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Abstract 

    
Introduction:   

    

Electric vehicles (EVs) are becoming more popular as society moves towards sustainable 

transportation. Strengthening EV adoption from a human-needs perspective is vital for 

transport sustainability and ecological preservation. This change raises the difficulty of 

establishing and sustaining an effective nationwide charging infrastructure to fulfill the 

expanding demand for EVS. In addition to technological and economic factors, charging 

infrastructure plans must address social factors and consumer inclusivity. The literature 

stresses the charging network significance in the EV purchase decisions of consumers and 

that currently, EV sales are hindered by a shortage of charging infrastructure.  

    

Objective:   

    

Factors that influence customers' satisfaction with EV charging infrastructure are investigated 

in this research. Many elements, including the infrastructure's accessibility, availability, and 

dependability are examined. Additionally, we investigate consumer preferences regarding 

charging infrastructure and lastly provide insight into sensitivity to charging price increase. 

    

Method:   
 

This study collected cross sectional primary data from a representative sample of Irish adults 

who own, or intend to own, an EV. An original questionnaire was developed to capture 

respondent characteristics and preferences regarding EV charging infrastructure.  

The questionnaire consisted of socio-demographic questions and a range of questions on 

respondents EV charging habits and preferences, in addition to specific questions on charging 

infrastructure satisfaction and respondent sensitivity to price changes in public charging in 

Ireland. The questionnaire was sent out between March 20th and April 16th, 2023, employing 

a combined convenience and snowballing sampling approach. A total of 324 responses were 

received, and after applying strict inclusion criteria, a total of 294 relevant responses were 

considered. A range of descriptive and inferential statistics were used to describe and 

investigate quantitative data. Three hierarchical logistic regression models were employed to 

examine:  
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1. Customer satisfaction levels with EV charging, 2. Customer preferences towards EV 

charging and 3. Customer price sensitivity to EV charging prices.   
 

Results:   

 

Empirical results indicated that the wait time at public charging stations is a key factor related 

to customer satisfaction. In addition, respondents who resided outside of Dublin in cities such 

as Limerick and Galway indicated lower levels of satisfaction with the EV charging 

infrastructure in their locations. Amongst the private charging networks include in this study, 

consumers using Circle K charging infrastructure displayed high satisfaction. In terms of 

price sensitivity, employment status and education were found to be important for 

respondents charging choices. Retired respondents exhibited greater sensitivity to EV 

charging price increases compared to other employment status groups, while those who 

reported lower levels of education likewise indicated greater sensitive to price changes. The 

results also indicated that price sensitive consumers tend to shift their charging time to non-

peak hours following a charging price increase. 

 

Conclusion: 
 

There is currently a drive from Ireland’s government policy to expand the usage of EVs 

across the country due to sustainability and environmental concerns. The growth of efficient 

EV infrastructure is crucial to the widespread use of EVs. This study is very timely and sheds 

light on the importance of EV charging infrastructure to EV customer satisfaction, but also 

explores the role of important predictors of satisfaction such as price sensitivity, charge 

waiting time and preferences for public and private infrastructures. The results of the study 

will provide key stakeholders with important insight into the most important drivers of EV 

adoption through an analysis of satisfaction and areas to focus on to improve satisfaction with 

EV infrastructure on the island. 
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CHAPTER 1: INTRODUCTION 

 
1.1 Introduction:     

 

Technology's importance in customer-business interaction is becoming increasingly obvious. 

Therefore, technological interactions are destined to become a crucial metric for gauging the 

overall efficacy of a business and competitive edge in the market. If businesses fail to 

recognize technology's role in customer service, firms risk falling behind in the dynamic 

commercial environment and technological opportunity (Meuter et al., 2000). 

 

However, Naik, Gantasala and Prabhakar (2010) argues in contrast that satisfaction of 

customers which pertains to individuals who have either made a purchase for an item or 

service or experienced themselves such products and services. There are instances 

highlighted by Sathiyavany and Shivany (2018) where understanding customer satisfaction 

has nowadays compelled bank executives to undertake greater challenges in devising 

strategies that facilitate the expansion and continuation of e-banking services. It is also 

investigated how businesses can use technology to personalize service offerings, anticipate 

customer needs, and create a seamless omnichannel experience (Meuter et al., 2000). On the 

contrary, people's opinions are influenced by their emotions and convictions, which change 

over time. There is limited data on how this change in consumer perceptions contributes to 

satisfaction or dissatisfaction towards the acceptance and expansion of technologies (Li, 

2021).   

      

EVs have recently seen a rise in market adoption because of efforts to reduce transportation-

related air pollution and oil consumption. (Das et al., 2020). Electric vehicle market share 

quadrupled to 10% of new car sales in 2021. The electric car market has grown significantly, 

with a 75% growth from 2021 to 2022, with two million EVs sold in Q1 of that year (IEA, 

2023). The development and quick adoption of these EVs advances the transportation 

sustainability effort. They are more fuel-efficient, cheaper, and environmentally friendly 

(Gupta et al., 2021). Norway has the biggest percentage of EVs on the road right now (IEA, 

2017). Probable reason as Hertzke, Müller, and Henk (2017) stated the most significant 

subsidies for the purchase of EVs are found in Norway and Denmark.  
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While major global campaigns and policy drives have been implemented to boost EV sales, 

consumer acceptability remains notably low, hindering the potential for any significant 

mainstream impact (IEA, 2016). Numerous obstacles observed by Nair et al., (2017) such as 

the expense of energy distribution, the lack of a widespread charging network, the duration 

needed to fully charge an EV that make widespread EV adoption difficult. The current study 

has explored various Financial, performance, and infrastructure barriers.  

    

It has been noticed at times that the significance of challenges tends to vary depending on the 

conditions that exist in distinct locations and economies. Biresselioglu, Kaplan, and Yilmaz 

(2018) found that the cost of EVs, waiting times for charging, and the lack of a widespread 

infrastructure were impediments to broad adoption in Europe. Whereas EV barriers studied 

by Vassileva and Campillo (2017) argued, limited programs and initiatives are significant 

factors in Sweden. However, few studies have highlighted inadequate charging infrastructure 

to be a major hindrance to potential EV adoption (Berkeley, Jarvis, and Jones, 2018; Nair et 

al., 2017). This thought is also supported by (IEA, 2023) realizing that public charging may 

not be enough to support the size of the target EV market.  

      

Despite a drop in 2013 adoption rates, EV market diffusion in Ireland remains substantial. 

(Mukherjee and Ryan, 2020). Since, to improve charging infrastructure accessibility and 

affordability and encourage electric vehicle usage, Ireland's 2023 climate action strategy 

target of having 30% of private vehicles be electric by 2030, so reducing transportation 

emissions by 51% (Department of Transport, 2021). Establishing an accessible network of 

charging stations is crucial in stimulating the proliferation of the EV industry. 

The EV adoption of such extent will be difficult to achieve. This can be explained by 

Hardman et al. (2021) that present infrastructure for electric vehicle charging exhibits 

inequitable distribution, while incentives disappoint low-income people. Similarly, Turkey 

EV adoption faces challenges as charging infrastructure is not homogeneously distributed 

across the country (Gönül, Duman and Güler, 2021). Due to Ireland's dispersed land use 

patterns, vehicles will remain the main source of transportation for years, necessitating 

specific decarbonization initiatives (Department of Transport, 2021). 

      

In addition to the above-discussed factors impacting charging infrastructure usage, this study 

also aims to explore another significant element around price sensitivity. When considering 

EVs, consumers may weigh the benefits of owning one against its cost. Therefore, 



14 
 

understanding the role of price consciousness in EVs' purchase motivation is essential in 

designing effective marketing strategies and pricing policies for EVs (Cui et al., 2021).  

 

1.2 Research Aim:     

 

The significance of customers' satisfaction with EV charging stations is investigated in 

current study. The past researchers Visaria et al., 2022 and Shi et al., 2021 emphasized the 

significance of charging network. Further, several studies explored charging infrastructure in 

Malaysia by Adnan, Nordin, and Rahman (2017), China by Huang and Qian (2018) and 

Amsterdam by Van Den Hoed et al. (2013). Whereas some research like Yan (2018) focused 

on providing insight on EV technology advancement contribution to EV adoption in Norway 

and France. However, literature addressing the challenges of charging infrastructure from 

customer’s perspective in Ireland is not developed more.  

 

Current study builds on the existing research by Chen and Lin (2022) performed in China and 

advances it to Ireland’s EV market. Research is lacking in this field because previous studies 

performed investigation on the fast charger’s usage in Ireland through charging stations data. 

Merely integrating technology without considering the customer's needs will result in 

negative outcomes (Meuter et al., 2000). While delving into Irish market O'Neill (2019) 

concluded from a case study that lack of compensation scheme to be a major roadblock. 

Thus, to properly understand the dynamics that affect consumer satisfaction, research must 

integrate both technical elements and the consumer service experience. (Lee and Joshi, 

2007).  

 

Hence, exploring Ireland’s charging infrastructure and understanding consumer demands and 

preferences for charging EV at public a private infrastructure is the principal aim of this 

investigation. In addition, goal to understand consumer preferences for charging 

infrastructure so it can mitigate inconvenience and easy usage of charging facilities and 

further determine the price sensitivity in the current energy crisis which has resulted in 

inflation. Therefore, formulating these questions for research: 

 

• What aspects impact consumer satisfaction for charging infrastructure? 

• Which factors contribute towards consumer’s choices regarding charging stations? 
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• Are customers sensitive to rate changes?      

 

1.3 Dissertation Structure:  

 
Chapter 1 briefly discusses the EV industry, significance of infrastructure for charging, and 

satisfaction. It also explains why research on charging infrastructure is necessary for Ireland's 

EV market.  

 

Chapter 2 critically analyses customer satisfaction, EV adoption, and its barriers along with 

charging infrastructure preferences and price sensitivity from the literature, which is useful 

for this study.  

 

Chapter 3 details the study's research methodology. The research framework, philosophy, 

data collection tool, and hypothesis are included. It also supports the chosen research method. 

The chapter also discusses the approach's drawbacks.  

 

Chapter 4 provides brief descriptions of the statistical tests performed on the gathered data to 

understand their purpose and meaning. 

 

Chapter 5 covers survey data and statistical descriptive evaluation. Based on univariate 

analysis, and regression models, hypothesis conclusions are highlighted. 

 

Chapter 6 summarises analytical findings. It compares outcomes to previous research. 

Managerial and theoretical consequences are discussed.  

 

Chapter 7 presents findings, constraints, and recommendations for additional study. 
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CHAPTER 2: LITERATURE REVIEW 
 

2.1 Introduction:   

 

This chapter reviews the existing research to examine electric vehicle charging infrastructure 

and consumer satisfaction theories. Comprehensive research review starts with a broad 

picture of EV adoption. A further evaluation highlighted charging infrastructure hurdles to 

EV adoption. The thematic approach for this chapter moves on to review the elements of 

customer satisfaction with further delving into customer satisfaction for charging 

infrastructure. The next focus of this research is on discovering what kind of charging 

infrastructure is most popular amongst consumers. Lastly to conclude with reviewing the 

research on price sensitivity of customers    

    

2.2 EV Adoption:   

 

Electric vehicle adoption and market success are intrinsically tied to the expansion of 

charging infrastructure. Shi et al. (2021) argues that there is a complex web of 

interdependence between a commodity's growth and that of its supplementary goods, giving 

rise to a dynamic relationship between them. For the EV market to thrive and expand, the 

charging infrastructure must continue to evolve. This is highlighted by Adnan et al. (2017) 

that to encourage EV adoption 25,000 charging stations are scheduled to be installed across 

Malaysia, owing to the initiatives of Malaysian Green Technology. In contrast, Madina, 

Zamora, and Zabala (2016) continue to defend the shortage of charging facilities by arguing 

that the arrangement has not yet proven financially sustainable because there are not too 

many EVs out there. However, Yang et al. (2023) justifies the initial argument by the fact 

that EVs made up as much as 64.5% of Norway's auto market in 2021 as urban Norwegians 

with larger charging infrastructure are more inclined to buy EVs. Therefore, such 

observations can support the charging infrastructure and can further promote the expansion of 

the EV industry. 

    

However, these two have always had a paradoxical relationship, particularly in the initial 

stages of EV development. This paradox arises from a dilemma of chicken and egg. Melliger, 

van Vliet, and Liimatainen (2018) examined the results of implementing charging stations in 
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residential areas of Finland and Switzerland to discover that users were happier after they had 

easy access to a charging facility. Such evidence supports the need of charging network to 

expediate EV adoption. On the contrary, Springel (2021) pointed out in the preliminary 

stages of EV development investors struggled to make a profit as most chargers are 

underutilized despite the high initial cost of installing them. This paradox highlights the 

importance of a coordinated approach to developing charging infrastructure and EV market 

(Visaria et al., 2022; Shi et al., 2021). Through optimal development of charging networks 

considering the charging demand, it is possible to overcome this dilemma. A similar thought 

is concluded that the gradual disappearance of the above discussed dilemma is evidenced by 

the charge utilization at Amsterdam growing charging facilities (Van Den Hoed et al., 2013).  

     

As observed through the discussed literatures, positive association can be found between 

charging infrastructure and EV market diffusion. Hence a more organized deployment of 

charging networks would contribute to overcoming the challenges faced in achieving the 

mentioned goals of EV adoption. This highlights to identify variables influencing charging 

infrastructure usage and the need to conduct this research in the current market. 

    

2.3 EV Barriers:   

 

The government of Ireland is currently implementing policies to encourage EV adoption. 

Since the impact of adopting electric cars is not as expected, researchers have attempted to 

pinpoint the underlying factors and impediments to EV purchase. Proximity to charging 

infrastructure, EV prices compared to classic cars, and the prominent cultural standards and 

beliefs in a particular community are a few illustrations of these factors (Cui et al., 2021). On 

the contrary, EV sales growth has lagged below industry predictions even though 

impediments to EV adoption like price, range constraint, and charging infrastructure are 

reducing (Priessner, Sposato, and Hampl, 2018).  

    

Falcão, Teixeira, and Sodré (2017) conducted a comparative analysis which determined that 

owning an electric vehicle is more than twice as much than that of traditional vehicles. The 

vehicle's battery has a significant impact on the final cost. However, if battery prices stay 

low, it may become a major factor in the spread of EVs (Quak, Nesterova, and van Rooijen, 

2016). Supporting this argument Yan (2018) states that in Norway and France, EVs have 

already surpassed ICE vehicles in terms of affordability. As mentioned before, EV use has 
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increased, but battery technology restricts its range. EV owners may experience "range 

anxiety," worrying that their batteries would run out mid-trip. To resolve this, more EV 

charging stations are being installed. However, in 2016 the International Energy Agency 

(IEA, 2016) announced that EV ranges have increased due to technological advancements. In 

contrast, increasing the EV range does not alleviate the fear of running out of charge Chen 

and Lin (2022). Therefore, Large-scale EV adoption is impossible without establishing an 

adequate charging infrastructure. 

    

Currently, as highlighted by Gönül et al. (2021), most of the Turkey’s charging infrastructure 

is concentrated in its largest cities. This uneven distribution of EV charging facilities 

contributes to the slow uptake of electric vehicles there. On the contrary, installing these 

charging stations evenly everywhere to increase the uptake of the EV market can give rise to 

supplementary problems such as voltage instability, frequency instability, and overloading. 

Because of this, it is crucial to ensure the charging facilities are built and operated in some 

way that minimizes these potential problems (Gupta et al., 2021). However, there is still a lot 

of ambiguity about the extent of this impact and how future charging infrastructure will best 

support EV adoption. 

    

While it is clear from the arguments of a few studies that EV users need convenient and 

reliable charging options, the correlation between charging infrastructure and EV adoption is 

complex and multifaceted. Moreover, the influence of charging stations on EV uptake may 

also vary depending on geographical location and other factors. In metropolitan locations 

with public transit and ride sharing, charging infrastructure may not affect EV adoption. In 

rural locations with limited transit, charging facilities may be more important to EV adoption. 

(Wolbertus et al., 2021). 

       

In addition, cost remains a significant barrier to EV adoption with many models priced higher 

than their gasoline-powered counterparts. Huang and Qian (2018) report that the price of an 

electric vehicle is the most important factor along its associated financial and service 

incentives for buyers in China's cities of the second and third categories. Despite a greater 

cost of purchasing an EV, Parker et al. (2021) demonstrated that EVs can save households 

over 17% of their total mileage. In addition, government incentives and grants may also help 

to lower the initial cost of buying an EV. Market shares of EV are highest in Norway, Japan, 

and the US were EVs are cheaper (Sierzchula, 2014). 
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While there is an abundance of empirical evidence on the use of electric vehicles, there exists 

ambiguous evidence of how charging facilities can help and promote the broad adoption of 

EVs. To elaborate further, research into EV adoption has typically focused on the technology 

itself, such as battery capacity and range, as well as consumer behavior and policy incentives. 

However, the contribution of charging facilities in boosting the switch to EVs has received 

little attention. This includes the development of charging infrastructure that is conveniently 

located, easily accessible, and reliable. To address this gap Visaria et al. (2022) recommend 

that studies explore how charging networks are built in the future and their role in promoting 

EV adoption. Factors such as location, accessibility, payment methods, and amenities 

provided at charging stations should be considered in designing an effective and supportive 

charging network. Hence by reviewing the findings of all these previous pieces of literature, 

the current study identifies the inadequacy of charging infrastructure as the most significant 

hurdle for consumers when considering buying an EV. It focuses on learning more about how 

public infrastructure can encourage the use of EVs and accelerate the transition to a mode of 

transportation that is less harmful to the ecosystem and economically viable. 

    

2.4 Customer satisfaction:   

 

Satisfied customers bring in business and revenue for companies (Abd Razaka, Shamsudinb 

and Abdul, 2020). Tracking customer happiness is crucial to a company's long-term viability 

and revenue growth (Larsson and Broström, 2020). Researchers are intrigued by how 

people's perceptions of technology affect their decision-making and adoption of technology 

(Meuter et al., 2000). Stakeholders are worried about low adoption. Thus, understanding the 

reasons why individuals hesitate to utilize these services is crucial (Li et al., 2021). However, 

Dissatisfaction can be ambiguous. This study investigates Ireland's electric vehicle charging 

infrastructure based on these findings. 

    

Initial evaluation of customer satisfaction was based on the dissonance theory. Cardozo 

(1965) explains that Cognitive conflict is predicted by the dissonance theory to occur when a 

person's expectations for a product's value are not matched. Customers may change their 

product opinion to reduce stress from a mismatch between expectations and performance (Yi, 

1990). In contrast to dissonance theory, there is no significant obligation for consumers to 

address the disparity between performance and expectations. Instead, dissonance may cause 
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satisfaction or dissatisfaction. Since the dissonance theory's foundation disregards the 

tolerance threshold, it indicates that customers are willing to tolerate some performance 

variation so long as it is within reason (Woodruff, Cadotte and Jenkins, 1983). 

    

In contrast, satisfaction is the difference between what was expected and what was delivered 

after consumption. Dissatisfaction may result from underperformance (Oliver, 1980). In 

similar lines, satisfaction depends on the buyer's mindset, according to Howard and Sheth 

(1969), namely whether they feel they got fair value for the decisions they made. Marketing 

studies on consumer satisfaction have primarily concentrated on the disconfirmation theory. 

The concept states that consumer satisfaction depends on how successfully a service matches 

expectations. However, applying it consistently across all product categories can be 

challenging. This is because the factors that influence customer satisfaction may vary 

depending on the specific characteristics of the product or service (Li et al., 2021).  

 

Critics of this disconfirmation theory, Halstead, Hartman, and Schmidt (1994); McGill and 

Iacobucci (1992) have noted there is lack of consensus about the processes that lead to 

customer satisfaction. Consequently, there is currently an effort for the development of 

context-specific customer satisfaction measures. Similar arguments are observed by (Eren, 

2021) that customer satisfaction is not related to customer expectations or how well they are 

acknowledged.   

 

Westbrook and Reilly (1983) suggested that consumer pleasure and discontent might be 

explained by product value rather than expectations. Conversely, this model is not 

comprehensive because it ignores the effects of time, contextual differences in purchases, and 

individual differences in preferences. These elements influence model suitability (Cote, 

1989). 

 

The idea of IPA originated by Martilla and James (1977), and it argues that the level of 

customer satisfaction is determined by their assessment of performance and the significance 

of the attribute. These aid in recognizing and establishing priorities of areas for improvement 

(Sampson and Showalter, 1999). Barsky (1992) argued overall satisfaction or dissatisfaction 

is assessed by the relevance of products or service attributes and the magnitude to which it 

exhibits those qualities. This theory is observed as an extended version of disconfirmation 

theory. In the current study, various attributes of electric vehicles charging infrastructure are 
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explored and utilized to determine the level of satisfaction. Therefore, this study adopts IPA 

for performing this research. 

    

Further, consumers' satisfaction is affected not only by their present experience with the 

vehicles but also by their expectations for the future of innovations in electric vehicles. To 

ensure consumer satisfaction, it is crucial to understand and resolve electric vehicle 

customers' concerns. 

    

2.5 Customer preferences for Charging infrastructure that leads to satisfaction:   

 

Individuals regularly charge their electric cars at a few favorite spots. The driver's favorite 

place is often home or work, where people spend most of their time. EVSE data revealed the 

most common site to charge an EV is at home, followed by places where people work and 

public stations. (Tal et al., 2020). As a result, EV owners often develop a regular charging 

schedule that coincides with their daily plans and activities (Wolbertus et al., 2021). 

Moreover, Private charging facilities may be available to some EV drivers at their residences 

or places of business, reinforcing their charging habits and preferences (Visaria et al., 2022). 

    

Contrary to the location preferences of consumers (Visaria et al., 2022), preliminary results 

from the evaluation suggest a strong inclination toward pricing models that offer 

comprehensive and fixed fees. Additionally, they value the capability of charging networks to 

connect and operate seamlessly with each other, regardless of location. This demonstrates 

that customers place a premium on having a smooth and easy time while utilizing charging 

networks. To elaborate, the results show that people will change their driving routes to take 

advantage of cheaper charging stations (Chen and Lin, 2022). It was evident that electric 

vehicle users had to make trade-offs between convenience and cost when charging their cars. 

While various charging options were available, some users charged their vehicles at home or 

work to save time and money. Others preferred charging their cars in public locations due to 

factors such as parking availability or distance from their destination. 

 

Hence, designing innovative solutions to optimize the use of available land resources is 

crucial to overcoming these obstacles. A survey conducted by Sun et al. (2017) on EV drivers 

found that eighty percent of EV users typically plug into public outlets which demonstrates 

the importance of these locations, with parking lots being the most common choice. After 
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doing a qualitative investigation, Caperello et al. (2015) found that to expand EV markets, 

public charging infrastructure is essential. Amidst all the advantages of personal chargers, 

some issues still need to be resolved. For example, installing private charging stations 

requires sufficient space and access to electricity. Additionally, the installation cost can be a 

barrier for some individuals, particularly those living in apartment complexes or rented 

properties (Chen and Lin, 2022). 

 

The current statistics of Ireland show that publicly available charging stations are where the 

deficit is most severe (Government of Ireland, 2023). Also, membership, pricing, and 

payment methods vary between public charging facilities, preventing a consistent, user-

friendly experience nationwide. Developing a framework that allows electric car owners to 

seamlessly access charging stations regardless of charging network provider will streamline 

the charging process and make it more comfortable and convenient. This thought is supported 

by Schäuble et al. (2016) which argues that interoperability induces favorable feedback from 

consumers. This will require cooperation among various charging network providers and 

stakeholders to develop standardized protocols for charging infrastructure (Das et al., 2020). 

    

Lack of study is highlighted by Hardman et al. (2018) on consumer preferences and 

compatibility in their analysis. Similarly, Zhang et al. (2018) advocate for a further in-depth 

investigation into practical solutions that can enhance the economic efficiency of charging 

infrastructure. This study considers the shortcomings of the previous studies and intends to 

apply its findings to the electric vehicle market in Ireland. To successfully execute Ireland's 

charging infrastructure policy, consumers' viewpoints must be included. (Government of 

Ireland, 2023) Therefore, this study aims to quantify important determinants of customer’s 

satisfaction with charging facilities to close this gap.   

 

2.6 Price sensitivity:   

 

Despite the factors discussed in earlier sections that influenced charging behavior, the cost of 

running an electric car was discovered to be a significant driving force for users. Therefore, 

users were willing to make trade-offs between convenience and cost to optimize their 

charging experience and achieve cost savings. (Visaria et al., 2022)  
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However, incentives such as free charging being commonly offered can lead to congestion 

and overuse of charging stations, especially as more EVs hit the road. Due to electric vehicle 

popularity, pricing plans alter the geographical and temporal distribution of charging 

demands at publicly accessible charging facilities and their revenue. Hence quantifying 

recharging demand's price elasticity is vital to measure pricing fluctuations and modelling 

customer behavior (Bao et al., 2021). 

  

On the other side, there is a lack of research about how much willingness is shown by people 

to spend on charging an EV. The notion of cost-saving is used to describe user’s desires to 

cut back on expenses. The conventional method for determining the price elasticity of 

electricity consumption involves obtaining variations in consumption caused by changes in 

power prices. However, electric vehicles have dynamic charging consumption; at various 

times, multiple charging points can meet their electricity needs (Bao et al., 2021). Thus, a 

deeper knowledge is required regarding consumer behavior related to charging infrastructure 

and charging price change (Visaria et al., 2022). This paper will quantify the relation between 

the price and charging demand to understand this dynamic electricity consumption. 

 

It is observed existing research ignores essential factors about end-user perceptions of 

charging solutions. Therefore, future research on EV charging solutions must consider a 

broader range of factors, including the cost and dynamic pricing strategies, to gain a better 

knowledge of the end-user requirements and preferences (Visaria et al., 2022). 

 

2.7 Conclusion:    

 

Therefore, a comprehensive understanding of consumer preferences and decision-making 

processes is vital for successfully deploying charging infrastructure. By considering 

consumer preferences and behaviors, Policymakers could use consumer data to determine 

where to deploy charging stations, what types to install, and how to price charging services, 

thereby promoting the widespread adoption of electric vehicles (Chen and Lin, 2022; Cui, et 

al., 2021). This review made aware of the existing frameworks on which the study was done 

and helped to focus on the limitations so that this study will contribute to adding value to the 

adoption of electric vehicles.  
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CHAPTER 3: METHODOLOGY 

 
 

3.1 Introduction: 

 

This part covers rationale for selecting these research strategies, as well as the methodologies 

used to implement them are explored. It starts with a brief discussion of the philosophy and 

methodology of research, then moves on to an explanation of the study's hypotheses and 

continues with an outline of the techniques and approaches taken in current study. Methods 

for gathering data and analyzing that data for answering the study topics are then detailed. 

The next part will concentrate on the various methods of sampling, and the research 

instrument. Also, the questionnaire's development and piloting trial are discussed. Lastly 

concluding with comments on some ethical considerations along with the constraints on the 

investigation. 

    

3.2 Research Philosophy:   

 

The study of philosophy is spread out along a set of continuous lines between two opposite 

ends i.e., objectivism (Positivism) and subjectivism (interpretivism). Realism may be seen as 

the ontological viewpoint held by positivism. The goal of the positivist approach to 

methodology is to explain linkages. Positivists try to find the reasons why things happen the 

way they do (Scotland, 2012). Positivism is consistent with the hypothetico-deductive 

framework (Park, Konge, and Artino, 2020) which depicts a circular process of creating 

hypotheses based on existing theories and evaluating it (Saunders, Lewis, and Thornhill, 

2009). Finally concluding with the findings which support or denies the hypothesis (Park et 

al., 2020). This displays relevance with current study’s research approach of investigating 

customer satisfaction of electric vehicles charging infrastructure. 

 

A good research philosophy provides the foundation for any approach, research plan, data-

gathering methods, and evaluation metrics (Saunders et al., 2009). Empirical research should 

be founded on numerous basic philosophical assumptions, including the investigation's 

purpose, data to prove it, and methodology (Alharahsheh and Pius, 2020). Assumptions occur 
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throughout the research process and invariably influence how the researcher comprehends the 

research methodological decisions. 

 

The current study’s focus on the relation between customer satisfaction and electric vehicles 

charging infrastructure inclines towards a positivist approach as it displays various similar 

characteristics. A few aspects of positivists are to test the hypotheses (Park et al., 2020). The 

current study plans to evaluate the hypothesis and identify the independent variable’s 

considerable effect on customer satisfaction. Further, to prevent the results from being biased, 

positivists advocate being rational and impartial throughout the study process (Scotland, 

2012; Saunders et al., 2009) and careful consideration of unadulterated data and facts, 

uninfluenced by human interpretations of bias (Alharahsheh and Pius, 2020). Samples for this 

study were gathered via an online, self-reported survey of questions which minimizes the risk 

of biased responses. Finally, positivist research utilizes systematic methods so that it can be 

replicated in future research. Also, the research will be focusing on data that can be easily 

measured and analyzed statistically (Saunders et al., 2009). The numerical data of the current 

investigation is analyzed statistically and then the findings confirm or reject the hypothesis.  

    

3.3 Research Approach:   

 

An essential topic to consider when planning research is whether the goal is inclined more in 

testing theories or developing new ones. Two opposing philosophical viewpoints are used to 

illustrate this: the deductive and the inductive. When a study's goals include formulating a 

theory and a set of hypotheses to test, as well as planning out how to conduct that research, a 

deductive method is appropriate. Data collection and then theory formation because of that 

data analysis should follow the inductive method (Saunders et al., 2009). 

 

This investigation opted for a deductive strategy, based on the prevalence of well-defined 

theory in the customer satisfaction research landscape and the intention to assess this theory 

empirically based on developing hypotheses to the test against observational data. This 

research reviewed various exiting literature theories regarding customer satisfaction, electric 

vehicles adoption and barriers, and its complementary service of charging infrastructure. 

Based on the review, various hypotheses were deducted from existing theories. Hence, the 

foundation of this study is theory which is derived from the process of examining 

research papers and developing a research strategy to test a hypothesis. (Saunders et al., 
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2009). In contrast, qualitative research does not seek to test existing theory but to produce a 

theory, making it analogous to an inductive method (Newman, 2000). This study does not 

demonstrate this behavior as it is primarily concerned with quantitative analysis of 

established causal relationships of various dependent variables of charging infrastructure and 

customer satisfaction. 

Therefore, considering the stated goals of the study, a deductive methodology is the most 

appropriate choice for investigating this study. 

 

3.4 Key theoretical framework:   

 

The repetitive process of observation is at the center of sociological research, explanation, 

gathering more data to assess the hypothesis, refining the explanation, and so on. There are 

two interconnected steps in the formation of convincing explanations: theory building and 

theory testing (Saunders et al., 2009). The current study tends to build hypothesis on the 

exiting theories and intends to use the results of this study to evaluate the hypothesis. A 

significant challenge associated with utilizing pre-existing hypotheses and ideas is the 

potential lack of receptiveness towards alternatives, particularly when there is firm 

commitment to a particular viewpoint. In contrast to the above argument, theories may assist 

us in formulating challenging concerns and making us more aware of certain issues (De Vaus 

and de Vaus 2013). 

    

The customer will be unsatisfied if the demand is not met, but it is not enough to merely meet 

these parameters. Knowing what makes customers loyal can help businesses better tailor their 

offerings to them (Fu et al., 2018), therefore this knowledge is essential. Among the many 

relevant ideas, the Expectation - Disconfirmation Theory (EDT) stands out as a useful tool 

for modelling consumer loyalty and word-of-mouth advertising. User’s post-adoption 

expectations will increase if they have a positive experience, as will their expectations after 

more encounters. Nevertheless, this theory presented some limitations and therefore, current 

research inclines towards IPA theory which is an extension of EDT. IPA signifies the 

importance of certain attributes in determining satisfaction or dissatisfaction along with the 

performance of said commodity or service. As a result, the after-purchase behaviors of 

consumers are as important as their pre-purchase perspectives. This demonstrates insufficient 

knowledge on the determinants of satisfaction with customers. (Zhang et al., 2019). 
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3.5 Hypothesis:   

Below Table 1 introduces various hypotheses formulated through reviewing the literature. 
 
 

Table 1: Hypotheses list 
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3.6 Research Strategy and Design:   

 

Research design is essential since it is the process through which the intent of the study is 

transformed into actual research. The procedure for conducting research and its components, 

including research methodologies, strategy for investigation, and sample technique, are all 

determined in a substantial way by the study’s design (Al-Ababneh, 2020). This chapter will 

disclose the following layers, including selection of methodologies and strategies to conduct 

research. 

 

Current research seeks to understand information regarding the present state of customer 

satisfaction for charging infrastructure of electric vehicles. The Information is created via the 

use of quantitative methods by examining attributes that can be measured. The study is built 

on the exiting research conducted in China by Chen and Lin (2022). 

 

Finding different variables within the study's settings with the aim of establishing 

dependency, relationships, and a link between events is the major goal of most quantitative 

research designs. This methodology prioritizes the use of numerical data and variables that 

can be measured. The current study seeks to quantitatively investigate the correlation 
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between charging facilities and consumer satisfaction, leveraging diverse statistical 

techniques to evaluate the proposed hypotheses. When doing quantitative research, the 

primary emphasis is on formulating precise, closed-ended questions that are designed to 

examine variables that are derived from the hypotheses (Soiferman, 2010). This characteristic 

of quantitative approach is observed with the use of survey in the Present Research. 

 

Current research clearly demonstrates the above-described process and in addition employs a 

variety of statistical techniques using numerical data from the survey. Statistical findings are 

quickly generated through the utilization of software applications such as SPSS or Microsoft 

Excel to assess the hypothesized connection between infrastructure for charging and 

satisfaction. 

 

The studies' primary concern is particularly on Ireland’s geographic area to analyze the state 

of charging infrastructure which results in customer satisfaction or dissatisfaction. 

Significantly more samples are required representing all the regions of Ireland. Such an 

approach is supported by quantitative research which utilizes large samples to gain a 

comprehensive perspective of a particular area and uncover patterns and gaps in knowledge. 

An extensive survey is conducted to learn about and explain the current state of a certain 

population (Park and Park, 2016). Hence, discussed characteristics of quantitative approach 

suits well for research’s strategy. 

 

On the other side, by studying phenomena in their natural settings qualitative researchers 

hope to provide insights into both practical and theoretical concerns. Quantitative research 

uses statistics. Conversely, a case study exemplifies a qualitative research approach (Park and 

Park, 2016). The purpose of interviews and focus groups in qualitative research is to gather 

information from the people who take part. As a result, participants are often asked broad 

questions that give them room to elaborate on the nuances of a particular concept or 

occurrence (Soiferman, 2010). Accordingly, the qualitative technique has been eliminated 

from this investigation owing to its characteristics we have already discussed. 

 

In accordance with the philosophical notion that positivist theory, deductive reasoning, and 

quantitative techniques of research are closely intertwined, the choice of prior components of 

methodology leans the research towards quantitative analysis (Saunders et al., 2009). 
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3.7 Population and Sampling:   

 

The ideal approach in any type of research is to examine the issue involving the entire 

population. However, it is never feasible to examine the full population (Acharya et al., 

2013). This phenomenon may arise in situations where it is not feasible to identify or reach 

all individuals of a population, or when the population size is too extensive to facilitate a 

census-based investigation that involves inviting every citizen into taking part in the research 

(Stratton, 2021). In such instances the selection of a sample is necessary to address research 

inquiries (Saunders et al., 2009). 

 

Research and statistical principles demand that sampling strategies consider a wide range of 

contextual elements, such as variation in the target population, the magnitude of the sample, 

the purpose of the research, intended accuracy in outcomes, monetary implications, the 

methods of sampling, and the reliability required in drawing conclusions about the population 

under study (Sharma, 2017). 

 

The key to defining a study's scope is choosing a population representative sample (Saunders 

et al., 2009). The study's demographic group of interest includes adults over the age of 18, 

from any educational or economic background. To account for the dispersed population of 

Ireland, there is a need to include large samples to conduct a reliable study into how charging 

infrastructure affects consumer fulfilment. The sample does not need to be a full set of groups 

from the population. In this case, the samples would consist of all electric automobile drivers. 

 

In the process of sample selection for research purposes, it is imperative that the chosen 

sample truly represents the population under study with respect to addressing the research 

question and fulfilling the purpose at hand (Acharya et al., 2013; Saunders et al., 2009). 

Following are the inclusion criteria for this study:   

 

• The respondents should have an EV, or they are planning to purchase. 

• The respondents should have used the charging infrastructure either private or public.  

• The respondents should be adults over the age of 18, from any educational or 

economic class.   
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However, it is worth noting that respondents who do not meet the criteria are still qualified to 

respond to inquiries regarding passenger satisfaction, to ascertain the rationale behind their 

decision not to utilize the charging infrastructure. 

 

Increased sample size reduces the margin of error when generalizing about the target 

population (Saunders et al., 2009). Since overly high percentages of samples can sometimes 

not be necessary, determining a suitable sample size requires a carefully designed study 

approach (Pace, 2021). 

 

Data collection methods, sampling count, and frequency of responses affect sample precision 

(Acharya et al., 2013). The following are the two primary classification of sampling 

approach:    

• Probability sampling   

• Non-Probability sampling   

 

Methods based on random sampling are encouraged to achieve sample representativeness and 

enhance the generalizability of findings to the intended population. The ability to avoid the 

inherent bias and subjectivity of human assessment is the primary advantage of random 

sampling (Pace, 2021). If they are not used, significant consideration must be taken when 

interpreting the findings of the research (Acharya et al., 2013). Nonetheless, probability 

sampling has its downsides such as the requirement of substantial resources, including 

financial, time-based, and human resources (Pace, 2021). The need for a comprehensive list 

of all members of the community is one of the main apparent shortcomings. However, such a 

list is often unavailable for widespread populations (Sharma, 2017). Probability random 

sampling is the method of choice for statistical authorities. However, Researchers favors non-

probability sampling in business sample surveys because it increases the likelihood that 

respondents would freely and honestly answer all the survey questions (Etikan and Bala, 

2017). 

   

Non-probabilistic is the sampling technique adopted in this study since surveying every adult 

in the population about their experiences with or intentions for purchasing electric cars would 

be costly and time intensive to conduct. This approach represents the sole viable option in 

cases where the identification of the intended population poses significant challenges. The 
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mentioned option is comparatively more cost-effective and facilitates expedited outcomes in 

comparison to alternative choices. The determination of sample size for non-random 

sampling lacks a definitive calculation formula (Rozalia. 2007). 

 

However, according to Taherdoost (2016) confidence level refers to the degree to which the 

researcher is satisfied that the features of the public have been accurately represented by the 

sample. According to Cohen, Manion, and Morrison (2017), the confidence levels of 90%, 

95%, and 99% implies that 90, 95, or 99 individuals out of a total of 100 will accurately 

represent the entire population. Concerning the study of societal issues, the margin of error 

that is considered acceptable is 5 percent (Pace, 2021). The current study's sample size was 

determined using an online sample calculator (qualtrics.com2). Required samples for a 6% 

error margin and a 95% confidence interval based on a population of 5.1 million are 

displayed below. Although, the population figure includes individuals below 18 years of age 

and not all the population be a current or prospect EV owner. Hence, the relevant population 

will be less than 5.1 million. 

 

Figure 1: Sample Size Calculator (Qualtrics, 2023)   

 

  
   

Convenience sampling is particularly valuable when a community is highly diverse and 

geographically dispersed. In addition, the advantages of this approach include its cost-

effectiveness in both temporal and monetary aspects, as stated by Taherdoost (2016). These 

characteristics tend to suit current pilot study as conveniently few participants are approach to 

fill the questionnaire survey. 
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Participants in snowball sampling are not selected at random; this is one of two methods that 

rely on their own free choice. The convenience sampling method has two variants: quota and 

snowball sampling. Saunders et al., (2009) state that it is widely applied in situations where it 

is challenging to figure out participants in the target group, which is the case here. While in 

quota sampling to consider all the various groups it may take longer and cost more to 

complete the study since a higher sample size is required. Also, it can be possible for the 

investigator's findings to be biased (Sharma, 2017). As a result, the quota sampling strategy 

does not fit for current study and is suited to qualitative research designs (Taherdoost, 2017). 

Contacting one or two individuals and asking them to recommend others is the optimal 

method of snowball sampling. In addition, the newly identified respondents found even more 

cases and so on. When no more cases can be added, the sample size has grown to the 

maximum feasible size, or the amount of available data is complete (Saunders et al., 2009). 

 

Though, potential drawback of employing a snowball sampling method is the potential for 

non-response or inability to broaden the sample. However, the widespread use of social 

media sites has witnessed a surge in the application of snowball sampling. The application of 

snowball sampling to collect data has been demonstrated in quantitative studies (Parker, 

Scott, and Geddes, 2019). To meet the specified requirements, this study’s research 

methodology utilizes snowball sampling for the study. However, convenience sampling limits 

the representativeness of the population as it does not include participants randomly which 

inclines biases for sample selection. This skews the sampling towards specific aspect of 

population as in this study convenience sampling covered urban locations and more 

employed individuals.  

    
3.8 Data Collection:   

 

Data should only be obtained using proven collecting techniques, such as surveys and 

interview scripts. The gathering of relevant research evidence requires a significant amount 

of data collection, which must therefore be carried out in a systematic manner (Sadan, 2017). 

Data is gathered by obtaining information on similar variables or aspects resulting in the 

creation of a data matrix. In this study’s context, it can be inferred that each row denotes an 

individual case or person, while each column indicates a variable or specific information that 

has been gathered for each case (De Vaus and de Vaus, 2013). It is imperative to establish 

clarity regarding the level of detail at which the relationships will be measured during the 
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design phase, as they are expected to undergo statistical evaluation through the analysis of the 

data (Saunders et al., 2009). The present investigation employs a survey methodology to 

gather data, utilizing a combination of multiple-choice questions (MCQs) and Likert scale 

inquiries to assess satisfaction levels. 

 

The questionnaire has become the standard method of collecting information in survey 

studies. Due to the uniformity of the questions answered, this technique is useful for 

collecting data from a sizable population in advance of quantitative analysis (Saunders et al., 

2009). As discussed earlier, the current study aims to capture responses from large samples to 

evaluate factors influencing customer satisfaction for charging infrastructure. 

 

Questionnaires are commonly employed for the purpose of descriptive or explanatory 

research. As this study conducts descriptive research, Questionnaires are designed to gauge 

participants' points of view that sheds light on variations in situations (Saunders et al., 2009). 

The primary goal of conducting a survey is to provide a snapshot of the characteristics and 

habits shared by a sample of the population. Survey investigators are also concerned with 

identifying the underlying causes of observed phenomena and identify causal relationships 

through the comparative analysis of cases while the results are utilized to determine if one 

variable influence another (De Vaus and de Vaus, 2013). This type of research is usually 

perceived to be quantitative and positivistic by design. This aligns with the research approach 

of the current study. The survey is the standard method of collecting information for 

quantitative studies (Moises, 2020). 

 

Despite the fact that a survey approach has been taken for this study, there are certain 

drawbacks raised through various existing literature. Even while a trustworthy questionnaire 

is required for reliability, it is not enough. A question in the survey could be read one way by 

respondents even if you intended it to be read another. This could be because of a 

misunderstanding of the wording. Thus, the question is trustworthy but lacks internal validity, 

thus it cannot address your research issue. Another possibility is that responders' answers are 

inconsistent because of misunderstandings of the instructions. Five to nine percent of those 

who fill out a questionnaire do not bother to read the instructions. In certain cases, individuals 

may engage in uninformed responses, a phenomenon characterized by intentionally guessing 

at an answer due to a lack of adequate knowledge or experience. It is possible that individuals 
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may engage in discussions with others, potentially leading to the contamination of their 

responses (Saunders et al., 2009). 

    

However, current research has implemented measures to minimize the potential impact of 

mentioned shortcomings to the greatest extent possible. Firstly, it utilized methodologies 

aimed at avoiding non-response. If respondents know their answers will remain anonymous, 

the level of accuracy of their answers should increase. The current survey participant’s 

responses were kept anonymous to achieve validity of the answers. Also, to prevent 

nonresponse, self-administered online surveys were used to provide online explanations to 

guide respondents if they get stuck (De Vaus and de Vaus, 2013). 

    

On March 20th, 2023, the public link was made available through all the social network 

channels. The survey received a total of 324 responses by the closing date of April 16th, 

2023. In conclusion, an online distributed survey via Google Forms was employed to get 

appropriate data for a quantitative study utilizing convenience and snowball sampling. 

    

3.9 Questionnaire Design:   

 

Questionnaires were used as the research tool for current research. The questionnaire used in 

this investigation is of the structured kind, comprising mostly closed-ended items and some 

open-ended ones.    

 

The sequence of questions should be organized in a hierarchical manner, starting with broad 

questions and progressing towards more specific ones, while also being grouped by topic. It 

is advisable to address sensitive questions toward the final part (Sadan, 2017).  

 

The following questionnaire is designed to gather socio-demographic information from 

participants and assess their eligibility to take part in this research. Respondents are required 

to state their sexual orientation, age, range, country of origin, and degree of education. The 

survey asks if respondents own or intend to purchase an electric vehicle. Non-electric car 

adopters are asked to provide a reason from a list of multiple-choice options. Participants are 

also asked about their travel behavior and the distance they typically drive. This information 

is seeking to understand the potential inclination towards EV. The questionnaire also includes 

questions about participant’s charging infrastructure preferences. Current study concentrates 
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on the availability and convenience of charging stations, as well as the preferences for 

charging infrastructure and charging time. EV charging price sensitivity is assessed. This 

section examines how charging cost variations may affect electric vehicle adoption. 

Consumer satisfaction with electric vehicle charging infrastructure concludes the 

questionnaire. 

    

Participants in a study are asked to choose the appropriate replies from a list of options 

presented to them in a structured questionnaire. Participants in an open-ended question 

contribute their personal responses, whereas, in a question that is closed-ended, participants 

must choose the best possible answer from a predetermined set of options (Sadan, 2017). 

            

Figure 2: Flow of questionnaire and sections  
 

 

 

 
              
    



37 
 

When it comes to measuring human qualities or features, it is crucial to ensure that any scales 

used have been well-tested for reliability and validity. Hence, satisfaction scale questions 

were tested for reliability and a value greater than 0.7 was obtained for Cronbach's alpha to 

ensure a high degree of internal consistency. Existing grading systems may be used. Each 

criterion on the scale is assigned a score. 

 

A rating scale is a collection of categories, usually ordered, that describe the event under 

study. Each category is given a numerical value, and the thresholds for transitioning between 

them are flexible. People rate how well each category describes their own personal 

experience (Sadan, 2017). 

 

Existing literature by Chen and Lin (2022) served as the basis for the questionnaire which 

was adopted to perform Ireland specific study. A few questions were included in the rating 

scale from this exiting study to capture participant’s perspective regarding consumer 

preferences and satisfaction. As there are various charging provider in Ireland, this study 

seeks to identify preferred charging infrastructure and does it contribute to consumer 

satisfaction.  

  

• Ranking of charging infrastructure locations where you want to charge your electric 

vehicle. 

• Key factors for your satisfaction with the current charging infrastructure   

• Key factors for your dissatisfaction with the current charging infrastructure   

 

Similarly, another set of questions that follow were formulated using a Likert scale to 

investigate whether factors such as quality service, accessible operating hours, proximity, and 

wait time while utilizing present charging infrastructure have an impact on customer 

satisfaction. As these scales were verified for reliability in mentioned existing literature, 

current study adopts these questions. These questions signify consumers requirements for 

charging infrastructure and to figure out what contributes to satisfaction most significantly 

 

• based on personal experience and the opinions of others associated with respondents, 

how satisfied respondents are with the current charging infrastructure. 

• satisfaction with individuals current preferred charging infrastructure options. 
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• satisfaction with the overall density of nearby charging options. 

• satisfaction with the current grants and incentives provided by the Ireland government 

for charging infrastructure. 

• The likelihood of making a purchase of an electric car is affected by the general state 

of the charging infrastructure in your community. 

 

According to Jamieson (2004), this type of response format provides a quantitative measure 

of the respondent's attitudes or opinions, allowing for statistical analysis. 

 

The five-point Likert scale is utilized in this research. Scales with five options, where one is a 

strong disapproval and five is a strong approval. The overall score on a Likert scale ranges 

from the minimum possible score (e.g., 5, 7, or 10) to the maximum possible score (e.g., 25, 

35, or 50), with higher scores indicating more positive attitudes or opinions. 

    

                Table 2: Questionnaire items and the response scale. 
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3.10 Pilot Study:   

 

Following the development of the interview questions, the instrument is subjected to content 

validation by industry professionals. Any issues with the questionnaire's questions, sequence 

of presentation, or data collection process may be uncovered via a pilot study (Sadan, 2017). 

Pilot testing is done to improve the efficiency of the questionnaire. by ensuring that 

respondents can answer the questions with ease and that there are no constraints on 

documenting the responses. The data from the pilot study may be analyzed beforehand to 

make sure it will be sufficient to address your research questions (Saunders et al., 2009). As 

discussed earlier, convenient sampling was employed to distribute questionnaires among five 

participants for the pilot study. The feedback that was commonly received pertained to the 

interpretation of specific terminology. The following aspects in Table 3 were evaluated by the 

respondents:    
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Table 3: Pilot test feedback   
 

 
   
 

Overall, feedback and suggestions obtained from a pilot study are crucial in refining the 

questionnaire and ensuring that it is effective in collecting the necessary data for the research 

project. 

    

3.11 Ethical Consideration:   

 

Ethical considerations should be made for each study strategy to eliminate or at least diminish 

potential problems. Research ethics are the moral principles that should be followed while 

dealing with the rights of individuals who will be involved in or affected by your research 

(Saunders et al., 2009). 

 

Participation is entirely voluntary. At any time throughout the survey, a respondent may 

choose to stop participating, and their replies will be eliminated. If the participants express 

willingness to participate in the survey, all responses provided will be given the highest 

priority confidentiality and anonymity (Saunders et al., 2009). The information will be 

securely stored in a password-protected document, with restricted access granted solely to the 

dissertation supervisor and the researcher. All collected information will be evaluated and 

addressed in the thesis. None of the respondents' individual answers will be shown. 

According to NCI regulations, it will be wiped from existence after the specified time frame. 
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The collection of data for this study complies with all the ethical standards established by the 

National College of Ireland (NCI), and the code of ethics form was completed and validated 

by the NCI's ethics committee. The study has been deemed to be ethically sound, with no 

apparent ethical concerns in its implementation. 

    

3.12 Research Design Limitations: 

   

Non-probability sampling has limitations such as potential bias, a lack of generalizability, and 

limited statistical inference. Quantitative analysis has the potential downside of failing to 

reflect the depth and variety of people's actual life experiences. Also, current research is 

based on a cross-sectional design to analyze consumers opinions and preferences for charging 

infrastructure. However, these options change over time due to different social and economic 

influences. Hence, dependence of one factor on another is not likely to be determined 

perfectly through this approach suggesting limitation for the study. 

    

3.13 Conclusion:   

 

In conclusion, the research methodology study has successfully adopted positivism and 

quantified deductive analysis to investigate the factors influencing customer satisfaction for 

charging infrastructure. The utilization of descriptive and inferential statistical survey 

methods enabled the research to determine what aspects of service really make an impact to 

customers, thus providing valuable insights to stakeholders. 
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CHAPTER 4: STATISTICAL ANALYSIS 
 

4.1 Dependent Independent variables:   

 

A variable can be defined as a feature that holds multiple values (Zikmund, 2002). One of the 

goals of this study is to determine the factors that cause dependent variable to change. During 

data analysis and design, variables of two categories can be measured: dependent and 

independent variables. The variable that is anticipated to be impacted by another variable is 

known as the dependent variable. According to Taheri et al. (2015), independent variables are 

expected to have an influence on dependent variables. Researchers must have a solid 

understanding of the techniques for calculating variables and the the kind of information that 

will be gathered on each relevant variable (Khalid et al., 2012). 

 

Current study seeks to find casual relation of Customer Satisfaction as a dependent variable 

and below mentioned independent variables in Figure 3. 

 

Figure 3: Dependent and Independent Variables 

   

 
 

 
 
The current section provides a concise overview of all statistical tests performed in the 

research, along with an explanation of the interpretation of the outcomes of each test.  
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4.2 Reliability Test:   

    

The concept of reliability in measurement pertains to the degree of consistency and precision 

exhibited by the measurement. Cronbach's alpha coefficient is a prominent internal 

consistency measure, and it is frequently employed in the development of multi-item 

measuring instruments. (Amirrudin, Nasution and Supahar, 2021). The degree of internal 

consistency is satisfactory if the value is more than 0.7. 

    

4.3 Mann-Whitney test   

    

When comparing two sets of data that deviate from a normal distribution, the Mann Whitney 

test is a useful nonparametric statistic. The test sees if there is a statistically notable disparity 

among the two groupings medians. For the Mann Whitney test, the assumption of no 

correlation between the two groups is the "null hypothesis." When comparing two groups, the 

null hypothesis is rejected, and a difference is declared if the value of the p is below 0.05.   

    

4.4 Kruskal-Wallis’s test:   

    

Kruskal-Wallis's non-parametric statistical test compares three or more independent data 

groupings. It is similar to the Mann-Whitney test but allows for comparisons across multiple 

groups. The test is used when the assumption of normality is violated or when the data is 

ordinal. The null hypothesis for Kruskal-Wallis’s test is that there is no statistically 

significant variation in the middle values of the groups being compared. If the p-value is 

lower than the significance level of 0.05, this indicates rejection of the null hypothesis. This 

leads to the conclusion that there exists a significant distinction between at least the two 

groups. 

    

4.5 Spearman Test:   

    

Spearman's ranking correlation coefficient is a statistical test that comes under the category of 

non-parametric methods which can be used to assess the consistency and direction of a causal 

connection between two independent variables. It's implemented in situations where the test 

variables don't fit a normal distribution. The null hypothesis for the Spearman test is that 
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there is no strong association between the two factors being tested. To perform the Spearman 

test, the data is first ranked, and the rank correlation coefficient is calculated. 

 

The p-value is calculated by observing the statistical distribution. In hypothesis testing, a 

significant correlation is assumed to exist between two variables when the p-value is lower 

0.05).  

    

4.7 Regression Test:   

    

Logistic regression analyses the association between a binary outcome variable (one of two 

potential values) and a combination of predictor factors. The result variable is commonly a 

categorical variable.   

   

Logistic regression models outcome probability as a function of predictor variables using a 

logistic function. The logistic function, an S-shaped curve, transfers every actual value input 

to a score ranging from zero to one, signifying the chance of that outcome variable falling 

into a certain category. 

Logistic function:   

 

 
Given a set of predictors x1, x2..., xn, the likelihood that the result will be 1 may be written 

as P(y=1|x), where b0 is an intercept or bias term and b1..., bn are the coefficients or weights 

correlated with the predictors. Statistical tests like the Hosmer-Lemeshow test or the deviance 

test can be used to evaluate the logistic regression model's goodness-of-fit.   
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4.8 Equation of the model:   
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CHAPTER 5: RESULTS 
 
 
5.1 Introduction:   
 
The findings of the statistical analyses conducted on the data gathered are presented in this 

chapter. After reporting the outcomes of statistical descriptions of every variable that are 

dependent or independent, the findings of reliability tests are listed. To carry out the 

univariate analysis, non-parametric tests were carried out. The factors that could influence 

satisfaction were subjected to a series of univariate tests. The hypotheses were then examined 

using logistic regression techniques. 

    

5.2 Descriptive Statistics:   
    
A total of 324 responses were collected following distribution of the questionnaire. From this 

total, 2 participants did not provided consent for the survey and the inclusion requirements 

outlined earlier were not satisfied by 28 responders out of a total of 324. Consequently, the 

resulting sample consists of 294 valid respondents. APPENDIX A displays the descriptive 

statistics results in detail. 

    

Independent Variables:   
    

1. Demographic Variables:   
    

Respondents' demographic information in Table 4 which reveals that 48.6% of identify as 

male and 32.7% as female. Most participants fell within the age range of 18 to 30 years 

old, comprising 29.3% of the sample. However, it is observed that 41-50 age groups are 

the highest adopters of an EV. It is noteworthy that the adoption rate of EV is 

comparatively higher in Dublin with 34.7% than Cork (14.6%), Limerick and Galway 

(13.3%). 115 respondents (or 39.1%) have a Secondary school or below education. Also, 

most participants have a full-time job (44.6%). Lastly, 24.8%) of the population fall into 

the income brackets of "20,000-40,000 Euro" annually. 
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    Table 4: Descriptive statistics for Socio-Demographic Variables   

    

            

            
                                
            
                     

2. Charging Infrastructure dimensions variables:   
    

Below Table 5 displays the frequency and percentage of participants choice. 38.78% of 

the respondents reported having a driving mileage of 15,000-20,000 km, while 10,000 km 

and below and 10,000 km-15,000 km were preferred by 20.41% and 24.15% respectively. 
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Most of the participants favor utilizing both charging infrastructure with 53.06%. While 

54.76%, 58.84%, 56.46%, 87.07%, 72.79% and 99.66% of participants expressed no 

preference to use ESB, Easy Go, Apple green, Ionity, Tesla and Metro, respectively. On 

the contrary, Circle K was observed to be preferred by 57.14% of respondents. Also, the 

charging time preferences suggest that 90.82% of individuals are inclined to charging in 

night-time at home and 85.71% in daytime at Public. 47.28% of individuals are inclined 

to wait time of 1 hour or below, while it varies for 22.11% of respondents. The Wait line 

is found to be occasionally acceptable for 40.48% of participants and 40.88% individuals 

prefer 1 km and below proximity for public charging stations.  

    
Table 5: Descriptives statistics for charging infrastructure dimensions variables   
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3. Independent Variable:   

    

The Likert scale is characterized by subjective scores such as strongly disagree to 

strongly agree, which presents challenges to figure out the outcomes. Therefore, we 

classify them as interval variables. It is observed that 40.14% of respondents are satisfied 

with the charging infrastructure, however 31.97% have expressed dissatisfaction and 

12.59% are very dissatisfied. Most of the participants favor utilizing both charging 

infrastructure with 53.06%. Also, 72.79% of respondents are indicated to be not affected 

by charging price increase while 27.21% are price sensitive. Below, Table 6, displays 

these values. 
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    Table 6: Descriptive statistics for independent variable 

    
       
5.3 Reliability Test:   
    
To verify the research model's efficacy, a reliability analysis was performed on 16 questions 

which measures a common satisfaction scale. Table 7 demonstrates the calculated Cronbach's 

Alpha was 0.804, a value greater than 0.7 demonstrates outstanding internal uniformity.  

    
   Table 7: Reliability coefficient dependent variable       
 

    
    
Detailed findings are provided in APPENDIX B.  
    
    
Normality tests:   

Non-probability sampling is applied according to the study's methodology. Hence, it is 

inferred that the null hypothesis must be rejected, whereas the data deviates from normal 

distribution. 

    
5.4 Univariate Tests:   
    

5.4.1 Mann-Whitney Tests:   

 
The Mann-Whitney U test is a statistical method employed to assess difference in 

satisfaction across categories of EV ownership and Provider Circle K. 
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• Satisfaction and EV ownership:   

 

The findings displayed that there exists a significant variation in satisfaction levels 

between the two categories of EV ownership. The mean rank of yes is 127.7 and no is 

150.8, also the p-value is 0.04 which is less than 0.05, reflecting that the difference in 

mean rank is statistically significant. This means that the null hypothesis is rejected.  

    

• Satisfaction and Provider Circle K:   

 

The mean rank of Not preferred is 136.67 and Preferred is 155.63, also the p-value is 

0.02 which is less than 0.05, reflecting that the difference in mean rank is statistically 

significant. This means that the null hypothesis is rejected. 

    

The Mann-Whitney U test is a statistical method employed to assess difference in 

infrastructure preference below independent variables.  

    

• Charging Infrastructure preference and Provider Circle K:   

 

The statistical significance level, p-value of <0.001, falls below the commonly 

accepted threshold of 0.05, indicating significant difference between preferred and not 

preferred. The difference in mean rank is statistically significant. This means that the 

null hypothesis is rejected. 

    

• Charging Infrastructure preference and ESB, other providers:   

 

The mean rank of preferred is 1324.23 and not preferred is 166.72, also the p-value is 

less than 0.05, reflecting there is significant difference between two categories of 

independent variable. Similarly, as indicated in Table 9 the p value 0.026 for other 

providers is less than 0.05. Hence the null hypothesis is rejected.  
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• Charging Infrastructure preference and charging time preference at home:   

 

Results from this study were statistically significant (p value 0.001), indicating a 

difference between daytime and night-time values. The difference in mean rank 81.48 

(daytime) and 151.18 (night-time) is statistically significant. This means that the null 

hypothesis is rejected. 

    

 

• Price sensitivity and provider Circle K:   

The findings suggest that a statistically significant difference exists in satisfaction 

levels between the two categories of Provider. The mean rank of preferred is 154.2 

and not preferred is 138.5, also the p-value is 0.04, indicating the difference in mean 

rank is significant. Therefore, the null hypothesis is rejected.  

    

• Price sensitivity and charging time shift to nonpeak hours:   

A statistically significant difference was discovered in price sensitivity between the 

yes and no categories of independent variables. The p-value is 0.003, indicating the 

difference in mean rank is significant. Therefore, the null hypothesis is rejected.  

    

Statistically significant findings are presented in the below Table.8. Further detailed results 

are provided in APPENDIX C. 

    
                                                     Table 8: Mann-Whitney Test Results   
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5.4.2 Kruskal Wallis Tests:   
    

The study utilized the Kruskal-Wallis’s test to examine potential variations in passenger 

satisfaction levels, charging infrastructure preference and price sensitivity among city, 

gender, education, employment groupings. Table 9 presents the test outcomes. 

 

• Customer Satisfaction and City:   

There is a significant difference between categories of city as indicated by mean 

ranks. Also, p value 0.008 is less than 0.05. This implies that satisfaction levels are 

different in different cities of Ireland.  

 

• Customer Satisfaction and Employment:   

The difference in mean ranks is statistically significant between different employment 

groupings. Furthermore, there is a variation in consumer satisfaction (p value 0.001) 

for customers with different employment categories. 

Hence, the null hypothesis for employment and city are rejected. 

    

• Customer preferences for charging infrastructure:   

    

Table 9 displays the outcomes of the test, indicating a p-value <0.001 less than 0.05 

for preferences for charging infrastructure across different categories of city, 

education, and employment. The mean ranking findings reveal that there exists a 

statistical difference in preferences among separate categories of city, education and 

employment types indicating preferences for charging infrastructure changes with 

different cities and consumers with different education and employment backgrounds. 

Based on this, we must reject the null hypothesis. 

    

• Price sensitivity:   

    

Similarly, statistically significant difference was discovered for charging price 

increase across city, gender, education, and employment categories as indicated by the 

mean values in Table 9. Also, the values of p <0.001 for city, education, and 

employment whereas 0.02 for gender is less than 0.05. This implies that there is 
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difference in price sensitivity for male and female and other gender category 

consumers in different cities with different education and employment backgrounds.   

Therefore, the null hypothesis is rejected. 

    

More details are provided in APPENDIX D.  

 

  Table 9: Kruskal Wallis’s Test Results   

              

 
  

5.4.3 Spearman Test:    

    

The intention of the current research was to discover a relationship between the various 

aspects that constitute the independent variables and the level of customer satisfaction, 

infrastructure preference and price sensitivity as the dependent variable. The significant 

outcomes of the Spearman test are presented in Table 10.  
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• Consumer satisfaction for charging infrastructure:   

 

The analysis revealed that a weak positive correlation was noticed among driven 

mileage and wait time for public stations, wait line attitudes with correlation 

coefficient of 0.124, 0.139, 0.155 and respectively. Conversely, overall wait time is 

observed to be negatively correlated with a weak coefficient of -0.168. The remaining 

two dimensions of satisfaction for number of charging stations and grants variable 

demonstrated a significant strong positive correlation of 0.573 and 0.754 respectively. 

Also, the p values as displayed in Table 10 are less than 0.05 for all variables. Hence, 

this null hypothesis is rejected. Appendix E shows detailed results. 

    

• Preference for charging infrastructure:   

 

Further, it is observed that a weak negative correlation exists among age, income, 

driven mileage and wait line attitudes with correlation coefficient of - 0.367, - 0.205, - 

0.221 and - 0.148 respectively. On the other side, 10 % and 20 % price increase are 

observed to be positively correlated with a weak coefficient of 0.125 and 0.238. While 

50% and 100% price increase demonstrated a significant medium positive correlation 

of 0.311 and 0.312 respectively. Also, the p values as displayed in Table 10 are less 

than 0.05 for all variables. Hence, this null hypothesis is rejected. Appendix E shows 

detailed results. 

    

• Price sensitivity:   

Lastly, income and driven mileage also negatively had a correlation of -0.325 and -

0.25 with Price sensitivity. P value <0.001 for both variables resulted in rejection of 

null hypothesis. 
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Table 10: Spearman Correlation Test Results 

 

 
 

5.5 Regression:   

  

VIF values for both models were under 10, and tolerance levels were over 0.1, indicating that 

there was no multicollinearity violating relationship between the independent variables. 

Appendices F, G, and H include these results. 

  

Customer satisfaction (1, 2 to 0 and 3,4,5 to 1) converted to a dichotomous dependent 

variable so that it could be used in a logistic regression model.  

    

Given that the model is primarily grounded in theoretical and literary frameworks, the 

covariates are incorporated into the model in a manner that is relevant and introduced via the 

Forward LR incrementally approach based on demographic and EV dimensions variables.  

    

5.5.1 Model 1: Hierarchical Binary Logistic Regression 

    

A hierarchical binary regression analysis was conducted on a total of 294 cases where two 

categories of the dependent variable satisfied and dissatisfied were considered. 
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The study found that there was a correlation of driven mileage, attitudes towards wait line, 

satisfaction for total number of stations and EV grants with customer satisfaction, as 

indicated by the results of the univariate tests analysis conducted in Appendix E. 

Nevertheless, the incorporation of additional crucial variables into the framework of 

regression led to the exclusion of its correlation with satisfaction. The presence of additional 

important factors with greater predictive power may account for this observation.   

    

Initial block 0 does not contain any independent variables. The model fit as indicated by the 

Omnibus model coefficients test is significant for both blocks implying better fit compared to 

block 0 null model. In the final model, the model’s chi-square statistic was 125.6, with a 

significance level of 0.00, indicating that it is more efficient than the earlier model. 

(APPENDIX F). The final model was able to explain between 37.1% and 49.8% of the 

variability observed in the satisfaction levels. Moreover, the model which had city, 

employment, and public provider as significant predictor in block 1 exhibited a Cox   & Snell 

R2 change of 3.6 % and Nagelkerke R2 change of 4.9 %. According to the results conducted 

by Hosmer and Lemeshow, the initial block 1 including the demographic variables 

demonstrates insignificant value. However, the final block of the model after adding other 

relevant variables displays reliable predictors, as reflected by the achieved significance value 

of 0.76.    

    

According to the evidence, there exists a positive association of 1 hour and below (p = 0.01), 

1-2 hours (p = 0.027) and it varies (p = 0.035) categories of wait time at public stations with 

satisfaction. While the odds ratio indicates consumer who wait for 1-2 hours (OR: 3.118) for 

charging exhibits high level of satisfaction than who wait for 1 hour and below. In addition, 

when wait time varies (OR: 0.335), consumers are likely to report lower level of satisfaction 

than 1 hour and below wait. Further, the analysis discovered that Cork (p = <0.001), Limerick 

(p = 0.019) and Galway (p = 0.026) cities are significant negatively correlated than Dublin (p 

= <0.001). The results indicate consumers in Cork are 0.004 times less satisfied with charging 

infrastructure than Dublin. Similarly, Limerick and Galway are 0.275 and 0.258 times are 

likely to report lower levels of satisfaction. Lastly, there is a significant positive relation of 

employed (p = <0.001) and seeking opportunities (p = <0.008) categories of employment. 

However, retired consumers exhibit significant negative correlation (p = <0.001) with odds 

ratio of 0.134 implying respondents who are retired are express lower level of satisfaction 

than employed. 
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After integrating all relevant predictors, the model exhibits a predictive accuracy of 81.2 %.   

    

As a result, we conclude that the null hypothesis   of city, employment and wait time at public 

stations have no relation with customer satisfaction can be rejected as discussed above results 

indicate that they are significant. Conversely, there is no significant relation of driven 

mileage, wait line attitudes, satisfaction aspects of number of charging stations and EV grants 

with satisfaction. Therefore, the null hypothesis that there is no relation with satisfaction is 

not rejected. 

Detail analysis can be found in APPENDIX F. Table 11 presents a concise overview of the 

primary outcomes. 

 

Table 11: Regression Model 1 Result   

 

 
    

5.5.2 Model 2: Binary Logistic Regression 

    

Here, we employ the binary logit technique to inquire about how customers feel about 

various charging infrastructure alternatives. The primary goal of this research is to 

analyze market preferences for public versus private infrastructure. 

    

The statistical analysis yielded a model chi-square statistic of 123.6, which suggests that the 

accuracy higher than that of the null model (p < 0.01) in determining customer preferences 

for charging infrastructure. Also, 34.3 %-45.8 % of the variation accounted for consumer 

preferences. Additionally, Hosmer and Lemeshow's findings demonstrate that the charging 

provider companies and charging time preference at home in addition with price sensitivity is 

a reliable indicator of choosing preferred charging infrastructure, as evidenced by its 

significance level of 0.36. On the contrary, it is observed the significance level slightly 

decreases to 0.329 after adding demographic variable age in the model. 
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Customer preferences for charging infrastructure was found to have a positive correlation 

with charging time preference at home (p = <0.001) and price sensitivity at 50 % price 

increase (p = 0.001). This result suggests consumers who seek to charge EV at home are 

likely to prefer private charging infrastructure. Similarly, 3.6 times higher chances of 

choosing private facilities are expressed by respondents who are price sensitive to 50% 

increase in charging rates. However, ESB providers are negatively correlated with charging 

infrastructure preferences, it is observed consumers using ESB are 0.291 times likely to 

prefer public charging stations than private. While it is observed that middle (p = 0.003) and 

old age (p = <0.001) consumers are 0.324 and 0.031 times more likely to charge at public 

stations than young consumers. The model has a 79.3% accuracy in prediction. 

    

Thus, in conclusion, the null hypothesis that the different charging provider, time preference 

for charging, price sensitivity and age is not related to charging infrastructure preferences is 

rejected considering their significance in above result’s discussion. However, null hypothesis 

is not rejected for income (0.055) and driving mileage (0.512) as the results indicate that they 

do not have significance with infrastructure preferences. 

Table 12 lists the major conclusions, while Appendix G provides more detailed information. 

 

Table 12: Regression Model 2 Result   
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5.5.3 Model 3: Binary Logistic Regression 

    

A study was conducted applying binary logistic regression to investigate the potential impact 

of different demographic and price related independent variables on consumer’s price 

sensitivity for charging infrastructures.  

    

The initial stage of the model involved demographic dimensions of consumers, with shift of 

charging to non-peak hours and driven mileage in determining price sensitivity. Including 

variables in block 1 demonstrate the high predictor capacity of the model. This can be 

indicated by the omnibus coefficient significance result of 0.00.   

Furthermore, the variation between 14 % to 20.3 % was observed and R2 change of 6.  1 % 

and Nagelkerke R2 change of 8.8 % was noticed in block 2. The Hosmer and Lemeshow test 

demonstrated a significant value 0.57.   

    

Variables charging time shift to non-peak hours and income did reach statistically significant 

levels as indicated by p value <0.001 for both which is greater than 0.05. Consumers who 

display shift in charging behavior to non-peak are 0.243 times more likely to be sensitive to 

price increase than others who do not shift their charging time. Similarly, income 

demonstrates 0.541 times for a consumer to be sensitive. On the contrary, gender (p = 0.165) 

and driven mileage (p = 0.88) did not have significance with price increase. However, retired 

customers (p = 0.028) display 0.414 times to be price sensitive than other employment 

categories. Further, Bachelor (p = <0.001) and qualifications equivalent to a master's (p = 

<0.027) consumers exhibit 0.128 and 0.302 times more likely to be sensitive to charging 

price increase than consumer who have secondary education.  

    

Above discussed results concluded that the null hypothesis for charge time shift to non-peak 

hours, education, employment, and income to not have relation with price sensitivity is 

rejected. While null hypothesis for gender and driving mileage is not rejected.  

Preliminary results are disputed in table 13 while detailed outcomes are documented in 

Appendix H.  
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Table 13: Regression Model 3 Result   

 

 
 

   

    

CHAPTER 6: DISCUSSION AND IMPLICATION 
   

6.1 Introduction:   

    

The present chapter provides an overview of the most important results from the statistical 

analyses presented previously. A comprehensive summary of the three logistic regression 

models will be provided. This chapter will also present insights derived from univariate tests, 

accompanied by relevant evidence from the literature that either contrasts or aligns with the 

results, where applicable. Implications for management and theory are discussed at length in 

the conclusion. 

    

6.2 Discussion on Model 1:   

    

The Spearman correlation test revealed noteworthy findings. While customer satisfaction 

correlation between EV subsidies and the amount of charging point is strongest (0.754, 

0.573), whereas driving mileage (0.124) and wait time (0.139) and attitude towards wait time 

(0.155) is comparatively weak. However, in regression model only consumers who expressed 

1-2 hours of wait time at public stations have higher level of satisfaction than other wait 

times. Also, employed consumers using Circle K charging infrastructure displayed high 

satisfaction. While those who live in other cities than Dublin has a low level of satisfaction. 

Driven Mileage, satisfaction attributes for overall wait time, number of charging stations, EV 

grants were not included in the final model despite their high correlation in univariate tests as 

they are not linked to levels of satisfaction with consumers.    
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Chen and Lin (2022) argue that wait time for Public charging is connected to the satisfaction 

with charging infrastructure. Drivers who experience longer queues wait time for charging 

are less satisfied with the facilities. The wait time for 1-2 hours exhibited the most favorable 

positive odd’s ratio, however as the time increases it is observed that odd’s ratio of customer 

getting satisfied decreases indicating that customers are more likely to be satisfied if their 

wait times are less. The research of Philipsen et al. (2016) provides evidence to this argument 

using an online questionnaire poll to discover that, in Germany, EV drivers would rather take 

a diversion than wait in a queue for charging. Prospective EV owners consider the ease of 

charging as a crucial factor in their vehicle purchasing decision (Wolbertus, 2021). This low 

acceptance of wait time suggests consumers inclination towards fast charging time. This 

observation aligns with the study performed in Ireland by Morrissey et al. (2016) which 

analyzed data from 83 quick chargers involving 11,000 rapid charging occurrences. The Irish 

study found that consumers are using fast chargers like utilizing a traditional petrol station. 

This implies there is demand for such fast chargers. Similar findings are observed with 

Neaimeh et al. (2017) which incorporated information gathered from the UK and the US 

quick-charging networks. In contrast, the researchers (Visaria et al., 2022) found that 

individuals developed greater satisfaction with EV by engaging in activities such as taking 

breaks during slowly recharging for long journeys. However, Ireland has relatively small 

geographical distance country wide and from statistics, most individuals are employed and 

use EV for work commute, hence consumers expect to travel in shorter time. This may 

explain why this factor was shown to be the highest correlated with satisfaction. 

    

According to the value of the odd’s ratio, the providers of charging stations is the next most 

important indicator of satisfaction of customers towards charging infrastructure. Under 

current circumstances, it is necessary for customers to enroll with charging network providers 

to facilitate seamless accessibility (Visaria et al., 2022). However, it is not convenient to 

enroll in every provider facility. EV consumers in the current sample displays large usage of 

Circle K followed by ESB ecars and Apple green providers. As discussed earlier the odds 

ratio of consumers getting satisfied with circle K is higher indicating more usage of public 

providers is associated with higher likelihood of customer satisfaction. Wolbertus (2021) 

explains, EV drivers using regular preferred station spend less time driving around to find 

one, hence this can be seen as time efficient by consumers to get satisfied. However, it is 

achieved at the expense of charging availability. On the contrary, the charging infrastructure 

of various companies in different locations exhibits a diverse range of charging facility 
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layouts. Hence, there is a need for standardized networks for charging, like that of 

conventional gasoline-powered stations, which might accelerate electric vehicle penetration 

(Das et al., 2020). This can be verified by Herrmann et al. (2007) who argued that customers 

in the automotive sector who express dissatisfaction with dealer services during the purchase 

of a vehicle tend to exhibit lower levels of satisfaction with the product (Kwon et al., 2020). 

Therefore, correlation between complementary service (charging provider) and product 

(charging service) can be seen as the possible determinant to evaluate customer satisfaction. 

    

It is observed that the counties with the highest population density in Sweden are the primary 

regions where most electric vehicle drivers are located (Vassileva and Campillo, 2017), but 

the charging infrastructure distribution is not homogenous across all regions. Due to Ireland's 

housing crisis, densely populated Dublin city residents are moving to other counties to avoid 

higher rents. In contrast, development of charging stations is predominantly observed in 

Dublin with 203 charging stations, while Cork (72), Limerick (38) and Galway (58) 

(Electromaps, 2023). Hence, it could be the possible rationale for dissatisfied customers who 

reside in cities other than Dublin pertaining to the large gap in number of public charging 

stations between cities. This argument is supported through the odds ratio in the final model 

of regression. Hence the perceived value of charging infrastructure and EV does not meet the 

expectations of the consumers leading to dissatisfaction. This eventually affects the EV 

market diffusion as supported by the study Gönül et al., (2021) that uneven distribution of 

EVCS infrastructure across Turkey is one factor holding back the country's electric vehicle 

market. 

    

The number of people who drive electric vehicles might increase by more than 50% if the 

quantity of charging facilities is doubled (Wolbertus, 2021). Insufficient charging 

infrastructure hinders seamless transportation and results in drivers experiencing range 

anxiety (Gönül et al., 2021). Spottle et al. (2018), on the other hand, say that having a lot of 

charging sites does not mean that a lot of EVs will be purchased. This study supports the 

latter study’s findings as the sample does not exhibit any association of satisfaction with the 

amount of available charging stations. In Ireland, recharging an at home is the most feasible 

and affordable alternative. It is accountable for over 80% of all EV charging activities at 

present. This could be a likely reason as samples in current study are using a more private 

charging option.   

    

https://www.electromaps.com/en/charging-stations/ireland
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Kwon et al. (2020) argues, limited driving range of electric vehicles is associated with lower 

user satisfaction. But EV drivers with more experience will probably be pleased with the 

charging facilities. Having seen the evolution of the charging system firsthand, people may 

be more tolerant of the process. (Chen and Lin, 2022). Based on research done in the UK, the 

initial range anxiety for EVs diminished over time as drivers gained experience and 

confidence through prolonged usage (Egbue and Long, 2012). This could be the possible 

rationale for driven mileage failing to stand out as a key determinant of satisfaction. 

    

Therefore, it is concluded that the likelihood of getting higher satisfaction is related to lower 

wait time, employed consumers with considerable income source and higher education 

background. 

    

6.3 Discussion Model 2: 

    

In model one, various factors impacting satisfaction for charging infrastructure were 

explored. However, factors contributing to consumers’ decision to choose either private or 

public infrastructure for charging is not determined. Hence, this Binary regression model was 

used to investigate whether consumers preference for charging infrastructure type in this 

section. EV users who display a preference for charging their vehicles during night hours 

tend to express favorable opinions for private charging (Chen and Lin, 2022). Odds ratio for 

charging time preference displays a higher possibility of customers choosing private charging 

option. This conclusion is supported by Morrissey et al. (2016) study using empirical 

charging information collected in Ireland, revealed that EV users tend to prefer charging their 

vehicles during night-time hours. Furthermore, electric vehicles are primarily utilized for 

personal use, and charging occurs at residences during night hours (Vassileva and Campillo, 

2017).  

    

Even though private charging station are mostly preferred, it is still a challenge for EV 

owners to set up private charging stations, like at home, without the necessary permits from 

regional authorities, energy providers, and governments (Das et al., 2020). Contrary, Gupta et 

al., (2021) implied that a majority of EV are utilizing residential charging infrastructure for 

their charging needs. According to Bunce, Harris, and Burgess (2014) individuals who utilize 

electric vehicles have taken measures to install chargers within their residences and most 

charging habits to facilitate more convenient and consistent charging (Kwon et al., 2020). 



69 
 

However, dissatisfaction with the current state of public charging infrastructure can be 

depicted through the odd’s ratio of other provider where customers prefer using private 

charging indicating lower satisfaction and less usage of public providers is associated with 

higher likelihood of consumers choosing private infrastructure than the providers which are 

comparatively more utilized. 

    

This concludes, the likelihood of consumers choosing private infrastructure is related to night 

charging time inclination and lower level of usage with public providers. 

    

6.4 Discussion Model 3:   

    

Since the rising rate of EVs, profitability and load distribution at public charging stations will 

be significantly impacted by the pricing tactics employed by these stations (Bao et al., 2021). 

    

In general, customers are not keen on paying extra for charging services. We are still in the 

phase of developing the EV charging facilities and the related market size may grow if the 

government reduces the cost of charging (Jhala, 2017). This is in alignment with income as it 

has emerged as the highest predictor in estimating price sensitivity in current study indicating 

lower income levels are associated with higher likelihood of consumers to be price sensitive. 

As income will change, it has an influence in determining the price sensitivity towards 

charging rates. Hence, the usage and growth of charging infrastructure is directly impacted. 

Electric vehicles are popular in Norway because of the country's low power prices 

(Sierzchula, 2014), which are especially appealing to younger generations with lower 

incomes (Vassileva and Campillo, 2017). However, in contrast consumers may be prepared 

to pay extra for electric vehicle charging once the charging infrastructure is fully 

implemented (Chen and Lin, 2022). Yet, according to a study, a considerable proportion of 

Norwegian consumers (41%) who purchased electric vehicles cited cost savings as their 

primary motivation for selecting this mode of transportation (McKinsey, 2014). This 

highlights the consumer’s behavior to maximum benefit from the received services, as 

expected by economic theory when a firm's marginal cost of capital equals its marginal 

benefit (Yang and Huang, 1998). The determination of vehicle usage is significantly 

influenced by cost benefits due to the continuous operational expenses associated with the 

use of a vehicle (Lamberton and Rose, 2012). As income will change, it has an influence in 
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determining the price sensitivity towards charging rates. Hence, the usage and growth of 

charging infrastructure is directly impacted which will further impact EV market. 

    

Russian invasion of Ukraine had various repercussions in EU regions and inflation in fossil 

fuels was major economic impact. This is forecasted to last till 2026 (Ari et al., 2022) and 

thus to reduce the consequences of such surge in fuel prices, transition to EV is a viable 

solution. Electric vehicle demand raised to 10% of purchases of new cars in 2021 (IEA, 

2021). Therefore, to maintain growth of this cheaper alternative, charging rates need to be 

cost efficient. 

    

However, the results from Huang and Kockelman (2020) imply that station owners should 

think about measures to safeguard the grid and reduce costs of charging, such as 

implementing higher charging speeds and pricing based on the time of use. Increasing prices 

during peak hours at popular stations can be utilized to control demand, reduce wait times, 

and increase revenue. Results from the current study adheres to the previous conclusion as 

consumers are observed to shift their electric vehicle charging to non-peak hours to consume 

cost efficient service. It implies that consumers are sensitive to price increase and display 

their willingness to shift their charging behavior according to lowest tariff hours. It was also 

discovered that load-shifting methods need to be created to avoid overloading electric 

networks in the evening times of high demand when most EV drivers return home to charge 

their vehicles (Vassileva and Campillo, 2017).  

    

Present study’s observation from regression displays there is no association of driving 

mileage with price sensitivity. It is implied how much a consumer drives an EV and further 

use the charging infrastructure; this does not have influence on the sensitivity towards 

charging rate increase. On the contrary, if users are provided with information regarding the 

charging prices of different piles or stations, it is likely that their driving behaviors will be 

influenced by the comparative prices across different regions (Li et al., 2022). However, 

customers are not always seeking the best deal; some are unwilling to compromise on journey 

time despite being time conscious (Latinopoulos, Sivakumar, Polak, 2017).    
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6.5 Managerial implications:   

    

This study implies that in the process of developing and constructing charging infrastructure, 

governmental organizations should account not only the monetary investment and the 

technical specifications, but also the preferences of consumers and the psychological 

elements that come into play when making purchasing decisions.  

    

During the process of gathering respondents' viewpoints, it was noted that a substantial 

number of consumers exhibit a low wait time preference to charge their vehicle. Also, few 

charging providers like Circle K and ESB ecars are seen to be the used mostly by EV users 

and this demonstrates that more usage leads to satisfaction. However, not all public 

provider’s charging services are widely consumed by EV population of Ireland. Hence, from 

managerial implications perspective charging infrastructure developers and stakeholders need 

to focus on growing customers’ acceptance for other charging providers. This can be 

achieved by reducing the wait time at charging stations through fast charging 

implementation. However, from a business point of view it would be a costly investment in 

installing the fast-charging technology and as it is implied by the regression model three 

consumers are price sensitive. Hence, charging providers need to be careful in formulating 

charging rates for fast charging.  

    

Furthermore, results for the satisfaction of charging station at different cities of Ireland 

implied that consumers of electric vehicle charging infrastructure are more satisfied in Dublin 

than other cities. Thus, the policy makers and infrastructure developers need to assure a 

homogeneous development of charging network across Ireland.  

    

While Income was not a predictor of customer preferences, there is a significant correlation 

between income and price sensitivity of customers in using charging infrastructure. Hence it 

is clear for policy makers that consumers will not pay for extravagant charges and try to be 

cost effective in using electric vehicle as in the first place they bought electric vehicle 

considering its long-term cost saving benefit in comparison to high-cost fuel for traditional 

vehicles. Hence, considering managerial implications, policy makers need to update public 

provider pricing schemes to account for consumer price sensitivity and the threshold at which 

they can raise rates. In a current study this threshold is observed from results in APPENDIX 

G that 50% price increase leads to shift consumers from public to cheaper private alternative. 
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Thus, balancing the benefits of both stakeholders to reach Nash equilibrium in terms of game 

theory model. This echoes with the behavior of consumers to shift to non-peak hours for 

charging to save money.  

    

To conclude, governments can improve policies by using consumer input and ongoing 

analysis to understand changing customer preferences and patterns. Governments can 

encourage customers to use eco-friendly transportation through these efforts.  

 

6.6 Literature Implications:   

    

The findings of this study created substantial depth to a repository of information concerning 

market for charging stations for an EV. This study contributes to the existing literature Chen 

and Lin (2022) by expanding the research in Ireland where factor influencing customer 

satisfaction for charging infrastructure has been understudied. The EV market is growing in 

this country and a more comprehensive outlook is provided through the latest analysis of 

various socio-economic factors. In addition, significant focus on price sensitivity aspect is 

undertaken during the current energy crisis due to Russia-Ukraine war. Current study’s 

findings provided insights that there are variations in factors impacting the satisfaction levels 

for charging infrastructure as the geographical region of study changes. Also, satisfaction is 

also associated with factors beyond those in the exiting literature such as consumer 

employment, city, and different public providers. Examining the usage of wide range of 

charging providers provided current situation insight for infrastructure developers and 

stakeholders about consumer requirements. Hence, there is a great value addition to exiting 

literature from the findings of this research.   

    

 

CHAPTER 7: CONCLUSION 

 

7.1 Limitations and future scope:   

    

The next part discusses the study's limitations, which are inevitable in any research project, 

along with suggestions for further research are made.  
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Driving an electric vehicle needs recharging and usage of charging infrastructure is inevitable 

for electric vehicles. However, in this investigation, it was not found to be a significant 

predictor of satisfaction. Chen and Lin, (2022) conclusions contradict the current study’s 

result. The current sampling strategy may explain why socio-demographic variables do not 

have any effect on satisfaction. Future research might benefit from using probabilistic 

sampling, which entails randomly choosing a section of a larger group. 

    

The current study includes a wide range of private owners or potential buyers of electric 

vehicles using charging infrastructure. However, it does not account the classification of 

different purpose of using vehicles or types of drivers. This could change their usage of 

according to the intent of using the electric vehicles and service of charging infrastructure 

Wolbertus, (2021) has examined this similar element through the modelling approach to 

account for the wide variety of charging practices found in modern cities.  

    

Lasty, the current investigation into price elasticity was conducted from the perspective of 

consumers in context of them using the service offered by various charging providers. 

Delving into the price elasticity from the outlook of these service providers and how it is 

beneficial for them to increase or decrease the price can be a potential area for future research 

and it would provide deeper holistic view of the price elasticity of charging infrastructure 

domain. (Bao et al., 2021) Also, the influence of charging demand needs to be explored 

further as this has major consequences for the power grid (Das et al., 2020).  

    

7.2 Conclusion:   

    

There is currently a drive from Ireland’s government policy to expand the usage of EVs 

across country due to a range of sustainability and environmental global warning reasons 

(Department of Transport, 2023). The expansion of EV use is, amongst other things is 

influenced by the development of EV infrastructure. This study is very timely and important 

to illuminate the importance of EV charging infrastructure to EV customer satisfaction, but 

also explores the role of important predictors of satisfaction such as price sensitivity, charge 

waiting time, preferences for public and private infrastructures. This provides governments 

and private EV operators with important insight into the key drivers of EV adoption through 

an analysis of satisfaction.  
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