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Doctoral Thesis: Abstract

The aim of this dissertation is to explore consumer behaviour for the adoption of Electric Vehicles
(EVs), to understand the different drivers and barriers consumers face when adopting or not EVs,
and to empirically assess the factors and characteristics of consumers. The motivation for this
dissertation is the world-wide growing concern for environmentally friendly products and the
pressure to reduce the carbon footprint. EVs are considered a sustainable transportation solution
to reduce greenhouse gas emission and to mitigate the causes of climate change on a global level.
EVs have the potential to alleviate environmental problems, especially in the transport sector.
However, the adoption rate for EVs is still low and consumers seem to be a reluctant to adopting

this kind of technology.

First, a systematic literature review was conducted to understand the different theories that are
used to analyse consumers adoption intentions for EVs. The theories examined in Chapter 1 are
systematically compared in their scope, approach, and findings to point out similarities and to
create a foundation for future research in this field. Based on existing literature, particular interest
is put on the Theory of Planned Behaviour and its antecedents, which is then applied to our own
data set in Chapter 3.

Based on the literature review, Chapter 2 explores the perceptual and motivational reasons for
consumers when adopting EVs. This chapter offers an empirical approach with a primary data set
sample of n>2.000 to better understand the factors for EVs adoption. A multiple logit regression
model was developed, and several different analyses were run to explore factors that influence
the likelihood of buying an EV, applying different aspects such as demographic variables, car
attributes and external environmental factors. It is found that age, being male, having children,
education, living in urban areas, and previous experience positively influence EV adoption. Better
infrastructure and information availability help to promote EVs. Referring to consumer
behaviour, it appears that reputation-driven consumers prefer EVs only when the purchase price
is more expensive than that of other vehicles, suggesting that true environmental concern is
attenuated by reputation motives and that the desirability of EVs as sustainable products only
exists when prices are more expensive. The role of status and reputation as important motive for
the adoption of EVs is highlighted and is of great research interest. In summary, this chapter adds
new insights into the adoption of EVs from a consumer behavioural perspective and confirms

certain earlier findings while implementing new empirical approaches.

Ultimately, in Chapter 3, the Theory of Planned Behaviour is applied to the primary data set
sample using Smart PLS4 to analyse the impact of attitude, subjective norm, perceived
behavioural control, moral norm, and environmental concern. In addition, based on previous

research highlighting the importance of experience, education, and gender, a new dimension of



consumers as variable “profile” is created. Several analyses within PLS SEM Modelling are
conducted, such as PLS Algorithms, Bootstrapping, Multigroup Analysis. The empirical analysis
shows that the constructs “Attitude”, “Perceived behavioural control”, “Subjective Norm”, and
“Moral Norm” have a direct positive impact on the adoption intention for EVs, with “Attitude”
having the strongest relationship. As for the effect of “Environmental concerns”, this construct
showed a positive indirect impact on the adoption intention, while no direct relationship of EC
towards adoption intention could be found. Among the mediating variables, “Moral Norm”
showed the strongest impact on adoption intention via the construct “Environmental concern”.
The newly created variable “profile” showed no significant impact on the relationships towards
adoption intention for EVs. The results confirm previous findings and serve as guideline for
government and manufacturers. Based on the study’s results, the appropriateness of the TPB
model is confirmed and it has a good explanatory power in predicting consumers’ intention to
adopt BEVs.

In summary, the dissertation allows a deeper understanding of consumer behaviour for the
adoption of EVs by applying systematic literature reviews and different statistical analyses based
on an empirical primary dataset, thus revealing valuable contributions to the literature, and

allowing for helpful conclusion for governments and industries.

Keywords:

Electric vehicles, Battery Electric Vehicles, Consumer preferences, Consumer behaviour,
Theories, Adoption intention, Reputation, Extended Theory of Planned Behaviour,

Environmental concern, Attitude, Subjective norm, Sustainability issues
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1 Introduction

1.1 The Role of Electric Vehicles today

Citing the importance of taking action in regards to climate change with its anthropogenic
consequences are widely discussed and considered proven within the scientific community
(Jochem et al., 2015). Many governments are promoting Electric Vehicles (EVSs) to increase its
market share (Gallagher & Muehlegger, 2011; Hardman et al., 2017; Li et al., 2019; Turcksin et
al., 2013), while defining EVs as one possible solution to overcome environmental concerns. Air
pollution in cities and growing environmental concerns result in a higher demand for acting

responsibly for both companies and consumers.

The degradation of air quality concerns society’s health on a global level, while transport
emissions are responsible for around 25% of the European Union’s (EU) total greenhouse gas
emissions (GHG) (European Commission, 2022). The European Commission set ambitious
targets for all 27 EU member states to reduce CO2 emissions of new cars and vans, aiming at a
55% reduction of emissions from cars by 2030, compared to 1990 levels. The goal is to be the
first climate-neutral continent by 2050. The transport sector itself represents a quarter of Europe’s
GHG emissions and is considered the main cause of air pollution in cities (European Commission,
2022). Out of these emissions, over 70% stem from road transport, as the following figure shows.

Figure 1: Greenhouse gas emissions form transport in the EU
Infographic: Greenhouse gas emissions from transport in the EU

0.5 04

Other ‘ Railways**
Total civil g
aviati \\ -

Heavy-duty
trucks and
buses

Road
transport

Transport*

transport

Source: European Commission, 2022

Therefore, in recent years, Plug-in Hybrid Electric Vehicles (PHEVs) and Battery Electric
Vehicles (BEVs) have increased in relevancy in the field of sustainable transport. However,
despite the increasing demand, the diffusion of EV is still limited, counting only 2,7% for BEV
and 4,9% for PHEV of all cars registered in Spain in the end of 2021 (MSI Iberia, 2022). In 2019,



new registrations of electric cars increased significantly up to 2,1 million globally to boost the
stock to 7,2 million electric cars (IEA, 2020). In 2020, Electric Vehicles sales even increased by
41% with 3 million vehicles worldwide (IEA, 2021). The Global Electric Vehicle Outlook
highlighted that policy approaches show a clear, long-term transition into an economically
sustainable environment and highlights the importance of technological progress in the
electrification (IEA, 2021). The steady increase between 2013-2019 of the EU’s domestic
transport emissions is related to the growth in passenger transport volume (EEA, 2022a).
Although greenhouse gas emissions (GHG) from the EU transport sector decreased in 2020, this
decrease refers to an overall lower activity due to the Covid-19 pandemic, and road transport

remains the main GHG contributor of all transport emissions (EEA, 2022a).

The following Figure 2 reports the number of newly registered electric cars in the EU27 and non-
EU EEA countries (EEA, 2022b). In addition, Figure 2 shows Spain as bad performer referring
to the percentage of electric cars registered, whereas countries such as Norway, Iceland, Sweden,
Denmark, and Finland are considered Benchmark.

Figure 2: Newly registered electric cars by country

Norway ] —— ] —
Iceland
Sweden | ———— i —
Denmark | —— T —
Finland ]| — =
Netherlands |
Germany |
Switzerland
Luxembourg |

Hungary |
ce

—
Greet —
—
-
-
-
-

Czechia |
Slovakia Jea
Cyprus o

T T T T T ] T T T T 1

0 10 20 30 a0 50 60 70 £ %0 0 100,000 200,000 300,000 400,000 500,000 600,000 700,000
Number of passenger cars registered

Percentage of passenger cars reglstere

Source: EEA, 2022b

Furthermore, some countries have announced plans to ban internal combustion engine vehicles
from city centres or excluding them from governmental supports, which marks an important step
in the development of electric vehicles. In general, EU member states should implement
additional measures to reduce transport emissions, and policies should focus on promoting further
low-carbon fuels or electric cars, and they are also focusing on a modal shift to public transport
(EEA, 2022a). Figure 3 provides a status worldwide of when governments plan to phase out sales

or registrations of new internal combustion engine vehicles.



Figure 3: Targets per countries to phase out sales ICE cars
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Considering these facts and figures, it is no surprise of the amount studies analysing contextual
factors to incentive an EV purchase, and taxes and subsidies are considered as very important
ones. Countries such as Denmark have exempted EVs from the car registration tax, like in Norway
(Thogersen & Ebsen, 2019). In comparison to Europe, the market share of EVs in Spain is still
expandable. The charging infrastructure in Spain in November 2022 is composed of 10.404
charging points (Electromaps, 2022).

1.2 Description of different types of Electric Vehicles

Although a steady trend for reducing greenhouse gas in Europe can be witnessed in recent years,
the transport sector has not yet adequately followed and shows a significant relative contribution
to overall GHG emissions in Europe (EEA, 2022a). Nevertheless, it is important to clarify that
the transport sector shows lower greenhouse gas emission than aviation and maritime transport,
but still needs to be more ambitious to achieve its goal set in the European Green Deal. The
European Green Deal outlines a number of initiatives across all policy sectors defined by the EU
with the aim of making the EU climate neutral by 2050 (European Commission, 2020). In general,
the impact of Covid-19 induced a reduction of greenhouse gas emissions in 2020 in all sub-sectors

as shown in the following Figure 4.



Figure 4: Greenhouse gas emissions from transport in the EU
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EVs offer a viable alternative to conventional vehicles that could help to meet the target of
reducing Co2. There exist different types of EVs, such as vehicles that are fully electric, standard
hybrids, or rechargeable hybrids. The first group is powered entirely by electricity, and therefore
produces no emissions while driving. In contrast, traditional vehicles called internal combustion
engines (ICE) emit higher amounts of greenhouse gases and have internal combustion engines
that burn petroleum. Based on the growing concerns towards environmental issues, Original
Equipment Manufacturers (OEMSs) are being pushed to produce more environmental-friendly
cars, with regulations aimed at reducing CO, emissions. Table 1 explains the different types of
vehicles with their corresponding abbreviations. Hybrid Electric Vehicles (HEVs) as being
vehicles that have an internal combustion engine alongside a supplementary electric motor driven
by a battery are not considered further for this research. HEVs do not require a drastic change in
consumer behaviour due to their similarity to ICE vehicles, and therefore show less or

nondisruptive innovation in transportation technology.

Table 1: Overview EVs Technology

. Short A
Vehicle type name Description
BEVs are powered entirely by an electric motor which works with batteries, and
thus without any combustion gasoline engine. The batteries are usually larger
Battery than the ones for PHEVs and are rechargeable, so that the vehicle can be
Electric BEVs plugged into an external source of electricity. BEVs can also, like all electric
Vehicles vehicles, recharge their batteries through regenerative braking for which its
kinetic energy is converted into electricity when slowing the car down. Such
cars are zero emission vehicles.
PHEVs are made up of an electric or battery motor in combination with a
Plug-in gasoline engine, while the battery-powered electric motor is the main power
Hybrid PHEVS source. It continues to use this electric motor until the battery is used up. The
Electric battery is often smaller than the one in pure BEVs. Such vehicles can be
Vehicles recharged with electricity or refuelled with gasoline and have very low

emissions. Both HVs and PHEVs combine the internal combustion engine with



the battery and electric motor, but the PHEVs can be recharged from external
sources, such as plugging them in at home, regenerative breaking, or by gas
engine.
HEV is a type of hybrid vehicle and electric vehicle and is mainly powered by
an internal gasoline combustion engine. The electric motor is only used to

Hybrid complement this combustion engine. Such cars use the electric motor at low
electric HEVs speeds and then change into gasoline power, in contrast to PHEVS. Thus, the
vehicles main power source is still gasoline. In doing so, such cars combine benefits of

both kinds of power sources and are considered a combination of low emission
and conventional cars.

Fuel—c_ell FCEVs runs on electricity using hydrogen from an on-board tank that is
electric FCEVs . : .
: combined with atmospheric oxygen

vehicles

Range-
extended REEV is powered by an electric motor and a plug-in battery. The auxiliary

. REEVs : R .
electric combustion engine is used only to supplement battery charging.
vehicles
Abbreviation that includes both BEVs and FCEVs.
All electric In addition to charging from the electrical grid, both types are charged in part by

vehicles AEVs regenerative braking, which generates electricity from some of the energy

normally lost when braking.

* Further types are existing, but are not explained in more detail here,
e.g. hydrogen fuel cell vehicles, natural gas NGV

It is important to highlight that this dissertation aims to analyse the consumers of EVs from a
marketing and managerial perspective. Thus, when focusing on the keyword “Electric vehicles”,

it is always examined from a consumer’s point of view and not from a technical point of view.
1.3 Problem Statement

As previously explained, there is growing interest in EVs as a possible sustainable solution for
the transportation sector. However, consumers are still reluctant to adopting this kind of
technology, as it is reflected in the low adoption rates of EVs. Spain as southern country of the
European Union lags behind in the adoption of EVs with only 2.7% for BEV and 4.9% for PHEVs
of all vehicles registered in 2021 (MSI lberia, 2022), compared to countries such as Norway,
Iceland, Sweden and Denmark with shares of 86%, 64%, 46%, and 35% respectively (EEA,
2022a). On one side, society is demanding more environmental-friendly products to reduce
carbon footprint, and on the other side, consumers in the transportation sector adopt EVs very
slowly with EVs representing minor market share quotes. Despite the incentives and the EU’s
ambitious goals to reduce gashouse emissions in the transport sector, market diffusion of EVs is
still low. Concisely, the road to the progress of the adoption for EVs still cannot be called a
success. Therefore, what is the reason for consumer reluctance to adopt EVs? What are the
motivational factors of adopting or not adopting an EVs from a consumer perspective? What are
consumers’ perceptions and attitudes towards EVs? What are the sociodemographic variables of

a consumer who purchased EVs? This dissertation analyses the factors that hinder the adoption



process for EVs from a consumer perspective, while examining the enablers that promote the
adoption of EVs.

In order to shed light on this situation, it is critical to understand consumers’ perception and
behaviour. Consumer behaviour plays an essential role in business growth and marketing, and a
company’s success depends on the satisfaction of their consumers. Sundareswaran et al. (2022)
defined consumer behaviour as “the study of consumers and how they choose or eliminate
products” (Sundareswaran et al., 2022, p.82). The authors also pointed out the need to focus on
the factors that influence consumer buying behaviour, in order to introduce specific measures.
Herberz et al. (2020) mentioned the difficulty of changing specific consumer behaviour in more
conservative sectors such as transportation. In brief, it is important to understand the different
thought processes and attitudes consumers exert towards purchasing a specific product. Consumer
behaviour is formed by social, economic, and environmental concerns which lead to new
consumption demands and different strategies for companies (Hofenk et al., 2019). Although
research on sustainable consumption is gaining attention and it is of interest whether the adoption
process can be influenced by the social and moral context, this research area is still
underrepresented, and further research is required. At the same time, there exist a research gap
for the impact of status and reputation when adopting EVs. Griskevicius et al. (2010) found that
status motives even led consumers to choose green products over nongreen products. This leads
to the following question: Are consumers environmentally concerned or are they more status and
reputation oriented when adopting EVs? At the same time, what influence does moral norm and
environmental concern play? Thogersen and Ebsen (2019) found that consumers’ intention to
purchase an EV increases with their perceived moral obligation to choose an environmental-

friendly vehicle.

In current literature, there is very little academic evidence based on Spanish samples, which is
another problem statement to highlight for this dissertation. It is important to consider the cultural
differences between countries, and although academic results from other countries can serve as
guidelines and can be related to Spanish consumers, it is still necessary to compare them with
Spain and its cultural characteristics, based on empirical findings. Referring to Hofstede’s
dimensions (Hofstede, 2022), Spain stands out with a high score on the dimension called “power
distance”, which means that it is a hierarchical and autocratic society. It is also a society where
“Uncertainty Avoidance”, defined as the extent to which people feel threatened by unknown and
ambiguous situations, scores highly, which in turn reflects the way consumers behave. Although
Ashmore et al. (2018) did not focus on the context of Spain, the authors analysed the differences
of symbolism of eco cars by including two of Hofstedes cross-cultural dimensions such as power

differential and individualism vs. collectivism.



In summary, further empirical research is needed to draw useful conclusions and to understand
consumers’ reluctance to adopt EVs. This dissertation aims to provide a deeper understanding of
consumer behaviour based on an empirical dataset that allows for the investigation of
sociodemographic, car attributes and environmental factors, while analysing the impact of
experience as well as applying the Theory of Planned Behaviour with a focus on environmental

concerns.
1.4 Purpose of the Thesis: Brief Description of the Chapters

In line with the Research Proposal presented in 2020, the dissertation aims to investigate
consumer behaviour for the adoption of Electric Vehicles from a marketing and managerial
perspective. With the aim to provide a complete overview, the dissertation is divided into different
chapters, each with a different research objective to fulfil the requirements of an accumulative
doctoral program such as the iDEM program. All chapters are coordinated and interrelated, and
the results are used in the subsequent chapters. The following Figure 5 below shows the focus of
the different chapters, while Figure 6 gives a more complete overview of their research questions,
methodology and results.

Figure 5: Focus Chapters Dissertation

Investigation on Consumer behavior for adopting electric vehicles

crpir 1 S 2

Systematic Literature Review

Consumer behavior.
Role of Status and Reputation.

(Extended) Theory of Planned
Behavior

In the first chapter, a systematic literature review on the consumer adoption theory for EVs is
conducted. Several stages were applied to ensure the systematic approach behind, and the Web
of Science (WoS) was used as the main platform to extract the relevant papers. A specific
combination of keywords was defined, and the focus was on published papers written in English.
Several process stages were realized to narrow down the initial 56.400 results obtained from the
WoS first to 7.676 papers by defining the categories and document type, and then to 831 papers
by redefining the categories. The result resulted into 146 papers with the keywords combination
of (1) electric vehicles, (2) adoption and (3) theory. After some additional steps, 76 papers were
finally yielded and their abstract were reviewed, from which 49 papers were finally selected for

this systematic literature review. The research questions of the Chapter 1 are the following:



1. What theories are applied in research studies to provide a better understanding about EVs
adoption and purchase intention, from a consumer point of view?

2. What theory is recommended for future research in this area?

The objective of this chapter is to gain a profound understanding of the different academic studies
on consumer behaviour for EVs adoption and purchase intention, and to analyse the different
theories that are applied in the studies to make a recommendation for future studies in this area.
The conclusion was that the Theory of Planned Behaviour is the study that should be used to
further investigate consumer behaviour based on different behavioural constructs. In summary,

Chapter 1 is relevant to both Chapter 2 and Chapter 3, which are explained in the following.

In Chapter 2, the research contributes to the literature by providing insights into consumer
behaviour for EVs in the form of an empirical investigation based on a Spanish sample as the
primary data set, conducted in 2021. This study helps to uncover factors and barriers for the
adoption intention of EVSs. It identifies the socio-demographic characteristics of the EV
consumers, while applying a structured and global approach that also includes environmental
aspects and car attributes. Additionally, and most importantly, the study analyses consumer
behaviour when all vehicles cost the same. Therefore, the variable of purchase price for EV was
controlled for, and it was found in this scenario that reputation-driven consumers are not interested
in the adoption of EVs. It seems that a higher purchase price of EVs compared to other vehicles
allows for a certain exclusivity and an increase in status, which apparently is important for
reputation-driven consumers. The study also allows to conclude corporate and governmental
recommendations to target psychological barriers to the adoption of EVs. The research questions
of Chapter 2 show a clear focus on the factors impacting consumers to adopt or not EVs, and on

consumer behaviour if all vehicles cost the same:

1. What are the factors that influence the EVs adoption? Answering this main research
question, this research will be able to answer further:
a. What does a consumer of EVs look like (sociodemographic variables)?
b. What role play experience, governmental incentives, information availability and
other car attributes?
2. What happens if all vehicles cost the same?
3. Are consumers’ status- and reputation-driven or do they really care about the

environment?

Regarding the sociodemographic conclusions of Chapter 2, it is found that age, being male and
having children, higher education and living in urban areas, having had previous experience with

EVs influence the adoption of EVs positively. In summary, this chapter helps to confirm previous



findings in the literature and to fill an important research gap in the field of consumer behaviour

with its focus on status and reputation.

Chapter 3 then continues the empirical research by applying the Theory of Planned Behaviour
from Ajzen (1991), as it is concluded as recommendation in Chapter 1. In Chapter 3, the
constructs “Attitude”, “Perceived behavioural control”, “Subjective Norm” are included as
defined in the traditional TPB, and the theory is extended with “Moral Norm” and “Environmental
Concern”. In this chapter, the study focuses exclusively on Battery Electric Vehicles, which is
another useful contribution to the literature, as this kind of technology requires more consumer
effort due to its often unfamiliar technology and incorrect image. Yang & Tan (2019) explained
that BEV is a new product to many people, and its influence and identity has not yet been formed.
The focus on BEV was clearly stated in the survey to avoid any confusion with other EVs. In
addition, Environmental Concern is a construct with high importance based on the literature
review, for which we have analysed it both as an indirect and direct impact on the adoption
intention. Chapter 3 focuses on the following research questions:

1. What impact do the extended TPP constructs “Attitude” (ATT), “Perceived behavioural
control” (PBC), “Subjective Norm” (SN), “Moral norm” (MN) and “Environmental
Concerns” (EC) have on the consumer adoption intention (Al) of BEVs based on a
Spanish sample set? What behavioural patterns can be concluded?

2. What role plays experience, gender, and education in the TPB model?

Smart PLS4 tool was applied for the Structural Equation Modelling, which allowed to run several
analysis and tests such as Bootstrapping, Permutation Group Analysis, etc. It is found that ATT,
PBC, SN and MN do exert a direct positive impact on the adoption intention while EC shows no
direct impact but a strong indirect impact on Al via the other constructs. The results are very

helpful to further understand consumer behaviour.

In summary, all three chapters have a clear line of investigation and as a complete document they
give useful understandings of consumer behaviour towards the adoption of EVs. The following

Figure 6 gives an overview of all chapters.
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1 Theories on Consumer Adoption of Electric Vehicles
1.1 Abstract

The quest for a more environmentally friendly, sustainable future is more relevant today than
ever. Electric vehicles (EVS), in comparison to conventional vehicles, have positive effects such
as lower greenhouse gas emissions that help to mitigate the causes of climate change. The
transition towards more sustainable transport means in the transport sector are key to achieving
national climate targets. Despite the positive environmental impacts of EVs, their market share
remains marginal. There are several papers analysing the factors on consumers” purchase
intention and adoption of EVs. This chapter offers an in-depth literature review on different
theories that are used to analyse consumer’s purchase intention and adoption for EVs. The theories
are systematically compared in their scope, approach, and findings to point out similarities and
create a foundation for future research in this field. A strong focus is put on the Theory of Planned
Behaviour and its antecedent theories. The goal is to provide a solid foundation for finding a
suitable theory for future research on consumers™ adoption for EVs. In addition, gaps and
limitation are identified and suggestions for future research are provided.

1.2 Keywords
= Electric Vehicles
=  Theory
= Adoption
= Consumer
= Behaviour

= Literature Review

1.3 Introduction

As previously highlighted, there are several papers analysing the factors behind the slow and
marginal consumer adoption for EVs, with increasing interest in recent years. Several authors
analysed socio-demographic variables to investigate on consumer’s acceptance of EVs, with the
objective of providing a better understanding of consumer behaviour and political and managerial
guidelines. Schuitema et al. (2013) explained that the acceptance for EVs relies on consumer’s
perception of EVs. Consequently, in order to promote EVs, it is critical to understand consumers’
perception and the possible barriers and drivers they face when adopting an EV. To further enrich

the literature, this systematic literature review analyses different theories to explain consumer’s



adoption for EVs, and hence, consumer behaviour. Therefore, this chapter addresses the following

research guestions:

o What theories are applied in research studies to provide a better understanding about EVs
adoption and purchase intention, from a consumer point of view?

e What theory is recommended for future research in this area?

The literature review analyses results from different research studies regarding EVs and their
adoption. During the systematic review process, the quality of the studies is evaluated with the
aim of drawing conclusions about the different theories used to explain consumer behaviour.
Another objective is to create a profound understanding of the present literature with possible
gaps for future studies, especially as preparation for the subsequent chapters of this doctoral

dissertation.
1.4 ldentifying relevant studies

A systematic, structured literature review is conducted to provide a broad understanding of the
field for consumer behaviour for the adoption of EVs as sustainable products. To this extent, the
research review consists of several stages. The focus hereby is on the Clarivate Analytic’s Web
of Science (WoS) platform as main extractor of relevant papers. The WoS is a multidisciplinary
research engine which serves both as a research tool for very diverse knowledge domains as well
as a dataset for large-scale studies (Li et al., 2018). It is the “worid’s leading scientific citation
search and analytical information platform” (Li et al., 2018, p.1). Dr. Eugene Garfield founded
the Institute for Scientific Information and developed the Science Citation Index (SCI) to
categorize and track scientific information which ultimately resulted in the Web of Science
database. Based on the SCI, the Journal Impact Factor (JIF) was created to evaluate journals and
to measure the quality of research. It is used globally for almost every knowledge domain (L.i et
al., 2018).

Additionally, the Research Gate Platform is used to locate missing papers that are not immediately
accessible via the WoS platform. Besides the keyword combinations (explained in the following),
the data search is limited to articles written in English language, and it is avoided to include any

conference papers, book chapters or other un-published studies (proceedings papers).

2 Process Stages

In order to obtain a global overview and profound knowledge and understanding of the research
area, different process stages have been conducted to define the final sample to work with and to

ensure an objective, systematic and profound knowledge acquirement.
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2.1 Process Stage 1

In a first step, the key word “electric vehicles” is introduced in the platform Web of Science Core
Collection which resulted in more than 56.400 results (status 22" of May 2021) without applying
any further filter. Different categories of the WoS were then refined, excluding electrical
engineering, computer sciences, physics, chemistry, mechanics, telecommunications,
thermodynamics, chemistry, or mathematics areas, to focus on management and marketing areas.

This resulted in 7.676 papers.
Figure 7: 1st stage Web of Science Research process (Chapter 1)

Tool: Web of Science — Status May 2021 (22.05.2021)

Keywords: “electric vehicles”

| 56.422 articles without filtering

=| Defining categories | 10.594 articles
44 Document Type: Articles only | 7.676 articles

Note: Own work

The WoS platform offers different analysis options to quickly understand the results yielded, and
the Citation Report reflects citations to source items indexed within WoS Core Collection. With
the key word “Electric vehicles” it is worth to mention that there is a significantly increase since

2008 on with an incremental evolution since 2012.
Figure 8: Evolution papers Web of Science "Electric vehicles" (Chapter 1)

Nimera de veces citado al afio

Note: WoS Citation Report

Out of these 7.676, 232 paper (3%) refer to the country Spain as research country. Reviewing
some of the articles, many papers still focus on other areas out of interest for this chapter such as
power resources and electric utilities that could use battery vehicles as storage. Therefore, the

keyword “consumer” is included as additional mandatory search function to narrow down the
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results and focusing on papers focusing on “consumer” from a managerial perspective, which

resulted in 831 papers.

Figure 9: Keywords combination EV and Consumer (Chapter 1)

Keywords: “electric vehicles” AND “consumer” |
2nd

1

1

1
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| i
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1

1
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Note: Own work

2.2 Process Stage 2

Based on the previous results, a first analysis of some papers mainly focusing on consumers and
their purchase behaviour for EVs with different factors and barriers for (not) adoption was
realized. This step was conducted in a more subjective way with the simple aim of acquiring
further knowledge of the research topic and to ensure a correct final research definition. All papers
were included in the tool “Mendeley” and those further analysed were presented in an Excel sheet
created by the student (see Appendix 1). Although this step is not necessarily defined as
systematic review, it was of importance to later chose the final selection of papers, and to ensure

the right selection process for all papers to be included.

Therefore, once acquired further knowledge, the final focus is on the different theories applied to
explore the consumers” behaviour for EVs adoption as theoretical framework. The focus on the
main theories used to examine EVs adoption, serves as basis for the third chapter of this
dissertation. This literature review should also help other authors to faster decide which theory to
include in their future study without the need of realizing an intense review as it was conducted

here.
2.3 Final Process Stage

Based on the literature review realized during the first and second stage and considering the high
number of papers yielded, the final keywords combination is defined into: (1) electric vehicles,
(2) adoption and (3) theory which resulted in 146 papers, based on WoS Core collection search.
The keyword “consumers” is finally not applied due to the reason that many authors define
“consumers” as individuals, customers, users etc. when referring to the person interested in the
adoption of EVs. Additionally, the WoS platform offers different categories to select which
narrow down the area required. Trying other keywords combination with “green cars”, or
“alternative fuel vehicles”, and “theory”, and “adoption”, and “behaviour” did not lead to more
refined results and were finally discarded. In the following Figure 10, the final process step is

shown and subsequently explained.
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Figure 10: Final process of Literature Review (Chapter 1)

Tool: Web of Science — Focus on “Theories” for EV adoption
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Of the total 146 papers resulting from the keyword combination, only the type “articles” was
selected, which resulted in 124 papers. Again, the categories were refined to exclude engineering,
telecommunications, energy fuels, computer sciences etc., and to limit the categories to relevant
areas (management, transportation science, environmental studies etc.) which resulted in 76
papers. All titles, abstracts, and research areas of the 76 papers were reviewed. 16 papers were
excluded due to their scope in other areas. Additionally, 5 proceeding papers were excluded to
focus only on articles that are already published. The final 55 papers were cross-checked with
previously read papers (during the first and second stage of this process to acquire deeper
knowledge), of which 43 papers had already been reviewed, so an additional 12 papers were
included as “new”. Nevertheless, to complete the Excel file (see Appendix 1) and to ensure
accuracy, all papers are thoroughly (re)examined and classified. Two (2) papers were then
excluded due to their different scope on autonomous vehicle and fleet optimization, and four (4)
were not available on either the WoS or Research Gate platform. Therefore, 49 papers were finally
included in this review. For each paper reviewed, the research questions addressed in the papers,
the research country, the theoretical framework, other methodological approaches, and main

conclusions were noted.

3 Systematic Literature Research

In this chapter, a systematic literature research is applied in line with Machi & McEvoy (2009)
who showed in a complete but simple way the so-called research cycle with the different steps to

follow (see Figure 11). “A literature review is a written document that present a logically argued
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case founded on a comprehensive understanding of the current state of knowledge about a topic
of study.” (Machi & McEvoy 2009, p.4). Based on the initial research interest of electric vehicles
in the management and marketing area, the research topic of consumer’s behaviour and consumer
adoption on electric vehicles was defined. Then, based on the Literature Review, the research
thesis of this chapter could be identified, which consequently helped to define the following

research questions:

o What theories are applied in research studies to provide a better understanding about EVs
adoption and purchase intention, from a consumer point of view?

e What theory is recommended for future research in this area?

Figure 11: Systematic Literature Review “The research cycle” (Chapter 1)

Research
Answers interest \Idenhﬁes
Research Research
Project Topic
Determines Specifies
Nature and
and Scope Frames
Research Literature
Question Review
Defines Research Acovers
Further Thesis and
Research Advocates

Note: Machi & McEvoy (2016)

3.1 Investigation of final Papers

When analysing the final 49 papers focusing on their research countries, the vast majority refer
to China and other Asian countries, the United States of America, and some Nordic European
countries. Spain as research country does not even appear in the analysis on the WoS platform;
however, there is one of the 49 papers that focuses on Spain as context (see Higueras-Castillo et
al., 2019). This reinforces the urge for more research in this area for the country of Spain, as

previously explained as problem statement and justification of this research.
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Chapter 1: Szstematic Literature Review Kathrin Monika Buhmann

By conducting a R-Studio analysis, a deeper investigation is realized. R-Studio, as an integrated
development environment, provides the possibility to create statistical graphics, based on the
results yielded in the WoS platform. At the same time, it integrates bibliometric, which is a R-
tool for comprehensive science mapping analysis. Regarding the annual scientific production, it

is noted that more theories were published in 2018 and onwards (Figure 12).

Figure 12: R-Studio - Annual Scientific Production (Chapter 1)

Rt Tabl=

Annual Scientific Production

Articles

2mz 2084 2006 20E 2020

Note: R-Studio Analysis

Furthermore, when conducting an analysis of the most frequently used words in the papers, the
result is in line with the final keyword combinations for this chapter. Nonetheless, there are other

words that can be taken into consideration for future research (Figure 13).
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Figure 13: R-Studio Key words Results (Chapter 1)
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Note: R-Studio Analysis

3.2 Overview of final Papers

All papers were saved in an Excel file to analyse their year of publication, their research
question(s)/ aim, country context, sample size, hypothesis, theoretical framework, method, and
main results. Limitations and future research lines were also included as helpful summary and
guideline for the subsequent chapters of this dissertation. In Table 2 the theoretical frameworks
and corresponding authors are included. This helps future investigators to find the adequate theory
when examining consumers’ adoption (of EVs) and is of greatest use for Chapter 2 and 3 of this

doctoral thesis. Appendix 1 contains an extended review for further information.

Table 2: Overview Literature Review 49 papers (Chapter 1)

Framework Authors Year Norms/ constructs Use of theory

Extended theory of planned
behaviour (TPB) to predict
adoption intention of electric
vehicles

Attitude/ Subjective norm/ Perceived
2020 behavioral control + moral norm/
environment concern

Shalender, Kumar;
Sharma, Naman

Bhutto, Magsood
Hussain; Tariq,

Beenish: Azhar, Predicting consumer purchase

Attitude/ Subjective norm/ Perceived intention toward hybrid vehicles

Theory of Planned ~ Sarwar; Ahmed, 2020 - . L . .
Behavior Khalid: Khuwaja, behavioral control + price sensitivity Eé/nggsftfatmg role of price
(extended) Faiz Muhammad; Y
Han, Heesup
Attitude/ Subjective norm/ Perceived rEe)I(gtlgc?cg r?gglggzﬁtds O;I}I;PBr;ﬂx
Li, Lixu; Wang, behavioral control + policy mix characteristics on conzum;s’
Zhigiang; Wang, 2020 characteristics (consistency, . ;
- R intention to purchase EVs, as
Qiang coherence, credibility,

well as the moderating effects of

comprehensiveness, - . i
P ) policy mix characteristics.
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Liu, Rong; Ding,
Zhihua; Jiang, Xin;
Sun, Jing; Jiang,
Yanling; Qiang,
Wei

Shankar, Amit;
Kunnari, Pooja

Simsekoglu, Ozlem;
Nayum, Alim

Haustein, Sonja;
Jensen, Anders
Fjendbo

Wang, Shanyong;
Li, Jun; Zhao,
Dingtao

Schmalfuss,
Franziska; Muehl,
Kristin; Krems,
Josef F.

Yan, Qingyou; Qin,
Guangyu; Zhang,
Meijuan; Xiao,
Bowen

Du, Huibin; Liu,
Diyi; Sovacool,
Benjamin K.; Wang,
Yuru; Ma,
Shoufeng; Li, Rita
Yi Man

Mohamed, Moataz;
Higgins,
Christopher D.;
Ferguson, Mark;
Requia, Weeberb J.

Adnan, Nadia;
Nordin, Shahrina
Md; Amini, M.
Hadi; Langove,
Naseebullah

Mohamed, Moataz;
Higgins, Chris;
Ferguson, Mark;
Kanaroglou, Pavlos

Milad Mehdizadeh ,
Afshin Shariat-
Mohaymany

Xu, Yueling; Zhang,
Wenyu; Bao,
Haijun; Zhang,
Shuai; Xiang, Ying

2020

2019

2019

2017

2017

2017

2019

2018

2018

2018

2016

2021

2019

Attitude/ Subjective norm/ Perceived
behavioral control + driving
experience

Dual factor model. Attitude/ social
norm/ Perceived behavioral control +
environmental concern, perceived
CSR obligation --> intention to
adopt. Sunk cost, regret avoidance,
inertia, perceived value, switching
cost, perceived threat --> resistance to
adopt

Attitude/ Subjective norm/ Perceived
behavioral control + Environmental
attributes, Knowledge about BEVs,
Instrumental attributes, perceived
accident risk (+demographics)

Theory of Planned Behavior extended
by personal norm, perceived mobility
necessities, and BEV experience.

Financial incentive policy measures,
information provision policy
measures, convenience policy
measure + environmental concern

Attitude/ Subjective norm/ Perceived
behavioral control + experience

Attitude/ Subjective norm/ Perceived
behavioral control + positive
attributes/ negative attributes

Attitude/ Subjective norm/ Perceived
behavioral control + personal norm +
Low Carbon Awareness (low-carbon
value, low-carbon subjective
knowledge, low-carbon objective
knowledge)

Attitude/ Subjective norm/ Perceived
behavioral control + personal moral
norm + environmental concern (+
vehicle body type)

Attitude/ Subjective norm/ Perceived
behavioral control + personal moral
norm + environmental concern -->
intention (+hyperbolic discounting on
actual adoption)

Attitude/ Subjective norm/ Perceived
behavioral control + personal moral
norm + environmental concern

Attitude/ Subjective norm/ Perceived
behavioral control + attitudes towards
LECZ + socioeconomic variables +
travel related and built environment
variables

Attitude/ Subjective norm/ Perceived
behavioral control + environmental
performance + price value + non-
monetary incentive policy +
monetary incentive policy

Impact of driving experience on
willingness of BEVs adoption

Exploring the enablers and
inhibitors of EV adoption
intention from the sellers'
perspective using a dual-factor
mode

Examine the role of perceived
accident risk, perceived car
attributes, TPB constructs,
knowledge about BEVs, and
demographic variables in
predicting intention to buy a
BEV among conventional car
drivers.

Factors of electric vehicle
adoption

Examining the effects of policy
measures and exploring the
combined effects of policy
measures and consumers’
environmental concern on EVs
adoption

Role of experience in acceptance
of BEVs.

Purchasing Behavior Analysis of
Electric Cars

Investigating the salience of
social-psychological factors in
explaining why drivers purchase
(or fail to purchase) New Energy
Vehicles (NEVs)

Multi-group structural equation
modelling exercise to identify
differences in the mindset of
individuals towards electric
vehicles (EVs)

To forecast the customer’s
intention to adopt PHEVs

To quantify the impacts of
personal beliefs on individual
adoption intention towards
electric vehicles.

Impact on low emission charging
zone (LECZ)

To predict Customers' Intention
to Purchase Battery Electric
Vehicles
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TPB + Norm
Activation Model

TPB + Extended
Model of Goal
Directed Behavior
(EMGDB)

TPB + Functional
Theory FT and
constructive theory
CT

TPB + TAM + IDT

Reasoned Action
framework based on
TPB and TAM (and

TRA)

Theory of Reasoned
Action

TAM Technology
Acceptance Model +
Diffusion of
Innovation Theory
DolT

Value-Belief-Norm
theory and Norm-
Activation Model

Perceived value and
Reasoned action

Dong, Xiaoyang;
Zhang, Bin; Wang,
Bo; Wang, Zhaohua

Stillwater, Tai;
Kurani, Kenneth S.

Adnan, Nadia;
Nordin, Shahrina
Md; Rahman,
Imran; Rasli, Amran
Md

Tu, Jui-Che; Yang,
Chun

Thogersen, John;
Ebsen, Jonas V.

Costanza Nosi
Tommaso Pucci
Cecilia Silvestri
and Barbara
Aquilani

Wolff, Stefanie;
Madlener, Reinhard

Nordlund, A;
Jansson, J.; Westin,
K.

Higueras-Castillo,
Elena; Molinillo,
Sebastian; Andres
Coca-Stefaniak, J.;
Liebana-Cabanillas,
Francisco

2020

2013

2017

2019

2019

2017

2019

2018

2019

Attitude/ Subjective norm/ Perceived
behavioral control + personal moral
norm + feelings and emotions +
awareness of consequences +
ascription of responsibility + cost
factors (price sensitivity)

Attitude/ Subjective norm/ Perceived
behavioral control + goals (as in-
vehicle feedback)

Diving context + Energy economy +
In-vehicle feedback

Attitude (interaction, knowledge
sharing, response of vehicle owners)/
Subjective norm/ Perceived
behavioral control + personal moral
norm --> on intention; +
environmental concern on actual
behaviour

Planned behavior (TPB), technology
acceptance model (TAM) and
innovation diffusion theory (IDT):
Attitude/ Subjective norm/ Perceived
behavioral control + beliefs and
evaluation, normative belief and
motivation to comply, control belief
and perceived facilitation. Perceived
usefulness, perceived ease of use,
compatibility, personal
innovativeness, interpersonal
influence, external influence, self-
ability control (self-efficacy,
facilitating conditions, perceived
behavioral control)

Attitude/ Subjective norm/ Perceived
behavioral control + experience +
perceived (un)certainty about Evs,
beliefs about Evs, environmental
concern traffic, descriptive norm EV,
injunctive norm EV --> intention to
buy EVs

Focus on co-creation. Exploring
impact of constructs attitude and
subjective norm, perceived
importance, co-creation on EV
buying intention.

Perceived usefulness and Perceived
ease of use on intention to use
(TAM). Constructs & variables such
as experience, sociodemographics,
social norm, attitude, satisfaction,
perceived enjoyment, technophilia,
EV usage anxiety. Constructs of
perceived efficiency and perceived
satisfaction

Norm-activation process as defined in
the Value-Belief-Norm theory and the
Norm-Activation Model. Norm-
activation process posing an influence
on perceived justice, effectiveness
and acceptability of policies aimed to
stimulate the purchase and use of EVs
in three groups of car owners

PERVAL dimensions (e.g., quality,
emotional, price and social values) +
Acceleration + low engine noise
emission + attitude + intention to
adopt

To explore whether cost factors
influence Chinese urban
households’ purchase intentions
for electric vehicles under
subsidy contexts

Exploring the effects on
ecodriving of interaction
between drivers and in-vehicle
energy feedback. The EMGDB
reorients the TPB framework to
focus on achievement of
behavioral goals rather than
intentions to perform specific
actions.

To study the consumer adoption
of EVs.

To explore the key factors
influencing consumers’ purchase
of electric vehicles

To understand car owners’
intentions to buy an EC.

Exploring buying intention with
attitude toward the behavior in
question (ATT), subjective norm
(SN) and, in the case of the TPB,
the individual’s perceived
behavioral control (PBC).

Exploring drivers’ acceptance
and investigating drivers
perceived satisfaction of
commercial EVs compared to
conventional vehicles.

Investigation if the perceived
justice and effectiveness of
measures aimed to stimulate the
purchase and use of electric
vehicles, and subsequent the
expressed acceptability of such
policies, is related to a norm-
activation process

Understanding of factors
influencing customers’ intentions
to adopt EM options
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Theory of Diffusion
of Innovations

Veblen’s notion of
conspicuous
consumption +
Roger’s diffusion of
innovation =
“conspicuous
diffusion”

Hirschman’s Rhetoric
of Reaction (in
context of diffusion of
innovations)

multi-level
perspective
Adoption-diffusion
(AD) theories
(rather proposal)

Stimulus-organism-
response” (S-O-R)
framework

Lifestyle theory and
PEV-related
behaviours Lifestyle

Protection Motivation
Theory

Automobility, ANT,
and UTAUT

Fry, Amy; Ryley,
Tim; Thring, Robert

Jansson, Johan;
Pettersson, Thomas;
Mannberg, Andrea;
Brannlund, Runar;
Lindgren, Urban

Noel, Lance;
Sovacool, Benjamin
K.; Kester,
Johannes; de
Rubens, Gerardo
Zarazua

Noel, Lance; de
Rubens, Gerardo
Zarazua; Sovacool,
Benjamin K.;
Kester, Johannes

Gruber, Mario

Xu, Guowei; Wang,
Shanyong; Zhao,
Dingtao

Xu, Guowei; Wang,
Shanyong; Li, Jun;
Zhao, Dingtao

Axsen, Jonn;
Cairns, Josh; Dusyk,
Nichole; Goldberg,
Suzanne

Bockarjova, M.;
Steg, L.

Sovacool, Benjamin
K.

2018

2017

2019

2019

2020

2021

2020

2018

2014

2017

Rogers’ Theory of Diffusion of
Innovations. Innovation-Decision
Process model that focuses on how an
innovation decision is influenced by
the perceived newness of the
innovation and the associated
uncertainty that arises as a
consequence

To analyze adopters and non-adopters
of alternative fuel vehicles (AFVs)

Sociotechnical benefits and barriers
of electric vehicles and vehicle-to-
grid technology, but both the experts
and focus group participants
discussed topics relevant to
conspicuous diffusion.

Range Anxiety Construction:
Technical, Psychological, Rhetorical/
Hirschman’s theses: Jeopardy,
Perversity, Futility

System approach allowing
researchers to build theory on micro,
meso, and macro levels of analysis —
as a fitting system perspective to
analyze how AD theory is limited and
might be adapted with respect to
radical innovations.

Stimulus: Driving Experience;
Organism: satisfaction and trust;
Response: adoption intention

consumers’ EV driving experience
(S) affects their cognitions and
perceptions regarding EVs (O:
perceived relative advantage,
perceived ease of use, and perceived
risk of EVs) and adoption intentions
(R).

conceptual framework based on
lifestyle theory, which defines
lifestyle as engagement in several
related practices that inform and
convey self-identity. Defining
lifestyle as engagement in several
related practices that inform and
convey self-identity

Items used for measuring perceived
severity, perceived vulnerability and
perceived response efficacy

Performance Expectancy, Effort
Expectancy, Social Influence,
Facilitating conditions --> on
behavioral intention --> use behavior.
Focus around users.

Examining the influence of
knowledge and persuasion on the
decision to adopt or reject
alternative fuel vehicles

To analyze interpersonal
influence on adoption from three
social domains: neighbors,
family and coworkers.

In order to better understand how
conspicuous diffusion would
apply to an innovation;
appropriate for the diffusion of
vehicle-related technology in
general, and specifically electric
vehicles

Theory supposes that
conservative forces may oppose
change by propagating theses
related to jeopardy, per- versity,
and futility.

to propose an understanding of
innovation adoption and
diffusion that accounts for
factors and developments beyond
extant theories’ typical focus

The core idea of S-O-R model is
to assume that the effect of
external stimulus on individual
behavior is mediated by
individual cognitive and
emotional states.

To explore how consumers’ EV
driving experience (S) affects
their emotions and cognitions
regarding EVs

Lifestyle theory explains
consumer behaviour in the
context of

identity construction, theorizing
that self-identity is informed and
ex- pressed by engagement in
lifestyle practices.

To explain which factors predict
risk adaptive behavior that can
be used for effective risk
protection communication
aiming at attitude and behavior
change.

Understanding of the facilitators
and impediments facing electric
mobility. To provide an
integrated framework that can
explain electric mobility
preferences across individual,
interpersonal,
socioenvironmental and network
scales by synthesizing from three
theories.
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Technological
Innovation Systems
(TIS) framework +
Unified Theory of

Acceptance and Use
of Technology
(UTAUT)

Grounded Theory +
Motivation—
Opportunity—Ability
(MOA) model

Consumption value
theory

Optimal
Distinctiveness theory
+ Self-construal
theory (level of
environmentalism)

Self-Congruity theory
+ Construal Level
theory

Hofstede’s cross-
cultural indices

Push-pull-mooring
model and
institutional theory

Howard—Sheth theory
+ “What-If” Scenario

Zolfagharian,
Mohammadreza;
Walrave, Bob;
Romme, A. Georges
L.; Raven, Rob

2021

He, Zhengxia;
Zhou, Yanging;
Wang, Jianming; Li,
Cunfang; Wang,
Meiling; Li, Wenbo

2021

Han, Liu; Wang,
Shanyong; Zhao,
Dingtao; Li, Jun

2017

Volkan Dogan &

Mujdat Ozmen 2017

Skippon, Stephen
M.; Kinnear, Neale;
Lloyd, Louise;
Stannard, Jenny

2016

Ashmore, David P.;
Pojani, Dorina;
Thoreau, Roselle;
Christie, Nicola;
Tyler, Nicholas A.

2018

Sajjad, Agsa; Asmi,
Fahad; Chu,
Jianxun; Anwar,
Muhammad Azfar

2020

Yang, Ye; Tan,

Zhongfu 2019

Main feedback loops arise from the
various cause-effect relationships
between EV adoption, EV-related
subsidies, perceived EV legitimacy,
learning, and relative availability of
charging points. UTAUT variables in
different scenarios

six main categories: Pro-
environmental behavior motivation,
Pro-environmental behavior
intention, Residents' characteristics,
Pro-environmental behavioral ability,
The institutional and technological
contexts, Social norm

Consumers’ value perceptions of EVs
are classified into functional values
(monetary, performance and
convenience values) and non-
functional values (emotional, social
and epistemic values).

independent self-construal and an
interdependent self-construal suggests

Self-Congruity theory + Construal
Level theory

Two of Hofstede’s cross-cultural
indices — power differential and
individualism versus collectivism

Incorporates environmental quality,
regulative environment, alternative
attractiveness, normative
environment, self-(decision)efficacy,
and willingness to pay into an
integrated framework. The study
further analyzes the green behavior of
consumers by extending switching
intentions for electric vehicles

Consumers experience with following
stages: (1) Ignored and Neglected, (2)
Proactive Attention, (3) Comparison
and Selection of Vehicles and (4)
Usage Evaluation + what-if with key
input is the historical data on the
number of applicants under different
policies.

To develop a theory-guided and
entity-based simulation model to
better understand electric vehicle
(EV) adoption processes as a
specific yet core element driving
business innovation. TIS informs
the macro-level structure of EV
diffusion, whereas UTAUT
describes the micro- level
structure of an e-mobility system

To expand the MOA
Motivation—Opportunity—Ability
model, expanding the contextual
conditions to include four
components: residents'
characteristics behavioral ability,
social norms, and institutional
and technical contexts.

To explore how consumers’
intention to adopt EVs is affected
by these two groups of values
and how such effects are
mediated by their attitude
towards EVs.

To investigate whether relative
level of environmentalism and
self-construal jointly predicted
degree of interest in and
intention to purchase HEVs. to
examine how consumers’ self-
construal and their relative level
of environmentalism compared
to the level of environmentalism
of the people around them
predicted the degree of interest in
HEVs and intention to purchase
HEVs.

Self-Congruity theory proposes
that products are preferred whose
symbolic meanings are
congruent with personal identity.
Construal Level theory suggests
that only those who are
psychologically close to a new
product category through direct
experience with it can make
concrete construals related to
their lifestyles

To develop and strengthen theory
on how the differing symbolism
of eco cars currently varies
between four cultural clusters —
and how observed symbolic
qualitative differences may
influence an individual or group
choice to procure eco cars

To explore the switching
intentions of people from
motorized vehicles to electric
vehicles by integrating push-
pull-mooring model and
institutional theory.

To analyze the changes affecting
the purchase decisions and usage
characteristics of BEVs. Using
the Howard-Sheth theory + to
quantify the influence of
different policies through “what-
if” scenario analysis
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Sheldon, Tamara L.;

The choice model is then used to

Vehicle choice model Dua. Rubal 2020 Utility of choosing a vehicle predict PEV market share under
' alternative policies
Manca, Francesco;
Hybrid choice model:  Sivakumar, Aruna; Individual’s peer attitude variable is ~ To understand its behavioural
variable individual’s  Daina, Nicolo; 2020 tested in different components of a implications on the individual’s
peer attitude Axsen, Jonn; Polak, hybrid choice model choice
John W.
A Bigerna, Simona; . . To analyse the decisively
Fuzzy set qual|tat|v_e Bollino, Carlo Intens@y of knowledge, perceptions, positive attitude toward AFV and
comparative analysis drea: Micheli 2016 and attitudes toward alternative fuel decisively refusal attitud d
(fsQCA) Andrea; Micheli, vehicles ecisively refusal attitude towar
Silvia AFVs.
Measures of conformity are included
as attributes inside a stated choice To measure the effect of both
(SC) experiment, to measure informational and normative
Inforr_natlonal and_ Cherchi, Elisabetta 2017 !nfqrr_natlonal conformity: same confo_rmlty in the preference for
normative conformity individual answers the choice tasks electric vehicles (EV) versus
before and after he/she has received internal combustion vehicles
social information on three specific (icv)
EV features
Items Green cars: Involvement with To provide a general framework
o~ : for organizing and understanding
P cars, willingness to pay more, - -
Elaboration likelihood . o the effectiveness of persuasive
Rahman, Imran 2017 willingness to sacrifice o
model (Scope also on Green Hotels and communications and can be
Organic wines) a_pplle_d to product purchase
situations.
Not theory provided, . . . .
Review and critical  Jason Henderson 2020 Review and critical assessment of Review and critical assessment

assessment of Evs

EVs

of EVs

3.3 Key Results

The reviewed 49 papers focus on different theories, although many papers include the Theory of
Planned Behaviour (TPB), Technology Acceptance Model (TAM) and Diffusion of Innovation
(Dol).

3.3.1 (Extended) Theory of Planned Behaviour

The Theory of Planned Behaviour (TPB) was proposed by Ajzen (1991) based on the Theory of
Reasoned Action (TRA) of 1980 with the aim of predicting an individual’s intention to exert a
specific behaviour over which the consumer has self-control (Ajzen & Fishbein, 1980; Fishbein
& Ajzen, 1975). The theory assumes that behavioural achievement depends on motivation
(intention) and ability (behavioural control), and that consumers base their decisions on rational
evaluations of stimuli. The original model TRA shows limitations in “dealing with behaviours
over which people have incomplete volitional control” (Ajzen, 1991, p.181) and thus, the theory
evolved into TPB. Initially, the TRA assumes behaviours over which the individual has complete
control and the TPB is extended by the “perceived behavioural control”, which stands for the
perceived obstacles and barriers a consumer perceives when performing a specific behaviour, so
to say the availability of opportunity and resources to meet one”s behaviour expectations (Ajzen,
1991). Individual decision-making process which forms the perspective of psychology is
explained and the individual’s intention to conduct a specific behaviour is a central factor within

TPB. The theory assumes that real behaviour of a person can be analysed with the proxy of
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behavioural intention, this to say, behavioural achievement depends on motivation (intention) and
ability (behavioural control), and consumers base decisions on rational evaluations of stimuli. The
behaviour attitude, subjective norm, perceived behavioural control jointly impacts and determine
the intention which is then translated into the actual behaviour. As Ajzen (1991) explained: “A
general rule, the stronger the intention to engage in a behaviour, the more likely should be its
execution” (p. 181). In the TPB model the actual behaviour can be determined by the behavioural
intention and research in social psychology confirm that intention, which is part of the TPB, is
the best predictor of an individual’s behaviour (Fishbein and Ajzen, 1975). The following Figure
14 shows the traditional TPB.

Figure 14: Theory of Planned behaviour (Chapter 1)

182 ICEK AJZEN

Perceived
behavioral
control

FiG. 1. Theory of planned behavior.

Note: Ajzen (1991)

According to the TPB, if a consumer perceives a specific behaviour to be a social norm, the more
likely he/she adopts the behaviour, so to say the behavioural intention is the immediate
determinant of actual behaviour (Wang et al., 2016). Also, important to consider is the availability
of opportunity and resources to meet one’s behaviour expectations (Ajzen, 1991). As Ajzen,
1991) explained: “A general rule, the stronger the intention to engage in a behaviour, the more
likely should be its execution” (p. 181). Attitude is defined as one of the “three conceptually
independent determinants of intention” (Ajzen, 1991; p.188), and “refers to the degree to which
a person has a favourable or unfavourable evaluation or appraisal of the behaviour in question”
(Ajzen, 1991; p.188). The subjective norm defines the social pressure to exert or not exert the
behaviour, and perceived behavioural control refers to the “perceived ease or difficulty of

performing the behaviour and it is assumed to reflect past experience as well as anticipated
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impediments and obstacles.” (Ajzen, 1991; p.188). The stronger attitude and subjective norm are
impacted and the greater the perceived behavioural control, the stronger the consumer’s intention

to perform a certain behaviour.

In summary, the theory of planned behaviour distinguishes three types of beliefs: 1) behavioural,
2) normative, and 3) control, in relation to attitude, subjective norm, and perceived behavioural
control. Again, it is important to consider that Ajzen (1991) showed that adoption intention is
predicted more strongly than the actual adoption. The TPB is often used in the psychology domain

although its constructs can be arranged according to any field of research.

As shown in the previous Table 2, there are 16 authors applying exclusively the TPB model,
mostly in an extended way to include new and/or other constructs. Another five authors combined
the TPB with other theories. Shalender & Sharma (2020) applied an extended TPB model to
predict adoption intention for EVs by including personal norm and concern for the environment
in the framework for the extended TPB model. Wang et al. (2016) extended the TPB with the
variable of “personal norm”, referring to Achtnicht (2012) who concluded that German buyers
are willing to pay higher amounts of money to adopt green vehicles to satisfy their moral norm.
Wang et al. (2016) included the construct “environmental concern” to analyse the impact of
environmental-friendly behaviour indirectly through other variables of their TBD model. Xu et
al. (2019) showed that subjective norm and environmental performance have a significant
influence on the intention to purchase BEVs. If customers show a positive attitude towards BEVs,
their willingness to purchase BEVs is significantly correlated. Mohamed et al. (2016) extended
the TPB to quantify the impacts of personal beliefs on individual adoption intention towards EVs
and found that the household”s concern for the environment has an indirect impact behavioural
intention, whereas attitude, perceived behavioural control and norms (both moral and subjective)
had a significant direct impact. Adnan et al. (2018) showed that subjective norm, personal moral
norm, perceived behavioural control and attitude shows an indirect effect towards consumer’s
intention to adopt PHEVS, and are significantly predetermined by their respective environmental
concern. Shankar & Kumari (2019) applied the TPB in an extended version to explore the enablers
and not only the inhibitors of EV adoption from a seller perspective by including EC, ATT, Social
Norms, Perceived behavioural control, and Perceived CSR Obligation. Yan et al. (2019) showed
that positive attributes have a significant impact on the actual purchase intention of EVs, that to
say, the more positive and the stronger the TPB constructs (attitude, subjective norms, perceived

behavioural control) are, the more positive is the effect on the purchase intention.

Referring to the study from Bhutto et al. (2020), the TPB is extended with the variable of “price
sensitivity” as the extent to which individuals perceive prices and what role prices plays in the
buyer choice. Price sensitivity can be referred to the willingness-to-pay. Bhutto et al. (2020)

concluded that price sensitivity has a significant positive impact on consumers” purchase
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intention. Dong et al. (2020) combined the TPB with Norm Activation theory and included the
“van Westendorp” price sensitivity model to estimate price preferences (acceptable price range)
for pure electric vehicles. The “van Westendorp™ price sensitivity meter allows to analyse
consumers perceptions of a specific product by asking consumers four questions relating to the
product being too expensive, too cheap, expensive/ high side and cheap/ good value, resulting in
a willingness-to-pay guideline. Xu et al. (2019) highlighted the importance of “environmental
performance” on consumers adoption intention and included the variable price-value (reasonable
price perception that consumers have for BEVSs) based on the assumption that the purchase price
is a key driver to purchase or not a BEV. However, the authors found that price value does not

have a significant influence on BEV purchase.

Other authors (Haustein & Jensen, 2018; Liu et al., 2020; Schmalful3 et al., 2017; Thegersen &
Ebsen, 2019; Wolff & Madlener, 2019) included the variable of (driving) experience to show the
impact of previous experience with EVs on their adoption. The results showed a positive impact
of “experience” on the adoption and/or perception of EVs. Liu et al. (2020) divided consumers
into two categories for experienced and inexperienced consumers, while analysing the effect of
experience on the one side directly on the adoption intention and as mediating effects on the other
traditional TPB variables.

Li et al., 2020; Wang et al., 2017; and Xu et al., 2019 analysed policy characteristics in an
extended TPB model. Li et al. (2020) extended the TPB model with four items to measure policy
mix characteristics and showed that the four policy mix characteristics have a positive impact on
EVs purchase intention. Xu et al. (2019) extended the TPB model among others with non-
monetary incentives policy and monetary incentives policy and found that that non-monetary

incentives policy does not have significant impact on the customer’s purchase intention.

In summary, there are several other authors including the variable of “Environmental Concern”,
which seems to play an important role, as later explained in Chapter 3 of this dissertation (Adnan
et al., 2017; Mehdizadeh & Shariat-Mohaymany, 2021; Mohamed et al., 2016; Shalender &
Sharma, 2020; Shankar & Kumari, 2019; Thegersen & Ebsen, 2019; Wang et al., 2016; Xu et al.,
2019). Several authors included sociodemographic variables to complete their investigation
(Mehdizadeh & Shariat-Mohaymany, 2021; Mohamed et al., 2016; Simsekoglu & Nayum, 2018;
Wolff & Madlener, 2019). Further information and empirical evidence about different

sociodemographic variables will be provided in Chapter 2 of this dissertation.

Other authors combined the TPB model with other theoretical framework to better demonstrate
their research objective. Dong et al. (2020) included the Norm Activation Model to create a new
theoretical framework that includes different psychology variables (altruistic/ non-altruistic

factors) such as feelings and emotions, personal norms, awareness of consequences, and
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ascription of responsibility. Stillwater & Kurani (2013) combined the TPB with the Extended
Model of Goal Directed Behaviour to reorient the TPB framework towards the achievement of
behavioural goals instead of focusing on intentions to perform specific actions, as it is believed
that the inclusion of a personal goal is an important factor in “driver motivation”. Adnan et al.
(2017) included both functional theory and constructive theory in the TPB model, with a special
focus on attitude which in constructive theory is stated to be influenced by external information
and direct experience. Tu & Yang (2019) integrated three models: TPB, TAM and IDT. The TPB
supported with the constructs of attitude, subjective norm, self-control ability, while the TAM
included the perceived usefulness and perceived ease of use. The IDT is based on the belief that
“the innovation decision-making process will be influenced by the decision-making subject, which
means that the individual’s or organization’s perception of the innovation characteristics greatly
affects the acceptance of innovation (...).” (Tu & Yang, 2019, p.6). Thagersen & Ebsen (2019)
included the TPB model with the Reasoned Action Framework, which is explained in the
following chapter.

In summary, there are different variables and constructs used to extend the original TPB model.
As Ajzen (1991) showed, the TPB can reflect the dispositional prediction of human behaviour.
The utility of the TPB to examine consumers behaviour for adopting EVs is demonstrated in many
papers. It is a theory that has been and can be applied in very diverse domains. The results
concluded by applying the TPB model verifies the suitability of this theory to analyse and predict
environmental-friendly behavioural intentions. However, as a general limitation of the TPB, is
the fact that most studies of psychological antecedents of the adoption of EVs focus on intentions
to adopt EVs rather than on actual adoption (Rezvani et al., 2015). Further information about the
TPB, will be provided in Chapter 3 where an empirical research based on an extended TPB model

is applied.

3.3.2 Theory of Reasoned Action

The Theory of Reasoned Action (TRA) is a predecessor of the TPB and explains the relationship
between attitudes and consumer behaviour. The TRA was revised and was extended into the TPB
model to overcome certain limitations by including the perceived behavioural control dimension
and is a widely studied model especially from social psychology area (Ajzen and Fishbein, 1980).
The TRA includes two unique factors to determine behavioural intention: attitude toward the
behaviour (ATT) and subjective norm (SN). The constructs of attitude, behavioural intention,
actual behaviour analyse its relationship toward behaviour. In line with the TPB model, the TRA
model assumes that the different constructs can be used to measure a specific behaviour (Ajzen
and Fishbein, 1980). Nosi et al. (2017) applied the TRA while focussing on millennials aged 18-
35 and confirmed previous results that attitude and subjective norm positively impact on EV

purchase intention, whereas the EV’s attributes such as new technology showed no importance to
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the millennials in the decision-making. Higueras-Castillo et al. (2019) included the TRA which
suggest that attitude positively impacts on consumer’s behavioural intentions, and thus, to
consider the effect of perceived outcome on individuals’ intention to buy an EV. Thggersen &
Ebsen (2019) showed that the reasoned action model is an adequate framework for studies
including psychological antecedents of the intention to buy an EV. The deliberately formed
intention is thought to be the immediate psychological antecedent of behaviour (Fishbein &
Ajzen, 2010). This explains its focus on understanding intentions to adopt an innovation or a
certain behaviour rather than the actual adoption, especially when this behaviour is rare and
difficult to study in practice (so to say, for rather new and rarely used products such as EVS).
Nevertheless, under the assumption that consumers will adopt more frequently EVs in a near
future, it is recommended to focus on the actual behaviour rather than only intention, which is
one of the main limitations of the TRA and TPB models. In summary, the TRA is an appropriate
theory to investigate EV adoption and purchase intention. However, it is recommended to directly
use the TPB as a more comprehensive and extended theory.

3.3.3 Innovation Diffusion Theory

Technology adoption is a complex process and there are different adoption theories. Several
authors use the Innovation Diffusion Theory (IDT) to identify and profile early EV adopters (Fry
et al., 2018; Jansson et al., 2017). The Roger’s Diffusion of Innovation (Dol) theory, published
in 1963, is used based on its simplistic and pragmatic approach (Fry et al., 2018). Fry et al. (2018)
applied the IDT process to analyse the decision-making for adoption or rejection of AFV for early
adopters and explained that alternative fuel vehicles are product innovations that are still
considered “new” to consumers. The authors bring better understanding of the “(...) Innovation-
Decision Process model that focuses on how an innovation decision is influenced by the perceived
newness of the innovation and the associated uncertainty that arises as a consequence.” (Fry et
al., 2018, p. 2). According to Roger’s adoption distribution curve (see Figure 15), the first people
to adopt a new product are called “innovators” and represent a very small percentage of the
population. The next consumer group is the so-called “early adopters”, followed by the group of
“early majority”, then “late majority” and ultimately comes the consumer group called the
“Laggards”. The definition of the consumer groups depends on the fastness with which they adopt
new product ideas, while Laggards are the last consumer group in adopting a product. The Dol
framework is used extensively to understand not only early adopters, but also consumer

perceptions towards new innovations.
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Figure 15: Theory of Diffusion of Innovation by Rogers (Chapter 1)
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Wang et al. (2016) explained that current adopters of HEVs in China are early adopters. Jansson
et al. (2017) used the Dol theory to show the impact of interpersonal influence of adoption of
AFVs, with results showing that adoption is higher if primarily neighbours have adopted AFVs.
The rate of consumer adoption is influenced by the innovation, communication channels, time,
and the social system, according to Rogers (2003). Therefore, Jansson et al. (2017) showed the
importance of having a social system in place to influence consumer adoption for AFVs. Noel et
al. (2019b) examined driver’s range anxiety and applied the “Hirschman’s Rhetoric of Reaction”
to individuals in the context of diffusion of innovation theory, with the aim of providing a better
understanding of why individuals would show an “anti-innovation reaction” in the diffusion
process. The authors gave evidence that consumers reactions to a certain innovation change over
time. Range anxiety seems to be the most common (however not only) factor against EVs
adoption (Noel et al., 2019b). Mohamed et al. (2016) focused on the Theory of Planned
Behaviour, and characterized the Early Adopters into Typical Early Adopters, Emerging Early
Adopters, and Interested Retirees, based on socioeconomic and demographic variables. In a recent
paper by Gruber (2020), Adoption Diffusion Theory is analysed for EV adoption and the author
concluded that “adoption-specific factors, e.g., the “perceived benefits” of radical innovations,
emerge and change over time, and are thus influenced by higher-level interactions in culture,
policy, and industry.” (Gruber, 2020, p.539). The paper demonstrated the importance of
considering different settings of culture and system that might impact on the diffusion of new
technologies, whereby the adoption and diffusion of new technologies such as EVs is influenced
on how user preferences, technology, and policy evolves (Gruber, 2020). Noel et al. (2019a)
explained that the role of status is not adequately anchored and installed in the theory of diffusion
of innovation, and the authors explained that diffusion of innovation is connected to conspicuous
consumption. The authors highlighted that the success of the diffusion and adoption of an
innovation is positively related to the innovation’s observability as perceived by society. The

research studies including the Dol Theory often refer to the fact that EVs are mainly considered
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by early adopters. It is also important to consider the cultural context and influence of society that

might differ from country to country.

3.3.4 Technology Acceptance Model TAM

In literature, the Technology Acceptance Model (TAM) has been employed in several research
studies on the adoption of EVs. The theory was developed by Davis (1989) based on the TRA
model (Tu & Yang, 2019). It suggests that the attitude of an individual is determined by two
beliefs, the perceived usefulness (PU) and perceived ease of use (PEOU), whereas the PU based
on the individual’s belief how much will improve his or her job performance when using the
innovation, and to what extent this individual perceives the innovation as free of effort. This
model is often applied on new technology innovations. Tu & Yang (2019) analysed the TAM
model based on the TRA and TPB model and focussed mainly on the usage behaviour of
information technology users. As dependent variables, this model consider user attitude,
behavioural intention, and usage behaviour. Also, and very importantly, it assumes that the
perceived usefulness and the perceived ease of use affects the attitude towards using technology
and thus, influences in the actual use. Li et al. (2017a) summarized: “The technology acceptance
model (TAM) is a theory used for analysing how users come to accept and use a technology.”
(p.325). Wolff & Madlener (2019) extended the original TAM model in combination with the
Diffusion of Innovation Theory to create the UTAM model, “Unified Technology Acceptance
Model”, as “hybrid model of technology acceptance that connects two well-established
technology acceptance and diffusion models (...)” (Wolff & Madlener, 2019, p. 263). Thagersen
& Ebsen (2019) applied a reasoned action framework based on TPB and TAM with perceived

difficulty vs. perceived ease of using the new technology.

In summary, TPB, TRA and TAM are three well known models available to analyse technology
adoption (see Figure 16): the Technology Acceptance Model by Davis (1989), the Theory of
Planned Behaviour by Ajzen (1991), and the Theory of Reasoned Action by Ajzen and Fishbein
(1980). Fishbein and Ajzen (2010) defined these three theories and other related theories as
“reasoned action theories” which can be adapted to create new frameworks defined as “reasoned
action framework” (Thggersen & Ebsen, 2019). In conclusion, the TAM is considered an
adequate model to extend one’s theoretical framework to study consumers’ behaviour of

purchasing an EV.
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Figure 16: Framework TRA, TPB and TAM model (Chapter 1)
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3.3.5 Other Theories

In the following, other theories which are examined in this literature review are shortly explained.
The frequency of these theories in literature is less than the previous ones explained with more
detail (the majority appears only once in the selected papers).

The Value Believe Norm (VBN) theory was first established by Stern et al. (1999) to explain the
influence of human values on behaviour in a pro-environmentally context. The theory investigates
the relationship between values, beliefs, norms, and behaviours. The VBN posits that there are
more factors affecting the relationship between values and actual behaviour, such as fundamental
values: behaviour specific beliefs; and personal moral norms of each individual. According to
VBN theory, pro-environmental behaviour is more likely to occur when certain values, beliefs or
norms are applied. Nordlund et al. (2018) applied both VBN theory and Norm-Activation model
(by Schwartz 1977) in their study, explaining that “(...) a personal norm is of utmost importance
for an intention and a behavioural choice to occur and is related to both general factors such as
values and more specific factors such as beliefs.” (Nordlund et al., 2018, p.206). Taking into
consideration some other foundations of modern cognitive psychology, the stimulus-organism-
response (S-O-R) model suggest that the effect of external stimulus on consumer’s behaviour is
mediated by individual cognitive and emotional reactions. to explain the predictive influence of
external environmental characteristics on individuals” emotional reactions and behaviours. It is
used to better describe the relationship between stimulus experienced by the consumer, the

internal assessment, and the subsequent response by the consumer. Xu et al. (2020, 2021) applied
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the SOR framework and suggested that it provides a good explanation for the psychological
changes and purchasing behaviour of consumers. The authors analysed how consumers EVs
driving experience (S - stimulus) impacts on their cognitions and perceptions, where O (O —
Organism) stands for perceived relative advantage, perceived ease of use, and perceived risk of
EVs and R (R — Response) for the adoption intentions. Wolff & Madlener (2019) applied the
Unified Technology Acceptance Model (UTAM), which is a hybrid model of technology
acceptance TAM and DOI theory. Axsen et al. (2018) applied the Lifestyle theory “which defines
lifestyle as engagement in several related practices that inform and convey self-identity” (Axsen
et al., 2018, p. 17) and “to understand how (PHEV) purchase and usage develop along with
consumer identify and lifestyle” (Axsen et al., 2018, p. 18). This theory helps to understand how
consumers behave and perceive EV technology in the context of social practices and identity
construction. The Protection Motivation theory applied by Bockarjova & Steg (2014) explained
pro-environmental choices by including different predictors such as costs and benefits of
maladaptive behaviour, which refers to the current behaviour, and prospective adaptive
behaviour. It is based on the idea that existing risks and the perception of one’s ability to deal
with these risks influences the individual’s motivation. The Unified Theory of Acceptance and
Use of Technology (UTAUT) combines eight different theories to explain the adoption of
technologies, including among others the TPB, TAM, DolT and is applied by Sovacool (2017)
who included the theory of mobility (Automobility) and the Actor Network Theory to explain
social acceptance and user adoption. Zolfagharian et al. (2021) included the UTAUT with the
Technological Innovation Systems framework to include both macro-level for EV diffusion and
micro-level structure. He et al. (2020) applied the Grounded Theory and Motivation—
Opportunity—Ability model to show that behaviour motivation, behaviour intentions, residential
characteristics, social norms, behaviour ability, and institutional and technological context. Han
et al. (2017) based their research on Consumption Value Theory, while classifying consumers’
value perceptions of EVs functional values (and non-functional values). Dogan & Ozmen (2019)
combined both Optimal Distinctiveness Theory and Self-construal theory to include the relative
level of environmentalism depending on their surroundings. The authors explained that previous
research about interest and intention of adopting HEVs was done from an isolated perspective
since they just concluded that “the higher the absolute level of environmentalism the higher the
consumer’s interest and intention to purchase HEVs” (Dogan & Ozmen, 2019, p. 1465). Here,
self-construal included the feelings, thoughts, and actions of individuals as they are perceived.
Skippon et al. (2016) applied the Self-Congruity Theory which supports “that products are
preferred whose symbolic meanings are congruent with personal identity” (Skippon et al., 2016,
p. 26). The authors conducted a randomized controlled trial to analyse the impact of experience
on the willingness to consider a BEV and found that users in high self-congruity who consider

BEV:s as a strong symbol of personal identity consider BEVs with low range, whereas other users
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showed a declining willingness after the experience of a BEV especially when range was
considered low. Ashmore et al. (2018) included two of Hofstede s cross-cultural dimensions as
power differential and individualism vs. collectivism to analyse the difference of symbolism of
eco cars. Sajjad et al. (2020) included both PPM (push-pull-mooring) model and institutional
theory in a framework with the objective to investigate “green behavior of people in the face of
air pollution” (Sajjad et al., 2020, p. 39776). The study included the regulative environment as
effects of rules and regulations and the Normative Environment as the effect on informal settings
by North’s institutional theory (1990) to predict “green switching intentions”. Yang & Tan (2019)
applied the Howard-Sheth theory to explore the purchase decision and usage characteristics of
EVs, and to analyse the whole purchase process of EVs, which is divided into four stages: (1)
“Ignored and Neglected”, (2) “Proactive Attention”, (3) “Comparison and Selection of Vehicles”
and (4) “Usage Evaluation”. As the authors explained: “Howard and Sheth proposed "Howard—
Sheth™ consumer behavioral analysis theory in 1963, and the theory holds that input factors and
external factors are the stimuli of purchasing that provide the information on various options by
evoking and forming motivations, and that affect the psychological activities of purchasers
(intrinsic factors)” (Yang & Tan, 2019, p.5). Manca et al. (2020) applied a hybrid choice model
with the focus on individual’s peer attitude to understand behavioural implications on one’s
choice. Sheldon & Dua (2020) applied the Vehicle choice model with the utility of choosing a
vehicle to predict market share of PEVs under alternative policies. Bigerna et al. (2016) applied
the Fuzzy-set qualitative comparative analysis to examine the decisively positive and negative
attitude towards AFVs. Cherchi (2017) applied measures of Informational and Normative
Conformity to investigate the effect of both types of conformity for the preference of EVs.
Rahman (2018) focused on its study not only on green cars but also on green hotels and organic
wine, and applied the Elaboration likelihood model, to understand better the effectiveness of

persuasive communication in different “green” purchase situations.

4 Conclusion and Recommendations

In this Chapter 1, different theoretical approaches and frameworks examining consumer
behaviour, purchase intention or/and actual adoption for EVs are investigated within a systematic
literature review. The systematic literature review included in total 49 publications according to
the explained process selection. The number of articles dealing with EVs consumers adoption has
considerably increased from 2018 on. Selected studies, mainly executed in China, America, or
European Nordic countries, give a profound understanding and proposal for different theories that
can be applied. Importantly and in line with several of the analysed studies, consumer perceptions

of EVs highly affect their behaviour and consequently their acceptance towards EVs.

34



4.1 Discussion and Research Agenda

Consumer adoption has been argued with different theoretical frameworks which are all analysed
and explained in more depth in this chapter. This research with its knowledge sharing helps future
researchers to focus directly on an adequate theory depending on its research objective. The
literature review of the theories available for consumers’ adoption for EVs should motivate other
research to focus on this research area, and the conceptual frameworks and research

methodologies of the reviewed studies should serve as a basis.

There are various theories available to investigate on consumers purchase intention and adoption
of EVs, however the main approaches focus on the Theory of Planned Behaviour, established by
Ajzen (1991). Several authors have extended the TPB with new constructs to comply with their
research scope, and the results verified the relevance of the (extended) TPB, demonstrating that
it has a good explanatory power to predict consumers” intention to adopt EVs. Although there are
limitations of this theory, its applicability is recommended for studies that focus on pro-
environmental (new) products. However, since the TPB focusses mainly on the intention to adopt
as proxy for the actual adoption, on medium-term once EVs are more broadly adopted and
considered as mainstream products a different theory and/or approach should be used to focus

directly on the real adoption.

If the objective is to further enrich the literature on exploring the effects on consumers’ intention
to adopt EVs and/or especially BEVs, with solid constructs that are well-known in different
research areas and that provide the possibility to extend with additional constructs and variables,
the extended model of the TPB is recommended. This theory can also be combined with other
theories such as TAM or IDT or TRA in case a more global framework with different focuses is
required. The TAM model is especially recommended for new technology products. To better
understand the consumers’ intentions and analyse the impact of attitude, the TRA is highly
recommended. The Value Belief Norm theory of environmentalism is recommended to shed light
on the values, self-beliefs, and personal norms, awareness of the consumers have in predicting
pro-environmental behaviour. If the focus is mainly on cultural differences, it is recommended to
include Hofstede"s dimensions in the research and if the objective is to focus on external stimulus,

then the SOR framework would be adequate.

In general, all studies share the opinion that there is a strong concern for the environment and a
strong believe that a different behaviour is required from consumers, politicians, and production
industries to solve the environmental problems societies all over the world are facing. Many
studies prevail that consumers are rather looking for image and reputational reasons than truly

caring for the environment when adopting EVs.
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The objective of this Chapter 1 was a systematic literature review of different theories applied for
the purchase intention and adoption of EVs and referring to the initial research questions it can

be summarized that the research objectives are fulfilled.
4.2 Policy Recommendations

As several studies demonstrated, the adoption of EVs is likely to be limited without significant
governmental incentives. Given the low market penetration of EVs, incentives are believed to be
a prerequisite for finally changing the environmental behaviour of consumers. The current
political promotions in several European countries, partially due to Covid-19 impact towards the
automotive industry, may help to increase EV market penetration, and take away consumers’

remaining hesitation.

Also, as EVs are often associated with worse performance, information diffusion and information
availability are required both by government and industry, and ideally, more test drives are offered
to show the real potential of these vehicles and make consumers acquiring driving experience of
EVs, which is one of the drivers to adopt EVs (as shown in Chapter 2 and 3).

4.3 Limitations and Future Research

The present literature review provides a global overview yielded with the keyword combination
“electric vehicles”, “theory” and “adoption”. Some other studies with the same or a similar
objective but instead of using “adoption” rather than “behaviour” or “purchase”, might not be
included in this search result. Future research might apply a different keyword combination to
overcome this limitation. Also, the focus on “EV” as keyword might exclude more specific studies
that directly introduce a different type of electric vehicle such as PHEV, BEV or HEV. At least
for empirical research it is recommended to clearly distinguish between the different vehicle types
and ideally focus on pure BEV as an innovation (more innovative compared to conventional

hybrid vehicles). It might be treacherous to generalize results from AFV towards BEV.

At the same time, the research focuses on the WoS platform only and there might be different
results yielded on other academic platforms which should be taken into consideration. Also, most
of the studies have focused on the intention instead of the actual adoption of EVs and for future
research it is recommended to focus on the actual adoption if possible. Nevertheless, this can be

explained due to the low market share, especially for pure BEVs.

In addition, the student likes to highlight that the raise of EVs adoption is not free of criticism;
there are some papers analysing the negative impact that the use and production of EVs might
have on the environment, and the harms of EVs electricity consumption. One of the scholars
summarizing such critics is Henderson (2020) in the paper “EVs are not the answer”. Henderson

(2020) cited other authors concluding that vehicle-to-grid charging, which refers to using the EVs
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battery as storage for electricity, might rather incentive more than less driving. Based on the
literature review, Henderson (2020) suggested to pause and evaluate other green mobility
alternatives such as walking, cycling, public transport or compact, car-free cities. The author
proposed for future research more critical analysis, closer interrogation of the resources,
emissions, and energy claims for EVs, and examination of the politics. In addition, it is important

to consider the resources needed for producing EVs which again can be critically outlined.

And finally, to provide full information, it is worth noticing that EVs are not an innovation from
recent years but has its initial years already more than a century ago. Thus, the new interest and
demand in EVs can be defined as revival. At the same time, it is important to conduct cross-
country comparisons to generalize results. Countries from Southern Europe, such as Spain, suffer

short-comes of research in this field.

For the subsequent Chapter 2, a more detailed analysis of factors and barriers for EVs adoption
based on different variables such as experience, range anxiety etc. will be included. Also, it is of
importance to understand the different typology of EVs and certainly a pure BEV shows a
different purchase behaviour than, for example, mild hybrid vehicles with less technological
difference from a consumer point of view. Therefore, in order to provide more value with focus
on the TPB, the focus should be mainly on BEVs or at least PHEV. This will be taken into
consideration in Chapter 3. Future research is recommended to analyse the impact of different
kind of incentives provided for environmental friendly cars, which will be proven in Chapter 2 of

this doctoral thesis.
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I1) Chapter 2: Empirical Study

Chapter 2

Study on Consumer Behaviour for Electric Vehicles assuming different and
equal prices: Are consumers rather reputation-driven than environmental-

driven?



1 Study on Consumer Behaviour

Chapter 2 focuses on the following title: “Study on Consumer Behaviour for Electric Vehicles
assuming different and equal prices: Are consumers rather reputation-driven than environmental-
driven?” In this approach, the different factors and motivational reasons behind the adoption
decision for EVs are analysed.

1.1 Abstract

This chapter examines factors and consumer’s behaviour that influence Electric vehicles’ (EVs)
adoption and aims to obtain a deeper insight into perceptual and motivational reasons, as well as
the barriers for the slow adoption of EVs and therefore to understand better consumer behaviour.
EVs represent an important innovation with positive environmental consequences to lower
greenhouse gas emissions and to mitigate the causes of climate change on a global level. The
study offers an empirical approach with a wide sample (n> 2.000) to understand the factors for
EVs adoption. A multiple logit regression model was developed to explore factors that influence
the likelihood of buying an EV, applying different aspects such as demographic variables, car
attributes and external environmental factors. It is found that age, being male and having children,
higher education and living in urban areas, having had previous experience with EVs influence
positively to the adoption of EVs. If prices for all types of vehicles were the same, adoption for
EVs seems less attractive especially for image and reputation driven individuals, which highlights
the importance of having economic power to buy the more expensive EV in comparison to other
vehicles. Therefore, social status plays a more important role than expected in consumer
behaviour for sustainable manners. Better infrastructure and information availability help to
promote further EVs. The paper can guide governments to establish effective policy measures. In
summary, this study adds new insights into the adoption of EVs from a consumer behavioural

perspective and confirms certain earlier findings, while implementing new empirical approaches.

1.2 Keywords

= Electric Vehicles
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=  Motivation
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= Behaviour
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1.3 Introduction

In order to promote EVs sales, it is critical to understand consumers’ perception and behaviour.
As previously explained, in recent years, Plug-in Hybrid Electric Vehicles (PHEVs) and Battery
Electric Vehicles (BEVs) have become more prominent in the field of sustainable transportation.
However, despite the growing demand, the market share of EVs is still limited, counting for only
2.7% for BEV and 4.9% for PHEVs of all cars registered in Spain in 2021 (MSI lberia, 2022).
Consequently, it is of interest to analyse the factors and motivations behind the adoption decision
for EVs from a consumer perspective. Therefore, this chapter aims to investigate on consumer
behaviour towards EVs based on an own primary data set.

As previously explained, consumer behaviour is shaped by social, economic, and environmental
concerns that lead to new consumer demands and therefore require different strategies for
companies (Hofenk et al., 2019). More and more attention is being paid to sustainable consumer
research; however, it is still underrepresented, and more research is needed. The present chapter
contributes to the literature by obtaining insights into consumer behaviour for EVs and to uncover
factors and barriers for its adoption. It identifies the socio-demographic characteristics of the EV
consumers while applying a structured and global approach to include environmental aspects and
car attributes. Additionally, the study analyses consumer behaviour when all vehicles cost the
same. The explanatory research is based on a strong, theoretical foundation about consumers’
behaviour. The empirical study is carried out in Spain in 2021. Based on the theoretical framework
and the empirical study, corporate and governmental interventions targeting psychological

barriers to the adoption of an EV are discussed.
In detail, this paper addresses the following main research questions:

1. In line with previous literature, what are the factors that influence the preference and
adoption of EVs? By answering this question, this research can answer the following:

a. What does a Spanish consumer of EVs look like (sociodemographic variables)?

b. What effect do experience, governmental incentives, information availability,

and other car attributes have on EV preference?

In this case, the dependent variable focuses on a variable that includes whether a consumer prefers
to buy an electric or others, more traditional cars (1= Yes, EV; 0= No EV). This research question
adds further evidence to the existing literature on potential consumers in Spain, a Southern
European country where such profiling is lacking. Moreover, it compares previous results and

fulfils future research recommendations for the “experience” variable.

2. In order to shed light on the importance of consumer behaviour, are consumers’ status,

reputation, and image driven when adopting EVs?
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a.  With respect to the different technologies of a car, if all types of car technology
cost the same, would a consumer prefer to buy an electric or gasoline/diesel car?

b. Are consumers rather driven by reputation when purchasing an EV?

In this case, the dependent variable focuses on consumer preferences if EVs cost the same as other
cars if all cars have the same purchase price, regardless of technological differences. This research
question helps to obtain results on the importance of status and reputation.

The present study contributes to the literature by gaining insights into consumer behaviour for
EVs, especially by analysing consumers’ behaviour and preferences with equal and different
prices for EV compared to Internal Combustion Engine Vehicles (ICEVs). Consistent with
previous literature, it also identifies the sociodemographic characteristics of EV consumers,
focusing on experience while applying a structured and comprehensive approach to include

environmental aspects and car attributes.

The explanatory research is based on a solid theoretical foundation related to consumer behaviour.
Based on the theoretical framework and the empirical study, car attributes and external attributes,
environmental settings that could influence the preference for EVs are discussed. Current
literature has analysed the factors of EV adoption and their motivators and barriers; however, this
paper provides a holistic overview of different factors for EV adoption and a better understanding
of consumer behaviour and car preferences if EVs cost the same as other cars. The results show
clear policy implications, indicating the importance of the availability of information on EVs, a

better infrastructure to charge EVs, and governmental incentives to promote EVSs.

To accomplish the aforementioned objectives, the rest of the paper is organized as follows. Firstly,
a review of the literature is presented, then the conceptual model guiding this research is
presented, followed by the hypotheses. Section 3 explains the variables extracted from the survey
and section 4 shows the empirical results of both research questions. In this section, special
emphasis is placed on consumer behaviour in relation to status- and reputation-driven factors.
Finally, section 5 shows the main conclusions as well as the limitations of the current research

and future lines of research.

2 Literature Review, Conceptual Model and Hypotheses

2.1 Past Research, Theoretical Framework and Respective Hypotheses

With the aim of identifying relevant studies that help to achieve the objective of this paper, a
literature review was conducted. The knowledge acquired in the previous Chapter 1 helped to

complete the study. In total, for this Chapter 2 55 articles are reviewed and referred to.

According to previous literature, consumer behaviour plays an important role in the adoption of

new technologies, such as EVS. An increasing amount of research on consumers’ purchase
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intentions and preferences is found as well as the role of self-image when purchasing green
products (e.g., Griskevicius et al., 2010; Hafner et al., 2017; Hahnel et al., 2014; Herberz et al.,
2020; Hur et al., 2013; Lane & Potter, 2007; Ozaki & Sevastyanova, 2011).

This paper distinguishes itself from other papers in its approach of systematically applying a
comprehensive analysis of EV consumers with respect to three subcategories and then by
comparing the model to a second model with another dependent variable representing the impact
of consumer preferences if EVs cost the same as other cars. The three pillars that we have
identified aggregate different variables that influence the preference for EVs: (1) the consumer,
(2) car attributes, and (3) environmental settings. By doing so, we aim to answer the research
guestions stated above via a holistic approach. Li et al. (2017a) applied a systematic structured
approach and divided their systematic literature review also into three types: (1) demographic, (2)
situational, and (3) psychological factors. Likewise, Lane and Potter (2007) illustrated the factors
for the adoption of EV with situational and psychological factors, whereby situational factors
include environmental settings, such as regulations or infrastructure, and psychological factors
include attitudes, symbols, influences, etc. Our results highlight the importance of symbolic
attributes, such as status, reputation, and image, in opting for EVs. This paper distinguishes from
other papers in its approach of systematically applying a global analysis of the consumer for EVs
with three subcategories, and then by putting the model in comparison to a second dependent

variable that analyses the impact of consumer’s behaviour if all cars cost the same.

Rezvani et al. (2015) realized a systematic literature review for articles from 2007 and 2014 and
is recommended for further information search about relevant papers in this area. Li et al. (2017a)
identified 40 studies related to the consumers” reasons to adopt BEVs and to explore factors that
influence the intentions to adopt BEVs. Turcksin et al. (2013) reviewed 53 publications to
summarize consumers” attitudes and preferences towards AFVs. These studies helped to select

additional papers relevant for the present study.

2.1.1 Consumers’ Variables

In general, the literature shows contradictory results of demographic variables for consumers for

EVs. Previous studies have provided evidence that females are more environmentally concerned

than men are and thus more willing to buy green products (Jansson et al., 2017; Johansson-
Stenman & Martinsson, 2006; Knez et al., 2014; Prakash et al., 2014; Simsekoglu & Nayum,
2018; Yang et al., 2019). Sovacool et al. (2019) explained, based on “gendering of (electric)
mobility” references going back to 1880, that the gender discussion was already prevalent in the
earliest discussions about automobiles when EVs were more common and had a larger market

share. PI6tz et al. (2014) found that it is rather men who are the first buyers of EVs.

H1: Females are more likely to prefer EVs than men.
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Regarding the variable age, the results of the current literature are inconsistent. On the one hand,
the existing literature shows evidence that green consumers are rather young (Hackbarth &
Madlener, 2016; Hidrue et al., 2011; Knez et al., 2014; Laroche et al., 2001; Mukherjee & Ryan,
2020; Sanitthangkul et al., 2012). In contrast, other authors have found that older consumers are
willing to purchase an EV (Jansson et al., 2017; Zhang et al., 2011). Pl6tz et al. (2014) and Peters
& Ditschke (2014) found that middle-aged men are the most likely group of private EV buyers.
Johansson-Stenman & Martinsson (2006) concluded that age had a positive influence, claiming

that older people buy this type of green product.
H2: The younger the consumer, the higher the likelihood of preferring an EV over an ICEV.

There is evidence in the literature that individuals with higher education are more

environmentally concerned and thus more willing to purchase an EV (Hidrue et al., 2011; Jansson
et al., 2017; Mukherjee & Ryan, 2020; Olson, 2013.; Sanitthangkul et al., 2012). Nayum &
Kléckner (2014) found that higher education had a positive impact on the purchase of more fuel-
efficient cars. However, there are also research studies that show a negative influence of education
on EV adoption, meaning that less educated consumers are more likely to purchase EVs
(Hackbarth & Madlener, 2016; Johansson-Stenman & Martinsson, 2006; Zhang et al., 2011).

H3: Higher education leads to an increased probability of preferring an EV over an ICEV.

For the variable income, different effects have been found in different studies. Bjerkan et al.
(2016) concluded that income levels matter only when consumers compare the usage costs of
BEVs and ICEVs. When the purchase cost of a BEV and ICEV is similar, people with lower
incomes favour the option with lower usage costs. In line with this, P16tz et al. (2016, 2017);
Junguera et al. (2016), and Erdem et al. (2010) found that consumers with higher incomes were
more likely to adopt an EV. In contrast, Nayum & Kléckner (2014) found that household income
had a negative effect on purchasing a fuel-efficient vehicle. In accordance with this, Gleim &
Lawson (2014) found through cluster analysis that the group with the highest average income did
not have the highest purchase intention toward green products. Sanitthangkul et al. (2012) found
no significant influence of income in determining the attitude toward eco-cars, which is in line
with the studies by Egbue & Long (2012), Knez et al. (2014), Hidrue et al. (2011).

H4: Higher income leads to an increased probability of preferring an EV.

With reference to the living area of consumers, Mukherjee & Ryan (2020) showed that BEV
owners tended to live in urban centres with very high population densities. In contrast, P16tz et al.
(2014) found that the most likely group of EV buyers lived in rural or suburban areas. However,

as is later stated in the limitations section, it is important to consider whether more educated
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people rather live in urban areas and less educated people in rural areas, which could also affect
whether or not they own an EV. In addition, there are more cities that limit access to the city
centre to cars with reduced or no CO2 emissions, which could also affect the decision concerning

which car technology to buy.
H5: Living in urban areas leads to an increased probability of preferring an EV.

It is also of interest whether having children, that is to say a family with more family members,

increases the preference for an EV (Nayum & Kldckner, 2014; Zhang et al., 2011).
H6: Having children leads to an increased probability of preferring an EV.

Furthermore, car ownership seems to positively influence the purchase intention toward EVs.
Zhang et al. (2011) showed that the number of vehicles owned by a family increased the
willingness to purchase an EV. Nayum & Kldckner (2014) showed that a higher number of cars
in the household positively impacted the purchase of more fuel-efficient cars. Hidrue et al. (2011)
investigated the fact of owning multiple cars and found that it decreased the probability of being
in the groups supporting EVs. It is also important to consider that nowadays the younger
generation tends not to purchase a car of their own. This fact could influence the later results of

the research as younger people do not necessarily own cars anymore.
H7: Possessing a car (independent of model) leads to an increased probability of preferring an

EV.

Another important factor to consider is the impact of experience on EV uptake. As Liu et al.
(2020) summarized, there are several studies analysing the impact of experience on the adoption
of BEVs but without consensus. There are several studies that have investigated the role of direct
BEV experience for its adoption or purchase intention (Buhler et al., 2014; Gunther et al., 2020;
Jensenetal., 2013; Liu et al., 2020; Peters & Diitschke, 2014; Schmalfuf et al., 2017). Individuals
with BEV experience accepted higher purchase prices and showed a higher willingness to pay
more for a BEV compared to individuals who had no experience (Larson et al., 2014; Peters &
Diitschke, 2014). Hahnel et al. (2014) summarized from other authors that previous experience
positively influenced the willingness to drive an EV. Herberz et al. (2020) concluded that first-
hand experience with an unfamiliar technology helps to incentivize the purchase of sustainable
products. The study by Xu et al. (2020) showed that consumers’ EV driving experience had a
significantly positive effect on consumers’ intention to adopt EVs. Skippon et al. (2016) analysed
the influence of having had experience with a BEV and found that willingness to consider a BEV
declined after experiencing this type of car in a controlled trial. Buhler et al. (2014) found a

positive significant effect of experience on the general perceptions on EVs but not on purchase
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intentions for EVs. Rauh et al. (2020) showed that practical driving experience, together with
range-related knowledge, reduced so-called range anxiety or stress, resulting in experience as a

means to overcome range anxiety as a barrier.

H8: Having had previous experience leads to an increased probability of preferring an EV.

As previously mentioned, consumer behavior and attitudes toward sustainable behavior are

gaining more attention, and studies highlight the importance of self-image when purchasing green
products. Hahnel et al. (2014) explained that consumers use products to define and express their
self-image and match it with the “value-expressive attributes of the products.” (p. 318) Johansson-
Stenman & Martinsson (2006) explained that individuals often want others to have a good
impression of them with social approval and esteem, in other words, to use products to make
people believe that they are more environmentally friendly and socially responsible than they
really are. Individuals focus more on positive self-image than they care to admit, as “being
motivated largely by status concerns is perceived to be an unfavorable character trait.”
(Johansson-Stenman and Martinsson, 2006, p.131). The authors defined this behavior as self-
deception and explained that pretending to be very concerned about the environment can lead to
a better self-image, as others value the fact of “being” environmentally friendly. Rahmani &
Loureiro (2019) showed that consumers buy EVs more for reputational issues rather than for
environmental reasons. Ozaki & Sevastyanova (2011) had given evidence that people focus on
their identity, image, values, and norms when adopting green technology, which is consistent with
the study by Laroche et al. (2001). Moreover, Lane & Potter (2007) highlighted the importance
and role of a car as a status symbol, and found evidence that consumers want others to know about
their green vehicle, which should positively affect their image. Hur et al. (2013) explained that
green products can represent the consumer’s image or socially responsible values, and their use
can show to which consumer group they belong. Hahnel et al. (2014) showed that the activation
of pro-environmental values leads to lower price sensitivity to higher purchase prices of EVs.
However, as Herberz et al. (2020) mentioned, it is important to keep in mind that “changing
consumer behavior can be difficult, especially in conservative, slow-changing sectors such as the
transportation domain” (p.102). Interestingly, Griskevicius et al. (2010) showed the interrelations
of environmental behavior and status and found that “(...) a desire for status can spur self-
sacrifice [that] also presents a powerful tool for motivating prosocial and proenvironmental
action.” (Griskevicius et al. 2010, p.402).

H9: Reputation- and status-driven consumers are more likely to prefer EVs.
2.1.2 Car Attributes

There is a common understanding that a high purchase price is one of the main reasons why

consumers hesitate to adopt EVs. The initial purchase price of EVs is usually higher than that of
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conventional cars, and the market share and diffusion of EVs may not increase if the purchase
price does not decrease (Bjerkan et al., 2016; Cecere et al., 2018; Egbue & Long, 2012; Knez et
al., 2014; Lane & Potter, 2007; Lieven et al., 2011). Ozaki & Sevastyanova (2011) have explained
that individuals see green alternatives as too expensive, and Lieven et al. (2011) confirmed that
“price is the top priority for both conventional and the electric vehicles (...)” (p. 139). Bjerkan et
al. (2016) concluded that purchase cost reduction is the strongest incentive to promote BEV

adoption.
H10: A higher list price for EV lowers the preference for EVs.

At the same time, lower consumption and lower maintenance costs can offset a higher purchase
price (Egbue & Long, 2012; Gallagher & Muehlegger, 2011; Lane & Potter, 2007).

H11: Lower consumption and lower maintenance costs compensate for the higher purchase price
of EVs and leads to an increased probability of preferring an EV.

In terms of car attributes, it has been shown that a higher range leads to higher acceptance of
EVs and that a limited range has a negative impact on EV adoption, distribution, acceptance and
usage (Barkenbus, 2020; Cecere et al., 2018; Egbue & Long, 2012; Giinther et al., 2019;
Hackbarth & Madlener, 2016; Hidrue et al., 2011; Hoen & Koetse, 2014; Lieven et al., 2011;
Schneidereit et al., 2015). Here, range refers to the distance an EVs can travel before the battery
needs to be recharged. Cecere et al. (2018) have suggested that manufacturers improve the quality
of EVs’ batteries to increase driving range to achieve greater diffusion of EVs. Franke & Krems
(2013a) have shown that, in particular, experienced EV drivers seek average and maximum range,
while inexperienced drivers show weak affect towards range needs. Range anxiety is associated
with higher range preferences, according to the trial study conducted by Franke & Krems (2013b).

Range anxiety here refers to the fear of running out of battery before reaching a charging station.
H12: A higher range of EVs, leads to an increased probability of preferring an EV.

2.1.3 Environmental Settings

Several authors have shown the importance of the development of charging infrastructures to

promote EVs and have concluded that the availability of a functioning charging infrastructure is
significantly related to BEV markets (Barkenbus, 2020; Hardman et al., 2018; Li et al., 2017b;
Sierzchula et al., 2014). Oliveira et al. (2019) also pointed out the importance of including
charging/ fuelling infrastructure in future research for EV. Martinez-Lao et al. (2017) illustrated
the need for “structured implementation strategies” (p.970) with public charging stations to
improve electric mobility. Hoen & Koetse (2014) demonstrated that charging potential and
recharge time are limiting factors for preference choices for Alternative Fuel Vehicles (AFVs).

Harrison and Thiel (2016) concluded that minimal infrastructural objectives could be
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advantageous; however, in their scenarios, the provision of charging points appeared to be weaker

than other vehicles subsidies.
H13: Better infrastructure (charging stations, wallbox installations) the context shows leads to
an increased probability of preferring an EV.
There are several studies showing the importance of governmental supports to further promote

EV (Cordera et al., 2019; Gallagher & Muehlegger, 2011; Hardman et al., 2017; J. Li et al., 2019;
Turcksin et al., 2013). Wang et al. (2017) divided policy measures into three categories, such as

financial incentives, information provision, and convenience policy measure and displayed that
all three catalogues are significantly related to EV adoption intention. Hackbarth & Madlener
(2016) found that governmental purchase price subsidies were not sufficiently valued by
consumers, although non-monetary government incentives and vehicle tax exemptions could
increase the likelihood of choosing an AFV. Similarly, Mukherjee & Ryan (2020) showed that
financial incentives can especially encourage younger consumers with lower savings and
demonstrated the positive impact of exclusive bus lanes or free parking while recharging. Zhang

et al. (2011) found a negative influence of government policies on EV adoption.

H14: Governmental support for EVs leads to an increased probability of preferring an EV.

With the aim of overcoming other barriers for EV adoption, it is necessary to improve the

availability and diffusion of information about low emission cars. Some authors have shown

that consumers are often resistant to new technologies because of their novelty, unfamiliarity, and
uncertainty (Egbue & Long, 2012; Hidrue et al., 2011; Ozaki & Sevastyanova, 2011; Turcksin et
al., 2013). Rezvani et al. (2015) showed that so-called “engaged green” consumers pursued a
more technology-oriented lifestyle and were open to change. Rahmani & Loureiro (2018) found

mistrust and misconceptions about this technology to be other reasons for a lack of interest.

H15: More available information combined with the know-how of dealers, leads to an increased
probability of preferring an EV.

This literature review provides a comprehensive overview of existing studies that analyse the

variables that motivate or hinder EV adoption. As stated by Nayum & Kldckner (2014), it is

important not only to include sociodemographic factors but also psychological factors to avoid

misguidance for industry and policy decisions.
2.1.4 Others

As general fact to consider, it is important to reduce the energy and resources necessary to

manufacture BEVs compared to ICEs, especially regarding their batteries, to preserve the
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ecological advantage of BEVs (Glnther et al., 2019). Franke & Krems (2013a) explained that
positive effects of EVs for reducing CO2 emissions or utilizing excessing energy from renewable
sources depend on how the electric mobility system is used. Referring to Olson (2013)
manufacturing firms typically employ two strategies for selling green products and showed that
higher costs are not only a problem for consumers, but also for manufacturers. Olson (2013)
showed that a Toyota retailer receives a lower margin with a hybrid car (Toyota Prius) than with
a conventional car. Ambec & Lanoie (2008) explained that environmental friendly behaviour has
been often associated with additional costs for firms, but highlighted that any kind of green
products and attitude bring better economic performance, competitiveness, access to certain
markets and image. Martinez-Lao et al. (2017) highlighted the importance of a better battery
management for EVs and storage capacities which would help for wider development of EVs.
Barkenbus (2020) concluded as one of the intrinsic shortcomings of EVs the following: “The
fundamental problem relates to the state of battery development.” (Barkenbus, 2020, p.5), which
is also related to the driving range of EVs.

2.2 Hypotheses and Model

Following the literature review, our hypotheses refer to the following categories: (1) demographic
factors including individual variables and experience, and consumer behaviour; (2) car attributes,
such as range, price, etc.; and (3) situational factors, such as environmental settings. Table 3

shows the hypotheses with the respective study references.

Table 3: Overview hypotheses with respective references (Chapter 2)

Category Hypothesis Authors (Literature Review) In contrast
Johansson-Stenman & Martinsson, 2006;
. Knez et al., 2014; Prakash et al., 2014;
H1 F?gg?&;iﬁ; ﬁrﬁqgrl](ely to Jansson et al., 2017; Simsekoglu & Nayum,  Ploetz et al., 2014
P ’ 2018; Yang et al. 2019; Sovacoola et al.,
2019;
Johansson- Stenman and
The younger the consumer, the  Laroche et al. 2001; Hidrue et al., 2011; %ir{{n;fg;’zze(ioa?; Zzgﬂg et al.
Ho higher the likelihood of Sanitthangkul et al., 2012; Knez et al., 2014; Peter7s & Dl'.'ltschké 2014_
preferring an EV overan ICE ~ Hackbarth & Madlener, 2016; Mukherjee & ) '
. Jansson et al., 2017
vehicle. Ryan, 2020 P .
no signficance: Egbue and
Consumer Long, 2012
Higher education leads to an Hidrue et al., 2011; Sanitthangkul et al., Johansson-Stenman and
H3 increased probability of 2012; Olson, 2013; Jansson et al., 2017; Martinsson, 2006; Zhang et
preferring an EV overan ICE ~ Mukherjee & Ryan, 2020; Nayum and al., 2011; Hackbarth &
vehicle. Kldckner, 2014 Madlener, 2016.
Nayum and Kldckner, 2014;
no significance: Sanitthangkul
Higher income leads to an Bjerkan et al., 2016; Ploetz et al., 2016; et al., 2012; Egbue and Long,
H4  increased probability of Ploetz et al., 2017; Junqueras et al., 2016; 2012; Knez et al., 2014;

preferring an EV.

Erdem et al., 2010

Hidrue et al., 2011. Green
products: Gleim and Lawson
(2014)
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H5

Living in urban areas leads to
an increased probability of
preferring an EV.

Mukherjee & Ryan, 2019

Ploetz et al., 2014

H6

Having children leads to an
increased probability of
preferring an EV.

Zhang et al., 2011; Nayum and Kldckner,
2014; Plotz et al., 2014. household size

H7

Possessing a car (independent
of model) leads to an increased
probability of preferring an
EV.

Zhang et al., 2011; Nayum and Kldckner,
2014: number of cars

Hidrue et al., 2011

H8

Having had previous
experience leads to an
increased probability of
preferring an EV.

Jensen et al., 2013; SchmalfuB et al., 2014;
Peters & Diitschke, 2014; Hahnel et al.,
2014; Larson et al., 2014; Peters &
Diitschke, 2014; Nayum et al., 2016;
SchmalfuB et al. 2017; Giinther et al., 2019;
Rauh et al., 2020; Herberz et al., 2020 ; Xu et
al., 2020; Liu et al. (2020)

Skippon et al., 2016; Biihler et
al., 2014

H9

Reputation- and status-driven
consumers are more likely to
prefer EVs.

Hahnel et al., 2014 ;Johansson-Stenman &
Martinsson, 2006; Rahmania & Loureirob,
2019; Ozaki, 2011; Laroche et al., 2001;
Lane & Potter, 2007; Hur et al., 2013

H10

A higher list price for EV
lowers the preference for EVs.

Egbue and Long, 2012; Knez et al., 2014;
Lane and Potter, 2007; Bjerkan, et al., 2016;
Ozaki 2011; Lieven et al., 2011; Cecere et al,
2018;

Car

Lower consumption and lower
maintenance costs compensate

Potter and Lane, 2007; Gallagher and

attributes H1l E)\r/;h;nglgizzésp ';'(rjczzsiengg;esgg Muehlegger, 2011; Egbue and Long, 2012 .
probability of preferring an EV
Hidrue et al. 2011, Lieven et al., 2011,
A higher range of EVs, leads to  Egbue & Long, 2012; Hoen & Koetse, 2014; For unexnerienced drivers:
H12 an increased probability of Schneidereit et al. 2015; Hackbarth & Franke &pKrems 2013 ’
preferring an EV. Madlener, 2016; Cecere et al., 2018; Glinther '
et al., 2019; Barkenbus, 2020
Better infrastructure (charging . .
stations, wallbox installations) Slerzchgla etal, 2014, Hoe_n & Koetse, - :
H13 the context shows leads to an 2014; Lietal., 2017a; Martmez_-Lgo etal., Wea!<er than ot_her incentives:
. - 2017; Hardman et al., 2018; Oliveira et al., Harrison & Thiel, 2017
increased probability of 2019- Barkenbus, 2020
preferring an EV. ' '
Environ- Governmental support for EVs Gallagher & Muehlegger, 2011; Turcksin et éhangﬂztjfel r.],eEOllz,ong(.:kba;:r(t)I;
mental H14 leads to an increased al., 2013; Hardman et al., 2017; Wang et al., ! ' .
settings probability of preferring an EV. 2017; Cordera et al. 2018; Li et al., 2019 younger consumers:

Mukherjee & Ryan, 2019

H15

More available information
combined with the know-how
of dealers, leads to an increased
probability of preferring an EV.

2.2.1 Final Model

Hidrue et al, 2011; Ozaki, 2011; Egbue and
Long, 2012; Turcksin etal., 2013; Rahmani &
Loureiro, 2019

Figure 17 shows the final model, which is a logit regression, for this research in a visual approach.

This study differs from previous studies by not only offering a complete overview of demographic

variables of consumers but also by taking into consideration car attributes and environmental

settings in the same model, with the objective of analysing the factors that influence consumer

intention to adopt EVs. Additionally, and more importantly, it analyses the impact on consumer
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behaviour if EVs cost the same as other cars, namely if EVs are not more expensive than

traditional vehicles.

The model is built on the following:

e Dependent variables: “EV Adoption” and “Cars same price”.

e Independent variables: Demographic variables, car attributes, environmental settings

EV =bo+ b; Age + b, Educ + bz Gender + bs Income + bs Owncar + bs Area + b Children +bs
Exper + bg Image + by Pricecar + bi; Consump + b1, Range + bis Infrastructure +

b14 Govsupport + bis Infoavail + e

Figure 17: Final Model Overview (Chapter 2)
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3 Empirical Analysis: Introduction

In this section, we focus on the data set with which we worked, and the analyses performed.
The main techniques are: (i) factor analysis, which helps to reduce variables, and (ii) logit to
determine the relevance of the factors for increasing the probability of considering purchasing an
EV.

3.1 Data Collection: The Survey

Data were collected via a web-based survey (Survey Monkey Platform, Premium member)
through an online questionnaire (see Appendix 10). Distribution of the survey and participation
were completely anonymous and without any remunerative aspects. Before issuing the final

survey, an intense check-control process was carried out. The survey was sent to six experts from
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the automotive industry and four other persons, who were invited to comment. This improved the
quality of the survey. The common method of online invitations sent via email was applied. The
study was sent out from Barcelona, Spain and was conducted online during the months of March
until May 2021. After passing several evaluation committees at the University of Autonoma de
Barcelona, the survey was finally approved to be sent in both English and Spanish to the UAB’s

data set. This data set consists of students, professors, and administrative employees.

The survey was not distributed through a paid-based platform due to lack of funding. Throughout
the entire process, the utmost attention was paid to a careful sample design with a focus on
controlling sampling errors and avoiding biases that could be introduced unconsciously.
Subsequently, sample validation was also conducted to ensure that the sample was representative

of the population, as explained in the following.

Regarding the sampling method, a quota sampling approach was developed for contacting people
from the University Autonoma of Barcelona with the goal of obtaining a “quota” of each stratum
of the population, according to gender and age (sampling people between 18 and 87 years old),
to be more representative of the population of interest (Barcelona, Spain). Based on official
sources from the National Institute of Statistics (INE, 2022) and focusing on the gender and age
of the population for Barcelona from 18 years until 87 years with a sample of 4,46 million
habitants, 48,4% were male and 51,6% were female. In order to determine the sample size, we
considered an infinite population, a confidence level of 95%, with p = g = 0,5 and a sampling

error of +2%, which supposed a theoretical sample size of 2,400 observations.

The questionnaire consisted of two parts: the first part gave information on the profile of the
respondents, including gender, age, education, income, and residential location, and the second
part contained measurement items of additional variables of experience, preferences in cars, etc.
In total, 2.198 answers were collected. With the aim of ensuring the quality of the sample, 50
answers were excluded due to missing values for variables that will be used later to perform the

two different factor analyses to be applied, resulting in a total sample of 2.148 responses.

The overall sample ranged in age from 18 to 87, with an average age of 31 years, which is a fairly
young sample. When tabulating the sample by gender and age, we obtained 45,67% males and
54,32% females based on 2.115 valid answers. The majority had an income of less than 20.000€
and up to 35.000€. Referring to official sites of population distribution in Spain (INE, 2022), the
majority lived in urban areas, with 56% living in urban areas/ city areas and 31% in sub-urban
areas, for a total of 87%. Comparing this figure to the Spanish Urban population (INE, 2022) an
80% of the population lives in urban areas in 2020. The difference with respect to the proportions
in the population is + 2,7%. This sampling error is slightly above the theoretical one, so we

consider that the sample obtained is an acceptable representation of the population of interest.
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3.2 Data and Description of Variables
For the purpose of achieving the objectives of this work, the variables as found in Table 4 were

defined.

Table 4: Overview Variables (Chapter 2)

Variable Question Definition Descriptive
Based on the variable Future_EV: 0=64%/ 1=36%
Yes EV 1 0 Would you rather buy an electric or 0-50% =0 -->No EV Std deviation:
- == Diesel/Gasoline car as your next future | 51%-100% =1 --> Yes EV 30.23524
car? (Dummy variable) Min: 0 Max: 100

With regard to the different
technologies of a car, if all types of
cars cost the same, would you rather

1= Electric vehicle, 0= Traditional vehicle

Car_sameprice (Diesel or Gasoline. ICE - internal combustion | 1=82%, 0=18%

buy an electric or Diesel/ Gasoline car? engine)
Driver_License | Do you possess a driver's license? 1= Si/Yes, 0 =No 90% Yes/ 10% No
Min: 18/ Max. 87
s Average 31
"
Age How old are you? indication of age Std deviation:
13.00326
. 0=54%
? = =
Gender What is your gender? O=female, 1=male 1= 46%
= 0, =369
Do you have a car (independently if it | 0=No, 1= Yes, Petrol car, 2= Yes, Diesel Car, O_ 26%/ 1=36%/
Own_Car . . . _ 2=30%
is a leasing, financed, property)? 3=0thers 3-8%
) l:GasfoIme/Gaso,Ima, 2=, Dlgsel, 3= Bat,tery 1221%/ 2=13%/
Type_car What type of car would you like to buy | Electric car/ Veh_lculo el_ectrlco,de batgrlg 3=17%/ 4=21%/
- as your next one? (BEV), 4= Plug in Hybrid/Vehiculo hibrido 5-28%
enchufable (PHEV), 5=0Others B
How likely (in %) is it that you buy an
electric vehicle (EV) as your next PUITRNN R0
Future_EV vehicle (0% not likely at all, 100% Indication in % mean=46%
certain)?
=Cj = =5/9 =310
Area What area do you live in? 1_C|ty Center (urban area) / 2= suburban area/ 1_56 %/ 2=31%/
3=rural area 3=13%
Edu What is your highest level of 2= High school (Abitur), 3=Bachelor Degree, 2=18%/ 3=38%/
education? 4= Master Degree, 5=Doctor and above 4=27%/ 5=17%
What is your annual salary? (gross 1= less than 20.000€, 2=20.000€-34.999¢€, 1=61%/ 2=14%/
Salary income)y y~@ 3=35.000€-49.999€, 4=50.000€-64.999€, 3=9%/ 4=6%/
5=65.000€ or more 5=10%
0=79%/ 1=7%/
Children How many children do you have? 0= none; 1=1; 2=2; 3=3; 4=4; 5=5 or more 2=11%/ 3=3%/
4=0,14/ 5= 0,05
PrevExp2 Have you had previous experience 0= No. No experience at all./ 1= Yes 0=78%/ 1=22%

with electric vehicles (EVs)? Response

The dependent variable “Yes_EV” asked about the preference for an EV or “other” and was
changed into a binary variable for the sake of simplicity, with 1 as opting for an EV as a future
car, and 0 for opting for “other”. Interestingly, 64% would rather buy an “other” vehicle than an
EV. If all vehicles cost the same, 82% would opt for an EV (variable “car_sameprice”). Ninety

percent of respondents possessed a driver’s license, and 26% did not possess their own vehicle.
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4 Empirical Results

4.1 Most important Factors when buying a new Car

When analysing the direct question “What are the most important factors when buying a new car?
Indicate on a scale from "1 = not important at all" to "10 = most important,” the factors price,
driving range, and consumption (refers to fuel consumption) showed the highest importance (see
Appendix 2). Interestingly, social acceptance had the lowest importance. This is an important

finding for the following analysis when prices are assumed to be the same for all vehicles.

4.1.1 Exploratory Factor Analysis

Due to the relationships among the explanatory quantitative variables, and with the purpose of
avoiding future problems of collinearity in the explanatory analysis, we first conducted an
Exploratory Factor Analysis (EFA) with all quantitative predictor variables (33 variables in total).
These included those that loaded on factors listed in Appendix 4, with a total of nine car-factor
importance items (measured on a 10-point Likert scale in response to the question, “What are the
most important aspects when buying a new car?”’) and another 22 EV opinion items (measured
on a 5-point Likert scale of agreement/disagreement). Additionally, the quantitative variables
“age” and “children” were included in the EFA. Principal component factor analysis with varimax
rotation was implemented. We considered only factors with an eigenvalue >1 (number# of factors
was 10). With 10 factors, we captured 60,31% of the total information contained in the
original variables (KMO value: 0,753 and Bartlett’s test for sphericity Chi-squared =16470.16***,
df = 528), and thus we are confident to work with the reduced number of variables caused by
factor analysis. The 10 factors are found in Table 5. In Appendix 5, we show the rotated factor
loadings, eigenvalues, and the percentage of variance explained by each factor obtained through

factor analysis.

Table 5: 10 Factors defined through factor analysis (Chapter 2)

Factor Variables Definition Variables Question Survey Definition Factor
Factor_Brand Brand What are the most important factors
Factor_Design Design when buying a new car? Please
Factor 1 Factor SocAccept Social Acceptance indicate on a scale from "1 = not Reputation driven
Factor_Reput Reputation |mportantiamt;(ilrt;rc]>t".10 = most
Scale_personalnecess An electric vehicle fi_ts
— my personal necessities.
An electric vehicle fits Please indicate on a scale from 1
Scale_professionalnecess my professional (completely disagree) to 5
necessities. (completely agree) with the . .
Factor2 For the purchase of an following. (EV = electric vehicle. Fitting necessities
EV, | am motivated by a  ICE = internal combustion engine;
Scale_lessemiss lower contamination of traditional vehicle)
an EV (compared to an
ICE).
Driving an electric Please indicate on a scale from 1
Factor 3  Scale_image_socialstatus VERIELE T ) T (R alee) 10 5 Social Status

my image and social
status.

(completely agree) with the
following. (EV = electric vehicle.
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Scale_ecofriendlyimage

For the purchase of an
EV, | am motivated by
an eco-friendly image
towards others (others
will think that | care
about the environment).

Scale_statussociety

Individuals who
purchase an EV have a
better status in society.

ICE = internal combustion engine;
traditional vehicle)

Factor_Drive

Driving Range (distance
your car can drive
before

What are the most important factors
when buying a new car? Please

Factor 4 recharging/refueling) indicate on a scale from "1 = not Performance
Factor_Consum Consumption important at all" to "10 = most
Factor_Perf Performance (HP, kwH) important”.
Factor_Emiss Emissions
The lower consumption
(cost) of an electric
. n vehicle can compensate
Scale_lowerconsumhigherprice . L -
B ugy 2l CACE e Please indicate on a scale from 1
of EVs vs. traditional -
— (completely dlsagree) to5 _
Factor 5 The.lower running costs (Eomig IR E) DS ALl
for worksho ar%s following. (EV = electric vehicle. compensation
maintenancepétpc ca’n ICE = internal combustion engine;
. : traditional vehicle)
Scale_lowrunningcosts compensate for the
higher initial price of
electric vehicles vs.
traditional cars.
Factor 6 Age uantitative variable How old are you Life Stage
Children 4 How many children do you have? g
... the little information Electric vehicles are not sold more
Evless_lessinfo provided about electric often due to....
vehicles. Please indicate from a scale from 1 Lack of
Factor 7 ...the lack of knowledge (completely disagree) to 5
3 - Jetel for the followi knowledge
Evless_knowledgeDealer aboutelectrl_c veh_lcles (comp e_te y agree) for t e following
- of sales advisors in assumptions of why electric vehicles
dealerships are not sold more often.
... the fact of not having
a private parking space . .
Evless_wallbox to install chargers Electric vehicles are not sold more
often due to....
(Wallbox). oo
- Please indicate from a scale from 1 .
. ...the lack of public - Missing
Factor 8 Evless_infrastr chargers (completely disagree) to 5 infrastructure
thg f% m 0 (completely agree) for the following
b cgr'?]m%ni(tar))%om itall assumptions of why electric vehicles
Evless_installprivatecharger Y o y) o are not sold more often.
a private charger in a
shared parking space.
What are the most important factors
when buying a new car? Please
Factor_Price Price, cost of car indicate on a scale from "1 = not
important at all" to “10 = most
important".
Factor 9 Electric vehicles are not sold more Price/ Financial
Electric vehicles are not . (.’ften Ik aspects
Please indicate from a scale from 1
. sold more often due :
Evless_price . (completely disagree) to 5
to...... the high purchase .
. (comple_tely agree) for the_follov_vmg
P assumptions of why electric vehicles
are not sold more often.
...the performance of Electric vehicles are not sold more
Evless_perfor the electric vehicle. often due to....
Please indicate from a scale from 1
Factor 10 (completely disagree) to 5 Range Anxiety

Evless_range

...the limited range of
electric vehicles.

(completely agree) for the following
assumptions of why electric vehicles
are not sold more often.
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4.1.2 Multiple Correspondence Analysis (MCA)

Due to possible relationships between the qualitative variables and to avoid future problems of
collinearity in the explanatory analysis, we performed a Multiple Correspondence Analysis
(MCA) for the qualitative variables (see Figure 18). We worked with two dimensions because
graphing is more intuitive. Furthermore, the principal inertia of dimension 1 was 0,024, and the
principal inertia of dimension 2 was 0,004. The percentages of original information captured by
these two dimensions were, respectively, 56,74% and 9,53%, with the cumulative percentage
being 66,27%. For the MCA all qualitative variables were selected to check the possible

dimensions and to provide a first interpretation.

Figure 18: Results MICA Analysis (Chapter 2)

MCA coordinate plot

w0 -
Group/ Profile 3
= Group/ Profile 1
* Suburban areas * Females
* Own_Car: Diesel & Others = . * Low income (0-20k€)
+ Previous & regular experience = * Lower education level (Highschool & Bachelor's),
- Salary > 65k€ o N - - Area: rural and suburban areas
— * *  Type of car = Diesel
) * Own_car: Not possessing a car
(=
o .5 .3
@ [ ]
59 gl + Own Car: Yes, petrol car
Group/ Profile 2 . o
+ Gender male ° oy 9 *  Without previous experience
- City centre (urban areas) o4 .2 +  Without regular experience
* Highest education (Master's & o~
FhD) ' .3
. . 2 A5
Salary dispersed between 20-65k€
+ PHEV cars
5 -

-4 - 0
dimension 1 (56.7%)

L * Gender
* Area 4 Edu

® Salary * type_car
¢ PrevExp:

coordinates in standard normalization

Note: Own work based on MCA Analysis

In the upper right in Figure 18 as “Group/Profile 1,” we find the gender “female” and the income
category 0-20k€, combined with a lower education level (2) with High School (Bachillerato) and
Bachelor. These individuals live in rural and suburban areas and do not own a car. In the same
dimension of the coordinate plot < 0 are grouped individuals who own a gasoline car and would
choose gasoline or others as future cars and who do not have any EV experience yet. On the left-
hand side dimension, we find individuals who can be grouped into “Profile 2,” that is, males living
in the city centre with the highest education level (master’s and PhD) and a dispersed income
level of 20k€ - 65k€. Individuals who are grouped into “Profile 3” are those living in suburban
areas, owning diesel cars & others, with previous and regular EV experience and the highest salary

at >65k€. Although MCA helps to detect and represent underlying structures of categorical
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variables in order to define groups of individuals with a similar profile, it is possible that the

groups included individuals who did not fit 100% into the profile definition.

In summary, MCA helped to reduce qualitative variables in only one variable “profile” with three

subcategories (see Table 6). Later, in the regression analysis, the categories represented the initial

variables.

Table 6: Categories of New Variable "Profile" (Chapter 2)

New variable “Profile”

Category 1

Females with low income,
low education level living in
suburban and rural areas

Category 2

Males with high education in
city center and higher income

Category 3

Male with highest income
living in suburban areas with
experience

profile = 1 if
d1>0

profile = 2 if
d1<0 and d2<0

profile = 3 if
d1<0 and d2>0

Description

Females
Low income (0-20k€)

Low education level (Highschool

and Bachelor’s Degree)

Area: rural and suburban areas

Type_car = Diesel

Own_car: Not possessing a car

Own Car: Yes, gasoline car
Type_car: Gasoline + Others
Without previous experience
Without regular experience
Males

City center

Highest education (Masters and

PhD)

Frequency
1.244
58%

Frequency:
583
27%

Income dispersed between 20-65k€

PHEYV cars

Suburban areas
Own_Car: Diesel and Others

Previous and regular experience

Income > 65k€

4.1.3 Relationship among Profiles and Factors

Frequency:
323
15%

As the factors were quantitative variables and profile was a qualitative variable with three

categories, through one-way ANOVA, we tested whether the population means of the new

guantitative variables (which were the factors obtained) were equal for the categories of the

variable “profile” (see Table 7).

Table 7: Oneway factors (Chapter 2)

oneway (factorX) ANOVA profile,tab F

Factor 1: Reputation-Driven
Factor 2: Fitting necessities
Factor 3: Social status

Factor 4: Performance

Factor 5: Price compensation
Factor 6: Life Stage

Factor 7: Lack of knowledge
Factor 8: Missing infrastructure
Factor 9: Price of EV

6.32
10.26

6.29

0.70

0.75
283.048(a)
21.98
2.305 (a)
19.19

Prob>F
(p-value)
0.0018
0.0000
0.0019
0.4946
0.4702
0.0000
0.0000
0.1002
0.0000

Variances homogeneity
Prob>chi2
0.528
0.137
0.279
0.068
0.147
0.0000
0.578
0.024
0.564
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Factor 10: Range Anxiety 4.10 0.0167 0.301

(a)F value of applying fstar option. Based on the fact that variances homogeneity is not given for the factor “Life Stage”
and “Missing infrastructure”, the F-value represents the one obtained through fstar command in Stata.

99 ¢C

All factors except “performance,” “price compensation,” and “missing infrastructure” showed a
statistically significant difference in the means corresponding the three categories of “profiles.”
Therefore, only these factors, each unrelated to the variable “profile,” were selected for the logit
regression that included the profile variable to avoid potential collinearity. The close relationship
between the profiles and Factor 6 (life stage) probably arises because both represent socio-

demographic differences.
4.2 Estimation of the Explanatory Model: Analysis and Results

After defining the factors and the new categorical variable “profile,” we checked their relations
with the other variables before estimating the model. To overcome multicollinearity, we tested
the variables for possible correlation problems between them. We related and hypothesized the
factors obtained through EFA that did not show any multicollinearity with the variable “profile”
and the preference for EV in the future. The analysis of this study includes robustness
assessments, factor analysis, and multivariate logit analyses of the individuals’ attitudinal and

behavioural opinion towards EV.

In order to determine how the obtained factors and the profiles impacted on the dependent
variable, attending to the nature of this variable, logit regression was implemented. There were
two different approaches due to the relationship identified between “factors” and “profile”, as
demonstrated in Figure 19: Option (1) used only the factors as explanatory variables and Option
(2) worked with “profile” and factors not related to profile as explanatory variables. Option (2)
helped us to verify and strengthen the results of Option (1) at least for the factors which were not
related to profile. It is noteworthy to highlight that the survey asked about preferences and beliefs,

so the interpretations were limited to the relationship between opinions and preferences.
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Figure 19: Logit Regression Approach 2 Models (Chapter 2)

Logit Regression

Include variable “profile”

Delete variable “profile” and only use factors that are not
and only work with factors related with this variable (see
ANOQVA test)

Note: Own graph

4.2.1 Model 1 Option 1: Logit Regression Only with Factors

In a first assessment, a logit regression was performed only with the factors defined above. The
Pseudo R-squared shown in the following tables refers to McFadden’s R™ and is a measure of
goodness of fit. The overall fit of the model was significant, and the correctly classified
observations were 72,80% (66,17% “yes” and 75,28% “no”). All factors except the factors

29 ¢

“reputation-driven”, “lack of knowledge,” “missing infrastructure” and “range anxiety” showed
a significant effect (see Table 8). The more the EV fit the personal and professional “necessities,”
the higher the probability of preferring an EV as their next car. If consumers perceived that an
EV could fit their professional and personal necessities, the higher the probability of purchasing
one. “Social status” represented the understanding that an EV improves social status and image
in society. The greater the attention paid to social status, the higher the probability of preferring
an EV over a gasoline/ diesel vehicle as the next future car. Thus, status-driven consumers were
more akin with one another in preferring and purchasing EVs compared to non-status-driven
consumers. The “performance” factor included car attributes, such as range, performance,
consumption, and emissions, and the better these data were for the vehicle, the higher the
probability of preferring an EV. The factor “price compensation” showed a positive coefficient
and included variables that defined that lower consumption and lower maintenance compensated
the higher purchase price of the EV. Consumers were more willing to purchase EVs if they
perceived that the lower maintenance and consumption compensated for the initial purchase price.
The “life stage” factor included the consumer’s age and number of children, and the positive
coefficient indicated that the older and the more children the consumer had, the higher the
preference for an EV. The “price” factor included aspects related to the higher price for EVs and
showed a negative coefficient, which means that the higher the price for EV, the lower the

probability of purchasing an EV as their next car.
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Table 8: Logit regression Model 1 Option 1 (Chapter 2)

Model 1 Option 1: Dependent Variable EV

Definition Factor Coef Std. Err. P>|z| Lower limit ci 95% gse,zer limit ci
Factor 1: Reputation-Driven ,0844426 ,0540744 0,118 -0,0215 0,1904
Factor 2: Fitting necessities 1,012105 ,0661058 0,000 0,8825 1,1416
Factor 3: Social status ,1690223 ,0535709 0,002 0,0640 0,2740
Factor 4: Performance ,4864028 ,0588977 0,000 0,3709 0,6018
Factor 5: Price compensation ,4599024 ,056502 0,000 0,3491 0,5706
Factor 6: Life Stage ,2579496 ,0519183 0,000 0,1561 0,3597
Factor 7: Lack of knowledge -,0025247 0543732 0,963 -0,1090 0,1040
Factor 8: Missing infrastructure -,0412599 0535949 0,441 -0,1436 0,0637
Factor 9: Price of EV -,1288551  ,0556772 0,021 -0,2379 -0,0197
Factor 10: Range Anxiety ,0311045 ,0531473 0,558 -0,0730 0,1352
cons -,7759184 0560567 0,000 -0,8857 -0,6660

Log likelihood: -1073,1354
Number of observ: 1985
LR chi2(10): 448,26
Prob>chi2: 0,0000

Pseudo R2: 0,1728

4.2.2 Model 1 Option 2: Logit Regression with “Profile” and not Related Factors

The global fit of the model considering the factors and profile was significant, and the correctly
classified observations were 67,51% (58,75% “yes” and 69,72% “no”). As for the newly
introduced variable “profile,” we can see that belonging to profile 2 or 3, instead of profile 1,
increased the preference for an EV as the next car compared to an ICEV (see Table 9). As
explained above, profile 1 was made up of females with lower education levels and lower income,
while profile 2 and 3 were made up of men with higher salaries and who owned cars. We can see
that all categories were statistically significant, which means that profile 2 and 3 individuals were

more likely to prefer an EV than the Group of individuals assigned to profile 1.

In order to analyse the impact on the dependent variable, only the factorsnot related to

99 ¢

profile were introduced: “performance,” “price,” and “missing infrastructure” (see Table 9). Two
of these three factors were statistically significant. “Performance” showed statistical significance
with a positive coefficient, so the better the technical data of an EV, the higher the preference for
this type of technology. This coincided with the positive, significant results of the factor “price

compensation”.

Table 9: Logit Regression Model 1 Option 2 with "profile" (Chapter 2)

Model 1 Option 2

Yes EV 1.0 Coef Std. Err. P>[z] Lower limit  Upper limit ci

ci 95% 95%
_lprofile_2 (Male city center) , 8744242 ,112426 0,000 0,6540 1,0947
_Iprofile_3 (Male highest salary) , 8970386 ,1370168 0,000 0,6284 1,1655
Factor 4: Performance , 3974305 ,053762 0,000 0,2920 0,5028
Factor 5: Price compensation , 3600625 ,0513426 0,000 0,2594 0,4606
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Factor 8: Missing infrastructure -,0329299 ,0496488 0,507 -0,1302 0,0643

_cons -1,011134 ,0683952 0,000 -1,1451 -0,8770

Log likelihood: -1199,7339
Number of obs = 1985

LR chi2(5) = 195,06
Prob>chi2 = 0,0000
Pseudo R2 = 0,0752

4.3 Further Analysis: Consumer Behaviour when assuming equal Prices

In the interest of deepen the analysis of consumer attitudes, the hypothetical situation that EVs
cost the same as other cars was introduced. Therefore, a new dependent variable “car_sameprice”
was introduced in the model, which refers to the question that if EVs cost the same as other cars,
which car would the consumer prefer. As previously explained, the variable “price” has a
statistical significance impact on the purchase intention of EV and is therefore important to be
analysed. This approach helped to provide evidence on consumer behaviour and to shed further
light on the importance of reputation and image when adopting an EV.

With regard to the different 1= Electric vehicle/ vehiculo
technologies of a car, if all types of  eléctrico, 0= Traditional 2nd
. . . . 1=82%,
Car_sameprice  cars cost the same, would you vehicle (Diesel or Gasoline. ICE  Dependent 0=18%
rather buy an electric or Diesel/ - internal combustion engine), variable e
Gasoline car? vehiculo tradicional

4.3.1 Model 2 Option 1: Logit Regression only with Factors

For Model 2 Option 1, a logit regression was conducted (see Table 10). The global fit of the model
considering nine factors (factor price was excluded) was significant and the correctly classified
observations were 85,71% (87,67% “yes” and 68,02% “no”). The factor “price” was excluded

from this model as the dependent variable itself supposed that EVs cost the same as other cars.

2 C¢ 2 ¢¢ 29 ¢

Factors “fitting necessities,” “social status,” “performance,” “price compensation,” and “lack of
knowledge” showed statistical significance with positive signs. The factors “reputation-driven”,
“missing infrastructure” and ‘“range anxiety” were statistically significant with negative

coefficients. The factor “life stage” was not statistically significant in this model.

The factor “reputation driven,” which had not shown a significant effect on the preference for EV
in the first model, was significant in the second model with a negative coefficient, meaning the
more consumers were driven by reputation (based on the vehicle’s brand, design, social
acceptance, and reputation), the less they opted for an EV in the situation that EVs cost the same.
This is in line with the significance level of the factor “social status” in the first model.
Considering the situation that all cars cost the same and the significance level of this factor, it
showed that reputation-driven consumers were influenced by the higher price of an EV. Thus,

reputation-driven consumers seemed to prefer higher-priced EVs to increase their status and
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reputation. As previously shown, this is in line with the study by Griskevicius et al. (2010),
explaining that status motives increased the desirability of green products when they cost more

than non-green products.

99 ¢ 99 ¢

The factors “fitting necessities,” “social status,” “performance,” and “price compensation” can be
interpreted in the same way as in Model 1. The factor “life stage”, representing age and having
children, showed a positive effect on the preference for an EV, without statistical significance if
we assumed that car prices were the same. “Lack of knowledge,” which had no significant effect
on the probability of increasing one’s preference for EVs according the first model, now became
positive and significant. Therefore, if EVs cost the same as other cars, and the more information
and knowledge about EVs was provided, it seems that consumers had a higher probability of
preferring EVs over other cars. Factor “missing infrastructure” now showed a negative
coefficient, which was interpreted as if infrastructure was lacking, consumers showed a
decreasing probability of preferring EVs, assuming that the car prices were the same. The same
happened for “range anxiety,” which showed no significant effect on the probability of preferring
EVs according to the first model, but when the assumption about the same price for all cars was
introduced, “range anxiety” showed a negative coefficient, which led to the assumption that the
worse the range, the lower the probability of preferring an EV. In summary, the results of the first
option of the second model give additional information on factors that were not statistically

relevant in the first model.

Table 10: Logit Regression Model 2 Option 1 “Car_sameprice” (Chapter 2)

Model 2: Dependent Variable: Car_sameprice

Car_sameprice2 Coef Std. Err.  p-value  Lower limit ci 95% Upper limit ci 95%
Factor 1: Reputation-Driven -,4422998 0741533 0,000 -0,5876 -0,2969
Factor 2: Fitting necessities 1,369866 ,0856904 0,000 1,2019 1,5378
Factor 3: Social status ,4801909 0733781 0,000 0,3363 0,6240
Factor 4: Performance ,3579716 ,06851 0,000 0,2236 0,4922
Factor 5: Price compensation ,4091105 ,0711792 0,000 0,2696 0,5486
Factor 6: Life Stage ,0783293  ,070079 0,264 -0,0590 0,2156
Factor 7: Lack of knowledge ,2137138 ,0676224 0,002 0,0811 0,3462
Factor 8: Missing infrastructure -,2510928 ,0717101 0,000 -0,3916 -0,1105
Factor 10: Range Anxiety -,2778786  ,0743539 0,000 -0,4236 -0,1321
_cons 2,152514 ,0894543 0,000 19771 2,3278

Log likelihood: -656,81695
Number of observ: 1981
LR chi2(9) =546,18
Prob > chi2 =0,0000
Pseudo R2 =0,2937

Info: Factor 9 not included in this model (Price)
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4.3.2 Model 2 Option 2: Logit Regression with “Profile” and not related Factors

In line with the previous approach in Model 1 Option 2, the new dependent variable was also
compared with the created variable “profile” and the factors “performance,” “price
compensation,” and “missing infrastructure,” which were factors not related to profile (see Table
11). The overall fit of the model considering the three factors and “profile” was significant, and
the correctly classified observations was 82,23% (82,28% “yes” and 66,67% “no”). Category 2
of the newly created variable “profile” showed statistical relevance, meaning that male consumers
living in the city centre showed a higher probability of buying an EV compared to female
consumers with lower income and education, living in suburban and rural areas. However,
category 3 of the variable “profile,” which referred to male consumers with the highest salary
living in suburban areas and having had previous experience with EV, showed no statistical
significance; thus, the coefficients tended to suggest that for this consumer group there was no
influence on the preference for EV if these types of cars cost the same as the others.

In contrast to Model 1, “missing infrastructure” now showed statistical significance with a
negative coefficient in both logit options, assuming that consumers” preferences for EVs were
lower with a missing infrastructure for recharging. “Price compensation” was interpreted to mean
that lower consumption and lower maintenance costs can compensate for the higher purchase
price for EVs. “Performance” referred to technical data, such as range and performance, and the

better these data were, the higher the preference for an EV.

Table 11: Logit Regression Model 2 Option 2 “Car_sameprice” with “profile” (Chapter 2)

Lower limit ~ Upper limit ci

Car_sameprice Coef Std. Err. P>|z]| ci 95% 95%

_lprofile_2 (Male city center) ,3754224 ,1471205 0,011 0,0870 0,6637
_lprofile_3 (Male highest salary) ,1087161 1722673 0,528 -0,2289 0,4463
Factor 4: Performance ,2885597 ,0565134 0,000 0,1777 0,3993
Factor 5: Price Compensation ,3249849 ,0583146 0,000 0,2106 0,4392
Factor 8: Missing infrastructure -,2060537  ,0620898 0,001 -0,3277 -0,0843
_cons 1,488456 ,0775327 0,000 1,3364 1,6404

Log likelihood: -892,87321
Number of obs = 1981

LR chi2(5) = 74,07
Prob>chi2 = 0,0000
Pseudo R2 = 0,0398

In summary, when comparing all four models, the price comparable models showed slightly better
prediction accuracy, which strengthens the present approach of conducting a second model with
the control variable of prices. In the following, the pseudo R2 and accuracy of the four models

are summarized.

e Model 1 Option 1: pseudoR2 = 0,17, accuracy (correctly classified preferences) = 72,80%
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e Model 1 Option 2: pseudoR2 = 0,08, accuracy (correctly classified preferences) = 67,51%
e Model 2 Option 1: pseudoR2 = 0,29, accuracy (correctly classified preferences) = 85,71%
e Model 2 Option 1: pseudoR2 = 0,04, accuracy (correctly classified preferences) = 82,23%

4.4 Results of Hypotheses for both Models

In comparison to the first model (assuming different prices), the second model (assuming equal
prices) provided further statistical relevance. It is noteworthy that reputation-driven consumers
showed negative statistical relevance in the second model based on Factor 1 “reputation-driven,”
meaning that if prices were the same for all vehicles, the probability of preferring an EV over an
ICE vehicle would decrease. Griskevicius et al. (2010) also found that status motives increased
the preference for green products, especially when these products cost more than non green
products. Griskevicius et al. (2010) and Hafner et al. (2017) have suggested that people might not
agree that image matters when adopting EV when asked directly. Therefore, the role of image and
reputation is highly complex, and consequently consumer’s responses regarding those variables
might not reflect the real attitude. This is an important finding for further research on consumer
behaviour. For five of our hypotheses, we found statistical evidence in only one of the two models,
which raises the possibility that the positive tests may have been “false positives” due to the
increased probability of getting a positive result when conducting multiple hypothesis tests.
Intending to overcome this issue, we applied the Bonferroni test as the technique when conducting
multiple analyses on the same dependent variable with the chance of increasing error rate, and
thus increasing the probability of incorrectly rejecting the true null hypothesis by coming about a

significant result by chance. However, we found no concerning impact.

4.4.1 Consumer Hypotheses

Regarding Hypothesis 1, “Females are more likely to prefer EVs than men,” this assumption can
be rejected in both models, as profiles 2 and 3, which included male consumers, showed a positive
sign compared to group 1 in which women were prevalent; thus, in this sample men seemed more
likely to prefer EVs. As previously explained, it is important to consider that not each individual
who responded to the survey fit 100% the definition of the different groups created from MCA.
If this result is accepted with some caution, Hypothesis 1 is to be rejected, and this outcome is in
line with Pl6tz et al. (2014). As for the variable age, our result suggests rejecting Hypothesis 2
based on Model 1, as the factor “life stage,” which included the variable “age,” showed a positive
sign, meaning that the older the consumers were, the higher the probability of preferring an EV.
This result supports the findings by Johansson-Stenman & Martinsson (2006), Zhang et al. (2011),
Pl6tz et al. (2014), Peters & Ditschke (2014) and Jansson et al. (2017). As previously explained,
this hypothesis was confirmed in the first model, and statically was not significant in the second

model. Hypothesis 3 can be accepted with the different profile categories created through MCA
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that showed a positive impact of belonging to profile 2 or 3 (higher education) compared to profile
1 (lower education). Thus, a higher level of education led to a higher probability of preferring an
EV, which s in line with the current literature (Hidrue et al., 2011; Jansson et al., 2017; Mukherjee
& Ryan, 2020; Nayum & Kldéckner, 2014; Olson, 2013; Sanitthangkul et al., 2012). The same
applies for Hypothesis 4, according to which a higher income leads to a higher probability of
preferring an EV, in accordance with Bjerkan et al. (2016), Pl6tz et al. (2016, 2018), Junguera et
al. (2016), Erdem et al. (2010). Hypothesis 5 is to be accepted based on the different profile
categories, which showed that people living in urban areas (profile 2) were more likely to
purchase an EV than those living in rural areas (profile 1). This result is in line with Mukherjee
& Ryan (2020) and adds further evidence concerning this variable. Hypothesis 6 states that
consumers who have children (more household members) are more likely to buy an EV, as the
results of Zhang et al. (2011), Nayum & Kldckner (2014), Pl6tz et al. (2014) showed. This was
confirmed in both models, based on the positive significance of factor 6. Also, the fact of owning
a car, as Hypothesis 7 assumes, can be accepted in both models, and provides further evidence
for what Zhang et al. (2011) and Nayum & Klockner (2014) found. As for Hypothesis 8, having
had previous experience seemed to increase the preference for EVs and therefore, Hypothesis 8
can be accepted based on the result of the previously defined profiles. The positive impact of
having had previous experience confirms former findings found for this variable, among others
by Xu et al. (2020), Liu et al. (2020), SchmalfuB et al. (2017) and Jensen et al. (2013). Hypothesis
9 deals with the question of whether reputation- and status-driven people have a higher probability
of preferring an EV, aiming to provide further contribution to the literature especially based on
the research by Hahnel et al. (2014), Johansson-Stenman & Martinsson (2006), Rahmani &
Loureiro (2019), Ozaki & Sevastyanova (2011), Laroche et al. (2001), Lane & Potter (2007), and
Hur et al. (2013). This can be accepted based on the significant level of the factor “social status”
in Model 1 Option 1. Consumers believe that an EV improves their image, reputation, and social
status. The result regarding the impact of status was reinforced in Model 2 Option 1, where “social
status” again showed a positive statistical significance. More interestingly, the factor “reputation-
driven” now in Model 2 Option 1 showed a statistical significance with a negative coefficient,
leaving room for interpretation that reputation-driven consumers only prefer EVs if these types
of vehicles are more expensive. Once EVs cost the same as other vehicles, they seemed not to be
a preferred option for this consumer group. This is an interesting result and can serve as useful

evidence for future research.

4.4.2 Car Attributes Hypotheses

Hypothesis 10 states that a higher purchase price for EV decreases the preference for EVs, and

this is to be accepted based on Model 1 due to the statistical significance of the factor “price of
EV.” This outcome strengthens the results of Egbue & Long (2012); Knez et al. (2014), Lane &
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Potter (2007), Bjerkan et al. (2016), Ozaki & Sevastyanova (2011), Lieven et al. (2011) and
Cecere et al. (2018). As mentioned above, the factor “price” was not included in Model 2, based
on the model’s assumption that all cars cost the same. Hypothesis 11, stating that lower
consumption and lower maintenance of an EV can compensate for the higher purchase price,
represented by the factor “price compensation” was validated in both models. This evidence is in
line with the research conducted by Lane & Potter (2007), Gallagher & Muehlegger (2011),
Egbue & Long (2012). Hypothesis 12 concerns whether a higher driving range, in the form of the
distance the vehicle can drive before recharging, increases the preference for an EV. Several
authors (see e.g., Barkenbus, 2020; Egbue & Long, 2012; Hackbarth & Madlener, 2016; Hidrue
etal., 2011; Lieven et al., 2011) have supported this assumption with their research results. In our
analysis, the driving range was represented by both the factors “performance” and “range
anxiety,” and based on the statistical significance of the factor “performance,” Hypothesis 12 is
to be accepted in both models. Although the factor “range anxiety” did not show statistical
significance in Model 1, it still can be confirmed by the factor “performance” in Model 1. In
Model 2, both “range anxiety” and “performance” showed statistical significance. All in all, the
hypotheses about the different car attributes helped to better understand consumer behaviour and
the factors that influence their preferences for EVs.

4.4.3 Environmental Settings Hypotheses

Hypothesis 13 analyses the impact of an EV charging infrastructure, which was represented by
the factor “missing infrastructure.” Several authors found a significant, positive impact of a good
infrastructure for charging on the preference for EVs (Barkenbus, 2020; Hardman et al., 2018;
Hoen & Koetse, 2014; Li etal., 2017a; Martinez-Lao et al., 2017; Oliveira et al., 2019; Sierzchula
et al., 2014). Our results for this variable showed no statistical significance in Model 1 but a
statistical significance with a negative coefficient in Model 2 in both logit options. Therefore,
Hypothesis 13 is to be accepted based on Model 2. Hypothesis 14 concerns whether governmental
supports increase the preference for an EV, which had been investigated in several research
studies with positive affirmation (Cordera et al., 2019; Gallagher & Muehlegger, 2011; Hardman
etal., 2017; Lietal., 2019; Turcksin et al., 2013; Wang et al., 2017). We showed that people who
consider EV prices important (Factor 9) are less likely to intend to buy an EV. The 'subventions'
variable ("The purchase of an electric vehicle should be incentivized by financial advantages")
has a rotated factor loading of 0,490 on Factor 9, as shown in Appendix 7 ("Scale_subv-s" for
Factor 9). This indicates that the two are associated and, hence, that that price-conscious car
buyers may also tend to support subventions for EVs. This is consistent with the hypothesis that
governmental supports would increase the preference for an EV through their tendency to reduce
the initial purchase price. Since the factor “price of EV” showed statistical significance in Model

1, Hypothesis 14 can be accepted, according to which government support contributes to
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increasing the preference for an EV. Hypothesis 15 analysed the impact of information
availability reflected in the factor “lack of knowledge,” in order to support the positive
relationship between information availability and EV preference, as found by Hidrue et al. (2011),
Ozaki & Sevastyanova (2011), Egbue & Long (2012), Turcksin et al. (2013) and Rahmani &
Loureiro (2019). In Model 1, the factor was not significant; however, it was statistically

significant in Model 2 and therefore can be confirmed based on the Model 2.

Comparing both models proved the robustness of the first model and yielded good performance.
The second model provided additional validity and improved interpretation and understanding of
consumer behaviour, showing that reputation-driven consumers are interested in EV as a
sustainable product only when prices are more expensive compared to other vehicles. The model
revealed that reputation-driven consumers prefer EVs due to their higher purchase price, as they
apparently provide some kind of exclusivity. This fact is of great interest and is explained in more
detail in our conclusions, Section 5, below. The approach of running two models with two
different dependent variables is acceptable to provide greater interpretation and a deeper
understanding of consumers of EVs when assuming the same price for all vehicles. However, and
as stated as a limitation in the last section, future research should focus on different prices within
hypothetical choice experiments. Table 12 provides an overview of the hypotheses and the
respective results for both models.

Table 12: Results Hypotheses (Chapter 2)

Results Model 1 Results Model 2

Category Hypothesis (assuming different | (assuming equal
prices) prices)
Rejected (Profile Rejected (Profile
H1 | Females are more likely to prefer EVs than men. category 2and 3 are | category 2 are
males) males)
The younger the consumer, the higher the likelihood of . not significant
H2 preferring an EV over an ICE vehicle. Rejected (Factor 6) (Factor 6)
Higher education leads to an increased probability of . .
H3 preferring an EV over an ICE vehicle. Accepted (Profile) Accepted (Profile)
Ha ngher_mcome leads to an increased probability of Accepted (Profile) Accepted (Profile)
preferring an EV.
Consumer Living in urban areas leads to an increased probability of

H5

preferring an EV.

Accepted (Profile)

Accepted (Profile)

H6

Having children leads to an increased probability of
preferring an EV.

Accepted (Factor 6)

Accepted (Factor 6)

H7

Possessing a car (independent of model) leads to an
increased probability of preferring an EV.

Accepted (Profile)

Accepted (Profile)

H8

Having had previous experience leads to an increased
probability of preferring an EV.

Accepted (Profile)

Accepted (Profile)

H9

Reputation- and status-driven consumers are more likely
to prefer EVs.

Accepted (Factor 3)

Not significant
(Factor 1)

Accepted (Factor 3
and Factor 1)

Car attributes | H10

A higher list price for EV lowers the preference for EVs.

Accepted (Factor 9)

Not included
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H11

Lower consumption and lower maintenance costs
compensate for the higher purchase price of EVs and
leads to an increased probability of preferring an EV

Accepted (Factor 5)

Accepted (Factor 5)

A higher range of EVs, leads to an increased probability

Accepted (Factor 4)

Accepted (Factor 4)

Environ-
mental
settings

H12 of preferring an EV. Not significant Accepted
(Factor 10) (Factor 10)
Better infrastructure (charging stations, wallbox not sianificant Accepted
H13 | installations) the context shows leads to an increased g P
(Factor 8) (Factor 10)

probability of preferring an EV.

H14

Governmental support for EVs leads to an increased
probability of preferring an EV.

Accepted (Factor 9)

(Factor 9 not
included)

H15

More available information combined with the know-how
of dealers, leads to an increased probability of preferring
an EV.

4.5 Comparison of both Models

not significant
(Factor 7)

Accepted (Factor 7)

Comparing both models, the robustness of the first model is verified and yielded for good

performance. The second model provides new insights for the literature under the assumption that
all vehicles cost the same. In doing so, it becomes clear that status and reputation driven

consumers buy EVs because of their higher purchase price. Once they are equal to other cars in

terms of purchase price, they do not seem to be as attractive. This fact is of high interest and is
recommended for a future line of research. The approach of running two models with two

different dependent variables is recommended to provide further interpretation and deeper

understanding of consumers of EV.

The following shows the comparison of both models and the different approaches to easily

interpret the results.

Table 13: Results of both Models with Option 1 and Option 2 (Chapter 2)

Option 1 Model 1 Model 2

Yes EV_1 0 Car_sameprice2

Coef. P>|z| Coef. P>|z|
Factor 1 ,0844426 0,118 -,4422998 0,000
Factor 2 1,012,105 0,000 1,369866 0,000
Factor 3 ,1690223 0,002 ,4801909 0,000
Factor 4 ,4864028 0,000 ,3579716 0,000
Factor 5 ,4599024 0,000 ,4091105 0,000
Factor 6 ,2579496 0,000 ,0783293 0,264
Factor 7 -,0025247 0,963 ,2137138 0,002
Factor 8 -,0412599 0,441 -,2510928 0,000
Factor 9 -,1288551 0,021
Factor 10 ,0311045 0,558 -,2778786 0,000
Option 2 Model 1 Model 2




Yes EV_1 0 Car_sameprice2

Coef. P>|z| Coef. P>|z|
_lprofile_2 8744242 0,000 3754224 0,011
_lprofile_3 ,8970386 0,000 ,1087161 0,528
Factor 4 ,3974305 0,000 ,2885597 0,000
Factor 5 ,3600625 0,000 ,3249849 0,000
Factor 8 -,0329299 0,507 -,2060537 0,001

5 Discussion and Conclusion

In conclusion, this paper presents, in a comprehensive and systematic way, the impact of different
variables influencing the preference for EVs with a strong emphasis on consumer behaviour. It
includes (1) consumers’ sociodemographic variables with an additional focus on experience and
consumer behaviour, (2) car attributes, and (3) environmental settings, such as governmental
support schemes and infrastructure development on the preference for EV, additional to the
findings of how consumer preferences would change if purchase prices were the same for both
BEV and ICE vehicles. Based on this structural approach, the findings and recommendations help
validate the present research literature to improve the utility of future studies. This study explores
the role of reputation, status, and image as factors related to whether an individual will prefer an
EV over other vehicles. By highlighting the importance of reputation, it gives valuable
information about consumers’ behaviour. Regarding socioeconomic factors, there are
contradictory results in the current literature. At the same time, there is a common understanding
that sociodemographic variables exert significant influence. In summary, we could show that a
higher education and higher salary, as well as having children and living in urban areas, rather

than rural areas and owning a vehicle are positively reflected in the preference for an EV.

At the outset, we asked, “What effect does EV experience have on potential EV adoption?”
Previous research has shown that experiences can encourage EV adoption (Blihler et al., 2014;
Hahnel et al., 2014; Jensen et al., 2013; Liu et al., 2020; Rauh et al., 2020; Schmalful} et al., 2017;
Xu et al., 2020). We found that experience was more common in a particular socio-demographic
group: men with higher salaries who live in suburban areas tended to have EV experience.
Compared to a reference group of women with less education, lower income, and living in rural
or suburban areas, these men in our sample set had more intention to purchase EVs but did not
show a clear difference in EV preference (at equal prices with other vehicles). This could be
interpreted as showing that lower-income groups tend not to have experimented with EVs
(perhaps due to price barriers) but may share preferences for EVs with those who have. However,
given those previous research findings that indicate the encouraging effect of EV experiences it

may also be the case that intervening to provide EV experiences to individuals who tend to be
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women with less education and income might encourage EV adoption in this group, particularly

as prices of EVs and non-EVs begin to equalize.

Furthermore, our study suggests that the more consumers are driven by reputation, the less they
opt for an EV in the situation that EVs cost the same, which is an interesting finding. It is worth
considering whether “reputation drive” does not capture the socially desirable aspects of cars
other than EVs once “social desirability” is controlled statistically within the model and “purchase
price” is removed from the equation (since high-status cars are usually more expensive). A
possible follow-up is a moderated multiple regression approach allowing the two variables
reputation and price to together explain more, or less, variance than they might do each

individually.

Overall, the study addresses environmental and sustainability research by focusing on consumer
behaviour. The hypotheses are tested with two different dependent variables. In doing so, the
present study is one of the first to investigate the consumer’s behaviour and preference for EVs
using different dependent variables while contrasting previous results concerning
sociodemographic variables. The second model highlights the importance of reputation for
consumers, when adopting an EV. Being reputation-driven positively influences the preference
for EVs only if these cars are more expensive. This result leads to the interpretation that
inexpensive sustainable products might undermine a consumer’s ability to signal their wealth and
purchasing power, and therefore green products are only preferred if they are more expensive.
This research can lead to the conclusion that people tend to care more about reputation and social
acceptance than about environmental issues. In summary, this study adds value and insights for
EV adoption from a consumer perspective and confirms earlier findings while applying new
empirical approaches. The research provides a comprehensive analysis of consumers’
demographic variables when adopting EVs, car attributes, and external environmental settings,
and applies an additional model to analyse consumer behaviour by assuming the same prices for

all vehicles.

5.1.1 Policy Recommendations

Analysis of the heterogeneity of a driver’s willingness to purchase an EV is important and useful
for public decision-makers, such as governments, to implement correct measures by
understanding the market and consumers. Although the study sample is representative of the
population of Barcelona with respect to age and gender, it is still useful to take the results into
account for policy and decision-making. As other studies have shown (e.g., Gallagher &
Muehlegger, 2011; Hardman et al., 2017; Li et al., 2019; Wang et al., 2017), the adoption of EVs
is likely to be limited without significant governmental incentives. The potential impact of

governmental incentives was validated in both models of this study. Given the low market
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penetration of EVs, incentives are believed to be a prerequisite to eventually change consumers’
environmental behaviour. As for the Spanish market, the government put in place the “MOVES
I support in 2020, which is an aid program to encourage the purchase of electric, plug-in hybrid
and fuel cell vehicles; however, it needs certain improvements, on which automotive associations
are working. Governments should encourage the availability of information on EVs to clarify
misunderstandings about their performance. Additionally, a good infrastructure system should be

promoted and implemented.

As previously stated, it is helpful that governments push information availability of EVs to clarify
misunderstandings regarding worse performance. As EVs are often associated with worse
performance, information diffusion is required and ideally, test drives are offered to show the real
potential of these vehicles. The government should encourage information availability,
infrastructure, and incentives. Referring to the latter, the MOVES plan in Spain shows it first
positive earnests since EV sales in 2021 increased significantly. The current-in-place greenhouse
gas emissions limits for sure will also help to sell EVs on a broad scale. In general, it is important
that the government helps to eliminate any kind of barriers that could hinder people from buying
electric cars, for example to introduce more stations to recharge the cars and thus, a better
infrastructure. The market share of sustainable technologies is still rather small, but it is important
to yield a sustainable environment and different perception of green products, and therefore, also
a better charging infrastructure for EVs is needed. Consumers are more likely to buy green cars
when they witness their true benefits and positive consequences of green cars (Ozaki &
Sevastyanova, 2011). It appears that many potential adopters of EVs in Spain are unaware of or
are not convinced by the recent improvements in EC technology and charging infrastructure.
Consequently, they hold negative expectations of hassle and inconvenience from owning an EC,

which strongly reduce their intention to buy one.

5.1.2 Limitations, Implications and Directions for Future Research

Although this research shows interesting findings and consequently applicable measures for
higher EV adoption, some limitations must be considered when interpreting the results. Overall,
it should be taken into consideration that it is a study of the relationships between different
questionnaire answering patterns and not a study of cause and effect, such as an experiment trial.
For future studies, an experiment trial could be applied. Regarding environmental concern, this
study included statements to be answered on a Likert Scale, such as “It is important to care for
the environment,” “For the purchase of an EV, I am motivated by lower contamination compared
to an ICEV,” etc.; however, future research should focus more on environmental measurements
and use as reference the items of the NEP Scale by Dunlap and Van Liere (1978). In relation to
consumer attitudes and behaviour, further research on the connection between EVs and

environmental concerns is essential for future research.
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The study focuses on EV in general, which includes HEV and PHEV, where psychological
barriers to adaptation are easier to overcome than for pure BEVs, which run on electricity only
and have clearer technological differences. It might be treacherous to generalize results from
AFVs to BEVs. Therefore, to enrich the literature and focus on the most innovative technologies,
future studies should focus mainly on BEVs. In line with the study by Noppers et al. (2014), it is
critical to keep in mind that people do not necessarily highlight and recognize the importance of
symbolic self-attributes, such as the impact on self-identity and social status, when asked directly
about important factors for the adoption of sustainable innovations, such as an EV. Consistent
with Herberz et al. (2020) and Gleim & Lawson (2014), consumers may admit the importance of
a sustainable approach to green products, but they do not always translate this attitude into actual
behaviour. Future research should further analyse the psychology of consumers to examine
whether consumers underestimate the importance of symbolic attributes. The present paper
applied factor analysis (EFA) and MCA, which implied data reduction to create and label different
factors and dimensions. This approach helps to reduce correlation between variables; however, it
must be acknowledged that original hypotheses cannot be evinced unambiguously.

It is also important to consider that consumer behaviour may change over time, and it would be
interesting to know how status- and image-focused behaviour will change as EVs become more
accessible to all consumers (see Adnan et al., 2017 for further information). It is critical to deal
with consumers” attitudes and preferences to be more successful in adopting sustainable means,
such as green vehicles. At the same time, it is important to conduct a cross-country comparison
to generalize the results. Southern European countries, such as Spain or Italy, suffer a shortfall of
research in this field. Regarding sociodemographic variables, future research should take into
consideration the change in transportation patterns in society, e.g., decreasing car ownership and
increasing car-sharing options, especially for younger generations (see Efthymiou et al., 2013).
At the same time, it is interesting to analyse the relationship between vehicle ownership and

household relocations, such as moving to suburban geographies (see Schouten, 2022).

Future research could also analyse in depth the role of the different automotive brands. In the
present study, the variable “brand” is included in the factor analyses, but it would be of interest
to know whether consumers prefer EVs of a specific brand when adopting luxury brands that
might convey social status (is consumer’s behaviour different when adopting luxury brands, such

as Porsche, Mercedes, Audi compared to VW, Renault, KIA, etc.).

Despite these limitations, the study does point out a path toward fruitful future research that can

be built up from this paper’s outcome.
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I11) Chapter 3: Theory of Planned Behaviour

Chapter 3

Using extended theory of planned behaviour (TPB) to predict consumers’
intention to adopt electric vehicles. An empirical research study from

Spain.



1 Theory of Planned Behaviour
1.1 Abstract

Societies worldwide are under great pressure to reduce carbon footprint. Battery Electric vehicles
(BEVs) are considered as sustainable transportation solution to reduce the carbon footprint of
countries and therefore have the potential to alleviate environmental problems. The demand for
BEVs has increased the last years, however consumers still seem reluctant and adoption rates are
still low. A sample of more than 2.000 consumers was collected to predict the consumers’
intention to adopt BEV, applying an extended version of the Theory of Planned Behaviour Theory
(TPB) to analyse the impact of attitude, subjective norm, perceived behavioural control, moral
norm, and environmental concern. In addition, and based on previous research stating the
importance, the variable “experience” is introduced while creating a new dimension of consumers
profile formed of experience, education, and gender. Data was collected with an online survey
and the hypotheses are validated with partial least square structural equation modelling with Smart
PLS4. With this research, we aim to reveal the impact of extended TPB constructs on BEV
adoption in Spain with an empirical application and SEM analysis. The empirical analysis shows
that the constructs “Attitude”, “Perceived behavioural control”, “Subjective Norm”, and “Moral
Norm” do exert a direct impact on adoption intention, whereby Attitude shows the strongest
relationship. “Environmental concerns” show a positive indirect impact on the adoption intention,
whereas no direct relationship of EC towards adoption intention could be found. The variable
“profile” impacts positively on the relationship of the constructs towards adoption intention. The
results confirm previous findings and serve as a guideline for government and manufacturers.
Based on the study’s results, the appropriateness of the TPB model is confirmed and it has a good

explanatory power in predicting consumers’ intention to adopt BEVs.

1.2 Keywords
= Battery Electric vehicles
= Extended Theory of Planned Behaviour
= Environmental concern
= Personal moral norm
= Attitude towards adoption EV

= Subjective norm




1.3 Introduction

After analysing consumers’ behaviour of EVs in Spain with focus on sociodemographic factors
and the role of status and reputation when assuming equal prices for all types of vehicles in
Chapter 2, and based on the conclusions of Chapter 1, the present research study applies the
Theory of Planned Behaviour (TPB) by Ajzen (1991) while extending the traditional model with
new constructs. As explained in Chapter 2, the general focus on theories that analyse consumer
behaviour is important and helpful to better understand what consumers thrive toward
environmental friendly products. While Chapter 1 provided useful theoretical knowledge about
the TPB based on a systematic literature review, and Chapter 2 gave empirical evidence for
different factors that influence the consumers’ adoption intention for EVs, in Chapter 3 we now
apply the TPB model on our empirical, primary data set. The previous realized literature review
is updated with the newest academic papers until 2022.

As explained in Chapter 1 and 2, there are several studies in present literature that analyse
consumer’s demographic variables, external environmental settings, and the impact of
“experience” on consumer’s adoption for EVs. This chapter combines the different insights of
previous literature with the extended TPB model to analyse consumer purchase behaviour for
BEVs based on a Spanish sample set. Since real BEV drivers are still a minority, the TPB with
its focus on intention rather than real adoption is justified (Ajzen, 1991) and allows for a wider
sample basis. As Kalafatis et al. (1999) summarized, there are a variety of explanatory theories
about consumer behaviour that evolved among others from social sciences as psychology,
sociology, or economics. The TPB model allows to investigate constructs as attitudes, subjective
norms and perceived behavioural control by consumers to buy environmental friendly products.
As Ajzen (1991) stated, “explaining human behaviour in all its complexity is a difficult task”
(p.179) and therefore, it is of research interest for this present study. Contingent upon TPB, and
based on the traditional TRA model, the factors of “attitude”, “subjective norm” and “perceived
behaviour control” are analysed, extended with “moral norm” and “environmental concern”. Both
the direct and indirect impact of environmental concerns towards the adoption intention of BEVs
will be analysed. Additionally, and as added value to present research, this study analyses the
variable “experience” within a newly created variable “profile” which includes gender, education
and experience to see their impact on the relationships of the different constructs towards adoption

intention.

With the aim of addressing the Theory of Planned Behaviour for Chapter 3, a Structural Equation
Modelling (SEM) estimated with SmartPLS4 is applied and further developed. Structural
equation modelling is a multivariate statistical analysis technique that is often used to analyse
structural relationships as it is the case here. For this study, a questionnaire survey was conducted

with the aim of investigating consumer’s intention to adopt BEVs in Spain. We explore the
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behavioural constructs that influence in the adoption of BEVs in the country. In detail, this paper

addresses the following main research questions to help explaining BEV adoption decision.

3. What impact do the extended TPB constructs “Attitude” (ATT), “Perceived behavioural
control” (PBC), “Subjective Norm” (SN), “Moral norm” (MN) and “Environmental
Concerns” (EC) have on the consumer adoption intention (Al) of BEVs based on a
Spanish sample set? What behavioural patterns can be concluded?

4. What role play experience, gender, and education in the TPB model?

In this context, this research presents the framework of the Extended TPB by incorporating the
constructs of “Moral Norm” and “Environmental Concern”, while analysing the variable
“Experience” to predict the adoption intentions of consumers. By applying this framework, the
study makes a contribution to the literature gap for research study in environmental friendly
research based on a Spanish sample. The present study focusses on purely BEVs and adds value
to the literature by focussing on a technology which is considered different and more complex
compared to traditional vehicles or Plug-in vehicles, such as many other research studies do.
Additionally, this study concludes practical contributions based on empirical findings to provide

valuable insights for politicians and industry to promote EVs adoption intention.

To the best of the authors knowledge there is a lack of Spanish-based research studies focussing
on TPB. The study by Higueras-Castillo et al. (2019) is based on a Spanish sample, however, it
is built on the theories of perceived value and reasoned action, while focussing on Electromobility
vehicles and applying a model with the construct “Attitude” and its possible antecedents of
Quality, Emotional, Price, Social, Acceleration and Low noise towards the intention to adopt. As
reference paper, the studies by Wang et al. (2016) and Mohamed et al. (2016, 2018) are used.
Table 14 provides a detailed overview of all studies used for this research paper, and it is
noteworthy to explain that there are other studies extending the TPB by moral norm and
environmental concern, too; however, our study differs and add value to the present literature
based on (1) its focus on pure BEVs, (2) by analysing the impact of EC both as direct and indirect
construct and (3) by introducing the variable “profile” consisting of the variables gender,
experience and education. In addition, the study is based on a (4) Spanish sample where a
literature gap has been noted. The focus on pure BEV is in response to what pointed out Mohamed
et al. (2018) as one of their own study’s limitations as they did not apply the distinction between
Plug-in hybrid vehicles (PHEVs) and BEVs and ask future research to address this issue.
Mohamed et al. (2016) focused on “economy cars” based on a Canadian sample and pointed out
that the "EV market is dynamic, and it is expected to evolve rapidly in the near future (...).
Accordingly, the characteristics of these market segments is a snapshot in time and should be

expected to evolve as well.” (p.109). In summary, our study with a Spanish sample of 1.816
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answers conducted in 2021 and its focus on BEVs and the variable “profile” differs from present

literature and fills a literature gap.

To accomplish the mentioned objectives, the rest of the chapter is organized as follows: in the
next section, a review of the literature until the year 2022 related to the extended theory of planned
behaviour is presented. Based on this review, the conceptual SEM guiding this research and the
hypotheses are proposed. The “Data and Methodology” section focuses on the research methods
and contains explanation about the empirical results of the SEM based on Smart PLS4. Finally,
the last section shows the main conclusions and recommendations, as well as limitations and
future research lines. The result of this present study confirms the appropriateness of the extended
TPB model and verifies that the extended TPB model has good explanatory power in predicting

consumers’ intention to adopt BEVs.

2 Literature Review

In Chapter 2, the sociodemographic profile of potential EV consumers was analysed.
Accordingly, being male, older, and having children, higher education and living in urban areas,
having had previous experience with EVs influence positively to the adoption of EVs. If prices
for all types of vehicles were the same, adoption for EVs seems less attractive especially for
reputation-driven individuals, which highlights the role of status and reputation. Reputation-
driven consumers seem to enjoy specific exclusivity by having higher economic power to buy the
more expensive EVs, which might decrease once the prices equal for all vehicles. Reputation and
social status seem to play a more important role than expected in consumer behaviour for
sustainable manners. Thanks to the valuable results concluded in Chapter 2, Chapter 3 continues
with its focus on consumer behaviour based on the TPB model, while investigating the importance
of experience. The TPB can be applied in different research areas and there are studies applying
TPB to investigate the purchase intention for other environmental friendly products, such as Zhou
& Thgagersen (2013) did about organic food. Nevertheless, in this literature review we focus on
studies applying TPB especially for analysing the purchase intention for EVs.

2.1 Theory of Planned Behaviour

As explained in Chapter 1, the Theory of Planned Behaviour (TPB) was proposed by Ajzen (1991)
and is based on the Theory of Reasoned Action (TRA) of 1980 with the aim of predicting an
individual’s intention to exert a specific behaviour over which the consumer has self-control. The
TPB is widely used for investigating behavioural intention for sustainable matters. As Wang et
al. (2016) explained there are more and more scholars using the TPB model to explore the
environmental-friendly behaviour of consumers. Haustein & Jensen (2018) defined the TPB as

“probably the most frequently and successfully applied behavioral theory for predicting pro-
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environmentally transport choices” (p.2). The traditional TPB includes three variables which
determine the strength of the intention to perform the behaviour when opportunities come up.
Individual behaviour is believed to be the result of behavioural intention and can therefore be
used as proxy for the actual behaviour, while intention is based on behavioural attitude, subjective
norm and PBC (Ajzen, 1991). According to the theory, if a consumer perceives certain behaviour
to be a social norm, the more likely he/she adopts the behaviour. In the TPB model the actual
behaviour can be determined by the behavioural intention, which is influenced by the attitude
toward the behaviour, the subjective norm and perceived behavioural control (Ajzen, 1991).
Haustein & Jensen (2018) summarized that the TPB sees intention as the central determinant of
behaviour, and the intention to adopt a specific behaviour in turn is composed by attitude,
subjective norm and perceives behavioural control. Davis et al. (1989) explained that both
behavioural intention and actual behaviour has the same determinants, however the intention is
generally more strongly predicted than actual behaviour. Ajzen (1991) confirmed that behavioural
intention is seen as immediate determinant of actual behaviour and it provides the most accurate
prediction of behaviour. The TPB model has been applied in several studies to explore the
intentions to purchase EV, as shown in Chapter 1 in Table 2.

To understand more comprehensively the factors that influence the EV adoption intention and
decision, psychological factors are necessary to include. Therefore, psychological factors are
included in different constructs that might impact the EV adoption intention in this chapter. The
decision for adopting BEVSs not only depends on situational such as demographic factors as
analysed in Chapter 2, but also on psychological factors as they can influence the adoption
decision directly. In Spain, the fully BEV is still in its infancy although an increase has been noted
the last two years, and therefore it is appropriate to measure adoption intention instead of the
actual adoption, in line with the TPB model. Furthermore, to overcome the lack of empirical
evidence regarding consumers’ purchase intention for EV into the market of Spain, where the
adoption/purchase of BEVs is still not on levels as Northern European countries, the impact of
the variables “driving experience”, “gender” and “education” are analysed and introduced in the

model with a newly created variable “profile”. This provides a noticeable research potential for

the underlying study to fill the knowledge gap in existing literature.

In the following Table 14, 24 research studies with their (extended) TPB constructs are listed.
The overview helps to understand the different constructs that are used in literature and gives a
first glimpse of the results of other authors. Additionally, the papers helped to define the present
research study with its SEM approach. In Figure 20 some theoretical TPB models from other

scholars are listed to provide a better comparison with the present research model.
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Table 14: Literature Review Research Studies and their constructs (Chapter 3)

Study's Veh. Constructs TPB Extended or
Authors VEERT R Type Sl Traditional Modified RS e
Att, PBC, EC and GT:
Subjective Norm Environmental positively correlated
Yegin & 2022 Turkey EVs 626 (SN),_Attltude (AT), Concem (EC) ) Wlth_ EV purchqse
lkram Perceived behavioral and Green Trust (GT) intentions (+). Direct
control (PBC) impact of EC. SN:
negative effect (-)
. _— Att, SN, PBC, MN and
Shalender & . Altitude, SUbJ?Ct'Ve Mo_ral norm, EC: positive relation
2020 India EVs 326 norm, perceived Environmental . -
Sharma - with Al (+). Direct
behavioural control concern .
impact of EC.
Attitude, Subjective .Att' SN,_P_BC_and PS:
) Norm. and ) o direct positive impact on
Bhuttoetal. 2020 Pakistan  HVs 266 Perce’ive d Price Sensitivity (PS) Al (+)
- PS as moderator: no
Behavioral Control - A
statistical significance
Feelings and
Emotions
+ Norm Activation SN. feelinas and
Subjective Norm,  Model: Awareness of emoiions ?arsonal
Dongetal. 2020 China BEVs 1.021  Perceived behavioral Consequences, y p S
norms, PBC: positive
control Personal Norms, impact (+)
Ascription of P
Responsibility + Cost
Factors
- . SN, PBC, Att and
Driving experience adoption willingness of
Attitudes: Charging .
. Lo - - experienced consumers
Attitudes, Subjective convenience, cruising are higher (+) than of
Liu et al. 2020 China BEV 347 norm, Perceived range, economic un%xperienced
behavioral control benefit, _bat_teryllfe, consumers. Adoption
low emission, low L
noise willingness (+) through
direct and indirect paths.
. N Positive attributes:
Attitude, Subjective . . A
. ' - Positive Attributes positive impact (+)
Yan et al. 2019 China EVs 537 Norm, Perceived ] - . . !
behavioral control Negative Attributes negative attributes:
negative impact (-)
Attitude, Subjective .
Eneizan 2019 Jordan  EVs 250  Norm, Perceived - Alt, SN, PBC: positive
. impact (+)
behavioral control
Building on the
theories of perceived Emotional issues, Price,
(Elfe'l/['m value and reasoned Acceleration, Low
Higueras- 2019 Spain mobility 404 ) action: Attitude with noise: positive impact
Castillo et al. P ; electric antecedents: Quality, on attitude (+)
h and Emotional, Price,  Quality, Social value: no
ybrid) . . L2 I
Social, Acceleration,  statistical significance
Low noise
Shankar & Attitude, Social Environmental Att, SN, PBC, EC, CSR:
Kumari 2019 India EVs 278 Norms, Perceived Concern, Perceived positive impact (+)
Behavioral Control CSR obligation Direct impact of EC.
Environmental-
Perceived accident economic aur ibu_tes, SN,
risk, Knowledge PBC: posTve impact
Simsekoglu 2019  Norwa BEV 205 ) ?ﬁ;%ﬁ?{:l being male: negative (-)
& Nayum y attributes Perceived acc. Risk,
. y knowledge: no direct
environmental - g
. impact, but indirect
attributes

through perceived
attributes of BEVs.

78



Attitude, Subjective

Self control ability
with self-efficacy,
facilitating
conditions, perceived
behavioral control.
Items for Attitude:
Perceived Usefulness,

Att: perceived

usefulness, perceived

ease of use,

compatibility: positive

Tu&Yang 2019 China EVs 300 . attitude (+)
Norm Perceived ease of use, -
s SN: interpersonal
Compatibility, h .
influence: no
Personal L .
A significance; external
Innovativeness. Items influence: positive (+)
for Subjective Norm: P
Interpersonal and
External Influence
Environmental Att, PBC, SN,
. . Performance, Price Environmental
Adtitude, Perceived Value, Non-Monetar erformance, MIP:
Xu et al. 2019 China BEVs 382 Behavioral Control, - li y p ) ’
Subject Norm Incentive Po icy, _ pos_ltlve (+)
Monetary Incentive Direct impact of E-
Policy (MIP) Performance
. — Environmental Att, PBC: strongest
Attitude, Subjective - "
Mohamed et ' - Concern (impact on impact (+)
al. 2018 Canada EVs 15392 Norm, Perceived constructs), Personal ~ EC, Att, personal MN:
Behavioural Control
Moral Norm (+)
Comparing BEV users
. . and conventional car
BEV PeLC:r'r\i/:;jsf(Lllanég()mal Busy lifestyle (PMN), users: BEV users
Haustein & Denmark  gpq Subiective norm Personal Norm (PN),  perceive less functional
2018 and cVv 2.467 . o other control barriers towards BEV
Jensen (SN), Attitude: . o
Sweden  (convent symbolic variables (a.o. and have more positive
ional) Atti tu)(/jE‘ affective Experience) attitude and norms.
’ Symbolic attitudes most
important factor.
Environmental Att, SN, MN, PBC:
- — concern, L Lo
. PHEV Attitude, Subjr_ectlve personal moral norm indirect positive impact
Adnanetal. 2018 Malaysia 403 Norm, Perceived Hyperbolic ' (+); constructs are
behavioral control discounting on actual 3|gmf!cantly
. predetermined by EC
adoption
PBC, SN: positive
China Attitude, Subjective impact (+)
Zhang etal. 2018 EVs 124 Norm, Perceived Policy supporting Att: insignificant
(Beijing) ; . Heant
behavioral control Policy support: positive
effects on Att and SN
SN, Att, personal norms,
personal norms, low- PBC: positive impact
- NEVs Attitudes, subjective carbon awareness and P P
China new . . . +
Du et al. 2018 o 811 norms, perceived policy, social S
(Tianjing)  energy - government policy: (+)
vehicles behavioral control, demography, low-carbon awareness:
government policy A ’
Financial Incentive
policy measures, All policy measures: (+)
Information provision EC play moderating role
. ) policy measures, between financial
Wangetal. 2017 China EVs 324 Convenience policy incentive and
measures, convenience policy
Environmental measures
Concern
Personql moral norm, Dimensions of att: (+)
Environmental - -
) o concern impact on attltL_qu
Attitude, Subjective Impact on Atfitude' EC: indirect positive
Adnanetal. 2017 Malaysia EVs 391 Norm, Perceived plnteraction " impact on Att, SN, PBC
behavioral control ’ and personal norm. EC
Knowledgeshar_mg, and Al not directly
Response Vehicle -
proportional.
owners
Environmental
40 Peljformance E-Performance is
intervie Price Value stronger predictor of
Degnrmenu 2017 Germany EVs ws, Attitude Range Confldence attitude and thus All,
& Breitner Control variables ( .
167 test Gend than price value and
drives ender, .Age' range confidence
Profession, '

Experience)
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Attitude

Environmental

Att, SN, PBC, personal

Mohamed et Subjective Norm Concern, Personal MN: (+) impact
al. 2016 Canada EVs 3.505 Perceived Moral Norm; control  EC: indirect (+) impact
Behavioural Control variables Age, employment: (+)
Att, SN, PBC, Personal
Attitude, Subjective  Personal moral norm  MN: mediate effect of
Wangetal. 2016 China HEVs 433 Norm, Perceived Environmental EC towards Al
behavioral control concern EC: indirect (+) impact
on Al
Fleet manager socio-
Positive attitudes, economic
Subjective norms characteristics, firm Focus on Fleet: positive
Austria, favorable to ECVs, characteristics and - - Postl
Denmark. Perceived industrial sector, atitudes and subjective
Kaplanetal. 2016 " ECVs 1443 - - ' norms (+), familiarity
and operational ease of vehicle fleet .
- - (+), perceived
Germany using ECVs, characteristics and operational ease (+)
Perceived familiarity — use patterns, country
with ECVS context (Germany,
Austria, Denmark)
Evs Acceptance
Model: Usage
Intentions
Performance Social influences,
Attributes, Social performance attributes,
Influences, Financial financial benefits,
Sang and . Benefits, environmental concerns,
Bekhet 2015 Malaysia Vs 750 ) Demaographic, demographics,
Infrastructure infrastructure readiness,
Readiness, government
Government interventions: (+)

Figure 20: TPB Examples Literature Review Other Models (Chapter 3)

Intervention,
Environmental
Concerns

Shalender & Sharma (2020)

€ i
a7

o

Adnan et al. (2018)

[Fi. 1 Rescarch framework and rescarch hypotheses (HI-HS) of consumers’ ind

tention to adopt HEVs

Bhutto et al. (2020)

Wang et al. (2016)

Yan et al. (2019)

Note: Own work based on Literature Review
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2.2 Determinants of (Extended) TPB

As shown in Table 14 many research studies about adopting pro-environmental products have
applied and extended the Theory of Planned Behaviour with additional factors to provide a
complete and bigger picture. The present study considers the three original components (attitude
toward the behaviour, the subjective norm and perceived behavioural control) and includes
“Moral Norm” (MN) and “Environmental Concern” (EC) as additional constructs to explain
BEVs adoption intention. Whereof MN is included in the same relation as the three other
traditional constructs with a direct impact towards Al, EC is included both as a direct impact on
Al and as an indirect impact via the other (mediating) constructs. Additionally, the TPB is
extended with a newly created (moderator) variable “profile” that includes education, gender, and
experience. In the following, we explain first the concept of BEVs adoption intention, then the
impact of the three original constructs (attitude toward the behaviour, the subjective norm and
perceived behavioural control) on the EVs adoption intention, and finally we focus on the effect

of “Moral Norm” (MN) and “Environmental Concern” (EC) on BEVs adoption intention.

2.2.1 BEVs Adoption Intention

The BEV adoption intention is the dependent variable in our study and is defined in the TPB
model as the willingness to make an effort to adopt a specific behaviour (Ajzen, 1991). Therefore,
in line with Ajzen (1990), the adoption intention is a direct predictor of behaviour and a result of
the traditional TPB constructs ATT, PBC, and SN.

2.2.2 Attitude

The first of the “three conceptually independent determinants of intentions” (Ajzen, 1991, p.188)
is attitude, defined as “the attitude toward the behaviour and refers to the degree to which a
person has a favourable or unfavourable evaluation or appraisal of the behaviour in question.”
(p.188). Attitude reveals the negative or positive evaluation of the consumer’s adoption behaviour
(Wang et al., 2016), so to say the degree to which the performance of behaviour is positively or
negatively valued. Fishbein and Ajzen (1975) highlighted the importance of attitude as an
indispensable concept in social psychology. Haustein & Jensen (2018) explained: “Attitude is the
degree to which the performance of a behavior is positively or negatively valued; subjective norm
is the perceived social pressure to engage in a behavior; and perceived behavioral control refers
to the perceived ability to perform a behavior. TPB assumes perceived behavioral control to be
a direct predictor of both intention and behavior.” (Haustein & Jensen, 2018, p.3). In line with
Fishbein and Ajzen (1975), Bhutto et al. (2020) summarized the following: “Attitude is a result
of internal assessment and association process that directs the development of positive or negative
intentions.”. Ajzen (1991) showed that perception and attitude influence significantly the buying

behaviour of individuals. A specific-attitude is considered as stronger predictor of a specific-
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behaviour e.g., purchasing green products, while the general-attitude shows the general-
predisposition towards a behaviour (Ajzen and Fishbein, 1977). Therefore, a specific-attitude in
a given context is considered as the attitude towards green products in ecological consumer
research. Consumers have precise feelings towards eco-friendly products, thus, supporting
environmental well-being (Riethmuller & Buttriss, 2008). Several other studies have validated
the applicability of attitude in the TPB to analyse purchase intention towards environmental
friendly products (Adnan et al., 2018; Bhutto et al., 2020; Eneizan, 2019; Haustein & Jensen,
2018; Higueras-Castillo et al., 2019; Mohamed et al., 2016, 2018; Shalender & Sharma, 2020;
Wang et al., 2016, 2017; Yan et al., 2019; Zhang et al., 2018). Higueras-Castillo et al. (2019) put
focus on attitudes and give evidence for its positive impact on purchase intentions, and is
influenced by emotional issues, product price, vehicle acceleration, and low engine noise.
Kldckner et al. (2013) analysed psychological determinants as attitudes and norms and proved
that they have significant effect on the adoption of green cars. Tu & Yang (2019) included
different items for attitude, such as perceived usefulness, perceived ease of use, compatibility,
personal innovativeness, and showed a positive impact on the adoption of EVs when consumers
believe that this technology is more beneficial on an individual level or when they perceive its
use as easier and more convenient, which then impacts positively their attitude towards EVs.

Based on previous studies and taking into consideration the importance of ECs we analyse the
mediating relationship of attitude between EC toward EV adoption intention in the following

manner:

H1: Consumers’ attitude (ATT) toward BEVs has a significant direct and positive impact on the

adoption intention of BEVS.

2.2.3 Subijective Norm/ Social Norm

The second predictor of the traditional TPB Model is the “subjective norm” that refers to the
social pressure individuals perceive whether to perform a particular behaviour based on the
acceptance of such social pressure; hence, it refers to a person’s social context (Ajzen, 1991).
Depending on the situation, social pressure can be more influential than one’s own attitude
towards the behaviour (Ajzen and Fishbein, 1980). People in society tend to comply with other’s
motivation to achieve recognition and acceptance. As Kalafatis et al. (1999) resumed, the
“subjective norm controls that behaviour that is instigated by the desire to act as others think you
should act” (p.444). Li et al. (2017a) defined societal influence as “(...) the degree of importance
an individual attaches to the approval of his or her actions by others (such as family members
and friends). Such actions include adopting a specific innovation or technology.” (p.325). As Tu
& Yang (2019) explained, there is a greater impact on the behavioural intention when the

subjective norm is strongly influenced. Therefore, the social norm can be a “mental
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representation” of what the consumer believes to be expected from him/herself by others. Based

on previous studies, we hypothesize the following:

H2: Consumers’ subjective norm (SN) has a significant direct and positive impact on the adoption

intention of BEVS.

2.2.4 Perceived Behavioural Control

The third independent determinant of intention of the traditional TPB model is the “perceived
behaviour control” (PBC) which refers to the individual’s perception of difficulties and obstacles
to perform a certain behaviour and is based on the individual’s past experiences (Ajzen, 1991).
From a psychology perspective, the perception of the behavioural control is of higher interest than
the actual control (Ajzen, 1991). The TPB differs the prior TRA in this variable of “perceived
behavioural control”. As Ajzen (1991) explained: “The theory of planned behaviour places the
construct of self-efficacy belief or perceived behavioural control within a more general
framework of the relations among beliefs, attitudes, intentions, and behaviors” (p.184). The PBC
is used in the TPB model directly to prognosticate behavioural achievement. It is important to
consider that the PBC varies across situations and across different behaviours. The degree of the
perceived behavioural control “refers to the perceived ease or difficulty of performing the
behaviour and it is assumed to reflect past experience as well as anticipated impediments and
obstacles” (Ajzen, 1991, p.188). Zhang et al. (2018) defined PBC as the primary factor to
positively impact the EV adoption. Kalafatis et al. (1999) explained that PBC is based on so called
control beliefs that “can be measured as the product of two measures: the power (p) of a factor

to assist the action and perceived access to the factor (c).” (p.445).

In summary, the stronger attitude and subjective norm is impacted and the greater the behavioural
control is perceived, the stronger the consumer’s intention to perform a certain behaviour. In line

with the literature, we hypothesize the following:

H3: Consumer’s perceived behavioural control (PBC) has a significant direct and positive impact

on the adoption intention of BEVs.

2.2.5 Moral Norm/ Integrated Personal Norm

The moral norm is defined as the fourth determinant in the extended TPB model and stands for
the obligation an individual feel to perform a certain kind of action (Beck and Ajzen, 1991). Ajzen
(1991) found that in certain context decision-making, individuals are influenced by their moral
norm. An integrated personal norm which is defined as “moral norm” or “(integrated) personal
norm” is the feeling of the moral obligation to act in a certain way. It is rooted in the personal
value system of a person (Ajzen, 1991). The moral norm stems from the Norm Activation Model

by Schwartz (1977). The importance of considering and extending the model by feelings of moral
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responsibility or moral norms in the TPB explanatory power has already been highlighted by Beck
and Ajzen (1991). Achtnicht (2012) showed with a German sample the willingness of paying a
substantial amount of money to adopt green vehicles to satisfy the own moral norm and
responsibility. Wang et al. (2016) extended the TPB by personal moral norm to predict
behavioural intention towards HEVs and highlighted that “the main feature of personal norm is
internalization” (p.127). There are several research studies investigating the role of moral norm
within the extended TPB model (Adnan et al., 2017; Du et al., 2018; Haustein & Jensen, 2018;
Mohamed et al., 2016, 2018; Shalender & Sharma, 2020; Wang et al., 2016).

The difference between moral norm and subjective/ social norm is that the first concept refers to
the internalized rules or values the individual has, whereas social norm refers to the external
pressure the individual feel (Adnan et al., 2017; Wang et al., 2016). Therefore, in our research
TPB is extended including moral norm at the same level than the three other traditional

components, and we assume the following:

H4: Consumer's moral norm (MN) has a significant direct and positive impact on the adoption
intention of BEVs.

2.2.6 Environmental Concern

In addition, the construct called “environmental concern” (EC) is introduced in the traditional
TPB model as psychological factor. It is assumed that consumers who are environmentally aware
are more willing to realize environmentally conscious behaviour (Bamberg, 2003). Hahnel et al.
(2014) showed that activating environmental values increases the consumer’s willingness to
accept and pay a higher purchase price for EVs and thus, highlighted the influence of consumer’s
pro-environmental motives based on their own evaluations and perceptions which depends on the
information availability of EVs. There are several authors (Mohamed et al., 2016, 2018; Shalender
& Sharma, 2020; Shankar & Kumari, 2019; Wang et al., 2016, 2017; Yegin & Ikram, 2022) who
included EC in their TPB model to analyse its impact on EV adoption. Already in 1999, Kalafatis
et al. (1999) analysed the importance of EC and showed that consumers with higher level of EC
showed a higher intention to purchase environmental friendly products. Xu et al. (2019) extended
the TPB by the construct “Environmental Performance” which “refers to people”s awareness and
their contribution towards environmental protection by purchasing and using BEVS” (p.6) and
found a significant positive influence on the intention to purchase BEVs. Sang & Bekhet (2015)
applied a “EVs Acceptance Model” in reference to the TPB and included also EC. The authors
defined EC “as the degree to which people are aware of problems regarding the environment and
support the effort to solve them or indicate the willingness to contribute personally to the
solution.” (p.77). Sang & Bekhet (2015) included EC with a direct relationship towards Usage

Intention. Jensen et al. (2013) concluded that individuals with higher environmental concern also
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have a greater preference for EVs, and consequently EC has a positive effect on the preference
for EVs. It is suggested, as Simsekoglu & Nayum (2018) stated, that environmental-economic
attributes of BEVs, subjective norm and perceived behavioural control are positively related to
the intention. Shankar & Kumari (2019) found that attitude, subjective norm, perceived
behavioural control, environmental concern, and perceived corporate social responsibility
obligation have a direct significant positive impact on the intention of adopting EVs. The positive
direct impact of EC towards Al by Shankar & Kumari (2019), Shalender & Sharma (2020) and
Yegin & Tkram (2022) strengthens our following assumption, although Shankar & Kumari (2019)
investigated from a EV-seller perspective based on an Indian sample. Degirmenci & Breitner
(2017) included Environmental Performance with the constructs Price Value and Range
Confidence towards Attitude for EVs and concluded that Environmental Performance is the
strongest predictor of attitude, which in turn affects positively the Al. Nevertheless, it is important
to point out that these studies included the construct EC (or environmental performance as Xu et
al. (2019) did) on the same level as the other constructs, and not as a antecedent construct for
other TPB elements, which differs from our present study.

Therefore, considering previous research, we investigate the direct impact of EC on the intention
to adopt BEV in our study. In fact, referring to the results obtained in previous studies, our
following hypothesis establishes a positive impact of environmental concern on the adoption
intention of BEVSs:

H5: Environmental Concern (EC) has a significant direct and positive impact on the adoption

intention of BEVS.

2.2.7 Indirect Impact of Environmental Concern

Bamberg (2003) supposed that “environmental concern influences specific behavior indirectly
via its impact on the generation and evaluation of situation-specific beliefs in the context of the
decision to acquire information about green electricity products and the local providers of these
products.” (p.23). Bamberg (2003) explained unequivocally that environmental concern as

general attitude is not a direct but rather an important indirect determinant of a specific behaviour.

Wang et al. (2016), Mohamed et al. (2016, 2018), and Adnan et al. (2018) found an indirect effect
of EC on the adoption intention, and a positive impact of EC on the TPB constructs ATT, SN,
PBC, and personal MN which again influenced the adoption intention positively. Adnan et al.
(2017) introduced EC as moderating variable of the relationship between consumers behavioural
intention and consumers adoption to using PHEVS as a frontal factor, and concluded that the

intention towards PHEVs adoption is positively and indirectly effected by EC.

Taking into consideration the previous explained importance of EC, especially as indirect impact

on EVs adoption intention, the other TPB constructs can be considered as mediating variables
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when investigating the impact of EC on the relationship towards Al. Therefore, we suggest that
EC has an indirect positive effect on the intention to adopt BEVs through consumer’s attitude,

subjective norm, moral norm and perceived behavioural control.

H6: Environmental Concern (EC) has an indirect positive effect on the adoption of BEVs

through consumers’ Attitude (ATT).

H7: Environmental Concern (EC) has an indirect positive effect on the adoption of BEVs

through consumers’ Subjective Norm (SN).

H8: Environmental Concern (EC) has an indirect positive effect on the adoption of BEVs

through consumers’ Perceived behavioural control (PBC).

H9: Environmental Concern (EC) has an indirect positive effect on the adoption of BEVs

through consumers’ Moral Norm (MN).

In summary, and regarding the construct of EC, our model investigates whether there is a direct
impact of EC on the adoption intention; and secondly, it analyses the indirect impact of EC
through the other constructs towards Al. Therefore, we are analysing the mediating effect of
consumers’ ATT, SN, PBC, and MN in the relationship between EC and BEVs adoption intention.
Doing so, the study provides a complete investigation with focus on the direct and indirect impact

of EC as important construct to include in pro-environmental research.

2.2.8 Moderating variables: Profile with Experience, Gender, and Education

Following our theoretical framework, a newly created variable “profile” which includes
experience, gender, and education, is introduced. We selected these three variables based on their
importance concluded in other research in literature. For additional information regarding these
variables, please refer to Chapter 2 where an extensive literature has been conducted. In the
following, some additional studies regarding the variable “experience” in relation to the TPB are
listed. The purpose of including the variable “experience” is to explore the influence of an
individual’s previous experience on the adoption intention of BEVs. There are studies who used
vehicle trials to investigate whether attitudes and preferences toward EVs change with having had
previous experience. Jensen et al. (2013) analysed the impact of experience on the preference for
EVs and concluded that the preferences change significantly after carrying out a real experience
with an EV. Liu et al. (2020) investigated the impact on experience on the traditional TPB model
and highlighted the importance of other studies analysing the impact on experience on BEV
adoption. Other studies have also shown that the evaluation of BEV attributes varies with the
level of experiences (Jensen et al., 2013; Schmalful3 et al., 2017). Haustein & Jensen (2018)

highlighted the importance of experience to establish realistic attitudes for EV as new product.
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In line with Schmalful? et al. (2017) we estimate that BEV-experienced users have a more positive
subjective norm than BEV-unexperienced drivers. The term “experience” refers in this study to
the direct experience of having driven a BEVs. Other studies showed that specific attitudes
towards BEVs can change depending on the level of experience (Rezvani et al., 2015), and Liu et
al. (2020) gave evidence that ATT, SN, PBC, and adoption willingness is higher for experienced
consumers compared to inexperienced drivers. Peters & Ditschke (2014) showed that
experienced BEV drivers have a higher increase in the purchase intention and willingness to pay
for BEVs. Degirmenci & Breitner (2017) applied a structural equation model to analyse the
impact of different constructs on ATT towards EVs, and included as control variables
“experience”, “age”, “gender” and “profession”. The authors confirmed the significant influence
of “experience” on attitude, whereas demographic variables did not exert any significant influence
on attitude. Schmalful? et al. (2017) explained that “experience should be seen as influencing
background factor” (p.63), and therefore our survey included a question regarding experience of
a BEV once or on a regular basis.

In this research, the variable “profile” will be included as moderating variable by applying a
multigroup structural equation model. The so-called moderator effect happens when the
moderator (here “profile”) changes the strength of the relationship between other constructs in
the model (Hair et al., 2017). Therefore, we assume that the relationships previously established
among environmental concern, attitude, subjective norm, personal norm, and perceived
behavioural control on the BEVs adoption intention will be affected by the “profile” of the

consumers. Hence, this study hypothesizes the following:

H10: The profile of the consumer considering experience, gender and education will moderate

the relationships among EC and all constructs of the extended TPB and the intention to adopt.

Referring to the suggested hypotheses, Figure 21 summarizes the model of this research:
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Figure 21: Overview Model with hypotheses (Chapter 3)
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3 Research Methodology

A questionnaire survey is conducted based on the information of the extended Theory of Planned
Behaviour. A two-part survey was used to collect first participants” demographic information and
then the answers for the items defined in the extended TPB model. For further information about
the sample and data collection, please refer to Chapter 2 in this doctoral thesis. The survey
questionnaire was distributed online via the university’s data set and represents the population of
interest (Barcelona, Spain) without being a convenience sample set. As Hair et al. (2017)
explained for empirical data collected via questionnaires, data collection issues such as missing
data, suspicious response patterns, outliers and data distribution must be addressed. For the

present analysis, we counted with 1.816 valid answers after eliminating missing values.
3.1 Constructs and Description of Variables
In order to achieve the objectives of this chapter, the following variables are important to generate

the variable “profile”:

Table 15: Chapter 3 Variables used to generate consumer’s profile

Variable | Question Definition Descriptive
. 0 =54%
? = =
Gender | What is your gender? 0=female, 1=male 1= 46%
. . . 2= High school (Abitur), 3=Bachelor Degree, 4= | 2=18%/ 3=38%/
?
Edu What is your highest level of education’ Master Degree, 5=Doctor and above 4=27%/ 5=17%

Have you had previous experience with

PrevExp2 electric vehicles (EVs)? Response

0= No. No experience at all./ 1= Yes 0=78%/ 1=22%
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The constructs and measures for the extended TPB model were adapted from previous studies
(Mohamed et al., 2016; Shalender & Sharma, 2020; Wang et al., 2016; Yan et al., 2019; Yegin &
Ikram, 2022; Zhang et al., 2018). The constructs “SN”, “EC”, and “Al” were measured by a 5-

point Likert Scale from “strongly disagree” to ““:strongly agree”, and the other constructs were

measured with 5-point semantic differential scale items, such as “For me, adopting a BEV is ...”:

unfavorable - favorable, negative-positive, false — definitely true (see Table 16). EC were

measured with five indicators. All constructs are reflective according to the previous research.

Table 16: SEM Variables Likert Scale (Chapter 3)

. Scale

Construct Measurement variables 5-point Likert Scale
{/Ce%?g;gg ék\l;: :goptlon (purchase) of a Battery Electric (unfavorable 1 — favorable 5)
I consider the adoption (purchase) of a Battery Electric . .
Vehicle BEV as: (negative 1 — positive 5)

Attitude i i . .
| con5|d_er the adoption (purchase) of Battery Electric Vehicle (undesirable 1 desirable 5)
BEV as:
It is environmental-friendly to buy Battery Electric Vehicles (strongly disagree 1 to strongly
(BEVs): agree 5)
I can buy a BEV if | wanted to.
Perceived The price of a BEV is important to me when | decide to adopt.
Behavioural false (1) to definitely true (5).
Control 1| can find where to buy a BEV if | wanted to.
It is mostly up to me to buy or not to buy a BEV.
Most people who are important to me think | should adopt a
BEV when adopting a vehicle in the near future.
I think that many people who are important to me expect that |
buy an environmentally friendly car such as a BEV.
Subjective | People whose opinion I value would prefer that | adopt a BEV | (strongly disagree) to 5 (strongly
norm when adopting a vehicle in the near future. agree)

While adopting a new vehicle, | consider the wishes of other
people who are important to me.
If | buy a BEV, then most people who are important to me
would also buy a BEV.
I believe it is my moral responsibility to reduce environmental
pollution and greenhouse gases emissions.

Moral Norm If | buy a vehicle, | feel morally obliged to buy a BEV, false (1) to definitely true (5).

regardless of what other people do.

| take environment consequences into account while | adopt a
vehicle.
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| feel obliged to take the environmental consequences of
vehicle use into account when making adoption choices.

I think we as individuals have the responsibility to protect the
environment.

I am very concerned about the environment.

Environmen | | think the environmental issues are becoming more serious in | 1 (strongly disagree) to 5 (strongly
tal Concerns | recent years. agree)

I think we should live in harmony with the environment for
achieving sustainable development.

| take environmental consequences into account while | adopt
a vehicle.

I am willing to adopt a BEV when adopting a vehicle in the
BEVs near future.

Int:ggo? © | | intend to adopt a BEV when adopting a vehicle in the near 1 (strongly disagree) to 5 (strongly
P future. agree
Intention to
adopta BEV | | plan to adopt a BEV when adopting a vehicle in the near
future.
3.2 Analysis

3.2.1 Structural Equation Model (SEM)

For the purpose of this research and to measure the different constructs, partial least squares
structural equation modelling (PLS-SEM) with the SmartPLS4-tool was implemented to test the
hypotheses listed. The Smart PLS tool was used as it allows to estimate and test causal
relationships. In line with Shalender & Sharma (2020) partial least square method is applied as
SEM technique to validate hypotheses and to investigate the overall fit of the survey data. Sarstedt
et al. (2021) explained that PLS-SEM is a common method to estimate path models and the
relationship of the latent variables in social sciences. Sarstedt et al. (2021) explained that PLS-
SEM is often used in studies to identify key success factors for constructs as customer satisfaction,
loyalty, behavioural intentions, and consumer behaviour. Yegin & Tkram (2022) summarized that
the structural equation modelling (SEM) is a preferred method especially in green energy research
as it allows to include complex model situations and including (latent) variables that cannot be
measured in a direct way by observable ones. The Partial Least Squares Structural Equation
Modelling is recommended to predict a set of dependent variables from a large set of independent
variables, so to say, it allows to reduce a complex model with many constructs and variables. As
Sarstedt et al. (2021) resumed, PLS-SEM allows a causal-predictive paradigm to validate the
predictive power of a model developed with theory and logic. Furthermore, we used this technique
due to the non-normal distribution of most indicators (80%) considering the results of the
Shapiro—Francia normality test (Chin et al., 2003). The results of the Shapiro-Francia normality

test can be found in the table in Appendix 15.
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For the analysis conducted in SEM-PLS, the guideline by Hair et al. (2017) was used to test the
constructs” reliability and validity. Sarstedt et al. (2021) explained that PLS-SEM results can be
evaluated in two stages to address first the reflective measurement model, and if applicable the
formative measurement models. Figure 22 shows the different stages as defined by Sarstedt et al.
(2021).

Figure 22: PLS-SEM Model evaluation (Chapter 3)
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3.2.2 Path Models with Latent VVariables

In Figure 23 the path model for the present research study is shown. The latent variables (ATT,
SN, PBC, MN, EC) are constructs that represent conceptual variables included in our theoretical
model, as explained previously. These constructs are directly measured by items collected with
the survey. The path model usually consists of two elements: the structural model that represents
the causal-predictive relationship between the constructs themselves, and the measurement model
that represents the relationship between each construct and its indicators (Sarstedt et al., 2021).
The latent variables serve both as independent and dependent variables and are therefore called
endogenous latent variables (Hair et al., 2017).
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Figure 23: Final SEM Model with its relationships (Chapter 3)
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3.2.3 Common Method Bias

In line with the study by Wang et al. (2016) the present study might be affected by Common
Method Bias (CMB) or Common Method Variances (CMV) as all data were collected from a
single source at a single point in time. Kock et al. (2021) explained that research can be affected
by CMB when both dependent and independent variables are obtained within the same survey
with the same response method, which is the case for the present study. CMB is considered as
threat to the integrity of the study result (Kock et al., 2021). As prevention to reduce the likelihood
CMB in a research study, we took it into consideration already when creating the survey by
including a short reminder about the survey’s anonymity for participation as part of the

introduction, and by applying different scale types (Likert Scale).

As ex post control technique, we conducted the unmeasured latent method as another technique
to control for CMB (Kock et al., 2021). This technique includes adding a new, theoretically
unrelated construct (marker variable), which is not used in the original theoretical model, as
dependent variable. This marker variable is to review the correlations among the models
principal constructs. Any high correlation among this marker variable (SEM_BIlue) and the other
principal constructs would indicate CMB. As Kock (2015) explained, an occurrence of variance

inflation factors (VIFs) greater than 3,3 indicates a pathological collinearity and thus, a possible
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model’s contamination of CMB. When we estimated the relations among all the constructs and
the new dependent latent variable, we detected a critical VIF value above the reference for item
Al2 (see Table 17 1% estimation). Therefore, we deleted the item Al2 to avoid CMB problems in
the model. We estimated the same model again without the item Al2 and found all VIFs lower

than 3.3 (see Table 17 2™ estimation). Finally, our model can be considered free of CMB.

Table 17: CMB VIF Loadings - Original Model (Chapter 3)

15t Estimation 2nd Estimation

Outer Model VIF Original Model VIF w/o Att2
SEM_ATT1 1,672 1,672
SEM_ATT2 2,106 2,106
SEM_ATT3 2,035 2,035
SEM_ATT4 1,264 1,264
SEM_BEV_Adoptl 2,582 2,005
SEM_BEV_Adopt2 5,900

SEM_BEV_Adopt3 4,596 2,005
SEM_EC1 1,722 1,722
SEM_EC2 2,082 2,082
SEM_EC3 1,645 1,645
SEM_EC4 1,991 1,991
SEM_EC5 1,439 1,439
SEM_LMbluel 1,368 1,368
SEM_LMblue2 2,007 2,007
SEM_LMblue3 1,749 1,749
SEM_MN1 1,486 1,486
SEM_MN2 1,390 1,390
SEM_MN3 1,913 1,913
SEM_MN4 2,110 2,110
SEM_PBC1 1,333 1,333
SEM_PBC2 1,036 1,036
SEM_PBC3 1,199 1,199
SEM_PBC4 1,292 1,292
SEM_SN1 2,454 2,454
SEM_SN2 2,715 2,715
SEM_SN3 2,712 2,712
SEM_SN4 1,223 1,223
SEM_SN5 1,575 1,575

As another control technique to reject possible CMB, we applied the Harman’s one-factor/ single
factor test in STATA. In our study, we applied this test with an exploratory factor analysis. The
results of Harman’s one-factor test suggested that the unrotated solution which includes all items
of the measured variables are fulfilled with 32,7% of the variance (see Appendix 11). As Kock et
al. (2021) clarified, CMB is present if this value is higher than 50%, and therefore we can confirm

that our sample with 32,7% is not affected by CMB based on Harman’s test.
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3.2.4 Reliability and Validity Analysis

Related to the Outer (measurement) model, it is necessary to evaluate the construct’s reliability
as well as its convergent and discriminant validity (Hair et al., 2017). This assessment allows to
determine the reflective items’ capability to predict the defined constructs and determines if the

constructs are related but providing different information.

Referring to the model’s constructs reliability, the Cronbach”s Alpha is the traditional criterion of
the internal consistency and “provides an estimate of the reliability based on the intercorrelations
of the observed indicator variables” (Hair et al, 2017, p.136). It is reccommended that Cronbach’s
alpha should be above 0,7 as a rule of thumb for the variable to explain a substantial part of each
indicator’s variance. Referring to the model’s convergent validity, Hair et al. (2017) specified:
“Convergent Validity is the extent to which a measure correlates positively with alternative
measures of the same construct.” (p.137). The outer loadings should share a high proportion of
variance and the following results show the validity of the items of each construct.

Based on the reliability and validity check, Att4, PBC2 and SN4 items had to be deleted because
they did not accomplish the mentioned requirements (see Appendix 12). Att4 showed a value of
0,616, PBC2 a value of 0,430 and SN4 a value of 0,472. EC3 with an initial value of 0,694 can
be considered as 0,7 when rounded up. The PBC4 load with 0,637 and thus, below 0,7, was
preserved because it allowed us to maintain 3 items to measure this construct. Doing so, the
construct “PBC” shows a Cronbach’s Alpha yielded 0,633 (instead of 0,502 if PBC4 was deleted).
PBC4 is included in the model due to its proximity to the theoretical threshold level and this is in
line with what Hair et al. (2017) suggested that the composite reliability is considered acceptable
in exploratory research from 0,6. In Table 18 we provide the loadings, the composite reliability

(CR), and the average variance explained (AVE).

Table 18: Construct Reliability and Validity Analysis Results (Chapter 3)

Loads Cronbach's alpha Compo(srir:izJ rzl)iability Compo(srir:izJ ril)iability éz{ergacgzsdv?;@é:)e
SEM_ATT 0,822 0,833 0,893 0,735
SEM_ATT1 0,859
SEM_ATT2 0,860
SEM_ATT3 0,854
SEM_BEV_AI 0,829 0,831 0,921 0,854
SEM_BEV_Adoptl 0,928
SEM_BEV_Adopt3 0,920
SEM_EC 0,830 0,861 0,877 0,589
SEM_EC1 0,761
SEM_EC2 0,838
SEM_EC3 0,690
SEM_EC4 0,773
SEM_EC5 0,766
SEM_MN 0,799 0,804 0,869 0,626
SEM_MN1 0,760
SEM_MN2 0,718
SEM_MN3 0,830
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SEM_MN4 0,849

SEM_PBC 0,633 0,661 0,792 0,562
SEM_PBC1 0,826
SEM_PBC3 0,773
SEM_PBC4 0,637
SEM_SN 0,863 0,876 0,908 0,713
SEM_SN1 0,875
SEM_SN2 0,889
SEM_SN3 0,890
SEM_SN5 0,711

Regarding discriminant validity, we examined the Heterotrait-monotrait ratio (HTMT). As Hair
et al. (2017) explained “discriminant validity is the extent to which a construct is truly distinct
from other constructs by empirical standards” (p.139). A model suggests lack of discriminant
validity if an HTMT value is above 0,90 or above 0,85 when the constructs in the path model are
conceptually distinct. As Table 19 shows, all constructs in our model exhibit discriminant validity
based on the HTMT method.

Table 19: Discriminant validity: Heterotrait-monotrait ratio (HTMT) Matrix (Chapter 3)

SEM_ATT SEM_BEV_Adopt SEM_EC SEM_MN SEM_PBC SEM_SN
SEM_ATT
SEM_BEV_Adopt 0,718
SEM_EC 0,381 0,400
SEM_MN 0,516 0,613 0,842
SEM_PBC 0,149 0,228 0,118 0,155
SEM_SN 0,416 0,554 0,206 0,477 0,220

Additionally, the Fornell-Larcker criterion can be applied to assess a model’s discriminant
validity (Hair et al., 2017). This approach checks if the square root of the AVE values is greater
than its highest correlation with any other construct. This is based on the idea that the construct
shares more variances with its associated items than with other constructs. In the present model,

this additional test of discriminant validity is successfully fulfilled, as Table 20 confirms.

Table 20: Fornell-Larcker criterion (Chapter 3)

SEM_ATT SEM_BEV_Adopt SEM_EC SEM_MN SEM_PBC SEM_SN
SEM_ATT 0,857

SEM_BEV_Adopt 0,602 0,924

SEM_EC 0,327 0,360 0,767

SEM_MN 0,417 0,495 0,729 0,791

SEM_PBC 0,117 0,178 0,095 0,121 0,750

SEM_SN 0,356 0,469 0,204 0,392 0,174 0,844
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3.2.5 Structural Model (Path Coefficients)

As Hair et al. (2017) explained, it is essential to analyse the path coefficients (structural model
relationships) to test the model’s hypotheses among the constructs. First to mention is that the
five constructs ATT, PBC, SN, MN, and EC explain 48% of the variance of the endogenous
construct Al (R? = 0,481; R? adjusted = 0,479). As for the goodness-of-fit of the model, the Chi-
square shows 4.547,253 in the saturated model, and 4.503,210 in the estimated model.

Regarding the estimated coefficients among the constructs, we used a bootstrapping estimation
method. Bootstrapping replaces a large number of samples which are taken from the original
sample (Hair et al., 2017). PLS-SEM requires bootstrap procedure to validate the coefficients
significance level (Hair et al., 2017). The bootstrapping estimated path coefficients show
standardized values between -/+ 1, and the closer to +1, the stronger the relationship. SmartPLS4
reports p-values (probability values) that equal the probability of achieving an empirical t-value
under the condition that the null hypothesis is being supported (see Table 21). In addition to
examining the sizes of the path coefficient, it is necessary to determine the statistical significance
level (Hair et al., 2017). It is important to check the coefficient estimates” standard error for final
determination which is obtained by means of bootstrapping.

Table 21: Bootstrapping Path Coefficient Matrix (Chapter 3)

Mean, STDEV, T values, p values

Standard deviation T statistics

Original sample (O) Sample mean (M) (STDEV) (|O/STDEV]) P values
SEM_ATT -> SEM_BEV_Adopt 0,422 0,423 0,021 20,360 0,000
SEM_EC -> SEM_ATT 0,327 0,327 0,024 13,548 0,000
SEM_EC -> SEM_BEV_Adopt 0,015 0,015 0,025 0,609 0,543
SEM_EC -> SEM_MN 0,729 0,729 0,011 65,172 0,000
SEM_EC -> SEM_PBC 0,095 0,097 0,027 3,476 0,001
SEM_EC -> SEM_SN 0,204 0,205 0,023 8,874 0,000
SEM_MN -> SEM_BEV_Adopt 0,214 0,214 0,029 7,479 0,000
SEM_PBC -> SEM_BEV_Adopt 0,063 0,064 0,020 3,121 0,002
SEM_SN -> SEM_BEV_Adopt 0,221 0,220 0,020 11,004 0,000

The bootstrapping results indicate that path coefficients for the following relations ATT>Al,
PBC->AI, SN>AIl and MN->AI are statistically significant; therefore, H1, H2, H3, and H4 are
not rejected. However, the path relation of EC - Al is not significant. Therefore, H5 is rejected
due to missing statistical significance level, so to say there is no proof of having a direct

relationship of EC towards the BEV Adoption Intention.
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3.2.6 Indirect effects SEM (Inner Model)

Referring to the results of the indirect effect of the SEM, the estimated coefficients for the
following relationships (EC>ATT, EC>MN, EC>PBC and EC->SN) are significantly
different than 0. Furthermore, when we analysed the specific indirect effects of EC on Al, the

results indicate that all relationships are statistically significant (see Table 22).

Table 22: Indirect Effects SEM (Chapter 3)

Mean, STDEV, T values, p values

Original Standard deviation T statistics

sample (O) Sample mean (M) (STDEV) (|O/STDEV)) P values
SEM_EC -> SEM_SN -> SEM_BEV_Adopt 0,045 0,045 0,007 6,843 0,000
SEM_EC -> SEM_ATT -> SEM_BEV_Adopt 0,138 0,138 0,012 11,418 0,000
SEM_EC -> SEM_PBC -> SEM_BEV_Adopt 0,006 0,006 0,003 2,305 0,021
SEM_EC -> SEM_MN -> SEM_BEV_Adopt 0,156 0,156 0,021 7,283 0,000

3.2.7 Multigroup

As previously hypothesized, experience, education and gender will moderate the relations
established among the first order constructs in the model through the new variable “profile”. In
the following the multi correspondence analysis (MCA) approach is explained with the objective
of generating the variable profile. Once created, this new variable will be considered a moderator

variable and multigroup analysis will be implemented to test H10.
3.2.7.1 Profile

In Figure 24, the different dimensions created are visually shown. On the right hand-side d>0
there are rather consumers being female with no or less education (No, High-School, Bachelor)
and without previous experience for BEVs, whereas on the left hand-side d<0 the group is formed
by man with higher education level of Master and PhD and previous BEV experience. Table 23
informs about the relative frequencies of both profiles in the data.

Table 23: Variable "Profile" (Chapter 3)

tab_profile

profile Freq. Percent Cum.
1: Profile_Man, with experience, higher education 1,124 61.83 61.83
2: Profile_Woman, no experience, less education 694 38.17 100.00
Total 1,818 100.00
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Figure 24: MCA Coordinate plot (Chapter 3)
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3.2.7.2 Results MICOM

The measurement invariance of composite models (MICOM) procedure is a series of statistical
tests that allows to validate that the composite scores do not significantly differ across groups.
The MICOM procedure identifies no, partial, or full measurement invariance, and when analysing
research data with a SEM model the group comparison can mislead if the variances of their
measures are not established (Henseler et al., 2016). MICOM includes three steps: (1) configural
invariance (i.e., equal parameterization and way of estimation), (2) compositional invariance (i.e.,
equal indicator weights), and (3) equality of composite mean values and variances (Hair et al.,
2017). The three steps are hierarchically interrelated (see Figure 25), whereas step 3 does not
necessarily to be confirmed and thus, defines if a model fulfils partial or full measurement
invariances. Therefore, the validity of the MICOM analysis can conclude partial or full

measurement invariances of the research model (Henseler et al., 2016).

98



Figure 25: MICOM Approach (Chapter 3)
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As explained in the following, the data set allowed partial measurement invariance of the MICOM
procedure statistically fulfilled (see Table 24). The results satisfied the requirements of configural
invariances (Step 1) and compositional invariances (Step 2). In step 3, our model showed that the
composite’s mean values are unequal across groups which lead to the partial measurement
invariance. Based on this result, we can continue with the multigroup analysis by comparing the
standardized coefficients of the model, however we cannot pool the data. Henseler et al. (2016)
explained that permutation tests are non-parametric and allow to statistically test for

compositional invariance.

Table 24: Results MICOM (Chapter 3)

Original correlation  Correlation permutation mean 5.0% Permutation p value
SEM_ATT 1,000 1,000 0,999 0,272
SEM_BEV_Adopt 1,000 1,000 1,000 0,584
SEM_EC 0,999 0,999 0,999 0,364
SEM_MN 1,000 1,000 0,999 0,983
SEM_PBC 0,992 0,982 0,941 0,601
SEM_SN 1,000 1,000 0,999 0,660

3.2.7.3  Permutation Multigroup Analysis

In the following Table 25, we can find the results of the permutation multigroup analysis and its
path coefficients. Our data set showed that there are no significant differences in the estimated
coefficient among the constructs of the model in the different groups created. Therefore, the effect
of the constructs towards Al can be considered the same independently of being male with
experience and higher education or being female, without experience with less education; in other

words, profile does not moderate the established relationships.
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Table 25: Permutation Multigroup Analysis (Chapter 3)

Original
Original (Profile_Man, (Profile_Woman, no Permutation
with experience, higher experience, less  Original mean Permutation
education) education) difference difference 25%  97.5% p value
SEM_ATT ->
SEM_BEV_Adopt 0,458 0,402 0,056 -0,001 -0,085 0,082 0,188
SEM_EC -> SEM_ATT 0,344 0,316 0,028 0,001 -0,098 0,106 0,575
SEM_EC -> SEM_BEV_Adopt 0,041 0,002 0,039 0,003 -0,100 0,110 0,458
SEM_EC -> SEM_MN 0,733 0,726 0,007 -0,001 -0,047 0,043 0,793
SEM_EC -> SEM_PBC 0,115 0,087 0,028 0,002 -0,114 0,117 0,662
SEM_EC -> SEM_SN 0,214 0,197 0,017 -0,002 -0,088 0,087 0,721
SEM_MN ->
SEM_BEV_Adopt 0,184 0,232 -0,047 -0,004 -0,118 0,108 0,417
SEM_PBC ->
SEM_BEV_Adopt 0,030 0,067 -0,037 0,000 -0,078 0,082 0,361
SEM_SN -> SEM_BEV_Adopt 0,217 0,217 0,000 0,002 -0,085 0,079 0,987

3.2.7.4 Bootstrapping Multigroup Analysis

When applying Bootstrapping Multigroup Analysis, the following results as in Table 26 are
obtained. Again, there are no significant differences in the estimated coefficients among the
constructs of the model in the different groups created. Therefore, the effect of the constructs
towards Al can be considered the same independently of being male or female, having higher or
less education and having had or not experience.

Table 26: Bootstrapping Multigroup Analysis — 1 (Chapter 3)

Difference (Profile_Man, with 1-tailed (Profile_Man, with 2-tailed (Profile_Man, with
experience, higher education - experience, higher education vs experience, higher education vs
Profile_Woman, no experience, less Profile_Woman, no experience,  Profile_\WWoman, no experience, less
education) less education) p value education) p value
SEM_ATT ->
SEM_BEV_Adopt 0,056 0,095 0,190
SEM_EC -> SEM_ATT 0,028 0,286 0,572
SEM_EC ->
SEM_BEV_Adopt 0,039 0,221 0,443
SEM_EC -> SEM_MN 0,007 0,379 0,758
SEM_EC -> SEM_PBC 0,028 0,322 0,645
SEM_EC -> SEM_SN 0,017 0,357 0,715
SEM_MN ->
SEM_BEV_Adopt -0,047 0,790 0,420
SEM_PBC ->
SEM_BEV_Adopt -0,037 0,821 0,357
SEM_SN ->
SEM_BEV_Adopt 0,000 0,504 0,992

When analysing the p-value of the path coefficients of the Bootstrapping Multigroup Analysis,
the following table is yielded (Table 27). We want to point out that the effect of PBC - Al is not
significant in the case of the group of experienced man (estimated coefficient is 0,030, p value =
0,306) while in the group of non-experienced women the effect of PBC on Al is significantly
different than O (the coefficient is 0,067 with a p-value of 0,014).
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Table 27: Bootstrapping Multigroup Results — 2 (Chapter 3)

Original Original Mean Mean STDEV STDEV t value tvalue p value p value
(Profile_M  (Profile_W  (Profile_M  (Profile_'W  (Profile_M  (Profile_W  (Profile_M  (Profile_W  (Profile_M  (Profile_ W
an, with oman, no an, with oman, no an, with oman, no an, with oman, no an, with oman, no
experience, experience,  experience, experience, experience,  experience, experience,  experience, experience, experience,
higher less higher less higher less higher less higher less
education)  education)  education)  education)  education)  education)  education)  education)  education) education)
SEM_ATT ->
SEM_BEV_Adopt 0,458 0,402 0,459 0,402 0,034 0,026 13,602 15,168 0,000 0,000
SEM_EC >
SEM_ATT 0,344 0,316 0,344 0,316 0,040 0,031 8,693 10,312 0,000 0,000
SEM_EC ->
SEM_BEV_Adopt 0,041 0,002 0,039 0,002 0,038 0,034 1,088 0,065 0,277 0,948
SEM_EC ->
SEM_MN 0,733 0,726 0,733 0,726 0,020 0,013 36,076 55,616 0,000 0,000
SEM_EC ->
SEM_PBC 0,115 0,087 0,120 0,092 0,047 0,037 2,438 2,383 0,015 0,017
SEM_EC ->
SEM_SN 0,214 0,197 0,214 0,198 0,036 0,030 5,969 6,603 0,000 0,000
SEM_MN ->
SEM_BEV_Adopt 0,184 0,232 0,184 0,232 0,046 0,037 4,019 6,284 0,000 0,000
SEM_PBC ->
SEM_BEV_Adopt 0,030 0,067 0,032 0,069 0,030 0,027 1,025 2,465 0,306 0,014
SEM_SN ->
SEM_BEV_Adopt 0,217 0,217 0,217 0,217 0,033 0,027 6,657 8,051 0,000 0,000

In summary, all previous statistical results give insight into the data’s reliability and the impacts

the different constructs and variable have on the adoption intention.

4 Hypotheses: Results SEM Analysis

This section focuses on the path analysis results of the research model in reference to the
established hypotheses. In order to test our hypotheses on the research model, the SEM was
applied, which is often used for green energy research. The diagram for the SEM and its
bootstrapping method showed the degrees of relationship between the EV adoption intention and

each of the constructs included.

Table 28 summarizes the results of all hypotheses that were tested in this model. As conclusion,
all hypotheses except H5 (EC has a direct and positive significant impact on the adoption intention
of BEVs) and H10 (The profile of the consumer considering experience, gender and education
will moderate the relationships among EC and all constructs of the extended TPB and the intention
to adopt.) were accepted based on their significant p-values. The different constructs (ATT, SN,
PBC, MN) had a positive direct impact on the adoption intention of BEVs, and consequently H1-
H4 can be confirmed. Based on the results of the indirect relations of EC, we can confirm that the
constructs served as mediating variables for EC with a positive impact of the indirect effect of EC
on Al, and consequently H6-H9 can be accepted. The path coefficients from consumers’
environmental concern to attitude, subjective norm, perceived behavioural control and personal
moral norm were all statistically significant and in the expected (positive) directions. However,
regarding H5 there was no direct impact of EC on Al found, nor is there statical difference
between the different profile groups that we have created, so to say, the relationship of the
different constructs towards adoption intention is not influenced by being male or female, having

less or more education and having had or not previous BEV experience.
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Table 28: Results Hypotheses (Chapter 3)

Hypotheses

Roads

Original
sample (O)
B (Path
Coefficient)

Sample
mean
(M)

Standard

Deviation values

p

Conclusion
(the theoretical

hypothesis is...)

H1

Consumers’ attitude (ATT) toward
BEVs has a significant direct and
positive impact on the adoption
intention of BEVs.

ATT --> Al

0,422

0,423

0,021

0,000

Accepted

H2

H3

H4

H5

H6

H7

H8

H9

H10

Consumers’ subjective norm (SN) has
a significant direct and positive
impact on the adoption intention of
BEVs.

Consumer’s perceived behavioural
control (PBC) has a significant direct
and positive impact on the adoption
intention of BEVs.

Consumer's moral norm (MN) has a
significant direct and positive impact
on the adoption intention of BEVs.

Environmental Concern (EC) has a
significant direct and positive impact
on the adoption intention of BEVs.

Environmental Concern (EC) has an
indirect positive effect on the
adoption of BEVs through
consumers’ Attitude (ATT).

Environmental Concern (EC) has an
indirect positive effect on the
adoption of BEVs through
consumers’ Subjective Norm (SN).

Environmental Concern (EC) has an
indirect positive effect on the
adoption of BEVs through
consumers’ Perceived behavioural
control (PBC).

Environmental Concern (EC) has an
indirect positive effect on the
adoption of BEVs through
consumers’ Moral Norm (MN).

The profile of the consumer
considering experience, gender and
education will moderate the
relationships among EC and all
constructs of the extended TPB and
the intention to adopt.

SN --> Al

PBC --> Al

MN --> Al

EC --> Al

EC --> ATT

EC --> SN

EC -->PBC

EC --> MN

Profile -->
All
constructs

0,221

0,063

0,214

0,015

0,327

0,204

0,095

0,729

0,220

0,064

0,214

0,015

0,327

0,205

0,097

0,729

0,020

0,020

0,029

0,025

0,024

0,023

0,027

0,011

0,000

0,002

0,000

0,543

0,000

0,000

0,001

0,000

>0,05

Accepted

Accepted

Accepted

Rejected

Accepted

Accepted

Accepted

Accepted

Rejected
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5 Discussion

The purpose of this paper was to investigate the factors influencing in the adoption of BEVs in
the Spanish market based on behavioural constructs within the TPB. The traditional TPB
suggested that consumers’ behaviour (in our case, adoption intention of BEVS) is influenced by
ATT, SN, and PBC. The TPB model was extended by the constructs of EC and MN, while
including an additional dimension of consumer groups based on education, gender, and

experience.

To the best of the author’s knowledge, there is no TPB model explicitly applied on a Spanish
sample. Spain as Southern European Country still count for less BEVs adoption than other
Northern European countries and it is therefore of interest to shed light on the possible BEVs
consumers. Referring to the model’s validity and reliability analysis, the results of Cronbach’s
alpha and CFA findings confirmed that the SEM model can be used to investigate on consumer’s

adoption intention for BEVs based on our Spanish sample.

H1 suggested that consumer’s attitude towards BEVS is positively related to the Al of BEVS. This
assumption can be accepted with a confidence level of 99% based on its p-value of 0,000 and
with our second highest path coefficient of 0,422, meaning that consumers” own attitude towards
BEVs do play a significant role when purchasing BEVs. This is in line with the study by
Thggersen & Ebsen (2019) who highlighted the importance of creating more favourable value
perceptions to improve the attitude towards the adoption of electric vehicles. This result should
be taken into consideration for further promoting the positive benefits consumers receive by
adopting a BEV. It is important that consumers create a positive attitude towards this new
technology of vehicles. Mohamed et al. (2018) found attitude together with PBC as the strongest

factor influencing consumers on the Al for EVs.

H2 stated that consumer’s social norm is also positively related to the adoption intention of BEVs.
This relationship can be accepted with a confidence level of 99% and a path-coefficient of 0,221.
The social pressure plays an important role and reflects its impact on this result of H2. Moon
(2020) showed subjective norm to have the strongest impact on the adoption intention of EVs and
highlight the “need to activate social networks for sharing information and knowledge of EVs
among society, and it is necessary to have a strategy to reduce misunderstanding and dually
increase knowledge of EVs by transmitting relevant information using interpersonal media” (p.
98). The adoption of BEVs appears to depend significantly on social norm based on this Spanish
sample. Du et al. (2018) found SN with the strongest influence on the intention to purchase New

Energy Vehicles.

H3 suggested that the consumers’ perceived behavioural control is positively related to the

intention to adopt BEV, which can be confirmed on a 98% confidence level with a p-value of
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0,002 and a path-coefficient of 0,063. Based on this result, in our study, it was found that PBC
has the lowest direct impact on the Al of BEVS, which contrasts with Wang et al. (2016) who
defined this construct with the second strongest impact on Al. Xu et al. (2019) found PBC to be
the most important factor to influence the willingness to purchase a BEV, which is also in line
with Zhang et al. (2018) who found PBC the primary factor on positive EV acceptance.
Nevertheless, the positive coefficient sign of PBC in our study confirmed that consumers’
intention to adopt BEVSs increases if consumers perceive BEVS to be accessible. In order to
increase the perception of BEVs, it is essential to analyse consumers’ perceived ease and the
obstacles they perceive to face when adopting BEVS. In addition, the context’s infrastructure

readiness is also an important factor to consider.

Ultimately, as for the direct impacts tested in this present research model, H4 can also be accepted.
H4 claimed that consumer’s moral norm is positively related to the adoption intention of BEVs.
In our model, moral and social norm showed almost the same impact strength with a path
coefficient of 0,214 and 0,221 respectively. When considering the purchase decision of a BEV,
consumers seem to rely significantly on their own moral norm to adopt or not a BEV. The positive
effect of moral norm is aligned with other previous studies (Adnan et al., 2017, 2018; Du et al.,
2018; Mohamed et al., 2016, 2018; Shalender & Sharma, 2020; Wang et al., 2016).

H5 analysed the direct impact of EC towards the adoption intention of BEV. As previously
explained, EC has an important impact for the adoption of green products. Therefore, we included
the EC construct both with a direct and indirect relation towards Al. As for H5, we suggested that
EC have a direct positive impact on the adoption intention of BEVs. However, this assumption
cannot be validated based on an insignificant p-value of 0,545 and hence, need to be rejected.
This result is in line with Mohamed et al. (2016) and Wang et al. (2016) who did not find a direct
statistical significance level of EC towards Al. However, the authors confirmed an indirect impact
of EC towards Al via the mediating constructs ATT, SN, PBC, MN. Mohamed et al. (2018)
examined the direct effect of EC towards Al which resulted in a nonsignificant p-value. Sang &
Bekhet (2015) found a direct positive relationship of EC towards Usage Intention, which is in line
with Shankar & Kumari (2019) who found a positive direct relationship of EC towards Al, from
an EV-seller perspective based on an Indian sample. Bamberg (2003) already explained that EC
cannot have a direct impact on the adoption and therefore, our results support Bamberg’s (2003)

suggestion, and this finding should be taken into consideration for future research.

H5-H9 reflected the indirect effects of EC toward Al via the previously introduced constructs that
served as mediating variables. For H5-H9 the following can be concluded: The constructs ATT,
SN, PBC and MN all showed a positive p-value and hence, do play a positive mediating role of
EC towards Al of BEV. The indirect, significant effect of EC towards Al via the mediating

constructs confirmed previous studies who also analysed the indirect impact of EC (Adnan et al.,
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2017, 2018; Mohamed et al., 2016, 2018; Wang et al., 2016). The path coefficient of SN and PBC
in our model are 0,204 and 0,095 respectively (see Table 28). The relationships of EC > ATT >
Al, EC > SN - Al, and EC > MN - Al can be accepted with a significant p-value of 0,000,
and the relationship of EC - PBC - Al with a p-value of 0,001. Especially the strong impact of
the path coefficients of EC towards MN (0,729) and of EC towards ATT (0, 327) must be taken
into consideration. Mohamed et al. (2018) found EC with the highest impact on personal moral
norm, compared to ATT, SN, PBC, which is in line with our results. The result of MN showed
again the importance and the power of influence moral beliefs can exert towards BEV adoption

intention.

Regarding H10, there is no statistical difference between the groups which was analysed with the
multigroup analysis. Therefore, H10 is to be rejected. Considering the impact of the constructs
per group, we see in Table 27 that PBC is not statistically significant for the groups of being male.
All other constructs exert the same impact for both groups.

In summary, among all constructs with a direct impact toward Al, the impact of attitude (ATT)
towards adoption intention (Al) is the strongest with a path coefficient of 0,422. This is in line
with the study by Mohamed et al. (2018) who found attitude and perceived behavioural control
to have the strongest effect on Al. Moreover, the five constructs in our model explained 48% of
the variance of the endogenous constructs Al (R? = 0,480). Among the indirect impacts, the
strongest one carries out MN as mediating variable of EC towards the Adoption Intention of
BEVs. Therefore, it is important to highlight the impact consumer’s moral norm and beliefs have
on BEVs adoption intention. Referring to the created control variable “profile” that includes
experience, gender, and education level, we could conclude that there is no significant difference
between the two different groups created (Profile Man with experience and higher education; and

Profile Women without experience and less education).

In conclusion, the validated factors of the constructs ATT, SN, PBC, MN, EC provide a good
reliability for prediction EV adoption intention. The findings of the relationships between the
constructs towards adoption intention helped to validate our hypotheses and were largely

consistent with current literature.

Taking into consideration the importance of reducing GHG emission especially for the transport
sector, BEVs are considered as promising solution. BEVs are recognized a novel technology with

high potential to provide environmental benefits.
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6 Conclusions

In this research, we applied the TPB which is a valid theory to explain consumer behavioural
intentions to adopt EVs. The original TPB was extended by moral norm and environmental
concerns to conduct a comprehensive analysis of consumer’s intention to adopt EV.
Environmental concern was investigated both as a direct and indirect impact towards Al.
Additionally, the variable experience was included in a newly created consumer dimensions
formed by gender, education, and experience. PLS structural equation analysis was applied to
analyse the data with 1.816 participants and to test the research model. The results of this research
confirmed the appropriateness of the extended TPB.

Based on the validity check, some items were incompatible with the model’s requirement and
were deleted (Att4, PBC2, SN4, Al2). The invalidity of item Al2 which belonged to the construct
“adoption intention” was detected when doing the collinearity statistics (VIF) as part of CMB in
the beginning. Al2 had to be deleted to fulfil CMBs requirements but did not impact on the rest

of model’s analysis.

In this research, the focus was on consumers’ intention to adopt BEVs, which are accepted as
possible mean to reduce the CO2 carbon footprint and therefore regarded as promising solution
in the transport sector. In summary, the present research creates valuable contribution to the

literature which are listed as research highlights in the following:

1) Applying the extended TPB on a Spanish sample

2) Focus on BEVs which are considered as cleaner and technological more different than
other EV such as PHEV or HEV

3) Focus on experience

4) Primary data set with 1.816 responses

In conclusion, the results of this research should help future studies to focus further on consumer

behaviour on real BEV adoption.
6.1 Practical Implications

With this study, we gave evidence of the impact of consumer’s attitude, social norm, perceived
behavioural control, moral norm, and environmental concerns. According to the results, all
constructs exerted a positive impact on the adoption intention of BEVs. The results help
governments and industry to better define campaigns towards fully BEVs in order to increase
their awareness and to promote environmental benefits. It is important that the perceived risk
linked with BEVs will be reduced by focussing on the benefits these vehicles bring. In this
context, consumers’ environmental concerns with its positive impact towards the actual adoption

need to be taken into consideration. If consumers have a higher level of environmental concerns,
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it positively impacts on the defined constructs such as consumers’ attitude, perceived behavioural
control, social and moral norm. In the present model, especially attitude and moral norm exerted
a stronger influence on consumers Al for BEVs. Governments should try to strengthen one’s
moral responsibility to protect the environment and the planet we all live in. Therefore, politicians
and marketers should support the positive image and information availability of BEVs within
society. This could be achieved for example with more vehicle shows, demonstration test drives,

and marketing campaigns.
6.2 Limitations & Future Research

There are some limitations of this study and suggestions for future research that need to be pointed
out. Above all, the present study takes into consideration the adoption intention and not real
adoption. However, in line with the TPB by Ajzen (1991) the adoption intention can be considered
as immediate determinant for actual behaviour and thus, the results of this study are valid.
Nevertheless, future research could enrich this empirical evidence by focussing on real adoption
of BEVs, which besides will be easier in the future once consumer adopt BEVs on a more scalable
level. As previously explained, the construct “ATT” exerted the strongest direct impact (0,422
path coefficient) on the adoption intention of BEVs. Therefore, future research should focus on
the importance and the power of influence of consumers’ attitudes towards specific behaviours in
pro-environmental research. Additionally, future research in behavioural attitudes of consumers
could closer analyse the impacts of feelings and emotions. Dong et al. (2020) extended the TPB
model with the norm activation model and included “feelings and emotions™ as constructs that
affect purchase intentions for EVs. Zhou & Theggersen (2013) included values and the Schwartz
values system in their TPB model to understand environmental behaviour. There is not much
empirical research that include personal values on consumer-decision making, and therefore
future research could enrich present literature with a focus on such values. When analysing
consumer behaviour, it is important to consider that consumers are not homogenous. Additionally,
it would be of interest to realise a cross-country study to highlight the differences between cultural
perceptions. The present study focused on a Spanish sample to enhance literature with this cultural
collective; however, future study should analyse deeper the cultural differences between different
contexts. Current rising environmental concerns with intents to lower drastically CO2 emission
highlight the importance of doing research in this area. Therefore, future study should also focus
on BEVs as the most innovative technology of vehicles compared to PHEV o normal hybrid
vehicles. Ultimately, future study should analyse the impact the influence of purchase price (see
Bhutto et al., 2020) and (governmental) subsidies for BEVs (see Wang et al., 2017; Xu et al.,
2019; Zhang et al., 2018).
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IV) General Conclusions of Dissertation

Conclusions

In this chapter, the final conclusions of the complete dissertation

(Chapter 1-3) are summarized.



7 Summary and Contributions

This dissertation contemplates three main chapters focussing on consumer behaviour for the
adoption of EVs based on theoretical and empirical evidence. In Chapter 1 of the Doctoral thesis,
different theoretical approaches and frameworks examining consumer behaviour, purchase
intention or/and actual adoption for EVs are analysed within a systematic literature review. The
paper reviewed in total 49 publications according to the explained process selection. The number
of articles dealing with EVs consumers adoption in literature has considerably increased from
2018 on. Selected studies, mainly executed in China, America, or European Nordic countries,
give a profound understanding and proposal for different theories that can be applied for consumer
behaviour in pro-environmental research. Importantly and in line with several of the analysed
studies, consumer perceptions significantly impact their behaviour and consequently their
acceptance towards EVs. The objective of Chapter 1 was a systematic literature review of
different theories applied for the purchase intention and adoption of EVs. Consumer behaviour
has been analysed with different theoretical frameworks. There are various theories available for
investigating consumers behaviour and their adoption of EVs, however the main approaches focus
on the Theory of Planned Behaviour, established by Ajzen (1991). Several authors have extended
this theory with new constructs to comply with their research scope, and the results verified the
relevance of the (extended) TPB, demonstrating that it has a good explanatory power to predict
consumers” intention to adopt EVs. Although there are limitations of this theory, it is
recommended for studies with a focus on pro-environmental (new) products. Based on the
extensive systematic literature review, existing gaps in the literature were identified and the TPB
was identified as the framework to apply for Chapter 3. The research conducted in Chapter 1 with
its knowledge sharing should also help future researchers to focus directly on an adequate theory
that meets their own research objectives. The conceptual frameworks and research methodologies
of the reviewed studies should serve as a foundation. In general, all studies reviewed in Chapter
1 share the opinion that there is a strong concern for the environment and a strong believe that a
different behaviour is required from consumers, politicians, and industries to solve the
environmental problems we are facing. However, many studies prevail that consumers are rather
looking for image and reputational reasons than truly caring for the environment when adopting
EVs. It is also important to understand the different typologies of EVs, as a pure BEV will
certainly elicit a different purchase behaviour than, for example, mild hybrid vehicles, which is

technically less different from a consumer point of view.

Chapter 2 presents in a very complete and systematic way the impact of different research areas
on consumer behaviour for EV adoption, that are often separately investigated in present
literature. It includes 1) the sociodemographic variables of consumers and the impact of

experience, 2) car attributes that might influence the probability of purchasing an EV and 3)



environmental settings such as governmental support schemes and infrastructure development on
the preference for EV, additional to the findings of how consumer preferences would change if
purchase prices were the same for both BEV and ICE vehicles. In order to meet the research
objectives, the chapter analysed the hypotheses with two models and two different dependent
variables. The second approach worked under the hypothetical case that all cars cost the same and
gives valuable information of consumers opting for EVs if they had the same price as ICEVSs. In
doing so, the study is one of the first to investigate consumer’s behaviour and purchase adoption
regarding EVs with three aspects (sociodemographic, car attributes, environmental settings) and
two different dependent variables. The study addresses environmental and sustainability research
with a focus on consumer perspective and helps to give a profound understanding to the reader
and test the results” validity. The results derived from logit regressions in Chapter 2 help to
statistically validate the hypotheses which are based on previous studies. Analysing the
heterogeneity of driver’s willingness to purchase an EV is important for public-decision-makers
to understand market and consumer segmentation. Referring to socioeconomic factors, there are
contradictory results in current literature, for example some studies found that educational level,
age, or income are positively related to the perception of EVs, and other studies negating this. At
the same time, there is a common understanding that sociodemographic variables do exert
significant influence. In summary, in Chapter 2 we could show that a higher education and higher
salary, as well as having children and living in urban areas instead of rural areas and owning a
vehicle positively impacts on the adoption of an EV. Also, the fact of having had previous
experience with an EV increases the probability of adopting an EV, which is in line with previous
research (Liu et al., 2020; Xu et al., 2020; Rauh et al., 2020; SchmalfuB et al., 2017; Hahnel et
al., 2014; Schmalfuf3 et al., 2014; Jensen et al., 2013; Peters and Dutschke, 2014). This is an
interesting variable that has been analysed exclusively in some other studies. We found that
experience was more common in a particular socio-demographic group: men with higher salaries
who live in suburban areas tended to have EV experience. In addition, a higher range of EV as
so-called “car attribute” seems to positively impact the adoption of EVs. The second model
highlighted the importance for status and reputation for consumers when adopting an EV. The
study suggests that the more consumers are driven by reputation, the less they opt for an EV in
the situation that EVs cost the same, which is an interesting finding. Subsequently, being
reputation-driven seem to positively influence the purchasing decision for EVs only if these cars
are more expensive. In line with previous literature, it can be assumed that people tend to be more
concerned about status value, whereas environmental issues are not priority. Based on this
structural approach, the findings and recommendations help validate the present research
literature to improve the utility of future studies. By highlighting the importance of reputation,

the research gives valuable information about consumer’s behaviour.
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The purpose of Chapter 3 was to investigate the factors influencing on the adoption of BEVSs in
the Spanish market based on behavioural constructs. As explained in Chapter 1, the TPB by Ajzen
(1991) was the most adequate theory to do so. Contingent upon the original TPB, the factors of
“attitude”, “subjective norm” and “perceived behaviour control” are analysed, extended with
“moral norm” and “environmental concern” to conduct relevant psychological factors with a
comprehensive analysis of consumer’s intention to adopt EV. EC was included both as a direct
and indirect impact towards adoption intention of BEVs. Additionally, the variable “experience”
was included in a newly created consumer dimensions “profile” formed by gender, education, and
experience to see their impact on the relationships of the different constructs towards adoption
intention. A structural equation modelling with SmartPLS4 was applied to analyse the structural
relationships with data of 1.816 participants and to test the research model. We found that ATT,
PBC, SN and MN do exert a direct positive impact on the adoption intention whereas EC does
not show a direct impact, but a strong indirect impact towards Al via the other constructs.
Consequently, consumers’ environmental concerns with its positive impact towards the actual
adoption need to be taken into consideration. If consumers have a higher level of environmental
concerns, it positively impacts on the defined constructs such as consumers’ attitude, perceived
behavioural control, social and moral norm. Referring to the constructs, attitude and
environmental concern towards moral norm exerted the strongest influence on consumers Al for
BEVs, which is in line with previous literature. In terms of the variable “profile” there is no
statistical difference between the groups. Except for the construct PBC which is statistically not
significant for the group of being male, all other constructs exerted the same impact for both
consumer groups. The results are very helpful to understand consumer behaviour further. The
results of this research confirmed the appropriateness of the extended TPB. Referring to the
model’s validity and reliability analysis, the results of Cronbach’s alpha and CFA findings
confirmed that the SEM model can be used to investigate on consumer’s adoption intention for
BEVs. By applying this framework, the study contributes to filling the literature gap for research
studies in consumer behaviour for environmental-friendly products. The study focusses on BEVS,
thus adding further value to the literature by focussing on a technology which is considered
different and more complex compared to traditional or Plug-in vehicles. Furthermore, based on
the empirical results, this study concludes practical contributions that provide valuable guidance
for policymakers and industry to promote the adoption of EVs. With its structural approach, the
thesis in its entirety provides valuable contributions for the academic, public, and industrial
sectors. As explained in the individual chapters, the study fills an existing gap in the literature on

consumer behaviour regarding the adoption of EVs based on a Spanish sample set.
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7.1 Practical Implications and Policy Recommendations

First, the understanding of consumer behaviour helps both companies and governments.
Institutions can only develop new products or adjust their marketing campaigns if they understand
the forces that drive consumers’ motivation to adopt or not adopt a certain product. As
Sundareswaran et al. (2022) explained: “Understanding consumer behaviour is important for
companies to succeed with their current product and introduce new ones.” (p.83). Therefore, the
conclusions of the doctoral thesis allow for a better understanding of consumer behaviour when

adopting EVs.

Several studies have demonstrated that the adoption of EVs is likely to be limited without
significant governmental incentives. Given the low market penetration of EVs, incentives are
considered one of the prerequisites for changing the environmental behaviour of consumers.
Current political promotions in several European countries, partially due to Covid-19 impact
towards the automotive industry, could help to increase BEV market penetration and take away
consumers’ remaining hesitation. It is empirically shown in Chapter 2 that governmental
incentives help to increase the probability of buying an EV, confirming earlier findings. For the
Spanish market, the government has already put in place the new “MOVES III”” support in 2021,
which is an aid program to encourage the purchase of electric, plug-in hybrid and fuel cell
vehicles. This grant aims to encourage electric mobility and, in particular, the purchase of EVs

and the deployment of charging infrastructure for these vehicles.

In addition, the government and industry should encourage the availability of information. Since
EVs are often associated with poorer performance, information diffusion and information
availability are required both by government and industry. Ideally, more test drives are offered to
show the real potential of these vehicles and make consumers acquiring driving experience of
EVs, as one of the drivers to adopt EVs. The current-in-place greenhouse gas emissions limits
will also help to promote EVs on a broad scale. It appears that many potential adopters of EVs
are unaware of or are not convinced by the recent improvements in EV technology and charging
infrastructure. Consumers are more likely to buy green cars when they perceive their true benefits
and positive consequences of green cars (Ozaki & Sevastyanova, 2011). Consequently,
consumers hold negative expectations about the hassle and inconvenience of owning an EV,
which greatly reduces their purchase intention. Several studies have shown that consumer

resistance to new technological methods hinders a faster market penetration of EVs.

In line with this information availability, a solid and reliable infrastructure should be introduced
to promote a higher market share of sustainable technologies and to yield a sustainable
environment and a different perception of EVs. It is critical to alleviate consumer’s anxiety of not

knowing where and how to recharge an EV. In order to overcome these challenges, policymakers
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and industry are challenged to better disseminate information and create incentives to push new

technologies.

Furthermore, in Chapter 3, evidence is given of the impact of consumer’s attitude, social norm,
perceived behavioural control, moral norm, and environmental concerns. The results help
governments and industry to better define their campaigns towards fully battery electric vehicles
to raise awareness and to promote environmental benefits. It is important to reduce the perceived
risk linked with BEVs by focussing on the benefits of these vehicles. Consumers’ environmental
concerns with its positive impact towards the actual adoption need to be taken into consideration.
In the model, especially attitude and moral norm exert a stronger influence on consumers Al for
BEVs. Governments should try to strengthen consumers’ moral responsibility to protect the
environment and the planet. Therefore, politicians and marketers should promote the positive
image of BEVs in society. This could be achieved, for example, through more vehicle shows,

demonstration test drives, and marketing campaigns.
7.2 Limitations and Future Research

Although the chapters of this dissertation allow useful conclusions to be drawn, some limitations
must be pointed out. At the same time, this subchapter highlights interesting directions for future

research.

The literature review in Chapter 1 provides a global overview based on the keyword combination
“electric vehicles”, “theory” and “adoption”. However, this may not include some other studies
with the same or a similar objective that focus on “behaviour” or “purchase” rather than
“adoption”.. Future research could use a different keyword combination to overcome this
limitation. At the same time, the research focuses only on the WoS platform and different results
could be yielded on other academic platforms. Moreover, the focus on “EV” as keyword could
exclude more specific studies that directly introduced a different type of electric vehicle.
Nevertheless, it is recommended to clearly distinguish between the different vehicle types and
ideally to focus on pure BEVSs. It could be treacherous to generalize results from AFVs towards
BEVs. This limitation was already addressed in Chapter 3 with the focus on BEV-only vehicles.
Current rising environmental concerns and the intents to drastically reduce CO2 emissions

highlight the importance of conducting research in this area.

Consistent with most studies in recent literature, the chapters focused on the intention rather than
the actual adoption of EVs/ BEVs. This is acceptable given the literature and the current low
market share for EVs. However, once EVs are better adopted by society, future research might
focus on actual adoption rather than the intention itself. In line with the TPB by Ajzen (1991) the
adoption intention can be considered as immediate determinant for actual behaviour and therefore,

our results of this study are valid.

113



According to the previous conclusions and the positive impact of governmental incentives on EVs
adoption, future research is recommended to investigate further on the impact of different
incentives provided for environmental-friendly cars. Additionally, it would be interesting to
realise a cross-country study to shed light on the differences between cultural perceptions. The
present study focused on a Spanish sample to enrich existing literature with this cultural
collective. However, future study should analyse deeper cultural differences between different

contexts.

In addition, it is important to consider that consumer behaviour can change over time, and it would
be interesting to see how status-, reputation- and image-focussed behaviour will change once EV
are more accessible to all consumers. It is critical to deal with consumers” attitudes and

preferences to achieve greater success in adopting sustainable means such as green vehicles.

Moreover, future research should analyse the role of car brands in the adoption process of EVs.
Do consumers prefer a particular brand? What is the influence of luxury brands (e.g., Mercedes,
Porsche, Tesla, Audi), which may provide a higher status in society, compared to general brands
such as VW, KIA, Renault, Nissan? There is very little to almost no comparative research on the
influence of automotive car brands on the purchase decision for EVs, so this line of research is
highly recommended.

Furthermore, it must be pointed out that the raise of EVs adoption is not free of criticism; there
are some papers analysing the negative impact that the use and the production of EVs might have
on the environment, and the harms of EV electricity consumption (see Henderson, 2020). Battery
recycling policies could help to further promote the adoption of EVs (see Huang et al., 2022).
Accordingly, future research should follow a holistic view when analysing EVs as a sustainable
solution for the transport sector. And finally, in order to provide complete information, it is worth
noticing that EVs are not an innovation of recent years but had their beginnings already more than
a century ago. The new interest and demand for EVs can therefore be defined as a revival. In
addition, it should be highlighted that while transportation has become more efficient with new
vehicles emitting less CO2 than vehicles in the past, the growing volume in the transport sector
(including cars, ships, planes) has increased and jeopardizes the EU’s target of reducing

greenhouse gas emissions by 90% by 2050 compared to 1990 levels.

Consistent with everything else and related to the TPB, future research should focus on the
importance and power of influence of consumer attitudes on specific behaviours in pro-
environmental research. Future research in consumer behaviour could further analyse the effects
of feelings and emotions. Dong et al. (2020) extended the TPB model with the norm activation
model and included “feelings and emotions™ as constructs that affect purchase intentions for EVs.

Zhou & Thggersen (2013) included values and the Schwartz-Values system in their TPB model
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to understand environmental behaviour. When analysing consumer behaviour, it is important to

consider that consumers are not homogenous, and their behaviour is not static.
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Appendix 2: Results most important Factors Likert Scale (Chapter 2)

1
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Design
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6%
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192
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335

15%

331

15%
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9%

56

3%

155

7%
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12%

115
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272

12%
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9%

157

7%
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10%
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263

12%
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252
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18%

350

16%

146

7%

297
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Appendix 3: Factors Definition, Meand and Std. Dev.(Chapter 2)

What are the most important factors when buying a new car? Please indicate on a scale from "1 = not

Variable name
Factor_Brand
Factor_Price
Factor_Drive
Factor_Design

Factor_Consum

Factor_Perf
Factor_Emiss
Factor_SocAccept

Factor_Reput

most important".

Description

Brand

Price, cost of car

446

20%

502

23%

491

22%

497

23%

522

24%

460

21%

407

18%

114

5%

228

10%

154

7%

569

26%

455

21%

295

13%

559

25%

335

15%

363

16%

33

1%

105

5%

10

129

6%

784

36%

562

25%

230

10%

590

27%

318

14%

388

18%

25

1%

83

4%

Driving Range (distance your car can drive before recharging/refueling)

Consumption

Performance (HP, kwH)

Design

Emissions

Social Acceptance

Reputation

na Total general

35

2%

25

1%

24

1%

26

1%

29

1%

26

1%

29

1%

24

1%

27

1%

2204

important at all" to "10 =

Mean
5,919529
8,703981

7,96676
6,997657
8,332865
7,310684
7,265134
3,548689

4,861697

Std Dev
2,560864
1,402387
1,989038
2,126010
1,597029
1,988836
2,289515
2,426912

2,714374
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Appendix 4: Definition Variables for Factor Analysis

Please indicate on a scale from 1 (completely disagree) to 5 (completely agree) with the following. (EV = electric vehicle. ICE =

Variable name
Scale_personalnecess
Scale_professionalnecess
Scale_image_socialstatus
Scale_lifestyle
Scale_environ
Scale_lessemiss
Scale_ecofriendlyimage
Scale_statussociety
Scale_penalty
Scale_subventions
Scale_willingnesspaymore

Scale_lowerconsumhigherprice

Scale_lowrunningcosts

Evless_price
Evless_wallbox
Evless_lessinfo
Evless_knowledgeDealer
Evless_infrastr
Evless_costelectricity
Evless_perfor
Evless_range

Evless_installprivatecharger

internal combustion engine; traditional vehicle)

Description
An electric vehicle fits my personal necessities.
An electric vehicle fits my professional necessities.
Driving an electric vehicle would improve my image and social status.
Driving an electric vehicle would improve my lifestyle.

It is important to take care of the environment.

For the purchase of an EV, | am motivated by a lower contamination of
an EV (compared to an ICE).

For the purchase of an EV, | am motivated by an eco-friendly image
towards others (others will think that | care about the environment).

Individuals who purchase an EV have a better status in society.

A (penalty) tax for ICE would be fair and just.

The purchase of an electric vehicle should be incentivised by financial
advantages.

I am willing to pay more for a technology with a lower contamination.

The lower consumption (cost) of an electric vehicle can compensate
for a higher initial price of EVs vs. traditional cars.

The lower running costs for workshop, parts, maintenance etc. can
compensate for the higher initial price of electric vehicles vs.
traditional cars.

Electric vehicles are not sold more often due to....

Electric vehicles are not sold more often due to......the high purchase
price.

... the fact of not having a private parking space to install chargers
(Wallbox).

... the little information provided about electric vehicles.

...the lack of knowledge about electric vehicles of sales advisors in
dealerships

...the lack of public chargers.
...the cost of electricity to charge the car.
...the performance of the electric vehicle.

..the limited range of electric vehicles.

...the effort (approval by community) to install a private charger in a
shared parking space.

Mean Std Dev
3,444548 1,059043
3,529135 1,082883
2,758072  1,10029
3,119025 1,099326
4,798689 0,5100564
4,074403 1,059815
2,354899  1,172772
2,700234  1,065377
2,613296 1,285586
4,127341 0,9787827
3,472625  1,091045
3,404594  1,02635
3,380573  1,036053
4,339783  0,7385757
4,284507  0,7830966
3,673412  1,066381
3,284102 0,9784508
4,323156  0,7790937
3,306459 1,149405
3,025071 1,107064
4,017908  0,9236072

3,74189 | 0,9491536
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Appendix 5: Factor Analysis/ Correlation (Chapter 2)

Factor analysis/correlation Number of obs = 1985
Method: principal-component factors Retained factors = 10
Rotation: (unrotated) Number of params = 285
Factor Eigenvalue Difference Proportion Cumulative
Factorl 4,.25686 1.50492 0.1290 0.1250
Factor2 2,75194 0.11469 0.06834 0.2124
Factor3d 2.63725 0.55196 0.0799 0.2923
Factor4 2.08530 0.31491 0.0632 0.3555
Factors 1.77038 0.20660 0.0536 0.4091
Factore 1.56378 0.17755 0.0474 0.4565
Factor? 1.38623 0.03809 0.0420 0.4985
Factorg 1.34814 0.28558 0.0409 0.5394
Factor® 1.06256 0.02206 0.0322 0.5716
FactorlO 1.04050 0.04633 0.0315 0.6031
Factorll 0.99417 0.11924 0.0301 0.6332
Factorl2 0.87493 0.06011 0.0265 0.6598
Factorld 0.81482 0.03395 0.0247 0.6844
Factorl4 0.786087 0.03922 0.0237 0.7081
Factorls 0.74165 0.02902 0.0225 0.7306
Factorlé 0.71263 0.03307 0.0216 0.7522
FactorlT 0.67955 0.00784 0.0206 0.7728
Factorls 0.67171 0.04878 0.0204 0.7931
Factorl9 0.62293 0.02092 0.0189 0.8120
Factor20 0.60202 0.03397 0.0182 0.8302
Factor2l 0.56805 0.03252 0.0172 0.8475
Factor22 0.53553 0.00237 0.0162 0.8637
Factor23 0.53316 0.03135 0.0162 0.8798
FactorZ4 0.50182 0.01255 0.0152 0.8951
FactorZs 0.48927 0.02547 0.0148 0.9089
FactorZé 0.46380 0.02935 0.0141 0.9239
Factorz? 0.43445 0.01440 0.0132 0.9371
FactorZs 0.42005 0.02533 0.0127 0.9498
Factorzs 0.39472 0.04268 0.0120 0.9618
Factor30 0.35204 0.01179 0.0107 0.9725
Factor3l 0.34025 0.03236 0.0103 0.9828
Factor32 0.30788 0.04710 0.0093 0.9921
Factor3d 0.26078 0.0079 1.0000
LR test: independent vs. saturated: chi2(528) = 1.6e+04 Probk>chi2 = 0.0000
Appendix 6: Factor Loadings and Unique Variances (Chapter 2)
Factor loadings (pattern matrix) and unique variances
Variabls Factorl Factor? Factor3 Factord FactorS Factoré  Factor7 Factor®  Factord Factorld Uniguensss
Age -0.0101 0.3052 -0.1594 0.7074 0.2563 0.2913 0.0574 -0.1068 0.1029  -0.1541 0.1751
Children 0.0184 0.2712  -0.2038 0.6498 0.2675 0.2892 0.0307 -0.1259 0.1508  -0.2265 0.2091
Factor_Brand 0.1127 0.6421 -0.0186 -0.0333 -0.1907 -0.0576 0.3377 0.0260 0.0859 0.0498 0.4093
Factor_Price 0.1087 -0.2036 0.3300 -0.2631 -0.3639 0.0689  -0.0242 0.2000 0.2626 -0.2161 0.4752
Factor_Drive 0.2374 0.1206 0.2612 0.3878 -0.3216 -0.0001 -0.1585 0.2412  -0.0876 -0.0129 0.5159
Factor_Des-n 0.1589 0.5972 0.0578 -0.1090 -0.3059 -0.1236 0.2416 0.0565  -0.0042 0.1662 0.4048
Factor_Con-m 0.2825 -0.1173 0.4671 0.2181  -0.3958 -0.0432 -0.1787 0.1502 0.0214  -0.2993 0.3376
Factor_Perf 0.1189 0.3011 0.3885 0.1952 -0.3936 -0.1735 0.0159 0.0388 -0.0384 -0.0760 0.5121
Factor_Emiss 0.4680  -0.1036 0.1736 0.5052 -0.2543 -0.0784 -0.1732 -0.0140 -0.1733 -0.0671 0.3493
Factor_Soc-t 0.2599 0.7069 -0.1924 -0.1578 -0.0741  -0.0375 0.0082 -0.0652 -0.0384 -0.0555 0.3551
Factor_Reput 0.1946 0.6954 -0.1234 -0.1235 -0.1698 -0.1154 0.0859  -0.0091 0.0008  -0.0929 0.3899
Scale_pers-c 0.5725 -0.2388 -0.1722 -0.0130 -0.2225 0.1412 0.3310 -0.1755 -0.0820 0.2255 0.3179
Scale_prof-c 0.5070 -0.1438  -0.1549 0.0022 -0.1975 0.2082 0.35%2 -0.1263 -0.0884 0.3071 0.3548
Scale_imag-s 0.5375 0.1386 -0.2895 -0.2920 0.0445 0.2181  -0.2771 0.1354 -0.0850 -0.0862 0.3635
Scale life-e 0.6388 -0.1184 -0.1469 -0.1566 -0.0444 0.1324 -0.0997 -0.1306 -0.0336 0.0531 0.4813
Scale_envi~n 0.3756  -0.2983 0.0956 0.1412  -0.0743 0.0162  -0.03%9 0.0821  -0.2185 0.1937 0.6415
Scale_less~s 0.6572 -0.1917  -0.0437 0.0677  -0.0267 0.1411 0.0130  -0.0536 0.0621 0.0508 0.4947
Scale_ecof-e 0.4345 0.3360 -0.2312  -0.2490 0.1167 0.1588  -0.3402  -0.0367 0.0130  -0.1376 0.4079
Scale_stat-y 0.4529 0.143%9 -0.2323 -0.2415 0.1310 0.2285  -0.4215 0.1882 -0.0960 -0.1262 0.3543
Scale_pena~y 0.4662 -0.0308 -0.1862 0.2137 0.1604 -0.1560 -0.0268 -0.0402 -0.0290 0.0292 0.6473
Scale_subv~s 0.4872  -0.1359 0.1196 -0.0857 0.0127 0.3418 0.1182 0.0105 0.3022 0.0145 0.5000
Scale will-e 0.4709 -0.1324  -0.1516 0.3304 0.1022 -0.3176 -0.0786 0.1392  -0.1674 0.1162 0.4503
Scale lowe-e 0.4871 -0.1092  -0.1654 0.0096 0.2659 -0.5475 0.1322 0.2701 0.2414  -0.0384 0.2027
Scale_lowr~s 0.4556 -0.0878 -0.1092 -0.0373 0.3095 -0.5259 0.1379 0.2049 0.3251 -0.0884 0.2245
Evless_price 0.175¢ -0.1785 0.2425 -0.0978  -0.0550 0.3960 0.2322 0.1744 0.4498  -0.1150 0.4093
Evliess wal-x 0.1375 0.0819 0.4505 -0.0853 0.3537 0.1613 0.2668 0.3449  -0.2707 -0.1183 0.3356
Evless_les-o 0.3585  -0.0392 0.4760  -0.0885 0.1391  -0.1341 0.0151  -0.5226 0.0212  -0.1372 0.3056
Evless_kno~r 0.3461 0.0458 0.3975 -0.0640 0.2057 -0.1458 -0.0283 -0.5511 0.0221  -0.1429 0.3270
Evless_inf~r 0.2024 0.0859 0.4706 -0.0422 0.3793 0.1638 0.2663 0.1987  -0.2293 0.0028 0.3947
Evliess_cos-y 0.0222 0.1305 0.5027 -0.1461 0.1025 -0.0442 -0.1501 -0.1616 0.0128 0.1017 0.6368
Evless per-r 0.0579 0.2242 0.3674 0.0767 0.0834 -0.0290 -0.3704 -0.1704 0.3364 0.4616 0.3053
Evless_range -0.0496 0.2884 0.2573 0.2198 0.1991 0.1480  -0.2440 0.3126 0.1396 0.4504 0.3104
Evless_ins~r 0.1294 0.1871 0.4620 -0.1565 0.3657 0.0328 0.0814 0.0837  -0.2479 0.0459 0.4983
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Appendix 7: Rotated Factor Loadings and Unique Variances -1 (Chapter 2)

. rotate

Factor analysis/correlation Humber of obs = 1985
Method: principal-component factors Eetained factors i0
Botation: orthogonal warimax (Eaiser off) Humber of params = 285

Factor Variance Difference Froportion Cumulatiwve
Factorl 2.48549 0D.02878 0.0753 0.0753
Factorz2 2.45671 0.11054 0.0744 0.1498
Factor3 2,34617 0.21532 0.0711 0.2209
Factor4 2,13086 0.06787 0.0646 0.2854
Factors 2.,06298 0.09991 0.0625 0.3479
Factoré 1.96307 0.10845 0.0595 D.4074
Factor7 1.85462 0.04552 0.0562 D.4636
Factord 1.80870 0.40256 0.0548 0.5184
Factor9 1.40614 0.01755 0.0426 D.5611

Factorld 1.38818 . 0.0421 0.6031
LR test: independent ws. saturated: chi2 (528) = 1.6e+04 Prob>chi2 = 0.0000
Rotated factor loadings (pattern matrix) and unigue variances

Variable Factorl Factor2 Factor3 Factor4d Factor5 Factoré Factor7 Factor8 Factor% Factorl0O Unigueness
Laoe 0.0540 -0.0121 -0.0372 0.0485 -0.0436 0.8996 -0.0352 0.0177 -0.0408 0.D0605 0.1751
Children 0.0352 -0.0240 0.0151 0.0146 -0.0043 0.8876 -0.0060 -0.0233 0.0132 -0.0012 0.2091
Factor_Brand 0.7488 0.0588 -0.0611 -0.0262 0.0252 0.10%0 -0.0331 0.0603 0.0578 0.0384 0.4093
Factor_Price -0.0235 -0.0537 0.0156 0.2934 -0.0119 -0.3606 0.0296 -0.0126 0.5471 -0.0673 0.4752
Factor Drive 0.1126 0.0469 0.0148 0.6471 -0.0196 0.0939 -0.1025 0.0676 -D.0042 0.1613 0.5159
Factor_Des~-n 0.7421 0.1075 -0.0416 0.0766 -0.0057 -0.0917 -0.0366 0.0550 -0.0145 0.1111 0.4048
Factor Con~m -0.0402 -0.0480 0.0051 0.7516 0.0084 -0.0843 0.1457 0.0417 0.2500 -0.0312 0.3376
Factor_Perf 0.3840 -D.0666 -0.1686 0.5283 -D.0561 -0.0393 0.1236 0.0450 0.0251 0.0768 0.5121
Factor_Emiss -0.0798 0.2625 D.0605 0.7006 0.0991 0.1781 0.1319 -0.0322 -0.1415 0.0280 0.3493
Factor Soc~t 0.6976 -D0.0112 0.3546 -0.0598 0.0194 0.1019 0.0687 -0.0207 -0.1133 0.0035 0.3551
Factor_Reput 0.7403 -0.0607 0.2133 0.0174 0.0439 0.D0652 0.0333 -0.0279 -0.0590 -0.0324 0.3899
Scale pers~c 0.0377 0.7966 0.0608 0.0528 0.0920 -0.0480 0.0737 -0.0438 0.0623 -0.1328 0.3179
Scale_prof~c 0.0991 0.7910 0.0475 -0.0108 0.0341 -0.0015 -0.0167 -0.0001 0.0469 -0.0606 0.3548
Scale imag~s 0.1032 0.1959 0.7537 0.0041 0.0987 -0.0607 -0.0464 0.0273 0.0336 -0.0442 0.3635
Scale life-~e -0.0237 0.4820 0.4605 0.0775 0.1378 -0.0805 0.1897 -0.0557 0.0503 -D.0254 0.4813
Scale_envi~n -0.2265 0.3992 0.0632 0.3035 0.0902 -0.1022 -0.0068 0.1270 -0.1119 0.D658 0.6415
Scale less~s -0.0%09 0.5215 0.2923 0.1964 0.2238 0.0687 0.1559 0.0074 0.1463 0.0225 0.4947
Scale_ecof~e 0.2181 0.0147 0.7174 -0.0547 0.0609 0.0575 0.1274 -0.0444 0.0019 0.0388 0.4079
Scale stat-~y 0.0093 0.0375 0.7932 0.0397 0.0717 -0.0220 -0.0587 0.0627 -0.0001 0.0226 0.3543
Scale_pena~y -D.0269 0.2695 0.1975 0.1123 0.3799 0.1953 0.1019 -0.0257 -D.1848 0.0102 0.6473
Scale_subv~s -0.0512 0.3892 0.2175 0.0376 0.1067 0.0572 0.1435 0.1061 0.4901 0.1027 0.5000
Scale will~e -0.1083 0.2741 0.1176 0.2998 0.4755 0.09399 -0.0429% 0.0197 -0.3449 0.0D440 0.4503
Scale_lowe~e 0.0290 0.0%02 0.0730 0.0270 0.8823 -0.0457 0.0081 0.0271 -0.0095 -0.0272 0.2027
Scale lowr~s 0.0351 0.0288 0.0636 -0.02%¢6 0.8667 -0.0316 0.1010 0.0253 0.0723 -0.0175 0.2245
Evless_price -0.0792 0.1553 -0.0080 0.0223 0.0199 0.0391 -0.0070 0.14435 0.7313 0.D441 0.4093
Evless wal~x 0.0103 -0.0435 0.0189 0.0551 0.0397 0.0006 0.0225 0.8026 0.1053 -0.0385 0.3356
Evless_les~o -D.0092 0.0933 -0.0121 0.1113 0.0662 -D.0564 0.8031 0.127% 0.0541 0.0130 0.3056
Evless_kno~r 0.0270 0.D544 0.0437 0.0560 0.0818 0.0203 0.8041 0.0970 -0.0132 0.0311 0.3270
Evless inf-~r 0.0104 0.0647 -0.0088 0.0216 0.0366 0.0396 0.1400 0.7536 0.0712 0.0711 0.3947
Evless_cos~y 0.0462 -0.1440 -0.0261 0.0608 -0.1104 -0.1804 0.3946 0.2061 0.0245 0.3040 0.6368
Evless per~r 0.0555 -0.0629 -0.0012 0.047% -0.0299 -0.0218 0.2816 -0.0856 0.0198 0.7715 0.3053
Evless_range 0.0434 -D.1065 0.0145 0.0487 -D.0149 0.1382 -0.2107 0.2052 0.0140 0.7535 0.3104
Evless_ins~r 0.0729 -0.0712 0.0547 -0.0247 —-0.0030 -0.0833 0D.2403 0.6296 -0.0665 0.1488 0.4983
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Appendix 8: Rotated Factor Loadings and Unique Variances -2 (Chapter 2)

Rotated factor loadings

(pattern matrix

and unigue variances

Variable Factorl Factor2 Factoxr3 Factor4 Factors Factore Factox7 Factorg Factorg Factorlo Unigueness
Age 0.8996 0.1751
Children 0.8876 0.2091
Factor_Brand D.7488 0.4083
Factor_Price 0.5471 0.4752
Factor_Drive 0.6471 0.5159
Factor_Des~n D0.7421 0.4048
Factor_Con~m 0.751e 0.337¢
Factor_Perf 0.5283 0.5121
Factor_Emiss 0.7006 0.3493
Factor_Soc~t D.6976 0.3551
Factor_Reput 0.7403 0.3899%9
Scale pers-~c 0.7966 0.3179
Scale prof-c 0.7510 0.3548
Scale_imag~s 0.7537 0.3635
Scale_life~e 0.4813
Scale_envi~n 0.6415
Scale_less~s 0.5215 0.4947
Scale_ecof~e 0.7174 0.4079
Scale_ stat~y 0.7932 0.3543
Scale pena~-y 0.6473
Scals_subv-s 0.5000
Scale_will~e 0.4503
Scale_lowe~e 0.8823 0.2027
Scale_lowr~s D.8667 0.2245
Evless_price 0.7313 0.4093
Evless_wal~x D.8026 0.3356
Evless_les~o 0.8031 0.3056
Evless_kno~z 0.8041 0.3270
Evless_inf~r D.7536 0.3947
Evless_cos~y 0.6368
Evless_per~r 0.7715 0.3053
Evless_range 0.7535 0.3104
Evless_ins~r D.6296 0.4983
(blanks represent abs (loading)<.5
Appendix 9: Factor Rotation Matrix (Chapter 2)
Factor rotation matrix
Factorl FactorZz Factor3 Factor4 FactorSd Factoré Factor7 Factor8 Factor® Fact~10
Factorl 0.1325 0.5828 0.4967 0.3252 0.4334 0.0234 0.2773 0.1288 0.0886 0.0235
Factorz2 0.54%0 -0.2690 0.191% -0.0532 -0.1227 0.2670 0.0216 0.10%0 -0.1371 0.2231
Factor3 -0.039%98 -0.1914 -0.3098 0.3995 -0.171% -0.2223 0.4512 0.5088 0.2533 0.3171
Factord -0.1577 0.0685 -0.3209 0.4766 0.0654 0.7383 -0.1183 -0.0%04 -0D.2168 0.1473
Factors -0.3273 -0.2123 0.1565 -0.5250 0.3409 0.3328 0.2000 0.4733 -0.1764 0.1600
Factoré -0.1624 0.2669 0.3213 -0.1263 -0.6462 0.3308 -0.1651 0.2024 0.42%90 0.0628
Factox7 0.3155 0.3953 -0.5691 -0.2747 0.1415 0.11%% -0.0612 0.3306 0.2169 -0D.3878
Factor8 -0.0041 -0.1971 0.1139 0.2353 0.3018 -0.14%0 -0.7680 0.3861 0.1851 0.0798
Factord 0.0428 -0.1405 -0.1046 -0.1713 0.3392 0.1500 0.0639 -0.4250 0.6997 0.3554
Factorld 0.0186 0.4642 -0.2047 -0.2302 -0.0580 -0.2332 -0.2004 -0.0214 -0.275%9 0.7175

xliii



Appendix Kathrin Monika Buhmann

Appendix 10: Survey for Empirical Research - English Version

Electric Vehicles - PhD survey

Electric Vehicles - a solution to overcome environmental pollution?

Climate change with its anthropogenic consequences is widely discussed and considered as proven within the
scientific community, while defining the greenhouse gas (GHG) CO2 as main driver of global warming. Electric
vehicles (EV) are considered an impartant mean to overcome emissions in the transport sector. There exist
different types of EV's, such as cars that are fully battery electric (BEV), or rechargeable/plug-in hybrids (PHEW),
and they can be charged by using an electric power source. The first group (BEV) runs entirely on electricity, and
hence, produces no emissions during driving. PHEVs have a shorter range to run on electricity and can switch to
or combine the internal combustion engine with the battery. In general, types of cars that can be fuelled fully or
in part by alternative fuels, e.g. electricity are also defined as Alternative Fuel Vehicles (AFV). In contrast,
traditional vehicles called internal combustion engines (ICE) run on petroleum and emit higher amounts of
greenhouse gases, resulting from internal combustion engines that burn fossil fuels.

Thank you very much for your time and your help by responding to these questions! This is a complete
autonomous survey. Data will only be analysed in an aggregated way. We ask for your honest opinion so we can
provide useful conclusions based on your answers.

Please only participate if you “re older than 18 and if you possess a driver’s license.

1.l accept to participate in this survey. © o

() Yes
() Ne

2. How old are you? (\We inquire about the age to assure that respondents are older than 18 years, as it is one of
the conditions to participate in this survey) Q o

3. Do you possess a driver “s license? @ o

() ves
() Mo

4. Do you have a car (independently if it is a leasing, financed, property)? @ o

() Mo () Yes. Battery electric car (BEV)
() ves. Diesel car. () Yes. Hybrid car (HEV)

() Yes. Petrol car. () Yes. GAS (CNG/ LPG)

() Yes. Plug-in hybrid car (PHEV) () Yes. Gther

B How likely (in %) is it that you buy an electric vehicle (EV) as your next vehicle (0% not likely at all, 100%
cercain)? @ o

xliv
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6. What is your gender? © o

() Female

() Male

() Others

7. What country are you livingin? @ o

() Spain
() Germany

() Other (please specify)

8 What area doyou livein? @ o

() City Center (urban area)
() Suburban area

(") Rural area

8. What is your highest level of education? @ o

(") Primary education or below
() High schoal (Abitur)

(") Bachelor Degree

10. What is your annual salary? (gross) @ o

() lessthan 20.000€
() 20.000€-34.999€
() 35.000£-49.999€

() 50.000€-54.999€

11. How many children do you have? ©@ o

() None.
1
(@)

() Master Degree

() Docter and abave

(7) 65.000£-79.998€
() 80.000€-84.99%€
() 95.000€-114.999€

() M5.000€ ar more

3
4

() Bormare

Kathrin Monika Buhmann
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12. What type of car would you like to buy as your nextone? @ o

() Diesel () Battery Electric car
() Gasoline () Gas
() Hybrid () Others

() Plug-in Hybrid

13. What are the most important factors when buying a new car? Please indicate on a scale from "1 = not
impeortant at all” to "0 = most important”. @ o

Social Acceptancs

2l O O O O O O O O O O

Frice O O O O O O O O O O

Driving Range

amvebee O O O O O O O O O O

recharging/refueling)

Design O O O O O O O O O O

Consumption @) @) @] @) O ) O O @) O

S o o O O O O O O 0O O

Emissions @) @) @) @) @ O O O O O
O O O O O O O O O O
O O O O O O O O @) O

Reputation

14. With regard to the different technologies of a car, if all types of cars cost the same, would you rather buy an
elzctric or Digsel/ Gazolinecar? @ o

() Electric vehicle

(:) Traditional vehicle (Diesel or Gasoline. ICE - internal combustion engine)

15. How much financial support should be provided in your opinion to convince you to purchase an EV instead
of a traditional vehicle? Please indicate in £. (Assumption: price of EV aprox. 40.000€) @ o

16. How many km should an electric vehicle be capable of driving before recharging, in order to convince you to
purchase an EV (driving range)? @ o
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17. Please indicate on a scale from 1 (completely disagree) to & (completely agree) with the following. (EV =
electric vehicle. ICE = internal combustion enging; traditional vehicle) © o

3 (neutral) 4 (agres} 5 (completely agree)

1 (completely dizagres) 2 (disagree)

An electric vehicle fits

my professional @) O O O @)

necessities.

Driving an electric
vehicle would improve O O @) O O
miy lifestyle.

For the purchase of an

EV, | am motivated by

a lower contamination @) O ) O @)
of an EV {compared to

an ICE).

Individuals whao

purchase an EV have a

better status in O O O O O
society.

The purchase of an

electric vehicle should

be incentivised by O O O O O
fnancial advantages.

consumption (cost) of

an electric vehicle can

compensats fora @) O O @] O
higher initial price of

EV's vs. traditional

:
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18. Please indicate from a scale from 1 (compl
assumptions of why electric vehicles are not sold more often.

Electric vehicles are not sold more often dueto.. @ o

1 (completely disagree)

..the high purchase
price.

... the fact of not
having a private
parking space to
inztall chargers
Wallbao).

... the little information
provided about
electric vehicles.

_the lack of
knowledge about
electric vehicles of
sales advisors in
dezlerships

..the lack of public
chargers.

..the cost of electricity
tocharge the car.

_.the performance of
the electric vehicle.

..the limited range of
glectric vehicles.

..the effort (approval
by community) to
install a private
charger in a shared
parking space.

19. Have you had previous experience with electic vehicles (Evs)? @ o

() Yes. Positive experience.

() Yes. Negative experiznce.

(C) Ne. No experience at all.

O

O

ol oo O

O

Kathrin Monika Buhmann

etely disagree) to 5 (completely agree) for the following

2 (disagree)

O

O

ol o0 O

O

20. If negative, what are/ were the reasons? @ o

2 (neutral)

Q)

O

ol o0 O

O

4 (agres)

O

O

ol oo O

O

5 (completely agres)

O

O

ol o0 O

O
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Electric Vehicles - PhD survey

Part 2

Kathrin Monika Buhmann

Thank you so far for all your answers! Your answers and your time is very much appreciated.

For this part, the focus is on pure BEV - Battery Electric Vehicles.

As previously stated, this survey guarantees anonymity and strongly suggests that there are no correct or
incorrect options in your answers. All data will be analyzed in an aggregated way only and used for research

purposes only.

21. | have had a driving experience with a battery electric vehicle (BEV) for at least once. @ o

() Yes. Positive experience.
() es. Megative experiznce.

() Mo. No experience at all.

22 1 am regularly driving a battery electric vehicle (BEV) (regular experience). © o

() Yes, at l2ast once a manth. () Yes, every day.
() Yes, at lsast once a wesk. () No
() Yes, at least three times a week.

23. Please indicated on a Scale from 1 (unfavorable) to 5 (favorable): © o

| consider the
adoption (purchase) of

a Battery Electric

Vehicle BEV as O O O O
(unfavorable1 -

favorable 5)

24 Please indicated on a Scale from 1 {negative) to 5 (positive): © 0

| consider the
adoption (purchase) of

a Battery Electric
H O O O O

vehicle BEV as
(negative 1 - positive

25. Please indicated on a Scale from 1 (undesirable) to & (desirable): © o

| consider the
adoption (purchase) of

Bafttery Electric

Wehicle BEV as O O O O
{undesirable1-

desirable 5)
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28. Please indicated on a Scale from 1 (strongly disagree) to 5 (strongly agree): 9 o

27. Please indicated on a Scale from Definitely false (1) to definitely true (5). @ o

-
ka3
w
IS
&n

The price of 2 BEV Iz
impartant to me when O @) @] O O

| decide to adopt.

It is mostly up to me

to buy or not to buy a O O O O O

BEV.

28. Please indicate on a Scale from 1 (strongly disagree) to 5 (strongly agree) @ o

1 (strongly disagree) 2 (disagree) 3 (newtral} 4 (agres) 5 (strongly agree)

I think that many

people who are

impartant to me

expect that | buy an O O O O O
environmentally

friendly car such as a

While adopting a new
vehicle, | consider the
wizhes of other people O O O @) O

who are important to
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29. Please indicate on a Scale from Definitely false (1) to definitely true (8). @ ©

2 (falas) 3 (newtral) 4 {true) 5 (definitely trus)

1 (definitely false)

If | buy a wehicle, | feel

morally obliged to buy

a BEV, regardless of O O O O O
what other people do.

| feel obliged to take

the environmental

consequences of

vehicle use into O O O O O
account when making

adoption choices.

30. Please indicate on a Scale from 1 (strongly disagree) to 5 (strongly agree) @ o

3 (neutral) 4 (agrae) 5 (strangly agree)

2 (disagree)

1 (strongly dizagres)

I am very concerned
about the O @) O O @)

environment.

I think we should live

in harmany with the

environment for O O O O O
achieving sustainable

development.

liv
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31. Please indicate on a Scale from 1 (strongly disagree) to 5 (strongly agree) @ o

1 (strongly disagres) 2 (disagree) 3 (neutral) 4 (agree) 3 (strongly agree)
| am willing to adopt a

BEV when adopting a ® e ® O ®

wvehicle in the near
future.

lintend to adopt a

BEV when adopting a
wehicle in the near O O O @] O
future.

| plan to adopt a BEV

when adopting a

vehicle in the near O O O O O
future.

32. Please indicate on a Scale from 1 {strongly disagree) to 5 (strongly agree) © o

1 (strongly dizagres) 2 (disagree) 3 (neutral) 4 (agree) 5 (atrongly agres)
| prefer blue to other
CE[CII’S_ O O O O O
| like the color blue. @) O O O O
| like blue clothes. O) ) ) ) O

33. What usage of Battery Electric Vehicle (BEV) do you make? © o

() Mever () Once awesk

() Once ayear () Once every 3-4 days
(") Once in 6 months () Bvery 2-3 days

(") Once in 3 months () Every day

@ MNEW QUESTION -

or Copy and paste questions
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Appendix 11: Harmans one-factor test (Chapter 3)

(R =Rl =K X <)

TEx
+ |- factor sEM ECI sEM EC2 SEM EC3 SEM EC4 SEM ECS SEM ATT1 SEM ATT2 SEM ATT3 SEM BCL SEM PC3 SEM PCA SEM SN1 SEM SN2 SEM SN3 SEM SN5 SEM MN1 SEM MN2 SEM MN3 SEM MN4 SEM EEV /
T impertered GUsefor, | |> ST_DEV_Adoptz SEM BEV_Adopt3, pof
2 meaGender Edu Previxpl (eps=1816)
3 meaplot, overlay legend(of Factor analysis/correlavion Number of obs = 1816
4 label define gender 1 "Man Methods prancipal-component factors Retained factors = s
5 label define previous_exper... Rotaticn: (unrotated) Number of params = 100
6 labelvalues PrevExp2 previ..
7 iabelvalues Gender gender
2 lobel define Education 2 H. Factor Eigemvalue  Difference Proportion  Camulative
9 labelvalues Edu Education
[ Factor1 7.19306 426061 0.3270 6.3270
e T Factor2 2.93212 1.16430 0.1333 0.4602
Factors 1.76812 0.14238 0.0808 0.5406
12 tabulate Edu Factors 162575 o.46405 0.0739 o.6185
13 genedu2=Tif Edu<=3 Factors 1.16169 0.22797 0.0528 0.6673
14 replace edu2=2if Edu>3 Factoze 0.33372 0.21111 0.0428 0.7098
15 tabulate edu? Factor7 0.72261 6.11033 0.0328 0.7426
16 Iabel define Edu2 1 "Bachel. Factors 0.61227 0.02622 0.0278 0.7708
17 Isbelvalues edu2 Edu2 Factors 0.58606 0.02476 0.0266 0.7971
i tabulate edu? Factorio 0.56130 0.02267 0.0255 0.8226
15 men Gendered Prevexp Factorll 0.53063 0.114m 0.0245 0.8471
Factorlz 0.42392 0.01607 0.0193 0.8663
20 meaplot overlay legend(of..
Factoris 0.40736 o.03918 0.0185 o.8845
21 mea Gender Edu PrevEsp2 Factorls 0.36868 0.01666 0.0168 0.9016
2 meaplot, overlay legendo. Factorls 0.35202 0.00900 0.0160 0.5176
2 predictdl d2 Factorlé 0.34303 ©0.02848 0.0156 0.9332
24 genprofile=1 i d1>=0 Factorl? 0.31455 0.03004 0.0143 0.9475
35 replace profile= 2 f 410 Factorls 0.28451 0.00376 0.0129 0.9605
% tabulateprofile Factoris 0.28076 602753 0.0128 0.9732
7 lobelcefine profl 1 “Werm.. Factor20 0.25323 0.02165 0.0115 0.9827
25 lebelvalues preileprfie Factorz1 0.23158 0.12734 0.0105 0.9953
Factorzz 0.10422 . 0.0047 1.0000
B tabprofile
30 seve "C\Users\Kathrin\Doc. LR test: independent vs. saturated: chi2(231) = 2.2e+04 Prob>chi2 = 0.0000
31 export excel using "l C.
32 factor SEM_ECT SEM_EC25S.. Factor loadings (pattern matrix) and unique variances
Variable | Factorl Factor2 Factord Factord FactorS | Uniqueness
smezci | o.5068  0.5657  0.0633  0.0875  0.2226 0.3620
smzcz | 0.5710  0.5667  0.1056 -0.0592  0.0833 0.3311
SEMECs | 0.4239  0.5351 -0.0262  0.0258  0.3375 0.4187
smizcs | o0.4787  0.5865  0.0074  0.0138  0.2598 0.3591

Appendix 12: Loading items SEM (Chapter 3)

SEM_ATT SEM_BEV_Adopt SEM_EC SEM_MN SEM_PC SEM_SN
SEM_ATT1 0.838

SEM_ATT2 0.847

SEM_ATT3 0.842

SEM_ATT4 0.613
SEM_BEV_Adopit 0.867
SEM_BEV_Adopi2 0.958
SEM_BEV_Adop 0.928
SEM_EC1 0.762

SEM_EC2 0.837

SEM_EC3 0.693
SEM_EC4 0.775

SEM_EC5 0.763

SEM_MN1 0.759
SEM_MN2 0721

SEM_MN3 0.829

SEM_MN4 0.843

SEM_PC1 0.696

SEM_PC2 0.402

SEM_PC3 0.743

SEM_PC4 0.558

SEM_SN1 0.865

SEM_SN2 0.380

SEM_SN3 0.882

SEM_SN4 0.471

SEM_SN5 0722
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Appendix 13: Convergent Validity Outer Loadings all items included except Al2 (Chapter 3)

SEM_ATT

SEM_BEV_Adopt

SEM_EC

SEM_MN

SEM_PBC

SEM_SN

SEM_ATT1 0,838

SEM_ATT2 0,846

SEM_ATT3 0,843

SEM_ATT4 0,616

SEM_BEV_Adoptl

0,929

SEM_BEV_Adopt3

0,919

SEM_EC1

0,763

SEM_EC2

0,838

SEM_EC3

0,694

SEM_EC4

0,776

SEM_EC5

0,762

SEM_MN1

0,760

SEM_MN2

0,718

SEM_MN3

0,830

SEM_MN4

0,849

SEM_PBC1

0,676

SEM_PBC2

0,430

SEM_PBC3

0,742

SEM_PBC4

0,546

SEM_SN1

0,865

SEM_SN2

0,880

SEM_SN3

0,882

SEM_SN4

0,472

SEM_SN5

0,723

Appendix 14: Bootstrapping Path coefficients (Chapter 3)

0.327 (0.000)

SEM_EC1
0.095 (0.001)

0781 (0.000)
SEM_ca a

o
0.850 {0.000)
-

SEM_ATT

SEM_ATT1

SEM_FG1

0.828 {0.000)
-

SEM_PC

0.773{0.000) SEM_PC3

T
0.837 (0.000)
A

SEM_PC4

0.422 (0000}

0.063 (0.002)

SEM_ 785 (0.000) IM_EC 5 204.0.000)

SEM_ECS

0.728 (0.000)

0.015(0.542)

SEM_SN

“r
0.780 (0.000)
o

SEM_SN1

0.890{0.000) gEM_sn3
0.711(0.000)

SEM_SNS

SEM_MN1

MN2

0.718 (0.000)

0.830 {0.000)
~

SEM_MN

SEM_MN3

0.840 (0.000)
A

SEM_MN4

0.221(0.000)

0875 (0.000)5EM_SN2 "
0888 (0000)

0.214 (0.000)

SEM_BEV_Adopt

SEM. doptt
0,928 (0.000)
0920 (0.000)
=
SEM. dopts
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Appendix 15: sFrancia Test Stata Results (Chapter 3)

sfrancia SEM_ATT1 SEM_ATT2 SEM_ATT3 SEM_ATT4 SEM_PC1 SEM_PC2 SEM_PC3 SEM_PC4 SEM_SN1 SEM_SN2 SEM_SN3 SEM_SN4 SEM_SN5 SEM_MN1
SEM_MN2 SEM_MN3 SEM_MN4 SEM_EC1 SEM_EC2 SEM_EC3 SEM_EC4 SEM_EC5 SEM_BEV_Adopt1 SEM_BEV_Adopt2 SEM_BEV_Adopt3

Variable Obs w V' z Prob>z
SEM_ATT1 1,816 0.99113 10.204 5.528 0.00001
SEM_ATT2 1,816 0.99210 9.088 5.252 0.00001
SEM_ATT3 1,816 0.99305 7.986 4.945 0.00001
SEM_ATT4 1,816 0.98202 20.671 7.208 0.00001
SEM_PBC1 1,816 0.99428 6.582 4.485 0.00001
SEM_PBC2 1,816 0.97471 29.080 8.020 0.00001
SEM_PBC3 1,816 0.99614 4.444 3.550 0.00019
SEM_PBC4 1,816 0.99309 7.947 4.933 0.00001
SEM_SN1 1,816 0.99866 1.537 1.023 0.15316
SEM_SN2 1,816 0.99933 0.770 -0.623 0.73321
SEM_SN3 1,816 0.99745 2.935 2.562 0.00520
SEM_SN4 1,816 0.99354 7.425 4.772 0.00001
SEM_SN5 1,816 0.99832 1.927 1.561 0.05924
SEM_MN1 1,816 0.97292 31.142 8.183 0.00001
SEM_MN2 1,816 0.99788 2.432 2.115 0.01720
SEM_MN3 1,816 0.98696 14.996 6.444 0.00001
SEM_MN4 1,816 0.99076 10.624 5.624 0.00001
SEM_EC1 1,816 0.96390 41.507 8.867 0.00001
SEM_EC2 1,816 0.98907 12,571 6.024 0.00001
SEM_EC3 1,816 0.96017 45.798 9.101 0.00001
SEM_EC4 1,816 0.96499 40.259 8.795 0.00001
SEM_EC5 1,816 0.99188 9.339 5.317 0.00001
SEM_BEV_Ad~1 1,816 0.98843 13.299 6.159 0.00001
SEM_BEV_Ad~2 1,816 0.99863 1.579 1.088 0.13837
SEM_BEV_Ad~3 1,816 0.99912 1.011 0.026 0.48967
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Appendix 16: Published Paper Transportation Research Part D

Transportation Research Part D 114 (2023) 103530

Contents liste available at ScienceDirect - IH“I‘T_‘ -
Transportation Research Part D i
ELSEVIER journal homapaga: www.elsevier.com/locate/ird

.
Consumers’ preferences for electric vehicles: The role of status e
and reputation

Kathrin Monika Buhmann , Josep Rialp Criado "

Dipartmnt of Business, Universitar Autonoma de Barodlona, Spain

ARTICLEINFO ABSTRACT

Keywords: This paper provides insight into motivational reaszons for consumers’ preferences for Electrie
Blecrric Vehicles Vehicles (EVz) azsuming equal and different prices berween EVz and traditional wehiclss. Refer-
Conqumer behavior

ring to consumer behaviar, it shows that reputation-driven consumers prefer EVs only when the

%Fm" purchaze price is more expensive than that of other wehicles, thus suggesting that true environ-
Prafy = - mental concem iz antenuated by reputadon motives; and that the desirabilicy of EVe az sustainable
Suzminabilin ismes products only increases if prices are maore expensive. It provides inzights into the influence of

sociodemographic variables, car attributes and external environmental factors. The study offers
an empirical approach with a zample zet of more than 2.000 rezponses. Different logit maodels are
estimated to explore the factors influencing the preference for an EV. It is found that age, being
male, having children, educaton, living in urban areaz, and previous experience positively in-
fluence EV adoption. Better infrasoructure and information availability help to promate EVa.

1. Intreduction

Climate change with itz anthropogenic conzsequences iz widely-debated by the public, and conzidered proven within the seientific
community (Jochem et al | 2015). EVs are defined az a possible solution to evercome environmental coneermns; however, the transport
sector iz rezponsible for 24% of direct CO; emizzions from fuel combustion (1AE, 2020). Although greenhouse gas emizsions (GHG)
from the EU transport sector decreazed m 2020, thiz decreasze refers to the decrease in activity due to the Covid-19 pandemie, and road
transport remains the main GHG contributor of all transport emissiens (EEA, 2021). Aecording to some sources, road transport
emissions have even inereased despite slow but steady progress in electrifieation ([AE, 2020). Air pollution in eities and the growing
environmental concerns of eonsumers have led to an inereased demand for responsible action on the part of both businesses and
consumers. Many governments around the world are trying to promote EV: to increase their market diffusion. In recent years, Plug-in
Hybrid Electric Vehicles (PHEV:E) and Battery Electric Vehicles (BEV:) have become more prominent in the field of sustamable
transportation. However, despite the growing demand, the market share of EVe is still limited, counting for only 2.7% for BEV and
4.9% for PHEV: of all cars registered in Spain i 2021 (M3 Iberia, 2022).

In order to increase the market chare of EVs, it 1z crucial to analyze and understand consumer perception and behavior. Conzumer
behavior is shaped by social, economie, and envirenmental coneemns that lead to new eonsumer demands and therefore require

Abbreviotions: AFCVs, Alternative Fuel Vehicles; BEVs, Battery Electric Vehicles; COy, Carbon dioxide; EFA, Exploratory Factor Analysis; EU,
European Union; EVs, Electric Vehicles; GHG, Greenhouse Gaszes; HEV:, Hybrid Electric Vehicles; ICE, Internal Combuston Engine; ICEVs, Internal
Combustion Engine Vehicles; PHEVz, Plug-in Hybrid Electrie Vehicles.
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E-mail addresses: kathrin buhmann@gmail com (M. Buhmann), josep rialp@uab.cat (J.B. Criado).
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different strategies for companies (Hofenk =t al| 2019). More and more attention iz being paid to sustainable consumer research;
howewer, it is shill underrepresented, and more research iz needed. Based on these arguments, m this manusenpt the authors analyze
eonsumer behavior towards EVe as a sustainable innovation and analyze consumer preferences if all cars cost the same.

In detail, thiz paper addresses the following research questions:

1. In line with previous literature, what are the factors that influence the preference and adoption of EVe? By answering this question,
the rescarch iz able to answer the following:
a. What does a Spanish consumer of EVs look like (sociodemographic variables)?
b. What effect do experience, governmental incentives, information availability, and other car attributes have on EV preference?

In thiz case, the dependent variable focuses on a varable that includes whether a consumer prefers to buy an electric or others,
more tradifional cars (1 = Yes, BV; 0 = No EV). Thiz research question adds further evidence to the exizting literature on potential
consumers in Spain, a Southern European country where such profibing iz lacking. Moreover, it compares previous results and fulfills
future research recommendations for the “=xperience” variabls

2. In erder to shed hight on the importance of consumer behavior, are consumers” status, reputation, and image doven when adepting
EVs?
a. With respeet to the different technologies of a car, if all types of car technology coet the same, would a consumer prefer to buy an
electric or gazoline/diese]l car?
b. Are consumers rather drven by reputation when purchazing an EV?

In this casze, the dependent varable focuses on consumer preferences if EVs cost the same as other cars, that is to sav, if all cars have
the zame purchass price, regardless of technological differences. This research question helps to obtamn results on the importance of
statuz and reputation.

The present study contributes to the literature by gaining insights into consumer behavior for EVs, especially by analyzing con-
sumers’ behavior and preferences with equal and different prices for EV compared to Internal Combustion Engine Vehicles (ICEV).
Consiztent with previous literature, it also identifies the sociodemographie characteriztics of EV consumers, focusing on expenence
while applving a structured and comprehensive approach to melude snvironmental aspects and ear attributes.

The sxplanatory research iz based on a solid theoretical foundation related to consumer behavior. Based on the theoretical
framework and the empineal study, ear attributes and external attributes, environmental settings that could mfluence the preference
for EVe are discussed. Current literature has analyzed the factors of EV adoption and their motivators and barriers; however, thiz paper
provides a holistic overview of different factors for EV adeption and a better understanding of consumer behavior and car preferences if
EVe cost the same as other cars. The results show clear policy implications, indicating the importance of the availability of information
on EVe, a better infrastructure to charge EVs, and governmental incentives to promote EVs.

To accomplizh the aforementionsd ohjectives, the rest of the paper is organized az follows. First, in Section 2 a review of the
literature iz presented, then the conceptual model guiding thiz research is presented, followed by the hypotheses. Section 2 explains the
wariables extracted from the survey and Section 4 shows the empirical results of both research questions. In this zection, special
emphariz iz placed on consumer behavior in relation to status- and reputation-drven factors. Fmally, Section 5 chows the main
conclusions as well as the limitations of the current research and future lines of rezearch.

2, Literature review, conceptual model, and hypotheses
2.1. Different types of EVe

In onder to develop a search related to the topic of inferest, it is necessary to explain that “EV” is a general term for electric vehicles
and includes different types of electric technelegies. Table & in the appendix explains the different types of EVs so that we can specify
the coverage of the present research. Thie study focuses on EVe in general.

2.2, Past Research, theoretical framework, and respective hypothesiz

In order to Wdentify relevant shudies that help to accomplizh the objectives of thiz research, a iterature review was conducted (zee
Table 9). The search for rezearch studies publizhed in peer-reviewed journals included keyword combinatiens such az Electric Viehicles,
preference, adoption, consumer behavier, and consumer attitudes. 1t iz important to note that thiz paper aims to analyze consumer
behavior for EV preferences from a Marketing and managenal perspective, thus excluding engineering papers and other areas irrel-
evant to this rezearch.

An inereasing amount of ressarch on consumers’ purchase intentions and preferences iz found as well as the rols of self-images when
purchasing green products (eg., Hahnel et al, 2014; Ozaka, 2011; Lane and Potter, 2007; Hur <t al, 2013; Herberz ot al, 2020,
Grskeviciuz et al., 2010; Hamer et al., 2017). According to previous literature, consumer behavier plays an important rele in the
adoption of new techneologies, such as EVs, which are considered a sustainable solution. In this research, it is of interest to investigate
consumers’ motivations and preferences for sustainable behavier.

The paper distinguishes itself from other papere in itz approach of systematically applying a comprehensive analyziz of EV
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consumers with respeet to three snbeategories (consumers’ demographic vanablez, ear attmbutes, environmental sethngs) and then by
comparing the model to a second model with another dependent vanable representing the impact of consumer preferences if EVe cost
the same as other cars. Our results highlizht the importance of symboelic attributes, such az status, reputation and image, in opting for
EVe.

Based on the literature review, we have identified three pillars that agsregate different vadables that influence the preference for
EVe: (1) the eonsumer, (2) car attnbutes, and (3) environmental settinge. By doing so, we aim to answer the research questions stated
abowve via a holistie approach Li =t al (2017a, 2017b) applied a systematie structured approach and divided their systematie literatures
review also into three types: (1) demographie, (2) situational, and (3) psychological factors. Likewise, Lane and Potter (2007 illus-
trated the factors for the adeption of EV with situational and peychologieal factors, whereby situational factors include environmental
settings, such as regulations or infrastructure, and psychologieal factors mnelude attitudes, symbols, Influences, ete.

2.2.1. Conzumers" variables & behavior

In general, the literature has chown contradictory results for demographic variables of EV consumers. Previous studies have
provided evidenece that females are more environmentally concerned than men are and thus mere willing to buy green products
(Johansson-Stenman and Martinszon, 2006; Enez et al, 2014; Prakash et al., 201 4; Janszon et al., 2017; Simeckoglu and Nayum, 2018;
Yang et al. 2019). Sovacoal etal. (2019) explained, based on “gendenng of (electric) mobility” references going back to 1880, that the
gender diseussion was already prevalent in the sarlisst discussions about sutomeobiles when EVe werse more common and had a larger
market chare. Plotz et al_ (201 4)found that it 1z rather men who are the first buvers of EVe.

H1: Females are more likely to prefer EV: than men.

Begarding the variable age, the results of the current literature are inconsistent. On the one hand, the existing literature shows
evidence that green consumers are rather young (Hackbarth and Madlener, 2016; Hidrue et al_, 201 1; Enez et al., 2014; Laroche et al.
2001; Mukherjee and Ryan, 2020; Sanitthanglkul et al., 201 2). In contrast, other authors have found that older consumers are willing to
purchass an EV (Jansson et al | 2017; Zhang =t al | 2011). Plétz ot al (2014) and Peters and Dutsehke (201 4) found that middl=-aged
men are the most Likely group of private EV buyers. Johanszon-Stenman and Martinsson (2006) concluded that age had a positive
influsnece, claiming that older people buy this type of green product.

H2: The younger the consumer, the ligher the hkelihood of preferring an EV over an ICEV.

There iz evidencs in the hterature that individuals with higher sdueation are more environmentally coneermned and thus more
willing to purchase an EV (Hidroe ot al | 2011; Jansson et al | 2017; Mukherjee and Byan, 2020; Sanitthanglul et al | 2012; Olson,
201 3). Mayum and Flockner (2014) found that higher education had a pocitive impact on the purchaze of more fuel-efficient cars.
Howewer, there are also research studies that show a negative influence of education on EV adoption, meaning that less educated
consumers are more likely to purchase EVe (Hackbarth and Madlerer, 2016; Johansson-Stenman and Martinsson, 2006; Zhang et al_,
2011).

H3: Higher edueation leads to an inecreassd probability of preferring an EV owver an ICEV.

Faor the variable income, different effects hawve been found in different studies. Bjerkan et al (2016) coneludad that meome levels
matter only when consumers compare the usage costs of BEV: and ICEV:. When the purchasze cost of a BEV and ICEV iz similar, peopls
with lower incomes favor the option with lower usage costs. In line with this, Platz =t al (2016; 2017); Junguera =t al. (2016), and
Erdem et al. (2010) found that consumers with higher incomes were more likely to adopt an EV. In contrast, Nayum and Klockner
(201 4) found that household income had a negative effect on purchasing a fuel-efficient wehicle. In accondance with this, Gleim and
Lawzon (2014) found through cluster analysiz that the group with the highest average income did not have the highest purchaze
intention toward green products. Sanitthanglol et al. (2012) found no significant influence of income in determining the attitude
toward eco-cars, which is in line with the studies by Egbue and Long (2012), Enez et al. (2014), Hidrue et al (2011).

H4: Higher income leads to an inereased probability of preferring an EV.

With reference to the iving area of consumers, Mulkherjes and Byan (2020) showed that BEV owners tended to live in urban eenters
with very lhigh population densitiez. In contrast, Plotz et al (2014) found that the most likely zroup of EV buyers lived in miral ar
suburban areas. Howewver, as is later stated in the Emitations section, it is important to consider whether more educated people rather
live inurban areas and less educated people in rural areaz, which could alzo affect whether or not they own an EV. In addition, there ars
more cities that limit aceess to the city center to cars with reduced or no C0O- emizsions, which could also affect the decision concerning
which car technology to buy.

H5: Living in urban areas leads to an increased probability ef preferring an EV.

1t 1z also of interest whether having children, that iz to zay a fammly with more family members, increases the preference for an EV
(Zhang =t al., 2011; Nayum and Klackner, 2014).

H6: Having children leads to an increased probability of preferring an BV.

Furthermere, car ownership seems to positively influence the purchase intention toward EVe. Zhang =t al. (201 1) showed that the
number of vehicles owned by a family increased the willingness to purchase an EV. Nayum and Elackner (2014) showed that a higher
number of cars in the household positively impacted the purchase of more fuel-efficient carz. Hidrue =t al. (2011 investizated the fact
of owning multiple cars and found that it decreased the probability of being in the zroups supporting EVe. It iz also important to
consider that nowadays the younger generation tends not to purchase a car of their own. This fact could influence the later results of
the research as younger people do not necessarily own cars anymore.

H7: Poesessing a ear (independent of model) leads to an mereased probability of preferring an EV.

Another important factor to consider 1z the impact of experience on EV uptake As Liv ot al (2020) summarized, there are several
studies analyzing the impact of experience on the adoption of BEV: but without general consenzus. There are several studies that have
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investigated the role of direet BEV experience for its adoption or purchasze intention (Gunther et al., 20019; Liu et al., 2020; Nayum et al.,
2016; Schmalfuf et al., 2014; Schmalfuft et al. 201 7; Peters and Ditschke, 2014; Jensen et al., 201 3). Individuals with BEV experience
aceepted higher purchasze prices and showed a higher willingness to pay more for a BEV compared to individuals who had no expe-
rience (Larson et al_, 201 4; Peters and Ditschlke, 2014). Hahnel =t al. (201 4) summanzed from other authors that previous experience
positively influenced the willingness to drove an EV. Herberz ot al. (2020) concluded that first-hand experience with an unfamiliar
technology helpe to incentivize the purchase of sustainable products. The study by Xu =t al. (2020) chowed that consumers’ EV drving
experience had a significantly positive effect on consumers” intention to adopt EVs. Skippon <t al. (2016) analyzed the influence of
having had experience with a BEV and found that willingness to consider a BEV declined after expenencing thuz type of car m a
controlled tnal. Buhler et al (2014) found a poative significant effect of experience on the general perceptions on EVs but not on.
purchase intentions for EVs. Rauh =t al. (2020) showed that practical driving experience, together wath range-related knowledge,
reduced so-called range anxaety or stress, resulting in experiences as a means to overcome range anxiety as a barmer.

H&: Having had previous expenience leads to an increased probability of prefermring an EV.

Az previously mentioned, consumer behavier and athitudes towand sustainable behavier are gaimng more attention, and studies
highhight the impeortance of self-image when purchasing green produets. Hahnel et al. (201 4) explaned that consumers use products to
define and express their self-image and mateh it wath the "value-expressive atinbutes of the products.” (p. 318) Johansson-Stenman
and Martineson (2006) explained that mdividuals often want others to have a good impression of them with zocial approval and
esteem, In other words, to use products to make people believe that they are more environmentally fnendly and socially responsible
than they really are. Individuals focus more on positive self-image than they care to admit, az “being meotivated largely by status
concemns is pereeived to be an unfaverable character trait.” (Johanssen-Stenman and Martinsson, 2006, p.131). The authors defined
thiz behavior as self-deception and explained that pretending to be very concemed about the environment can lead to a better self-
image, as others value the fact of “being” environmentally friendly. Bahmani and Loursire (2019) showed that consumers buy EVe
more for reputational izsues rather than for environmental reazons. Czaki (2011) has given evidence that people focus on their
identity, image, values, and norms when adopting green technology, which iz consiztent with the study by Laroche =t al. (200]].
Moreover, Lane and Potter (2007) highhighted the importance and role of a car as a status symbeol, and feund evidence that consumers
want others to know about their green wehicle, which should pesitively affect their image. Hur <t al. (2013) explained that green
products can represent the consumers image or socially responsible values, and their use can show to which consumer group they
belong. Hahnel et al. (201 4] showed that the activation of pro-envirenmental values leads to lower price sensitivity to lngher purchase
prices of EVe. Howewer, as Herberz =t al. (2020) mentioned, it 1z important to keep in mund that “changing consumer behavior can be
difficult, especially in conservative, slow-changing sectors such as the transportation domain” (p.102). Interestingly, Griskevicius et al.
(2010) showed the interrelations of environmental behavier and status and found that “(...) a desire for status can spur self-zacnifice
[that] also presents a powerful tool for motivating prosecial and proenvironmental action.” (Griskevicius et al. 2010, p.402).

H9: Reputation- and status-driven consumers are more hikely to prefer EVs.

222 Car attrnibutes

There 1z a commen understanding that a high purchase price iz one of the main reasons why consumers hesitate to adopt EVs. The
initial purchase price of EVs iz usually higher than that of conventional carz, and the market share and diffusion of EVe may not in-
ercase if the purchase price does not decrease (Bjerkan et al., 2016; Cecere ot al., 2018; Egbue and Long, 2012; Enez et al, 2014; Lane
and Potter, 2007; Lieven et al., 201 1; Ozaki, 201 1). Ozaki (201 1) has explained that individuals see green alternatives as too expensive,
and Lisven et al (201 1) confirmed that “pries 15 the top pricrity for both conventional and the electric vehicles (...)"7 (p. 139). Bjerkan
et al. (2016) conecluded that purchase cost reduction 15 the strongest iIncentive to promeote BEV adoption.

H10 A hugher list price for EV lowers the preference for EVe.

At the same time, lower consumption amd lower mamtenance costs can offeet a higher purchase price (Egbue and Long, 2012;
Gallagher and Muchlegger, 2011; Lane and Potter, 2007).

H11 Lower eonsumption and lower maintenance costs compensate for the huigher purchase prce of EVe and leads to an increased
probability of preferning an EV.

In terms of car attributes, it has been cshown that a lugher range leads to hugher acceptance of EVe and that a hmited range has a
negabive impact on EV adoption, distribubion, acceptance and usage (Barkenbus, 2020; Cecere ot al., 2015; Egbue and Leng, 2012;
Gunther et al , 2019; Hackbarth and Madlener, 201 6; Hidrue et al. 207 1; Hoen and Eoetse, 201 4; Lieven et al., 201 1; Schneidereit et al.
2015). Hereby, range refers to the distance an EV: can travel before the battery needs to be recharged. Cecere ot al. (2018) have
suggested that manufacturers improve the quality of EVs' battenes to increase drving range m onder to achieve greater diffusien of
EVe. Franke and Krems (2013) has shown that, in particular, experienced EV drivers seek average and maximum range, while inex-
perienced drvers show weak affect towards range needs. Range anxiety 15 aszociated wath higher mnge preferences, acconding to the
trial study conducted by Franke and Erems (201 3). Hereby, range anxiety refers to the fear of minming out of battery before reaching a
charging station.

H12 A higher range of EVe, leads to an increased probability of preferning an EV.

2.2.3. Emvironmental settings

Several authors have shown the importance of the development of charging infrastructures in order to promote EVs and have
concluded that the availability of a funcbioming charging mnfrastructure is significantly related to BEV markets (Backenbus, 2020;
Hardman et al, 2018; Li et al, 2017a; Sierzchula et al., 2014). Oliveira et al. (2019) also pointed out the importance of including
chargimg/ fueling infrastructure m future research for EV. Martinez-Lao et al (2016) illustrated the need for “structured
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Final model: Hypothesis
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Fig. 1. Final model Overview.

implementation strategics” (p. 970) with public charging stations to enhance electric mobility. Hoen and Eostze (201 4) demonstrated
that charging potential and recharge time are limiting factors for preference choices for Alternative Fuel Velucles (AFVs). Harrison and
Thiel (2016) concluded that minimal infrastructural objectives could be advantageous; however, in their scenarios, the provizion of
charging pointe appeared to be weaker than other vehicles subsidies.

H1 3 Better infrastructure (charging stations, wallbox installaticns) the context shows leads to an mereased probability of preferming
an EV.

There are several studies chowing the importanes of governmental supports to further promote EV (Cordera =t al | 200 9; Gallagher
and Muchlegger, 2011; Hardman et al., 2017; Li et al., 2019; Turcksin et al_, 2013). Wang et al. (2017) divided policy measures into
three categories, such as financial ineentives, information provision, and convenience policy measure and displayed that all three
ecatalogs are significantly related te EV adeption intention. Hackbarth and Madlener (2016) found that governmental purchase price
subsidies were not sufficiently valued by consumers, although non-monetary government incentives and vehicle tax exemptions could
increase the likelihood of choosing an AFV. Similarly, Mukherjee and Ryan (2020) has shown that financial incentives can especially
encourage younger consumers with lower savings and also showed the positive impact of exclusive bus lanes or free parking while
recharging. Zhang et al. (201 1) found a negative influenee of government policies on EV adephion.

H14 Governmental suppeort for EVe leads to an increazed probability of preferring an EV.

In order to overcome other barners for EV adophon, it iz neceszary to improve the availability and diffuzion of mformation about
low emission cars. Some authors have shown that consumers are often resistant to new technologies because of their novelty, unfa-
miliarity, and uncertainty (Hidrue et al, 2011; Ozald, 201 1; Ezbue and Long, 2012; Turcksin et al , 201 3). Bezvani et al. (201 5) showed
that so-called “engaged green” consumers pursued a more technology-oriented lifestyle and were open to change. Rahman and
Loureiro (2019) found mistrust and mizeonceptions about this technology to be other reazons for a lack of interest.

H15 More available information combined with the know-how of dealers, leads to an increased probability of preferring an BV.

This literature review provides a comprehensive overview of exasting studies that analyze the vanables that motivate or hinder EV
adeption. As stated by Nayum and Elockner (2014), it is important not only to include soriodemographic factors but alzo peycholegical
factors to avoid mispuidance for industry and policy decizions.

2.2 Hypotheses and model

Following the literature review, our hyvpotheses refer to the following categories: (1) demographic factors including individual
varables and experence, and consumer behavior; (2) car attributes, such az range, price, ete; and (3) zituaticnal factors, such as
environmental settings. Table 9 in the appendix chowe the hypotheses wath the rezpective study references.

2.2.1. Final model

Fiz. 1 showe the final model, which is a logit regression, for this research in a visual approach. This study differs from previcus
studizs by not only offering a complete overview of demographic variables of consumer:z but alze by taking into consideration car
attributes and environmental settings in the same model, with the objective of analyzing the factors that influsnce consumer intention
te adopt EVs. Additionally, and more importantly, it analyzes the impact on consumer behavier if EVs cost the same as other cars,
namely if EVe are not more expensive than traditional wehicles.

The model 15 built on the following:
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Table 1
Owerview Variables.
Vez BV 10 Bazed on the varishle Forure BV: Would you rather  0.50% = 0 —= Na BV 0= 649/ 1 = 53636
buny an electric or Dissel Gacaline car an your next Std deviation 30.23524
future car? (Dumemy wariable) S51%-1009% = 1 — Yes EV Mim: O Max: 100
Car cameprice  With regard o the different technologies of 2 car, if 1 = Blectric vehicle, 0 = Traditional vehicle (Discel or 1= §2%, 0= 16%
all pypes of car cost the same, would you rather buy Gasoline. ICE - internal combustion engine)
an electric or Diesely Gasaline car?
Diiver Licence Do you pogsess a driver's licenze? 1 = 5ifYes, 0= No 904 Ve, 1056 Mo
Age Howw ald are you? indication of age Min: 18/ Max. 87
Awerage 31
Std deviation 13.00326
Gender What iz your gendar? 0 = female. 1 = male 0= 54%
1 = 4554
Ommy, Car Do you have a car (independendy if it in a leaging, 0= Mo, 1 = Yeo, Petmol car, 2= Yeno, Dieel Car, 5 = 0= 268, 1 = 36%W 2=
Financed, propertyi? Oithers 3004
3= 0%
Type car What type of car would you like to buy 2= your next 1 = Gasoline/Gasolina, 2 = Diesel, 5 = Battery Blectric 1= 21% 2= 139/ 3=
one? car/ Vehirulo eléctrion de bateria (BEV], 4= Plug in 179, 4 = 2150/ 5= 25%
Hyhrid Vehicols hibride enchufahle (PHEV), 5 = Othern
Puture EV Hom likeby (in %6 iz it that you buy an elecric vehicdle  Indication in % mean = 46%
[EV) a= your next vehicle (0% not Likely at all 100%
cestain)?
Area What area do you live in? 1 = City Center (ixban area) / 2 = suburban area/ 3 = 1= 2=31% 3=
nuzal area 13%
Edu What in your higheat level of aduncation? 2 = High school (Abinur), 3 = Bachelor Dagres, 4 = 2= 1993 = 30W/ 4=
Magter Degres, 5 = Doctor and above ITH 5= 17%
Salary What iz your annual salary? (groos incoms) 1 = 20,0008, 2 = 20.000E-34.9908, 5 = 35.0008- 1= 61% 2= 14 3=
49.999{ 4 = 50.000{-64.999f 5= 65.000{ or mor= 9% 4= 6%, 5= 109
Childran Horr muany children do you have? O=ponel=1;2=23=53%4=45=75 or moe= 0= 790 1 = TH/ 2=
1% 3 = 3% 4= 0,14/
5- 0,05
PrevExpl Hanre you had previows experience with electric 0 = No. No experience at all / 1 = Yez 0= T8%,/ 1 = 22%

wehicles (EVz)? Recponoe

¢ Dependent varables: "EV Adeoption” and “Care same price”.
# Independent variables: Demographic variables, ear attributes, environmental settings

EV = by +bjAge + by Educ + by Gender + b, Income + by Owncar+ b Area+ by Children + by Exper+ by Image + by, Pricecar
+ by Consump + by; Range + by; Infrastructure + by, Govsupport + bys Infoavail + ¢

2. Empirical analyzsis

In thiz section, we focus on the data set with which we worked and the analyses performed. The main techniques are: (1) factor
analysis, which helps to reduce variables, and (i) logit to determine the relevance of the factors for inereasing the probability of
considering purchazing an EV.

32.1. Data Collection: The survey

Data were collected via a web-bazed survey (Survey Monkey Platform, Premium member) through an online questionnaire. Diz-
tribution of the survey and participation were completely anonymous and without any remunerative aspects. Before issuing the final
survey, an intense check-rontrol process was earried out. The survey was sent to six experts from the automotive industry and four
other persons, who were invited to comment. Thas improved the quabity of the survey. The commeon method of online mvitations sent
via email was applied. The study was sent out from Barcelona, Spain and was conducted online during the months of March until May
2021. After passing several evaluation committees at the University of Autenoma de Barcelona, the survey was finally approved to be
sent in both Englich and Spanish to the UABs data cet. Thiz data set consizts of students, professars, and administrative employess.

The survey was not distributed through a paid-based platform due to lack of funding. Throughout the entire process, the utmost
attention was paid to a careful sample design with a feeus on controlling sampling errors and avolding biases that could be mtroduced
unconsciously. Subsequently, sample validation was also conducted to ensure that the sample was representative of the population, as
explained in the following.

Regarding the sampling metheod, a quota sampling approach was developed for contacting people fram the University Autonoma of
Barcelena with the goal of obtaining a “quota” of cach stratum of the population, accerding to gender and age (zampling people

Ixiv



Appendix Kathrin Monika Buhmann

KM, Buhmarn and J.R Criads Transporeation Research Pare D 114 (2023) 105550
MCA coordinate plot
o
we —TTT—
= Seburbom gem . + Tenules
v Cw Uil K Ohars F i v Low oo | Uk
- Proven & ropiles cqama g < Lurae ewsbon kv (Fgrades] & Pldades 5
» Sadary B - w2 R T e e p—
— - "3 « Type ofcar - Thenel
| @  dond
E 5 - laz
= 4 '- bew + {umi ¥ |
—— o s Wi
ey P
N ag*?
1 T
) - 2 o
aimension 1 (88.7%) oy
. * Gander —
& Area & Edu —
& Salary & fype car - -
- evE x Py

©oordianan it RN e RO T EEALG

Fig. 2. Results MCA Analysis.

between 18 and 87 years old), in onder to be more representative of the population of interest (Barcelona, Spain). Based on official
sources from the National InsHitute of Statistics (IMNE, 2022) and focusing on the gender and age of the population for Barcelona from
18 years until 87 years with a zample of 4.46 million habitants, 45.4% were male and 51.6% were female. In order to determine the
sample zize, we considerad an infinite population, a confidence level of 95%, with p = g = 0.5 and a zampling error of + 2%, which
supposed a theoretical sample size of 2,400 observations.

The guestonnaire consisted of twe parts: the first part gave nformation on the profile of the respondents, including gender, age,
edueation, income, and residential lecation, and the second part contained measurement items of additional vanables of expenience,
preferenees in cars, ete. In total, 2,198 answers were collected In order to ensure the quality of the sample, 50 answers were excluded
due to missing values for variahles that will be usad later to perform the two different factor analyses to be apphad, resulting mn a total
sample of 2,148 responses.

The owverall sample ranged m age from 15 to 57, with an average age of 31 years, which iz a fairly young sample. When tabulating
the sample by gender and age, we obtained 45.67% males and 54.32% females on the basiz of 2,115 valid answers. The majority had an
income of lezs than 20,0006 and up to 35,000€. Referring to official zites of population distribution in Spain (1NE, 2022), the majority
lived in urban areas, with 56% living in urban areas, city areas and 31 % in sub-urban areas, for a total of 87%. Comparing this figure to
the Spanish Urban pepulation (INE, 2022) an 80% of the population lives in urban areas in 2020. The difference with respect to the
proportions in the population is + 2.7%. This sampling error iz elightly abowe the theoretical one, so we consider that the sample
obtained is an aceeptable representation of the population of interest.

3.2, Data and Description of variables

In order to achieve the objectives of this work, the variables as found in Table 1 were defined.

The dependent variable “EV"” asked about the preference for an EV or “other” and was changed into a binary variable for the sake of
simplicity, with 1 as ophng for an EV as a future car, and 0 for opting for “other”. Interestingly, 64% would rather buy an “other”
wvehicle than an EV. If all vehieles cost the same, 52% would opt for an EV (vanable “zar sameprice”). Ninety pereent of respondents
poszessed a driver’s hcense, and 26% did not possess their own vehiele.

4. Empirical results
4.1. Most important factors when buying a new car

When analyzing the direct question “What are the mest important factors when buying a new ear? Indieate on a secale from ] = not
important at all” to *10 = mest important,” the factors paee, doving range, and consumption (refers to fuel consumption) chowed the

highest importance. Interestingly, social acceptance had the lowest importance. This is an important finding for the following analyziz
when prices are assumed to be the same for all wehicles.
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Table 2
Caregories new variable “Profila”.
Mesw variable “Profil=" Description
Cat=gory 1 profile= 1 # d1 =0 » Females Prequency
» Low income (0-20 k) 1244
Mﬂmmﬁl:vﬂhﬁ,hveduﬂﬁnnhﬂﬁ\hlgiﬂ . mwuﬁm level (Highschool and 56%
Bachelorz Degree]
» Area: rural and suburban areaz
» Type car= Diezel
» Owm_car: Not possessing a car
» Owm Car- Yes, gasoline car
» Type car Gasoline + Others
= Without previous experience
= Without regular experience
Cat=gary 2 profile= 2ifdl < 0and o Males Prequency:
Males with high education in city center and higher dz-0 » City center 583
ncome » Highest aducation (Masters and PhD) T
» Income dispersed benween 20 amd 65 kE
«» PHEV carz
Categary 3 profile= 3ifdl < 0and & Suburban areas Frequency:
Male with highsot income living in suburban aress with 42> 0 » Own Car Diezel and Others 323
experience . Pmri-uucamjmgmar experience 15%
» Income = 65 kE

4.2, Exploratory Facter analysis

Due to the relationshipe among the explanatory quantitative variables, and with the purpose of avoiding future problems of
collinearity in the explanatory analysis, we first conducted an Exploratory Facter Analysis (EFA) with all quantitative predictor
variables (33 wvanables in total). Theze included those that loaded on factors listed in Table 10 in the appendix, with a total of nine car-
factor importance items (measured on a 10-point Likert seals in response to the question, “What are the most impaortant aspeets when
buyving a new car?”) and another 22 EV opinion items (measured on a 5-point Likert scale of agreement/disagreement). Additionally,
the quantitative vanables “age” and “children” were included in the EFA. Principal component factor analysis with varimax rotation
was Implemented. We considered only factors with an eigenvalue > | (number# of factors was 10). With 10 factors, we captured
60.31% of the total information contained in the criginal variables (kMO value: 0.753 and Bartlett's test for spheneity Chi-squared =
16470.16%** df = 528). In Table 12 and 13 in the appendix, we show the rotated factor loadings, cigenvalues, and the percentage of
varnance explained by sach factor obtained through facter analysiz.

4.3. Multiple correspondence analyszis (MCA)

Due to posable relationships between the qualitative vamables and 1n onder to avoid future problems of collineanty in the
explanatery analyzsis, we performed a Multiple Correspondence Analyziz (MCA) for the qualitative variables (zee Fiz. 2). We worked
with two dimensions because graphing iz more intuitive. Purthermore, the principal inertia of dimension 1 was 0.024, and the
principal inerba of dimension 2 was 0.004. The percentages of criginal information captured by theze two dimensions were,
respectively, 56.74% and 9.53%, with the cumulative percentage being 66.27%. For the MCA all qualitative variables were selected to
chedk the poszsible dimensions and to provide a first interpretation.

In the upper right in Fig. 2 as “"Group/Profile 1,” we find the gender “female” and the income eategory 0-20 k|, combined with a
lower education level (2) with High School (Bachillerate) and Bachelor. These individuals live in rural and suburban areas and do not
own a car. In the same dimension of the coordinate plet < 0 are grouped individuals who own a gasoline car and would choose gasoline
or others az future ears and who do not have any EV experience yet. On the left-hand zide dimension, we find mdividuals who can be
grouped into “Profile 2, that iz, males living in the city center with the highest education level (master’s and PhD) and a dispereed
income level of 20 ki — 65 k. Individuals who are grouped into “Profile 3" are those living in suburban areas, owning diesel cars &
others, wath previous and regular EV experience and the highest salary at = 65 kE. Although MCA helps to detect and represent
underlying structures of categorical variables in order to define groups of individuals with a similar profile, it iz possible that the groups
included individuals who did not fit 100% into the profile definition.

In summary, MCA helped to reduee qualitative variables in only ene vanable “profile” with three subeategories (see Table 2). Later,
in the regression analyzsiz, the categories represented the mital variables.

4.4 Relationship between profiles and factors

Az the factors were quantitative variables and profile was a qualitative variable with three categories, through cne-way ANOVA, we
tested whether the population means of the new quantitative variables (which were the factors obtained) were equal for the categaries
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Table 2

Omeway factors.
oneway (Factor’) ANOVA profils, tab B Prob = F Variance: homogeneisy

(prvalue) Prob = chiz

Pactor 1: Reputation-Diriven 6532 Lele i B 0.528
Pactor X Pitting necessities 1026 QD000 0.137
Pactor 3 Social statu 629 uooe 0.279
Factor 4: Performance 070 D456 0.065
Pactor 5t Price compensation 075 [+ 7l Y 0147
Pactor 6: Life Stage 203.048020 QD000 0.0000
Pactor 7: Lack of knovledge 2155 [elle vl 0.578
Pactor & Missing infrastrcture 2305 (a) 01002 0.024
Pactor % Price of EV 1819 QD000 0.564
Pactor 10 Bange Anxiety 4.10 0167 0.301

(a)F value of applying frtar option. Bazed on the facr that variances homogeneity is not given for the factor “Life Stage™ and “Missing infrastruetura”,
the F-value represents the one obtained through fsrar command in Stata

Table 4
Liogit regrezzion Model 1 Opdon 1.
Model 1 Option 1: Dependent Variable EV

Definition Factos Coaf Zed Ber. Pl Lower limit <i 05% Upper limit i 059
Pactor 1: Reputation-Diciven 0.0844426 0.0540744 0.118 0,0215 0.1904
Pactor 2 Fitting neceasitien 1.012105 0.0661058 0.000 0.8315 L1416
Pactor 3 Social stasus 01690223 0.0535709 0.002 0.0640 0.2740
Pactor 4 Performance 0.4364025 0.0588977 0.000 0.5709 06018
PFactor 5 Price companzation 0.4590024 0.056502 0.000 0.3401 0.5706
PFactor & Life Stage 0.2579406 0.0519153 0.000 0.1561 0.3597
Pactor 7- Lack of knowledge 00035247 0.0545732 0.963 0.1090 0.1040
Pacter & Missing infrasructase 0.0412500 0.0535043 0.441 0.1435 0.0657
Pactor % Price of BV 01238551 0.0556772 0.021 0.2379 0.0197
Pactor 10- Rangs Anxisty 0.0311045 0.0551473 0.558 0.0730 0.1852
_comm 07750184 0.0560567 0.000 0.8357 0.6660

Log likelihood: —1073.1354.
Number of obsarv. 1985.

LR chi2(10]: 443.26.

Prob = chiZ: 0.0000.
Pzeudo R2: 0.1728.

of the variable “profile” (see Tabl= 3).

All factors except “performance,” “price compensation,” and “mussing infrastructure” chowed a statistically sigmficant difference in.
the means corresponding the three eatepories of “profiles.” Therefore, only thess factors, each unrelated to the variable “profils,” were
selected for the logit regression that included the profile variable to avoid potential collinearity. The close relationship between the
profiles and factor 6 (life stage) probably arises because both represent secie-demographic differences.

4.5. Estimation of the explanatery model: Analysis

After defining the factors and the new categorieal variable “profile,” we checked their relations with the other varables before
estimating the model. In erder to overcome multicollinearity, we tested the variables for poszible correlation problems between them
We related and hypothesized the factors obtained through EFA that did net show any multicollinearity with the variable “profile” and
the preference for EV in the future. The analysiz of this study includes robustness assessments, factor analysie, and multivanate logit
analyses of the individuals’ attitudinal and behavioral opinien tewards EV.

In order to determine how the obtained factors and the profiles impacted on the dependent variable, attending to the nature of this
variable, logit regression was implemented. There were two different approaches due to the relationship identified between “factors™
and “profile™ (1) used only the factors as explanatory variables (see 4.5.1) and, (2) worked with “profile” and factors not related to
profile az explanatory variables (zee 4.5.2). Opton (2) helped vz to verify and strengthen the results of option (1,) at least for the
factors wluch were not related to profile. It 1s noteworthy to haghlight that the survey asked about preferences and beliefs, so the
interpretations were limited to the relationship between opinions and preferences.

4.5.1. Option 1: Logit regression only with factors

In a first aseezsment, a logit regression was performed only with the factors defined above. The Pseudo R-squared shown in the
following tables refers to McFaddens E? and iz a measure of goodness of fit. The overall fit of the model was significant and the
correctly classified cbservations were 72.80% (566.17% “yes” and 75.28% “no”). All factars except the factors “reputation-driven”,
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Table 5
Logit Regreszion Model 1 Option 2 (with “profila™).
Model 1 Option 2
Yes BV 1.0 Coef Std Bex. Pl Lowrer Limit ci 95% Uppes limit ci 95%
_Iprofile 2 (Male city center] BT 242 0112426 000D DUES40 1L.0947
_Iprofil= 3 (Male highest zalary) . B,970,366 0.1370163 Q000 0.6234 1.1655
Factor 4-Performance . 3,974 305 0053762 000D 0.2920 0.5028
Factor 5 Price compenzation . 3,600,625 0.0513426 0000 0.25%4 0.46506
Pactor 8 Missing infrastructure -Du0E29299 00496453 0507 01302 0.0643
_cona 1011134 0.0653952 0000 1.1451 0.3770

Log likelihood: —1199.7339.
Number of obs = 1985

LR chi2(5) = 195.06.

Prob > chi2 = 0.0000.
Pzeudo R2 = 0.0752

Table 6
Logit Regreszion Model 2 Option 1 ("Car sameprice” ).

Model 2: Dependent Variable: Car_ sameprice

(Car camepricel Coef Sal. Bor. pvalue Lower limit ci 95% Uppes limit ci 95%:
Pactor 1: Reputation-Driven -0.4422093 D.0741533 0,000 0,5876 0.2969
Factor - Pitting necessitien 1.360066 0.0055904 0,000 1.201% 1.3378
Pactor 3 Social statuz 0.4501509 0.0733781 0.000 0.3363 0.6240
Factor 4 Performance 0.3573716 0.06551 0,000 0.2236 0.4922
Pactor 5 Price compenzation 0.4091105 0.0711792 0.000 0.2606 0.5488
Pactor & Life Stage 0.07E3293 0.070079 0.264 0.0550 0.2156
Pactor 7: Lack of knowledge 0.2157133 0.0676224 0.002 0.0811 0.3482
Pactor & Missing infrastructure -0.2510923 0.0717101 0,000 0.3916 1108
Pactor 10: Range Anxiety 0.2Z775736 0.0743539 0.000 0.4236 01321
_cona 2.152514 00094543 0,000 1.9771 23278

Log likelihood: —656.51635.

Mumber of obsery: 1951.

LR chi2(9) = 546.18.

Prob = chiZ = 0.0000.

Pzeudo R2 = 0.2037.

Info: Factar 9 not included in thiz maodel (Price).

“lack of knowledge,” “missing infrastructure” and “range anxiety” showed a significant «ffect (see Table 4). The more the BV fit the
personal and professional “necessities,” the higher the probability of preferring an EV as their next car. If consumers pereeived thatan
EV could fit their professional and personal necessities, the higher the probability of purchasing one. “Social status” represented the
understanding that an EV improves social status and image in society. The greater the attention paud to social status, the lngher the
probability of preferring an EV over a gasoline/ diesel vehicle az the next future car. Thus, status-driven consumers were more akin
with one another in preferring and purchazing EVs compared to non status-driven consumers. The “performance” factor included car
attributes, such as range, performance, consumption and emissions, and the better these data were for the vehiele, the higher the
probability of preferring an EV. The factor “price compensation” showed a positive coefficient and included variables that defined that
lower consumption and lowsr maintenanes compensated the higher purchase price of the EV. Consumers were more willing to pur-
chaze EVz if they peresived that the lower maintenance and consumption compensated for the initial purchase price. The “life stage”
factor included the consumer’s age and number of children, and the positive cosfficient indicated that the older and the more children
the consumer had, the higher the preference for an EV. The "price” factor included aspects related to the higher price for EVe and
showed a negative coefficient, which means that the higher the price for EV, the lower the probability of purchasing an EV as their next
car.

4.5.2. Opton 2: Logit regression with “Profile” and net related factorz

The global fit of the model considering the factors and profils was significant, and the correctly classified obeservations were 67.51%
(58.75% “yes” and 69.72% “no”'). Az for the newly intreduced variable “profile,” we can see that belonging to profile 2 or 3, instead of
profile 1, increased the preference for an EV as the next car compared to an ICEV (zee Table 5). Az explained abowve, profile 1 was made
up of females with lower education levels and lower income, while profile 2 and 3 were made up of men with higher salabes and who
ownad ears. We can see that all eategonies were statiztically significant, which means that profile 2 and 3 individuals were more likely
to prefer an EV than the group of individuals assigned to profile 1.

In order to analyze the impact on the dependent variable, only the factors not related to profils were introduced: “performanes,”
“price,” and “mizsing infrastructure” (see Table 5). Two of these three factors were statiztically siznificant. “Performance” showed

Ixviii



E M. Buhmann end J R Criado Tronsportation Research Part I 174 {2025 105550

statiztieal sipnifieance with a positive coefficient, so the better the technical data of an EV, the higher the preference for this type of
technology. Thiz coinecided with the pesitive, sigmificant resultz of the factor "price compenzation™.

4.6. Consumer behavior when assuming equal prices

In order to deepen the analvsis of consumer attitudes, the hypothetieal situation that EVe eost the same as other cars was intro-
dueed. Therefore, a new dependent vanable “ear sameprice” was introduced, which refers to the question that if EVe cost the came az
other cars, which car would the consumer prefer. Az previeusly explained, the varable “price™ has a statistical significance impact on
the purchase intention of EV and is therefore important to analyze. Thiz approach helped to provide evidence on consumer behavieor
and te shed further Lhght on the importanee of reputation and image when adopting an EV. As previously explained, twe different
approaches to explanatory variables were used: (1) used only factors (see 4.6.1) and; (2) used “profile” and not related factors (zee
4.6.9).

4.6.1. Opdon 1: Logit regression only with factors

Pirst, a logit regression was conducted (see Table 6). The global fit of the model considenng nine factors (factor pniee was excluded)
was significant and the correctly classified observations were 85.71% (87.67% “yes” and 68.02% "no”). The factor “price” was
excluded from this model as the dependent variable itself supposed that EVe cost the same as other cars. Factors “fitting necessities,”
“social status,” “performance,” “price compensation,” and “lack of knowledge” showed statishical sigmificance with positive signs. The
factors "reputation-dnven”, “missing infrastructure” and “range anxiety” were stabistically significant with negative coefficients. The
factor “life stage” was not statistically significant in thiz model.

The factor “reputation driven,” which had not shown a significant effect on the preference for EV in the first model, was significant
in the second model wath a negative coefficient, meaning the more consumers were doven by reputation (based on the vehicle’s brand,
design, social acceptance, and reputation), the less they opted for an EV in the situation that EVe cost the same. This is in line with the
significance level of the factor “social status” in the first model. Considering the situation that all cars cost the same and the significance
level of this facter, it showed that reputation-dnven consumers were influenced by the higher pres of an EV. Thus, reputation-doven
consumers seemed to prefer higher-priced EVe to increase their status and reputation. As previously shown, this is in line with the study
by Grickevicius et al. (2070, explaining that status motives increased the desirability of green products when they cost more than non
green products.

The factors “fitting necessities,” “zocial status,” “performanee,” and “price compensation” can be interpreted in the same way as in
Model 1. The factor “life stage”, representing age and having cluldren, showed a positive effect on the preferenece for an EV, wathout
statiztical significance if we assumed that car prices were the same. “Lack of knowledge,” which had no significant effect on the
probability of increasing one’s preference for EVe according the first model, now became positive and significant. Therefore, if EVie cost
the same az other carz, and the more mnformation and knowledge about EVs was provided, it scems that consumers had a higher
probability of preferring EVe over other cars. Factor “missing infrastructure” now showed a negative coefficient, which was interpreted
as if infrastructure was lacking, consumers showed a decreasing probability of preferring EVs, assuming that the car prices were the
same. The same happened for “range anxiety,” which chowed no significant effect on the probability of preferring EVie according to the
first model, but when the assumption about the same pries for all cars was intredueced, “range anaety” showed a negative coefficient,
which led to the azsumption that the worse the range, the lower the probability of preferring an EV. In summary, the results of the first
option of the second medel give additional information on factors that were not statistically relevant in the first model.

4.6.2 Option 2: Logit regression with “Profile” and not related factors

In line with the previcus approach in Model 1 Option 2, the new dependent variable was also compared with the created variable
“profile” and the factars “performance,” “price compensation,” and “missing infrastructure,” which were factors not related to profile
(see Table 7). The overall fit of the model considering the three factors and “profile” was significant, and the correctly elassified
observations was 82.23% (82.28% “yeg” and 66.67% "no”). Category 2 of the newly created vanable “profile” showed statistical
relevance, meaning that male consumers living in the city center showed a higher probability of buying an EV compared to female

Table 7
Logit Regression Model 2 Option 2 “Car_sameprice” (with “profile™).
Car cameprice Coal Stdl Ber. P=lz| Lowwer limir ci 959% Upper limit i 95%
_Iprofils 2 (Male city center) 03754224 0.1471205 0011 0.0870 QL8637
_Iprofile 3 (Male highest zalary) 01087161 0.1722673 0.528 0.2289 0.3463
Pactor 4 Performance 02835597 0.0565134 0.000 01777 0.3993
Pactor 5 Price Compenaation 03249649 00555146 0.000 02106 0.4392
Partor & Missing infrastriscture 02060557 0.0620050 QLool Q3277 L0543
_conz 1483456 0.0775327 0.000 1.3364 L&404

Log likelihood: —892 87321
Number of obs = 1931,

LR chi2(5) = 74,07.

Prob = chiZ = 0.0000.
Pzeude B2 = 0.0398.
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consumers with lower income and education, living in suburban and rural areas. However, category 3 of the variable “profile,” which
referred to male consumers with the highest salary living in suburban areas and having had previeus experienee with EV, chowed no
statiztical significance; thus, the coefficients tended to suggest that for this consumer group there was no influence on the preference
for EV if these type of cars cost the same as the others.

In contrast to Maodel 1, “missing infrastructure” now showed statistical significance with a negative coefficient in both logit options,
assuming that consumers” preferences for EVe were lower with a missing infrastructure for recharging. “Price compensation” was
interpreted to mean that lower consumption and lower maintenance costs can compensate for the hizgher purchase priee for EVs.
“Performance” referred to technieal data, such as range and performance, and the better these data were, the higher the preference for
an EV.

In summary, when comparing all four models, the prce comparable models showed slightly better prediction accuracy, which
strengthens the present approach of conducting a second model with the control variable of prices. In the following, the peeudo R2 and
accuracy of the four models are summarized.

e Model 1 Option 1: peeudoR2 = 0.17, accuracy (correctly classified preferences) = 72.80%
# Model 1 Option 2: peeudoBR2 = 0.08, accuracy (correctly classified preferences) = 67.51%
# Model 2 Option 1: peeudoR2 = 0.29, accuracy (correctly classified preferences) = 85.71%
& Model 2 Option 1: peeudoR2 = 0.04, accuracy (correctly classified preferences) = 82.23%

4.7. Resultz of hypotheses for both models

In comparizon to the first model (azsuming different prices), the second model (assuming equal prices) provided further statistical
relevance. It is noteworthy that reputation-driven consumers chowed negative statictical relevance in the second medel based on
Pactor 1 “reputation-drniven,” meamng that if prices were the same for all vehicles, the probability of preferring an EV over an ICE
wvehicle would decrease. Griskevicius et al. (201 0) also found that status motives mereased the preference for green products, especially
when these products cost more than non green preducts. Griskeviciuz et al (201 0) and Hafner et al. (2017 have suggested that people
might not agree that image matters when adopting EV when asked directly. Therefore, the role of image and reputation iz highly
complex, and consequently consumers responses reganding those vanables might not reflect the real attitude. This iz an important
finding for further research on consumer behavior. For five of our hypotheses, we found statistical evidence in only one of the two
models, which raises the possibility that the positive testz may have been “false positives” due to the increased probability of getting a
positive result when conducting multiple hypothesiz tests. In order to overcome this issue, we appliad the Bonferroni test as the
technique when conducting multiple analyses on the same dependent vanable wath the chanee of ncreasing error rate, and thus
increazing the probability of incorrectly rejecting the true null hypothesis by coming about a significant result by chance. However, we
found no coneerming impact. Table 11 in the appendix shows the hypotheses’ resulis.

4.7.1. Consumer hypotheses

Regarding Hypothesiz 1, “Females are more likely to prefer EVe than men,” this assumption can be rejected in both models, as
profiles 2 and 3, which included male consumers, showed a pesitive sign compared to group 1 in which women were prevalent; thus, in
thiz sample men seemed more likely to prefer EVe. As previously explained, it is important to consider that not each individual who
responded to the survey fit 100% the definition of the different groupe created from MCA_ If this result is accepted with some caution,
Hvpothesis 1 is to be rejected, and this cutcome is in line with Plotz et al. (2014). As for the variable age, our result suggests rejecting
Hypothesis 2 based on Model 1, as the factor "life stage,” which included the vanable “age,” chowed a positive sign, meamng that the
older the consumers were, the higher the probability of preferring an EV. This result supports the findings by Johansson-Stenman and
Martinsson (2006), Zhang et al (2011), Plotz et al. (2014), Peters and Ditschle, (2014) and Jansson et al (2017). As previcusly
explained, this hypothesic was rejected in the first model, and statically was not significant in the second model. Hypothesiz 3 can be
aceepted with the different preofile categories created through MCA that showed a positive impact of belonging to profile 2 or 3 (higher
education) compared to profile 1 (lower education). Thus, a higher level of education led te a lngher probability of prefemng an EV,
which iz in line with the current literature (Hidrue et al | 201 1; Sanitthanglul et al | 201 2; Olson, 201 3; Jansson et al | 201 7; Mukherjee
& Ryan, 2020; Nayum and Klockner, 201 4). The same applies for Hypothesis 4, according to which a higher income leads to a higher
probabhility of preferring an EV, in accordance with Bjerkan et al. (2016), Plotz et al. (2016), Plotz et al_(2017), Junquera =t al (2016),
Erdem et al. (2010). Hypothesis 5 is to be aceepted based on the different profile categories, which showed that people living in urban
areaz (profile 2) were more likely to purchase an EV than theee living in rural areas (profile 1). This result iz in hne wath Mukhegee and
Byan (2020) ) and adds further evidence concerning this wariable. Hypothesiz 6 states that consumers who have children (more
housrhold members) are more likely to buy an EV, as the results of Zhang et al_ (2011]), Nayum and Elockner (20]4), Plotz et al (2014)
showed. This was confirmed in both models, based on the positive significance of factor 6. Alzo, the fact of owning a ear, as Hypothesis
7 assumes, can be aceepted in both models and provides further evidence for what Zhang =t al. (201 1) and Nayum and Elockner (2014)
found. Az for Hypothesiz 8, having had previous expenience seemed to increase the preference for EVe and therefore, Hvpothesis 8 can
be accepted based on the result of the previously defined profiles. The positive impact of having had previous experience confirms
former findinge found for this variable, among others by Xu et al. (2020], Liu etal. (2020) and Schmalfufi et al (2017) and Jensen et al.
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(2013). Hypothesiz 9 deals with the question of whether reputation- and statue-driven people have a higher probability of preferring an
EV, aimung to provide further contmibution to the Lterature espeeially based on the research by Hahnel =t al (2014), Jehanszen-
Stenman & Martinsson (2006), Rahmani and Loureiro (2019), O=zald (2011}, Laroche et al. (2001), Lane and Potter (2007), and
Hur et al (2013). This can be accepted based on the significant level of the factor “social status” in Model 1 Option 1. Consumers
believe that an EV improves their image, reputation, and social status. The result regarding the impaet of status was reinforeed in
Model 2 Option 1, where “social status™ again showed a positive statistical significance. More interestingly, the factor “reputation-
drven” now in Model 2 Option 1 showed a statistical aigmficance wath a negative coefficient, leaving room for interpretation that
reputation-driven eonsumers only prefer EVs if these types of vehicles are more expensive. Once EVe coct the same as other wehieles,
they seemed not to be a preferred option for thiz consumer group. Thiz 1= an interesting result and can serve az uzeful evidence for
future research.

4.7.2 Car anribures hypotheses

Hypothesis 10 states that a higher purchase priee for EV decreases the preference for EVs, and this is to be accepted based on Meodel
1 due to the statistical significance of the factor “price of EV.” This outcome strengthens the results of Egbue and Long (201 2), Enez
etal (20]14), Lane and Potter (2007), Bjerkan et al. (2016), Ozala (2011), Lieven et al (2011), and Cecere et al (2018). As mentioned
above, the factor “price” was not included in Model 2, based on the model’ s assumption that all cars cost the same. Hypothesiz 11,
stating that lower consumption and lower maintenance of an EV can compenszate for the higher purchase price, represented by the
factor “price compensation” was validated in both models. This evidence iz in line with the research conductsd by Lane and Potter
(2007), Gallagher and Muehlegger (2011), Egbue and Long (2012). Hypothesie 12 concemns whether a higher driving range, in the
form ofthe distance the wehicle can drve before recharsing, inereases the preference for an EV. Several authors (see e.g. Hidme =t al.
2011, Lieven et al., 2011; Egbue and Long, 2012; Hackbarth and Madlener, 2016; Barkenbuz, 2020) have supported this assumption
with their research resulis. In our analysiz, the driving range was represented by both the factors “performance” and “range amdety,”
and based on the statistical significance of the factor “performanece,” Hypothesiz 12 is to be aceepted in both models. Although the
factor “range anxiety” did not chow statistical significance in Model 1, it stll can be confirmed by the factor “performance”™ in Model 1.
In Model 2, both “range anxiety™ and “performance” showed statistical significance. All in all, the hypotheses about the different ear
attributes helped to better understand consumer behavior and the factors that influence their preferences for EVe.

4.7.3. Emvrenmental zettings hypotheses

Hypothesiz 13 analyzes the impact of an EV charging infrastructure, which was represented by the factor “missing infrastructure.”
Several authors found a significant, positive impact of a good infrastructure for charging on the preference for EVs (Sierzchula et al |
2014; Hoen and Koetse, 2014; Li et al, 2017a; Martinez-Lao et al. (2016); Hardman et al, 2018; Oliveira et al, 2019; Barkenbus,
2020). Our results for thiz vanable showed no statistical sigmificance in Model 1 but a statiztical sigmificance with a negative coefficient
mn Medel 2 m both legit options. Therefors, Hypothesiz 13 iz to be accepted based on Model 2. Hypothesiz 14 concerns whether
governmental supports increase the preference for an EV, which had been investigated in several research studies with positive
affirmation (Gallagher and Muechlegger, 2011; Turckein et al, 2013; Hardman et al_, 2017; Wang et al_, 2017; Cordera etal , 2019; Li
etal | 2019). We showed (Section 4.5.1, Table 4) that people who consider EV prices important (factor 9) are less ikely to intend to buy
an EV. The "zubventions’ variable (“The purchase of an electric vehicle chould be incentivized by financial advantages™) has a rotated
factor loading of 0.490 on factor 9, as shown in Table 12 mn the appendix ("Seale_subv-2” for Factor 9). This indicates that the two are
associated and, henee, that that price-conseious car buyers may also tend to support subventions for EVis. This 1z consistent wath the
hypothesis that governmental supports would mereaze the preference for an EV through their tendency to redues the mutial purchase
price. Since the factor “price of EV” showed statistical significance in Model 1, Hypothesis 14 can be accepted, according to which
government support contributes to increasing the preference for an EV. Hypothesiz 15 analyzed the impact of information availability
reflected in the factor “lack of knowledze,” in order to support the positive relationship between information availability and EV
preference, as found by Hidrue et al. (2011), Ozald (2011), Egbue and Long (2012), Turcksin et al (2013), Rahmani and Loureiro
(2012]). In Model 1, the factor was not sigmficant; however, it was statistically sigmificant in Model 2 and therefore can be confirmed
bazed on the Model 2.

Comparing both models proved the robusiness of the first model and yielded good performance. The second model provided
additional validity and improved interpretation and understanding of eonsumer behavier, showing that reputation-driven eonsumers
are interested in EV as a sustainable product only when prices are more expencive compared to other vehicles. The model revealsd that
reputation-driven consumers prefer EVs due to their higher purchase price, as they apparently provide some kind of excluzivity. This
fact 1z of great interest and is explained m more detail in our conclusions, Section 5, below. The approach of running two models with
two different dependent variables is acceptable in order to provide greater interpretation and a deeper understanding of consumers of
EVe when assuming the same price for all vehicles. However, and az stated as a limitation in the last section, future research should
forus en different prices within hypothetical choice experiments.

5. Discussion, conclusion and policy implications

In conclusion, thiz paper presents, In a comprehensive and systematic way, the impact of different vamables mmfluencing the
preference for EVz with a strong emphasiz on consumer behavier. It includes (1) consumers” sociodemographic vanables wath an
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addittonal focus on expenence and consumer behavier, (2) ear attnbutes, and (3) environmental settings, such as governmental
support schemes and infrastructure development on the preference for EV, additional to the findings of how consumer preferences
would change if purchase prices weres the same for both BEV and ICE wehicles. Based on thiz structural approach, the findings and
recommendations help validate the present research literature to improve the utility of future studies. This study explores the role of
reputation, status, and image as factors related to whether an individual will prefer an EV owver other vehicles. By highlighting the
importance of reputation, it gives valuable information about consumers’ behavior. Regarding sociosconomie factors, there are
contradictory results in the current literature. At the same time, there is a common understanding that sociodemographic variables
exert significant influence. In summary, we could show that a higher education and higher salary, as well as having children and living
in urban areas, rather than rural areas and owning a vehicle are positively reflected in the preference for an EV.

At the outset, we acked, “What effect does EV experience have on potential EV adoption?” Previous research has chown that ex-
perienees can encourage EV adoption (Liu =t al, 2020; Xu ot al, 2020; Rauh ot al., 2020; Schmalfufl =t al., 2017; Hahnel =t al, 2074;
Schmalfufl et al., 2014; Jensen et al, 201 3). We found that experience was more commeon in a particular socio-demographic group:
men with higher salaries who Lve in suburban areas tended to have EV expenience. Compared to a reference group of women with less
education, lower income, and living in rural or suburban areas, these men in our sample set had more intention to purchase EVe but did
not show a clear difference in EV preference (at equal prices with other vehicles). Thiz could be interpreted as showing that lower-
income groups tend not to have experimented with EVe (perhape due to price barriers) but may share preferences for EVs with
those who have. However, given those previous research findings that indicate the encouraging effect of EV experiences it may also be
the case that intervening to provide EV experiences to individuals who tend to be women with less education and income might
encourage EV adoption in thiz group, parficularly as prices of EV: and non-EV:s begin to equalize.

PFurthermore, our study suggest that the more consumers are driven by reputation, the less they opt for an EV in the situation that
EVs cost the same, which iz an interesting finding. It is worth considering whether “reputatien drive” does not capture the socially
dezirable aspects of cars other than EVs ance “social desirability”™ is contralled statistically within the model and “purchase price” iz
removed from the equation (since high-status cars are usually more expensive). A possible follow-up iz a moderated multiple regression
appreach allowing the two vanables reputation and prics to together explain more, or less, variance than they might do cach
individually.

Analysiz of the heterogeneity of a driver's willingness to purchase an EV iz impartant and useful for public decizion-makers, such as
governments, to implement correct measures by understanding the market and consumers. Although the study sample is represen-
tative of the population of Barcelona with respeet to age and gender, it is still useful to take the results into account for policy and
decizion-making. As other studies have shown (e.g. Gallagher and Muehlegger, 200 1; Hardman et al, 2017; Wangetal., 2017; Lietal.,
2019), the adoption of EVs 1z likely to be linuted without significant governmental incentives. The potential impact of governmental
ineentives was validated in both medels of this study. Given the low market penetration of EVs, incentives are believed to be a pre-
requisite to eventually change consumers’ environmental behavier. Az for the Spanish market, the government put in place the new
“MOVES III” support in 2021, which iz an aid program to encourage the purchase of electrie, plug-in hybrid and fuel cell vehieles;
howewver, it needs certain improvements, on which automotive associations are working. Governments should encourage the avail-
ability of information on EVs to clarify misunderstandings about their performance. Additionally, a goed infrastructure system should
be promoted and implementsd.

Crrerall, the study addresses environmental and sustainability research by fecusing on consumer behavior. The hypotheses are
tested wath twe different dependent vanables. In doing so, the present study is one of the first to investigate the consumers behavier
and preference for EVs using different dependent vanables while contrasting previous results concerning seciodemographic variables.
The second model lughlights the importance of reputation for consumers, when adepting an EV. Being reputation-drven positively
nfluences the preference for EV: only if these cars are more expensive. This result leads to the interpretation that inexpensive sus-
tainable products might undermine a consumers” ability to signal their wealth and purchasing power, and therefore green products are
only preferred if they are more expensive. Thiz research can lead to the conelusion that people tend to care more about reputation and
social aceeptance than about environmental izsuez. In summary, this study adds value and insights for EV adeption from a consumer
perspective and confirme sarier findings while applying new empirical approaches. The research provides a comprehensive analysis of
consumers’ demographic variables when adopting EVs, car attributes, and external environmental settings, and applies an additional
moidel to analyze consumer behavior by assuming the same prices for all velueles.

6. Limitations

Although thiz research shows interesting findinges and consequently applicable measures for higher EV adoption, some limitations
must be talen into aceount when interpreting the rezults. Owerall, it should be taken into consideration that it is a study of the re-
lationshipe between different questionnaire answering patterns and not a study of eause and effect, such as an experiment trial. For
future studies, an expernment trial could be applied. Regarding environmental coneern, thiz study included statements to be answered
on a Likert Scale, such as “It iz important o care for the envirenment,” “For the purchase of an EV, | am motivated by lower
contamination compared to an ICEV,” ete.; however, future rezearch should focus more on environmental measurements and use as
reference the items of the NEP Scale by Dunlap and Van Liere published in 1978, In relabion to consumer atbitudes and behavior,
further rezearch on the connection between EVe and environmental concemne 15 essential.
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The study focuses on EV in general, which alse ineludes HEV and PHEV, where psychologieal barriers to adaptation are easier to
overcome than in the case of pure BEVs, which only run on electricity and have clearer technological differences. It might be
treacherous to generalize results from AFVe to BEVs. Therefore, in order to enrich the Literature and focus on the most innovative
technologics, future studies should mainly focus on BEVE. In line with the study by Noppers et al. (2016), it iz crtical to keep in mind
that people do not necessanly lughlight and recogmize the importance of symbolic self-attnibutes, such as the impact on selfidentity
and social status, when asked directly about important factors for the adoption of sustainable innovations, such as an EV. Consistent
with Herberz et al. (2020) and Gleim and Lawson (2014), consumers may admit the importanee of a sustainable approach to green
products, but they do not always translate thiz attitude into actual behavier. Future rezearch should further analyze the peychology of
consumers to review whether consumers underestimate the importance of symbelic attnbutes. The present paper applied factor
analysiz (EFA) and MCA, which implicd data reduction in erder to create and label different factors and dimensions. Thiz approach
helps to reduce comrelation between vanables; howewer, it has to be acknowledged that onginal hypotheses cannot be evinced
unambiguously.

Alzo, it iz important to consider that consumer behavior may change over time and it would be interesting to know how status- and
image-focused behavior will change once EVe become more aceessible to all consumers (= for further information Adnan =t al. 201 7).
It iz vital to deal with consumers” attitudes and preferences to be more successful in adopting sustainable means, such as green vehicles.
At the same time, it 15 impertant to conduct a cross-country comparizon to generalize the results. Southem European Countries, such as
Spain or Italy, suffer a shortfall of research in this field Regarding sociodemographic vanables, future research should take into
consideration the change in transportation patterns in socicty, .., decreasing car ownership and increasing car-sharing options,
ecpecially for younger generations (see Efthymicu =t al., 201 3). At the zame Hme, it is interesting to analyze the relationship between
wvehicle owmerzhip and houschold relocations, such as moving to suburban geographies (see Schouten, 2022).

Future research could also analyze in depth the role of the different autometive brands. In the present study, the vanable “brand” 1z
included in the factor analyzes, but it would be of interest to know whether consumers prefer EVs of a specific brand when adopting
heoury brands that might convey zocial status (1= consumer’s behavior different when adopting luxury brands, such as Porsche,
Mercedes, Audi compared to VW, Renault, KIA, etc.). Despite these limitations, our study doez point out a path toward fruitful frture
research that can be built up from this paper’s outcoms.
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See Tables 8-13

Table 8
Definition EVa.

Viehicle type Short Deocription*

name

Battery Bleciric Vehicle BEV BEV'z run entirely by an electric motor which works solely with batteries, and consequently are without any combustion.
gazoline engine The batteries are usually larger than the ones for PHEV: and are rechargeable, so that the vehicle can be
pluggsd into an extemal source of electricity. BEV: can alvo, like all electric vehicles, recharge their batteries through
regenerative braking for which itz kinetic energy iz converted into electricity when dowing the car down. Such cars are
zero emiszion vehicles.

Plug-in Hybrid PHEV PHEVz conzist of an electric or battery motor in combination with an ntemal combustionengine: while the battery-
poveered] electric motor iz the mmin power source. The battery i often srmaller than the one in pure BEVz. Both HEVz and

Electric Vehicles PHEVz combine the internal combustion engine with the battery and elactric motor, but the PHEV: can be recharged
from external sources, such 2o plugging them in at home, regenerative braking, or by gac engine.

Hyhbrid electric wehicles HEV }E\'muhyh:dveﬁld&:mlhmamlvpuwuﬂ]hmmmmmmdm:mmﬂv
uzed to complement thiz combustion engine. Such carg uge the electric motor at low spesds and then change into
gazcline powes, in congas to PHEV: Thus, the main power source iz otill gasoline. In doing o0, such cam combine
benefitz of both kinda of powwer sources and are corsidered a combination of low emizsion and comventional care.

Puel-cell alectric vehicles  PCEV PCEV: uses electricity which iz created by using a fusl call powered by hydrogen from an on-board tank that in combined
with atmmogpheric coygen. These wehicles do not produce tailpipe emissions.

Range-extanded electic REEV REEV iz powersd by an electric motor and an auxiliary povwer which iz a zmall petrol engine az alectric generator o

wehicle supply the electric motor. The suxiliary combustion engine iz wseid only to supplement battery charging and

corzequently to increae the vehiclas range.

Source: U5 Depariment of Transporiation (2022); (Tran et al, 2021}
" Further types are existing, but are not explained in maore detail here, e.g. hydrogen fuel cell wehicles, natural gas wehicles NGV,
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Table 9
References Literature Review.
Category Hypotheaia Authoes (Literarure Review) In contrast
Consumer HI  Perales are more kel to prefer EVa than men Jahanszon Stenman & Martinson, 2006; Knez et al, 2014; Prakach ezal,  Ploez exal, 2014
2014, Janmon et al, 2017; Simschogly & Nayum, 2018; Yang et al. 20
Sovaceal eral , 2019
HZ  The younger the comsumes, the higher the likelihood of  Laroche xal 2007: Hidrue et 2l 2017 Sanimhanghul ex al, 2012 Foes Johansson-Stenmen and Mardinzson, 2006; Zhang
preferring an BV over an ICE vehicle. et al, 2014; Hackbarth & Madlener, 2016; Mukherjee & Ryan, 2020 etal 2011; Platz et al, 2014; Peters & Ditachke, 2014;
Jansson et al, 2017
o signficance: Egbue and Long, 2012
HS  Higher education leads to an increased probability of Hidrue e2 al., 2011; Ganitthanglad et al, 2012; Olson, 2013; Janmon etal,  Johanson-Gtenmen and Martinseon, 2006; Zhang
preferring an BV over an ICE vehicle 2017; Mubherjes & Ryan, 2020; Nayum and Hockner, 2014 etal, 2011; Hackbarth & Madlener, 2016.
H4  Higher income leads to an increased probability of Bijeckan et al, 2016; Ploe et al, 2016; Plaes ot al, 2017; Junquera eral Nayum and Flackner, 2014
preferring an V. (2016); Erdem =t al, 2010
120 significance: Samitthanghul ex al, 2012; Egbue and
Long, 2012; Enes et al, 2014 Hidrue e al, 2011
Green Gleim and Lawson (2014)
HS  Livi leadatoani peobabilityof  Mukhesjes and Ryan, 2020 Ploez =t al, 2014
preferring an V.
H6  Having children leads to an incressed probabilicy of Zhang e al,, 2011; Nayum and Klackner, 2014; Ploe et al, 2014, household — —
‘prefesring an EV. s
H7  Possessing a car (independent of model) leada to an Thang et al, 2011; Nayum and Klackner, 2014: rumber of cars Hidroe etal , 2011
mnm.l.mhbﬂ. of preferring an EV.
HS  Havinghad Sence lesds to aed etal, 2013; Schmalfuf etal., 2014; Peters & Diitschke, 2014, Hahnel  Shippan et al,, 2016; Bihler et al, 2014
wuhhhvurp.émmg amEV. etal, 2014; Larson et al, 2014 Peters & Ditachke, 2014; Nayum et al, 2016;
Schmalfish ex al. 2017 Gndher atal , 2015; Rauh et 2l 2020 Herbers exal,
2020;Xu et al, 2020; Liu et al (2020)
HO R ? d di Likely ~Hahnel et al, 2014 Johanzson-Stenman & Martinoson, 2006; Rabmani and — —
to prefer EVz. Loureiro, 2018; Ozald, 2011; Larache etal, 2001; Lane & Potter, 2007; Hur
etal, 2013
Caranmibutes  HI0 A highes lior price for BV lowers the preference for BVe.  Egbue and Long, 201%; Fnes ec al, 2014; Lane and Porcer, 2007; Bjeskan -
et al, 2016; Ozaki 2011; Lieven ot al , 2011; Cecere et al, 2018
HIl  Lower consumption and lower maintenance costs Lane and Potter, 2007; Oallagher and Moehlegger, 2011; Eghue and Long, -
compenzate for the highes purchase price of EVs and 2012
leads to an increased probability of prefesring an EV
HIZ A higher range of EVe, leads m an increaced probabilicy  Hidrue ecal 2011, Lisven er al, 2011; Eghue & Long, Hoen & Koeme,  Por unexperienced drivers: Franke & Krems, 2013
of preferring an EV. 2014 Schneidereit ez al 2015; Hackbarch & Madlener, 2016; Cecere eral,
20185; Giinther et al, 2019, Backenbuz, 2020
‘Enviran- HI3  Better mfrastructure (charging sations, wallbax Siercchuls et al, 2014; Hoen & Fostoe, 2014; Li st al, 2017x; Martines-lac ~ Wesker than other incentiver: Harrizon and Thiel,
mental inatallations) the context shows leads to an increased et al. (2016); Handman et al, 2018; Oliveira ct al, 2019; Backenbus, 2020 2016
aettings probability of preferring an BV,
Hi4 support for EVz lesds to an increaced Gallagher and Muehlegger, 2011; Turckoin et al, 2015; Handman et al. Ehang et al, 2011; Hackbarth & Madlener, 2016; Far
probability of prefarring an EV. 2017; Wang et al, 2017; Cardera et al , 201; Li et sl , 2019 Founger conmumers: Mukharjes and Ryan, 2020
HIS  More avadable information combined with the knowe  Hidrus stal 2011; Ozali, 2011; Egbue 2 Lang, 2017 Tarchain seal, 2015

bowr of dealers, leads to an incressed probabilisy of
oefessing = IV,

Rahmani & Loureiza, 2019
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Table 10
10 Factor: deftned through factor analyziz.
Pactor Variahlez Definition Varizhles Tuection Survey Diefinition
Pactor
Factor Pactor, Brand Brand ‘What are the moat important factors when Rl=putation
1 Pactor Design Di=zign berving 2 new car? Pleace indicate on 2 oeale driven
Pactor SocAcospt Social Acceptance from “1 = not important at all” o “10 = moot
Pactor, Repat Reputation impormn:”,
Pactor Scale peomalnecen An electric vehicle fim my perconal Pleage indicate on 2 scale from 1 (completely Pitting
2 necemities. dizagree) to 5 (completely agree) with the necessities
Srale profeszionalnecess An electric vehicle fits my professional following. (EV = elactric vehicle ICE =
necemities. internal combustion engine; raditional
Scale legseming For the purchace of an BV, | am motivated by vehicle)
2 lower ination of an BV ( d
‘o an ICE).
Pactor Scale image pocialetatun Diriving an elsctric vehicle would improve Please indicate on 2 scale from 1 (completely Social Stats
3 my image and social statuz. dizxgree) to 5 (completely agree) with the
Scale seofriendlyimage For the purchase of an BV, | am motivated by following (EV = electric vehicle ICE =
an eco-friendly image towards others (others  internal combustion engine; raditional
wiill think that I care about the vehicle)
emriranment).
Seale gbamazocieny Indivichealz who purchaze an EV have a
better status in codety.
Pactor Pactor, Drive Diriving Range (distance your car can drive  What are the moat important factors when Performance
4 ing I barving a new car? Pleace indicate on a ccale
Pactor Cansum ‘Comsumnption from “1 = not important a all” to “10 = most
Pactor Pecf Performance (HP, lnH) imparont”.
Pactor Fmise Emissions
Pactor Scale lowercommumhigherprice  The lower conmenption (coct) of an elecmic  Please indicate on 2 scale from 1 (completely Price
5 vehicle can compenzate for 2 higher initial dizngree) to 5 (completely agree) with the compenzation
price of EVz wz traditional cars. following (EV = elactric vehicle 1CE =
Seale lowrunningcost Th lower running cootz for workshop, parm,  internal combuation engine:; saditional
maintenance stc. can compenzate for the vehicle)
higher initial price of electzic wehicles vo
traditional care.
Parctor Age quantirative wariahls Howe ol are you Life Stage
] Children Howe many children do you have?
Pactor Bwlens lesginfo ... the little information provided about Electric wehicles are not cold more often due Lack of
7 electric vehicles. o Inowledge
Brvlen: lmowdledgeDealar ..the lack of lmowledge about alectric Please mdicate from 2 scals from 1 (completely
vehicles of zales advizsors in dealerchipa dizagree) to 5 (completely agree)
for the following ssmumptions of why electmic
vehiclen are not sold more often.
Pactor Bvlens wallbox ... the fact of not having a private parking Electric wehicles are not cold more often due Miming
g space to inmstall chargess (Wallbox). ... infrastructuze
Brlens infracer ...the lack of public chargess.
Brwlen: ingtallprivatecharger ....the effort (appeoval by community) to Please mdicate from 2 scals from 1 (completely
ingtall a private charger in a shared parking  dizagres) to 5 (complately agres) for the
space. following assumptions of why electric vehiclea
are not sold mare often.
‘Pactor Pactor Price Price, coat of car What are the moat important factors when ‘Price/ Financial
9 barying a new car? Please indicate on o scals agpects
from “1 = not important at all” to “10 = most
Bvles: price Electric vehicles are not sold more often due Electric wehicles are not zold more often due
to.__..the high purchaze price to
Please mdicats from 2 ocals from 1 (complataly
dizxgree) to 5 (completely agree)
for the following ammumptions of why electic
~vehicles are not sold more often.
Parctor Brlesz perfor ...the parformance of the elecric vehicle. Electric wehicles are not sokd maore aften due Flange Anxieny
10 Brlesz range ..the limited range of electric vehicles.

Please mdicate from 2 ocale from 1 (completely
dizxgree) to 5 (completely agree)
for the following asmumptions of why elactric
vehicles are not sold more often.

IXxv



Table 11

Hypothesis Resultz Model 1{assuming different prices) vs Model 2 (assuming equal prices).

Caregory Hypothesis Resultz Model 1 {azuming Remults Model 2 (assuming
different prices) equal prices)
Conzumer H1 Pemales are more likely to prefer EVa than men. Bejected (Profile category Zand 3 Rejected (Profile category 2 are.
are males) males)
H2 The younger the consumer, the higher the likelihood of prefersing an EV over an ICE vehicle. Rejected (Pactor 6) not significant (Pactor 6)
Hs Higher sducarion leads to an increased probabiliny of preferring an EV over an [CE vehicle. Accepesd (Profile) Accepeed (Profils)
Hs Higher income leads to an increased probability of prefarring an EV. Accapted (Profile) Accapted (Profils)
Hs Living in urban areas leads to an increased probability of prefarring an BV, Accepted (Profile) Accapted (Profils)
HE Having children lesds to an increased probabilicy of preferring an EV. Accepesd (Pactor 6) Accepeed (Facwmor 6)
H7 Possessing a car (independent of model) lead: to an increased probabilisy of preferring an EV. Accepted (Profile) Accepted (Profil=)
Hs Having had previou: experience leads to an increased probability of pafarring an BV Accepted (Profile) Accapted (Profils)
He Reputationr and statuz-driven consumers are mose likely to prefer Eva. Accepted (Factor 3) Accepted (Factor 3 and Factor
Not significant (Factar 1) 1
Car attributes HI0 A higher list price for BV lowers the preference for EVa. Accaptad (Facsor ) Hot included
HIl  Lower and lower comm for the higher purchase price of EVe and lesdsto an  Acceptsd (Pactor 5) Accepeed (Pactor 5)
increaned probability of ing an BV
HIZ A higher range of EVz, leads to an increaced probability of preferring an EV. Accepeed (Pactor 4) Acczpted (Factor 4
Not significant (Factor 10% Accepted (Pactor 10%
Environ-mencal HI3  Bemeri ing stations, i i Jotoan of i 8 Accepeed (Facmor 10)
settingz prefesring an BV.
Hl4 OGovemmental support for BV leads to an increased probability of prefarring an EV. Acceptad (Factor 9) (Factor 9 not inchded)
HI5  Mare available information combined with the know-how of dealers, leadz 1o an increased probability of preferring  not significant (Pactor 7) Accepeed (Facwmor 7)
= EV.
Table 12
Rotated factor loadings and unique variances — 1 Rotated factor loadings (pattern matrix) and unique variances.
Variable Factorl Pactor2 Pactard Pactoet PacorS Factort Factor? Pactor@ Factord Factorl0 Uniquenes:
Age 0.0540 0.0121 0.0572 0.0435 00436 0.0996 00352 00177 0.0405 0.0605 0.1751
Children 0.0352 0.0240 0.0151 0.0146 0.0043 0.3376 0.0060 0.0233 o.0132 0.0012 0.2091
‘Factor_Brand 0.7435 0.0563 0.0611 0.0262 00252 0.1090 0.0331 0.0603 0.0578 0.0564 0.4093
‘Pactor_Price 0.0235 0.0537 0.0156 0.2934 00119 0.3606 0.0296 0.0126 0.5471 0.0673 0.4752
‘Pactor_Drive 01126 0.0469 0.0143 0.8471 00196 0.0939 01025 0.0676 0.0042 01613 0.5159
Pactor Des — 07421 0.1075 0.0416 0.0766 0.0057 0.0917 0.0366 0.0550 0.0145 o111 0.4043
Factor Con — m 0.0402 0.0480 0.0051 07516 0.0004 0.0343 01457 00417 0.2500 00512 0.3576
Pactor_Perf 0.3340 0.0666 0.1656 05233 0.0561 0.0393 01236 0.0450 0.0251 0.0763 0.5121
‘Pactor_ Bmis 0.0795 0.2625 0.0605 0.7006 0.0991 0.1781 01319 0.0322 0.1415 0.0280 0.3403
06976 0.0112 0.3546 0.0598 00154 0.1019 0.0887 0.0207 01133 0.0055 0.3551
0.7403 0.0607 0.2133 0.0174 0.0439 0.0652 0.0333 0.0279 0.0590 0.0324 0.3599
0.0377 0.7966 0.0600 0.0525 0.0920 0.0400 0.0737 0.0435 0.0623 01528 0.3179
0.0991 07810 0.0475 0.0108 0.0341 0.0015 0.0167 0.0001 0.0469 0.0606 0.3543
01032 01859 0.7557 0.0041 00957 0.0607 LT 0.0273 0.0336 00442 0.3635
00257 0,450 0.4605 00775 01578 0.0305 01857 0.0557 0.0505 00254 0.4513
0.2265 0.5802 0.0652 0.3035 00902 01022 Q0063 01270 01119 00653 0.6415
0.0000 0.5215 0.2023 01964 02058 0.0687 01558 0.0074 0.1463 0025 0.4047
0.2181 0.0147 07174 0.0547 00605 0.0575 01274 00444 0.0019 00303 0.4075
0.0093 0.0875 0.7952 0.0557 00717 0.0220 0.0587 00627 0.0001 00226 0.3543
0.0269 0.2665 0.1575 01125 05758 0.1953 01019 0.0257 0.1840 00102 0.6473
0.0512 0.5082 0.2175 0.0976 01067 0.0572 01455 01061 0.4301 o107 0.5000
0.1053 0.2741 0.1178 0.2995 04755 0.0999 00429 0o1eT 0.3449 00440 0.4503
0.0290 0.0802 0.0730 0.0270 05623 0.0457 0.0001 00271 0.0095 00272 0.2027
0.0851 0.0268 0.0636 0.0296 0.8667 0.0316 01010 0.0253 0.0725 0.0175 0.2245
0.0792 0.1553 0.0050 0.0225 [t 0.0391 0.0070 01449 07313 0.0441 0.4093
0.0103 0.0455 0.0159 0.0551 0.0587 0.0006 0025 0.3026 0.1053 0.0305 0.3356
0.0092 0.0953 0.0121 01113 0.0662 0.0564 0.5031 01279 0.0541 0.0130 0.3056
0.0270 0.0544 0.0457 0.0560 00618 0.0203 0.5041 0.0970 0.0132 00511 0.3270
0.0104 0.0647 0.0053 0.0216 0.0566 0.0396 01400 0.7536 00712 0.0711 0.3947
0.0462 01440 0.0261 0.0605 01104 0.1304 0.5546 0.2061 0.0245 05040 0.6363
0.0555 0.0629 0.0012 0.0479 00289 0.0215 0.2516 0.0956 0.0193 07715 0.3053
0.0434 0.1065 0.0145 0.0437 00148 0.1382 0.2107 0.2052 0.0140 07535 0.3104
0.0729 0.0712 0.0547 0.0247 0.0030 0.0333 0.2408 0.6296 0.0665 01463 0.4303
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Table 13

Botated factor loadings and unique variances —2 Rotated factor loadings (pattem matrix) and unique varianees.
Variahls Factor]l Pactor2 Factord Factord FactorS Factorf Factor? Facword Factard FactorlD Uniquensss
Age 0.59%6 01751
Children 0.B576 02091
Pactor Brand 07450 0. 4023
Pactor Price 05471 04752
Pactor Drive 06471 D515
Pactor Des — o 04048
Pactor Con — m 07516 D376
Pactor Perf 05233 0512
Pactor Emiza 0.7006 D453
Pactor Soc — ¢ 06576 03551
Farter Bepur 07403 03859
Srale pers — ¢ 0.7966 D317
Srale -c 0.7910 03543
Srale imag — 2 0.7537 0.3635
Zrale life — & 04813
Crale envi — 06415
Srale leoz — o 0.5215 D.4947
Srale scof — = Q7174 04079
Srale star — y 07932 03543
Srale pena — 7 0473
Srale qubv — o 05000
Zrale will — e 04503
Srale lowe — & 0.8323 02027
Srale lowr — o 05667 D.2245
Bvvlen: price 0.7313 0.4053
Brlenz wal — x 0.3026 D.3356
Brlens les — o 0.3031 03056
Bvlens kno — ¢ 0.3041 0.3270
Bvlens inf — r 0.7536 03547
Brlenz ooz — v OLE3ES
Brlenz per — 1 DFT1S 03053
Evlen: range 0.7535 0.3104
Bvlens ina — ¢ 0.5296 04553

(blanks reprezents abs(loading) < 0.5).
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