INTERNATIONAL MULTIDISCIPLINARY JOURNAL OF RESEARCH
FOR INNOVATION, SUSTAINABILITY, AND EXCELLENCE (IMJRISE)
https://risejournals.org/index.php/imjrise

Volume 1, Issue no. 7 (2024)

ISSN: 3028-032X (online) | ISSN: 3028-0370 (print)

B3

198

Users Satisfaction in the Use of Electronic Vehicle Charging Stations
DOI: https://doi.org/10.5281/zenodo.12787525

Lyu Haozhen
STI West Negros University, Bacolod City, Philippines
https://orcid.org/0009-0009-3997-6012

Dr. Marianito M. Vito Jr.
Part-time Faculty, STI West Negros University, Philippines
https://orcid.org/0009-0003-6361-451X

Mylene A. Bautista
STI West Negros University, Bacolod City, Philippines
https://orcid.org/0009-0003-6801-8215

Abstract:

This study explored the level of user satisfaction in the use of electronic vehicle (EV) charging stations in Beijing,
China, for the calendar year 2023. It assessed user satisfaction across various dimensions of EV charging stations,
focusing on five key variables: charging infrastructure, payment and pricing, reliability and maintenance, safety and
security, and customer support. A total of 200 users participated in the study, providing data through a research-
made survey instrument. The data were analyzed using SPSS, employing frequency counts, percentages, mean, and
the Mann-Whitney U test for statistical analysis. User satisfaction in the charging infrastructure category was found
to be very high. Similarly, payment and pricing also received very high satisfaction ratings. The reliability and
maintenance category saw high levels of satisfaction, while safety and security also scored high. Customer support
garnered high satisfaction ratings as well. The comparative analysis revealed no significant differences in user
satisfaction in the charging infrastructure area based on gender, age, civil status, and educational attainment,
although higher-income users reported significantly higher satisfaction. In payment and pricing, significant
differences were found based on gender and age, with males and younger users reporting higher satisfaction. Civil
status, average family monthly income, and educational attainment did not significantly affect satisfaction in this
area. For reliability and maintenance, safety and security, and customer support, no significant demographic
differences were observed. The research concludes that users of electronic vehicle charging stations in Beijing, China,
exhibit high levels of satisfaction across various dimensions of the service. The findings highlight the critical role of
well-designed charging infrastructure, transparent payment systems, reliable maintenance, robust safety measures,
and responsive customer support in enhancing user satisfaction. Differences in satisfaction based on income, gender,
and age provide valuable insights for service providers and policymakers to tailor their offerings to meet diverse user
needs effectively. Overall, this study underscores the importance of continuous improvement in EV charging
infrastructure to support the growing adoption of electric vehicles and promote sustainable transportation solutions.

Keywords: Satisfaction, electronic vehicle, charging stations, charging infrastructure, payment and pricing,
reliability and maintenance, safety and security, customer support.

Introduction:
Nature of the Problem

Electronic Vehicle Charging Stations (EVCS) have emerged as critical infrastructure in the transition towards
sustainable transportation solutions, particularly with the increasing adoption of electric vehicles (EVs) worldwide. It
plays a pivotal role in supporting EV batteries' recharge needs, facilitating longer journeys, and promoting the
widespread use of EVs as a viable alternative to traditional combustion engine vehicles (Smith et al., 2022; Johnson
& Brown, 2021). The strategic placement and effective operation of EVCS are essential in shaping urban mobility
patterns and reducing greenhouse gas emissions, aligning with global efforts towards environmental sustainability
(Jones & Smith, 2023).

User satisfaction with EVCS is paramount as it directly influences EV adoption rates and user experience.
Understanding and enhancing user satisfaction across various dimensions of EVCS usage is crucial for optimizing
service delivery and promoting broader acceptance of EV technology. This study assesses user satisfaction across
critical dimensions of EVCS operation, including charging infrastructure, payment and pricing, reliability and
maintenance, safety and security, and customer support. Charging infrastructure is a fundamental aspect that
influences user convenience and accessibility. The research underscores the importance of strategically locating
charging stations in high-traffic areas and ensuring they are easily accessible to EV users. Factors such as the
availability of different charging connectors, integration with navigation applications, and user-friendly features are
critical in enhancing user satisfaction and usability (Jones & Smith, 2023; Green et al., 2020).
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Customer support responsiveness and effectiveness are pivotal in addressing user inquiries, technical issues, and
overall customer satisfaction. To improve user experience and promptly address service-related concerns, it is vital
to have a robust customer support system offering timely assistance through various channels, such as phone, email,
or online platforms (Thomas & White, 2021; Martinez & Johnson, 2019). Recognizing the importance of understanding
fellow users' satisfaction levels, this research, conducted by a user of Electronic Vehicle Charging Stations, aims to
provide valuable insights that operators can use to enhance their services. Therefore, the researcher has undertaken
this study to contribute to improving user experiences with EVCS.

Current State of Knowledge

Charging infrastructure for electric vehicles (EVs) is crucial in shaping user satisfaction and adoption rates. This
section explores various aspects of charging infrastructure, including design, accessibility, technology integration,
and their impact on user experience. The design and accessibility of EV charging stations are critical factors
influencing user satisfaction. Smith et al. (2021) emphasize that well-planned station layouts and strategically located
chargers contribute to convenience and user satisfaction. Stations with multiple charger types (e.g., Level 2, DC fast
chargers) accommodate diverse user needs, enhancing accessibility (Yilmaz et al., 2020).

The global shift towards electric vehicles (EVs) has underscored the importance of efficient and user-friendly charging
infrastructure. User satisfaction with EV charging stations plays a pivotal role in fostering widespread adoption and
ensuring the sustainability of electric mobility solutions. This review synthesizes recent research findings to explore
the diverse factors influencing user satisfaction and the interconnected strategies for enhancing the charging
experience. Accessibility to charging stations stands as a fundamental determinant of user satisfaction. Studies
consistently highlight that convenient access, clear signage, and ample parking significantly enhance user experience
(Smith et al., 2023). Locations strategically positioned along travel routes and urban centers cater to diverse user
needs, facilitating seamless integration of EVs into daily commuting and long-distance travel (Brown & Jones, 2022).

Payment and pricing transparency is pivotal in fostering trust and satisfaction among EV users. Clear and transparent
pricing models, including per-kilowatt-hour rates or hourly fees, contribute to user confidence and acceptance of
EVCS services. Affordable charging fees and flexible payment options, such as mobile apps or credit card payments,
are significant factors that influence user perceptions and adoption rates (Lee & Kim, 2020; Chen & Wang, 2021).

Reliability and maintenance of EVCS infrastructure are crucial for ensuring uninterrupted service availability and user
satisfaction. Users expect reliable charging stations with minimal downtime and efficient maintenance protocols to
address operational issues promptly. Effective management of maintenance schedules and proactive monitoring of
station uptime contributes to maintaining high levels of user satisfaction and trust in the system (Brown & Martinez,
2022; Wang et al., 2019).

Safety and security features at EVCS locations are essential for ensuring user safety and confidence. Visible safety
instructions, accessible emergency equipment (such as fire extinguishers and emergency shut-offs), adequate
lighting, and surveillance systems create a secure environment for EV users. These safety measures are critical in
mitigating risks and enhancing user satisfaction with the overall safety standards of EVCS installations (Garcia &
Davis, 2023; Patel & Singh, 2020).

Theoretical Underpinnings

This study was anchored on the Technology Acceptance Model (TAM) and initially developed for understanding the
acceptance and usage of technology. The Technology Acceptance Model (TAM) is highly relevant for investigating
user satisfaction in the context of electronic vehicle charging stations (EVCS). Developed by Davis in 1989, TAM
focuses on two key factors: perceived usefulness and ease of use, which are crucial in understanding how users
adopt and utilize technology (Davis, 1989). In the case of EVCS, perceived usefulness refers to users' beliefs about
how effectively these stations meet their needs, such as providing reliable and convenient charging solutions for
electric vehicles. On the other hand, perceived ease of use pertains to users' perceptions of how user-friendly and
accessible EVCS is in operation and navigation.

Research has consistently demonstrated the applicability of TAM in various technological contexts, emphasizing its
effectiveness in predicting user behaviors and attitudes toward technology adoption (Venkatesh & Davis, 2000). For
EVCS, applying TAM helps assess whether users perceive these stations as valuable tools for recharging EVs and
whether they find them easy to use, directly impacting their satisfaction levels. Studies have shown that perceived
usefulness and ease of use significantly influence user satisfaction and the intention to continue using technology
over time (Venkatesh et al., 2003).

Moreover, TAM provides a structured framework for identifying factors influencing user satisfaction with EVCS beyond
basic functionality. It allows researchers to explore additional dimensions such as service reliability, pricing
transparency, safety features, and customer support—factors contributing to overall user experience and satisfaction
with EVCS (Lee & Kim, 2020; Martinez & Johnson, 2019). By leveraging TAM, researchers can systematically analyze
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how these factors interact with perceived usefulness and ease of use to shape user perceptions and behaviors
regarding EVCS, thereby informing strategies for improving service quality and user satisfaction in electric vehicle
infrastructure.

Objectives

This study sought to determine user satisfaction in using electronic vehicle charging stations in Beijing, China, for
the first two quarters of the Calendar Year 2023. Specifically, this study sought to answer the following questions:
1) the level of users’ satisfaction with using electronic vehicle charging stations according to the area of charging
infrastructure, payment and pricing, reliability and maintenance, safety and security, and customer support; 2) the
level of users’ satisfaction with using electronic vehicle charging stations when grouped according to the
abovementioned variables; and 3) the significant difference in the level of users’ satisfaction with using electronic
vehicle charging stations when grouped and compared according to the abovementioned variables.

Methodology:

This section presents the research design, locale of the study, respondents, data gathering instrument, validity and
reliability of the device, data gathering procedure, analytical schemes, and statistical tools.

Research Design

This study sought to determine user satisfaction with using electronic vehicle charging stations for the first two
quarters of 2023. Five areas were considered: charging infrastructure, payment and pricing, reliability and
maintenance, safety and security, and customer support. Considering the nature of the data involved, a descriptive
research design was used in this study.

Descriptive research is crucial for providing factual information that supports scientific judgment. It offers essential
insights into the nature of objects and individuals and enables closer observation of practices, behaviors, methods,
and procedures. It significantly contributes to developing instruments for measuring various aspects, such as
questionnaires, tests, interviews, checklists, scorecards, rating scales, and observation schedules. Additionally, it
aids in formulating policies at local, national, or international levels (Calmorin, 2016; Gray, 2017; Creswell & Creswell,
2018).

This research focuses on the existing phenomenon of user satisfaction with electronic vehicle charging stations. The
researcher used the descriptive research design because it gathers detailed factual information and describes the
phenomenon under study. This design is particularly appropriate for understanding the multifaceted aspects of user
satisfaction with EV charging stations, as it allows for a comprehensive examination of users' experiences and
perceptions regarding charging infrastructure, payment and pricing, reliability and maintenance, safety and security,
and customer support (Saunders et al., 2019). By employing this method, the study aims to provide valuable insights
into the current state of user satisfaction and identify areas for improvement in EV charging services.

Study Respondents

The respondents were selected from two hundred users during the first two quarters of Calendar Year 2023. A
convenience sampling technique was employed. Convenience sampling is a non-probabilistic sampling method where
participants are selected based on their ease of access and availability rather than through random selection. This
method is often used when the researcher needs quick access to participants or when it is difficult to obtain a random
sample due to logistical constraints (Bryman, 2016; Etikan et al., 2016; Creswell & Creswell, 2018).

Instruments

The study used a self-made survey questionnaire containing two parts: Part I dealt with the profile of the respondents.
It was subjected to validity (4.63-excellent) and reliability (0.701-acceptable). All of them were interpreted as worthy
and good; respectively. Part II contained topics determining the acceptance level of marketing strategies in a
children’s book company. There are five areas: charging infrastructure, payment and pricing, reliability and
maintenance, safety and security, and customer support. There were six (6) items in every area, or thirty (30) items.
The level of user satisfaction in the use of electronic vehicle charging stations is categorized according to a 5-part
scale with the following categories: 5 as the highest or “Very High Level,” 4 as “High Level,” 3 as “"Moderate Level,”
2 “Low Level” to 1 as the lowest or “Very Low Level.”

Procedure

Data Collection
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After establishing the validity and reliability of the instruments, the researcher wrote a letter to the management of
the company asking for permission to conduct the study and administer the questionnaire to the respondents. After
approval was obtained, the researcher administered the questionnaire to the respondents and gave instructions on
completing it objectively and honestly. The questionnaire was sent through company email, and respondents
answered it online. Printed copies were provided to some respondents who needed help answering online. After
answering, their responses were saved, retrieved, compiled, and tabulated.

Using appropriate statistical methods, the data acquired from the respondents' responses were tallied and tabulated
(Ponto, 2015). The raw data were translated into numerical ratings, facilitating tabular presentations, statistical
derivations, and computer processing. The data were processed on a computer using the Statistical

Data Analysis and Statistical Treatment

Objective No. 1 employed descriptive-analytical scheme and mean to determine the level of users’ satisfaction with
using electronic vehicle charging stations according to the area of charging infrastructure, payment and pricing,
reliability and maintenance, safety and security, and customer support.

Objective No. 2 used the descriptive-analytical scheme and mean to determine the level of users’ satisfaction with
using electronic vehicle charging stations when grouped according to the abovementioned variables.

Objective No. 3 employed the comparative analytical scheme and the Mann-Whitney U test to determine the
significant difference in the level of users’ satisfaction with using electronic vehicle charging stations when grouped
and compared according to the abovementioned variables.

Ethical Consideration

Participants' identities were kept secret or anonymous, and they were guaranteed that self-identifying statements
and information would not be included (Nunan & Di Domenico, 2019). Anonymity and confidentiality were essential
to safeguard the privacy of participants who consented to participate in the research. The possible harm to
participants, the researcher, the community, and the institution was considered, including distress, shame, worry,
bodily harm, resource loss, emotional harm, and reputational impairment (Babbie, 2020).

Results and Discussion

This section presents, analyzes, and interprets the data that were gathered consistent with its predetermined
objectives.

Table 1
Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on Charging Infrastructure
Area

A. Charging Infrastructure Mean Interpretation
1. The charging stations are conveniently located. 4.55 Very High Level
2. The charging stations are easily accessible. 4.55 Very High Level
3. The charging process is efficient. 4.50 Very High Level
4, D_|fferent charging connectors and compatibility options are 4.42 High Level
available.

5. ;hqrglng statloqs .are integrated into navigation 4.52 Very High Level
applications for easy finding.

6: Chfarglng stations are user-friendly for people with 4.11 High Level
disability

Overall Mean 4.44 High Level

Table 1 presents the users’ satisfaction level in using electronic vehicle charging stations on charging
infrastructure.

The overall mean demonstrates that most users are pleased with the charging infrastructure, with a need
to enhance inclusivity and accessibility for all user groups. Enhancing the design and usability of charging stations
can lead to higher satisfaction levels and greater adoption of EVs among diverse user groups (Green et al., 2022).
Policymakers and planners should consider these findings to improve the overall charging infrastructure by
addressing the gaps in accessibility and ensuring that charging stations are user-friendly for all individuals, thereby
supporting the transition to electric mobility more effectively (Brown & Thompson, 2023).

In the analysis of users’ satisfaction with electronic vehicle charging stations within the "charging
infrastructure" area, it is notable that the overall mean score is 4.44, signifying a "high level" of satisfaction among
respondents. This aggregate score suggests that, on average, users are content with the charging infrastructure
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provided. The highest mean score, at 4.55, pertains to charging station locations' convenience and accessibility.
These ratings indicate a "very high level" of satisfaction, underlining that users highly appreciate the ease of finding
and accessing charging stations. This finding is consistent with previous studies emphasizing the critical role of
convenience in user satisfaction and the widespread adoption of electric vehicles (Smith, 2021; Jones et al., 2020).

On the other hand, the lowest mean score, 4.11, is assigned to the user-friendliness of charging stations
for people with disabilities, which still falls within the "high level" category. This indicates a relatively good level of
satisfaction but suggests room for improvement in ensuring accessibility and ease of use for individuals with
disabilities. Ensuring that charging stations are accessible to all users, including those with disabilities, is essential
for inclusive infrastructure development (Williams & Martin, 2019).

Table 2
Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on Payment and Pricing

Area

B. Payment and Pricing Mean Interpretation
1. Charging fees are affordable. 4.55 Very High Level
2. Pricing information is transparent (e.g., per kWh, per 4.48 High Level
hour).

3. Flexible payment options (e.g., mobile apps, credit 4.41 High Level
cards) are available.

4. Charging service rates offer value for money. 4.50 Very High Level
5. There are no hidden charges. 4.40 High Level

6. I_Dlscounts or loyalty programs for frequent users are 4.47 High Level
available.

Overall Mean 4.47 High Level

Table 2 presents the level of users’ satisfaction with using electronic vehicle charging stations on payment
and pricing.

In evaluating users’ satisfaction with the "payment and pricing" aspect of electronic vehicle charging
stations, Table 4 reveals that the overall mean satisfaction score is 4.47, indicative of a "high level" of satisfaction
among the respondents. This collective rating signifies that, on average, users express contentment with the payment
and pricing-related aspects of the charging stations. This is consistent with research highlighting the importance of
fair pricing in user satisfaction with EV infrastructure (Martinez et al., 2021).

The highest mean score recorded at 4.55, is associated with the affordability of charging fees. This score
designates a "very high level" of satisfaction, underscoring that users strongly appreciate the reasonable pricing of
charging services. Affordability is a critical factor in promoting the adoption of EVs, as demonstrated in previous
studies (Lee & Tang, 2020).

Conversely, the lowest mean score, 4.40, corresponds to the absence of hidden charges, a score still within
the "high level" category. This score suggests that while users generally perceive transparency in pricing, there may
be subtle opportunities for further enhancement in this area. Transparent pricing maintains user trust and satisfaction
(Clark & Wilson, 2019).

The data underscores a positive sentiment among users regarding the affordability and transparency of
pricing, with the potential to fine-tune pricing structures further to enhance user satisfaction. Continued focus on
transparent and affordable pricing can lead to greater acceptance and use of EV charging infrastructure (Brown et
al., 2022).

Table 3
Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on Reliability and
Maintenance

Area

C. Reliability and Maintenance Mean Interpretation
1. Charging stations are reliable (e.g., uptime, minimal outages). 4.52 Very High Level
2. Maintenance issues are addressed promptly. 4.45 High Level

3. _The_ overall condition of the charging equipment is well 4.39 High Level
maintained.

4. Reporting and resolving issues with charging stations is easy.  4.50 Very High Level

5. Backup power is available during outages. 3.73 High Level
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6. _Onl_lne customer service software is updated and well- 4.43 High Level
maintained.

Overall Mean 4.33 High Level

Table 3 presents a level of users’ satisfaction with the reliability and maintenance of electronic vehicle
charging stations.

In assessing users’ satisfaction with the "reliability and maintenance" domain of electronic vehicle charging
stations, Table 5 provides insights into user perceptions. The overall mean satisfaction score is 4.33, indicating a
"high level" of satisfaction on average among the respondents. This collective score conveys that, as a whole, users
express contentment with the reliability and maintenance-related aspects of the charging stations. Such high
satisfaction levels are essential for sustainably using and adopting EV charging infrastructure (Johnson & Martinez,
2020).

The highest mean score, 4.52, pertains to the reliability of charging stations, considering factors such as
uptime and minimal outages. This score designates a "very high level" of satisfaction, suggesting that users highly
value these charging facilities' dependability and operational consistency. The importance of reliability in users’
satisfaction with EV infrastructure has been underscored by previous studies (Smith & Clark, 2021).

Conversely, the lowest mean score, which is 3.73, is associated with the availability of backup power during
outages. While this score falls within the "high level" category, it indicates that there may be room for improvement
in ensuring a more reliable power backup system. Recent research highlights that ensuring reliable backup power is
crucial for maintaining user confidence and satisfaction (Lee & Thompson, 2019).

These findings emphasize the significance of uninterrupted service provision for users. Continued focus on
improving the reliability and maintenance aspects of EV charging stations can further enhance user satisfaction and
support the broader adoption of electric vehicles (Brown et al., 2022).

Table 4
Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on Safety and Security

Area

D. Safety and Security Mean Interpretation
1. Visible safety instructions and guidelines are provided. 4.45 High Level
g%fsla:ﬁzyeexclmzmgﬁérl:)a.]cces&bIe (e.g., emergency shut 4.52 Very High Level
3. Surveillance cameras or security personnel are 4.41 High Level
present.

4. Safety features designed for people with disabilities 4.52 Very High Level
fSO.rCuhsaeréi.ng stations have adequate lighting and are safe 4.52 Very High Level
6. Emergency contact information is readily available. 4.48 High Level
Overall Mean 4.48 High Level

Regarding "safety and security” concerning electronic vehicle charging stations, Table 4 offers valuable
insights into user satisfaction. The overall mean satisfaction score, at 4.48, signifies a "high level" of satisfaction on
average among the respondents. This collective rating suggests that, in general, users express contentment with the
safety and security aspects of the charging stations. High satisfaction in safety and security is crucial for encouraging
widespread use of EV charging infrastructure (Martinez & Brown, 2020).

The highest mean scores, each at 4.52, are observed in multiple areas: the accessibility of safety equipment
such as emergency shut-offs and fire extinguishers, safety features designed for people with disabilities, and the
adequacy of lighting and safety for users. These scores designate a "very high level" of satisfaction, underscoring
the paramount importance users place on the accessibility and effectiveness of safety measures. Previous research
has similarly highlighted the significance of safety equipment and features in enhancing users’ satisfaction with EV
charging stations (Clark & Johnson, 2021).

The lowest mean score, 4.41, pertains to the presence of surveillance cameras or security personnel. While
this score falls within the "high level" category, it indicates a potential for enhancing the perceived security measures.
Ensuring robust surveillance and security measures can further boost user confidence and satisfaction (Lee &
Thompson, 2019).

The data emphasizes the significance of robust safety measures for users’ satisfaction. Continuous
improvement in safety and security features can increase users’ satisfaction and promote greater adoption of electric
vehicles (Brown et al., 2022).

Table 5
Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on Customer Support
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Area

E. Customer Support Mean Interpretation
1. Customer support is responsive (e.g., phone, email). 4.47 High Level

2. Customer support staff are helpful. 4.48 High Level
;S(iettlng assistance with billing or technical issues is 4.47 High Level

4. There is 24/7 customer support or extended hours 4.38 High Level

of operation.

5. Responses to inquiries or complaints are timely. 4.47 High Level

6. The _onllne customer support interface or platform is 4.54 Very High Level
user-friendly.

Overall Mean 4.47 High Level

A comprehensive evaluation of user satisfaction is offered in "customer support" for electronic vehicle
charging stations, as presented in Table 5. The overall mean satisfaction score, standing at 4.47, signifies a "high
level" of satisfaction on average among the respondents. This collective rating suggests that, as a whole, users
express contentment with the customer support services offered by the charging stations.

Among the key indicators, the highest mean score, 4.54, relates to the user-friendliness of the online
customer support interface or platform. This score designates a "very high level" of satisfaction, indicating that users
highly appreciate the ease and efficiency of digital customer support channels.

The lowest mean score, at 4.38, pertains to the availability of 24/7 customer support or extended hours of
operation. While this score falls within the "high level" category, it suggests room for enhancing round-the-clock
customer support to elevate user satisfaction further.

Table 6
Difference in the Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations in Charging
Infrastructure when grouped and compared according to the abovementioned variables

. Mean Mann Sig. .
Variable Category N Rank Whitney U p-value level Interpretation
Male 90 101.49 R
Sex Fernale 110 99.69 4861.000 0.823 Not Significant
Younger 101 99.86 L
Age Older 99 101.16 4934.500 0.871 Not Significant
. Single 75 94.07 L
Civil Status Married 125 104.36 4205.000 0.214 0.05 Not Significant
Average Family Lower 103 90.53 -
Monthly Income Higher 97 111,08 5°6°:.000  0.010 Significant
Highest Educational Lower 86 99.01
Attainment Higher 114 101.62 4774.000 0.747 Not Significant

Table 6 presents a comprehensive comparative analysis of user satisfaction in the "charging infrastructure"
area of electronic vehicle charging stations, considering demographic variables such as sex, age, civil status, average
family monthly income, and highest educational attainment. The Mann-Whitney U test is applied to assess whether
these variables significantly influence user satisfaction, and here is the detailed interpretation:

For the sex, the results indicate that gender, represented by the "male" and "female" categories, does not
have a statistically significant influence on user satisfaction in the "charging infrastructure" area. The calculated p-
value of 0.823 exceeds the conventional significance level of 0.05, making the interpretation " insignificant."
Therefore, the null hypothesis is accepted, suggesting no significant difference in user satisfaction based on gender.
This result conforms with other studies that have found gender to have a negligible impact on satisfaction with EV
charging infrastructure (Smith & Lee, 2021).

For age, a comparison between "younger" and "older" users reveals that age does not significantly impact
user satisfaction. The p-value of 0.871 supports this conclusion, and this is interpreted as "not significant." Thus, the
null hypothesis is accepted, which proposes that age does not significantly affect user satisfaction within the "charging
infrastructure" area. This finding aligns with previous research indicating that age is not a significant determinant of
satisfaction in this domain (Martinez et al., 2020).

For the civil status, the test results suggest that civil status, represented by "single" and "married"
individuals, does not exert a statistically significant influence on user satisfaction. The p-value of 0.214 is above the
standard significance level of 0.05, making the interpretation "insignificant." The null hypothesis, which posits that
civil status does not significantly affect user satisfaction in this context, is accepted. This result conforms with studies
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that have similarly found no significant correlation between civil status and satisfaction with EV charging
infrastructure (Johnson & Clark, 2019).

For the average monthly income, the test reveals a significant difference in user satisfaction based on the
average family's monthly income. Users with lower incomes report lower satisfaction, while those with higher incomes
express higher satisfaction. The p-value of 0.010 is below the typical significance level of 0.05, making this result
"significant." Consequently, the null hypothesis is rejected, indicating a significant difference in user satisfaction
based on income levels within the "charging infrastructure" area. This result conforms with other studies that found
income significantly influences user satisfaction with EV charging services (Brown et al., 2022).

For the highest educational attainment, the test results demonstrate that educational attainment,
represented by the "lower" and "higher" categories, does not significantly influence user satisfaction in the "charging
infrastructure" area. The p-value of 0.747 supports this, leading to the interpretation of "not significant." As a result,
the null hypothesis is accepted, suggesting that educational background does not significantly shape user satisfaction
within this context. This finding aligns with prior research indicating that educational attainment does not significantly
impact satisfaction with EV charging infrastructure (Lee & Thompson, 2019).

Table 7
Difference in the Level of Users’ Satisfaction with the Use of Electronic Vehicle Charging Stations and
Pricing when grouped and compared according to the abovementioned variables

. Mean Mann p- Sig. .
Variable Category N Rank Whitney U value level Interpretation
Sex Male %  89.33 3945.000  0.012 Significant

Female 110 109.64 ' ' g
Age vounger 10110871 4150000  0.038 Significant
d Older 99 92.12 : : g
. Single 75 104.37 N
Civil Status ) 4397.000 0.454 Not Significant
Married 125 98.18 0.05
Average Family Lower 103 96.99 o
Monthly Income Higher 97 104.23 4633.500 0.366 Not Significant
Highest Lower 86 96.08
Educational L

- 4522.000 0.338 Not Significant

Attainment Higher 114 103.83 ont

Table 7 offers a comprehensive comparative analysis of user satisfaction with electronic vehicle charging
stations' "payment and pricing" aspect. This analysis considers demographic variables, including sex, age, civil status,
average family monthly income, and highest educational attainment. It employs the Mann-Whitney U test to evaluate
the significance of these variables on user satisfaction. Here is the detailed interpretation:

For the sex, the results indicate that gender, as represented by the "male" and "female" categories,
significantly influences user satisfaction in the "payment and pricing" area. The calculated p-value of 0.012 is below
the conventional significance level of 0.05, leading to the interpretation of "Significant." Therefore, the null hypothesis
is rejected, suggesting a significant difference in user satisfaction based on gender. This finding is supported by
research indicating gender differences in perceived ease of use and satisfaction with EV charging services (Bansal et
al., 2019).

For age, a comparison between "younger" and "older" users reveals that age significantly impacts user
satisfaction in the context of "payment and pricing." The p-value of 0.038 is below the standard significance level,
indicating that age has a "significant" influence on user satisfaction. Therefore, the null hypothesis, which posits that
age does not significantly affect user satisfaction within this area, is rejected. This result aligns with previous research
showing that younger users tend to be more price-sensitive than older users (Krupa et al., 2014).

For the civil status, the data suggests that civil status, represented by "single" and "married" individuals,
does not have a statistically significant influence on user satisfaction in the "Payment and Pricing" area. The p-value
of 0.454 is above the standard significance level of 0.05, making the interpretation "insignificant." Therefore, the null
hypothesis is accepted, suggesting that civil status does not significantly affect user satisfaction. This finding is
consistent with other studies that have found civil status to be an insignificant factor in satisfaction with EV services
(Jin et al., 2020).

For the average monthly income, the test reveals that the average family's monthly income does not
significantly influence user satisfaction. Both lower and higher-income users report similar satisfaction levels, as
indicated by a p-value of 0.366, which is "insignificant." Thus, the null hypothesis is accepted, posing no significant
difference in user satisfaction based on income levels within the "payment and pricing" area. This result contrasts
with some studies that suggest income can influence satisfaction due to perceived value for money (Rezvani et al.,
2015).
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For educational attainment, the results suggest that educational attainment, represented by the "lower" and
"higher" categories, does not significantly influence user satisfaction in the "payment and pricing" area. The p-value
of 0.338 supports this, leading to the interpretation of "not significant." Consequently, the null hypothesis is accepted,
suggesting that educational background does not significantly shape user satisfaction within this context. This finding
aligns with research indicating that educational attainment does not play a significant role in user satisfaction with
EV charging services (Plotz et al., 2014).

Table 8
Difference in the Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations on
Reliability and Maintenance when grouped and compared according to the abovementioned variables

Variable Category N hRdae:l': \hlllviri‘tnney U s;lue Iseigél Interpretation
Sex I'\:/':r'fale ?(1)0 91)2'62'34 4370.500 0.149 Not Significant
Age é‘l’é‘gfer égl ;2229 4607.000 0.331 Not Significant
Civil Status f,li;‘rgr'i‘:d ng 3341.22 4209.500 0.221 . Not Significant
Q‘c’)irtah?f Incof:é””y ;?;eerr ;23 ;Zigl 4572.000  0.294 Not Significant
Highest Lower 86 107.63

ift‘gciitnife”nat' Higher 14 o510 4288.500  0.125 Not Significant

Table 8 presents a comparative analysis of user satisfaction within electronic vehicle charging stations'
"reliability and maintenance" area. This analysis considers several demographic variables, including sex, age, civil
status, average family monthly income, and highest educational attainment, to determine whether these variables
significantly impact user satisfaction. The Mann-Whitney U test results indicate the following:

The data on sex shows that gender, represented by the "male" and "female" categories, does not
significantly influence user satisfaction in the "reliability and maintenance" area (Bansal et al., 2019). The calculated
p-value of 0.149 exceeds the significance level of 0.05, leading to the interpretation of "Not Significant." Therefore,
the null hypothesis is accepted, suggesting no significant difference in user satisfaction based on gender in the
context of reliability and maintenance.

A comparison between "younger" and "older" users reveals that age does not significantly impact user
satisfaction concerning reliability and maintenance (Krupa et al., 2014). The p-value of 0.331 supports this conclusion
and is interpreted as "insignificant." Thus, the null hypothesis is accepted, positing that age does not significantly
affect user satisfaction within the "reliability and maintenance" area.

The data on civil status, represented by "single" and "married" individuals, does not have a statistically
significant influence on user satisfaction in the "reliability and maintenance" area (Rezvani et al., 2015). The p-value
of 0.221 is above the standard significance level of 0.05, making the interpretation "insignificant." Therefore, the null
hypothesis is accepted, suggesting that civil status does not significantly affect user satisfaction.

For the average family monthly income, the test indicates that user satisfaction in the "reliability and
maintenance" area is not significantly influenced by the average family monthly income (Pl6tz et al., 2014). Both
lower and higher-income users report similar satisfaction levels, as indicated by a p-value of 0.294, which is
"insignificant." Thus, the null hypothesis is accepted, suggesting that no significant difference in user satisfaction
based on income levels exists in this area.

For the highest educational attainment, the test results suggest that educational attainment, represented
by "lower" and "higher" categories, does not significantly influence user satisfaction in the "reliability and
maintenance" area (Jin et al., 2020). The p-value of 0.125 leads to the interpretation of "not significant."
Consequently, the null hypothesis is accepted, suggesting that educational background does not significantly shape
user satisfaction.

Table 9
Difference in the Level of Users’ Satisfaction with the Use of Electronic Vehicle Charging Stations on
Safety and Security when grouped and compared according to the abovementioned variables

. Mean Mann p- Sig. .
Variable Category N Rank Whitney U value level Interpretation
Male 90 105.07
Sex 4538.500 0.298 Not Significant
Female 110 96.76 0.05

Age Younger 101 105.02 4542.500 0.251 Not Significant
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Older 99 95.88
. Single 75 97.74 L
Civil Status ) 4480.500 0.591 Not Significant
Married 125 102.16
i Lower 103 101.57
Average  Family C 4885.500  0.782 Not Significant
Monthly Income Higher 97 99.37
Highest Lower 86 97.98
Educational L
- 4685.000 0.582 Not Significant
Attainment Higher 114 102.40 J

Table 9 provides a comparative analysis of user satisfaction within the "safety and security" aspect of
electronic vehicle charging stations, considering demographic variables, including sex, age, civil status, average
family monthly income, and highest educational attainment. The Mann-Whitney U test results indicate the following:

For the sex, the data reveals that gender, represented by the "male" and "female" categories, does not
significantly influence user satisfaction in the "safety and security" area (Bansal et al., 2019). The calculated p-value
of 0.298 exceeds the conventional significance level of 0.05, making the interpretation "insignificant." Therefore, the
null hypothesis is accepted, suggesting no significant difference in user satisfaction based on gender in the context
of safety and security.

A comparison between "younger" and "older" users indicates that age does not significantly impact user
satisfaction concerning safety and security (Krupa et al., 2014). The p-value of 0.251 supports this conclusion and
is interpreted as "insignificant." Thus, the null hypothesis is accepted, suggesting that age does not significantly
affect user satisfaction within the "safety and security" area.

The civil status, represented by "single" and "married" individuals, does not have a statistically significant
influence on user satisfaction in the "safety and security" area (Rezvani et al., 2015). The p-value of 0.591 is above
the standard significance level of 0.05, leading to the interpretation of "insignificant." Therefore, the null hypothesis
is accepted, suggesting that civil status does not significantly affect user satisfaction.

For the average family monthly income, the test indicates that user satisfaction in the "safety and security"
area is not significantly influenced by the average family monthly income (PI6tz et al., 2014). Both lower and higher-
income users report similar satisfaction levels, as indicated by a p-value of 0.782, which is "Not Significant." Thus,
the null hypothesis is accepted, suggesting that no significant difference in user satisfaction based on income levels
exists in this area.

For the highest educational attainment, the Mann-Whitney U test results suggest that educational
attainment, represented by "lower" and "higher" categories, does not significantly influence user satisfaction in the
"safety and security" area (Jin et al., 2020). The p-value of 0.582 supports this, leading to the interpretation of "not
significant." Consequently, the null hypothesis is accepted, suggesting that educational background does not
significantly shape user satisfaction.

Table 10
Difference in the Level of Users’ Satisfaction in the Use of Electronic Vehicle Charging Stations in
Customer Support when grouped and compared according to the abovementioned variables

- Mean Mann p- Sig. .

Variable Category N Rank Whitney U value level Interpretation
Male 90 102.64 L

Sex Female 110 08.75 4757.500 0.630 Not Significant
Younger 101 100.32 L

Age Older 99 100.68 4981.500 0.964 Not Significant

L Single 75 96.89 L
Civil Status Married 125 102.66 4417.000 0.486 oo Not Significant
. Lower 103 97.77 :

Average Family -

Monthly Income Higher 97 103.40 4714.500 0.484 Not Significant

Highest Lower 86 103.86

Educational L

Attainment Higher 114 97.96 4613.000 0.467 Not Significant

Table 10 presents a comparative analysis of user satisfaction within the "customer support" aspect of
electronic vehicle charging stations, considering demographic variables, including sex, age, civil status, average
family monthly income, and highest educational attainment. The Mann-Whitney U test results indicate the following:

The data on sex reveals that gender, represented by "male" and "female" categories, does not significantly
influence user satisfaction in the "customer support" area (Bansal et al., 2019). The calculated p-value of 0.630
exceeds the conventional significance level of 0.05, making the interpretation "insignificant." Therefore, the null
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hypothesis is accepted, suggesting that there is no significant difference in user satisfaction based on gender in the
context of customer support.

A comparison between "younger" and "older" users indicates that age does not significantly impact user
satisfaction concerning customer support (Krupa et al., 2014). The p-value of 0.964 supports this conclusion and is
interpreted as "insignificant." Thus, the null hypothesis is accepted, suggesting that age does not significantly affect
user satisfaction within the "customer support" area.

The data on civil status, represented by "single" and "married" individuals, does not have a statistically
significant influence on user satisfaction in the "customer support" area (Rezvani et al., 2015). The p-value of 0.486
is above the standard significance level of 0.05, making the interpretation "insignificant." Therefore, the null
hypothesis is accepted, suggesting that civil status does not significantly affect user satisfaction.

For the average family monthly income, the test indicates that user satisfaction in the "customer support"
area is not significantly influenced by the average family monthly income (Pl6tz et al., 2014). Both lower and higher-
income users report similar satisfaction levels, as indicated by a p-value of 0.484, which is "insignificant." Thus, the
null hypothesis is accepted, suggesting that no significant difference in user satisfaction based on income levels exists
in this area.

For the highest educational attainment, the Mann-Whitney U test results suggest that educational
attainment, represented by "lower" and "higher" categories, does not significantly influence user satisfaction in the
"customer support" area (Jin et al., 2020). The p-value of 0.467 supports this, leading to the interpretation of "not
significant."

Consequently, the null hypothesis is accepted, suggesting that educational background does not significantly
shape user satisfaction.

Conclusions:

In comparative analysis, the study revealed significant differences in user satisfaction in the payment and
pricing area based on gender and age, signifying the influence of these variables on user perceptions. However, civil
status, average family monthly income, and educational attainment did not significantly impact users’ satisfaction. A
significant difference was observed in the charging infrastructure area based on average family monthly income, with
higher-income users reporting substantially higher satisfaction. In reliability and maintenance, safety and security,
and customer support, no significant differences in user satisfaction were noted across various demographic
variables. In summary, the findings affirm that electronic vehicle charging station users, as a whole, exhibit high
level of satisfaction with these services. The study underscores the influence of gender and age in payment and
pricing, where these factors significantly affect user perceptions. Conversely, civil status, average family monthly
income, and educational attainment have minimal impact on users’ satisfaction across various aspects of electronic
vehicle charging stations. These insights provide valuable guidance for charging station providers and policymakers
in enhancing their services and ensuring that users' needs and expectations are met effectively. It is important to
emphasize that these conclusions are drawn from this study's sample of respondents. With these results, it calls for
the following recommendations: 1) continuous improvement of charging infrastructure; 2) transparent pricing and
promotions; 3) reliable maintenance and backup power; 4) enhance safety and security measures; 5) user-friendly
customer support; and 6) conduct further research. By considering these recommendations, charging station
providers can enhance the acceptability of their services, attract more users, and contribute to the widespread
adoption of electric vehicles, ultimately promoting a sustainable and eco-friendly mode of transportation.
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