitude towards EVs and usage behavior. Therefore, it shows how important is to effectively 
communicate the environmental benefits of electric vehicles, such as emission reduction 
and contributions to sustainable development. Awareness and education campaigns can help 
promote these benefits and foster a positive attitude towards electric vehicles. Since facilitat- 
ing conditions did not show a significant relationship with attitude and usage behavior, fiscal 
incentives, and government policies to promote EV adoption in Spain should be reviewed, 
as these conditions have an impact in consumers’ decision to use electric vehicles and will 
open a path to a competitive advantage in the promotion and marketing of these vehicles. 

Additionally, performance expectancy and social influence did not show a significant 
relationship with attitude and usage behavior in the EV area; for this reason, training and 
awareness programs developing to increase understanding and knowledge about its benefits 
and operation will be an advantage in opening opportunities for business and industry. The 
outlined findings provide a solid foundation for the development of policies and strategies 
aimed at promoting the adoption of electric vehicles in Spain. By understanding the key 
factors driving the intention to use electric vehicles, decision-makers can design specific 
measures to address the identified barriers and promote adoption of this technology. 

 
6.3 Limitations and future research 

 
This research has been conducted within a set time frame, but a longitudinal study over time 
would provide a better understanding of changes in attitude and usage intention regarding 
the factors influencing the use of electric vehicles, as technology and consumer preferences 
evolve over time. The results may be limited to a specific context, making it difficult to 
generalize these findings to other populations, environments, or situations. 

As seen, the adoption of electric vehicles is influenced by cultural and socioeconomic 
factors, so it would be interesting to investigate how these factors influence attitude and 
intention. Finally, a more detailed analysis of the psychological and behavioral factors influ- 
encing the adoption of electric vehicles, such as perceived barriers, beliefs, and attitudes 
towards technology, could be explored. In future research, the impact of fiscal incentives, 
traffic restrictions, and other government measures on attitude and usage intention of elec- 
tric vehicles could be analyzed. 

Economic factors play a noticeable role in technology adoption that will be significant 
around EVs as well. Studying the impact of acquisition costs, energy prices, financial incen- 
tives, and economic trends on consumers’ decision to adopt them is a valuable approach for 
business insights and for designing effective policies and strategies. 
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