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Summary

The sustainable development of urban mobility faces new challenges as electric vehicles become more
popular and come in multiple categories depending on their powertrain. With the development of electric
vehicle technology and market expansion, the price of performance battery electric vehicles has gradually
decreased, and the categories have gradually increased. Performance battery electric vehicles have become
more and more accessible. However, as a combination of battery electric vehicle and performance car, the
user acceptance towards performance battery electric vehicles in urban mobility is still unknown. In order to
better integrate performance battery electric vehicles into users’ urban mobility, it is critical to understand
what kind of performance battery electric vehicles are recognized, accepted, and willing to be used by users in
urban mobility. This study chooses China, the largest electric vehicle market, as the research region, because
Chinese battery electric vehicles manufacturers and users are the most active and diverse. The objective of
this study is to contribute to the implementation of performance battery electric vehicles in urban mobility, by
providing insights on the purchasing intention of Chinese users, in order to support future car makers

manufacturing and urban mobility planning.

As performance battery electric vehicles are already available in the market, it is necessary to understand the
current comments from users before measuring user acceptance. Therefore, Kano model is applied to
evaluation user satisfaction towards the existing and in-development user experience features in, around, and
beyond the performance battery electric vehicles. The Kano model categorizes and prioritizes 34 existing or in-
development user experience features. Afterwards, this study applied the Extended Unified Theory of the Use
and Acceptance of Technology model and modified it according to characristics of performance battery
electric vehicles. The modified model consists of purchasing behavioural intention towards performance
battery electric vehicles, six psychological factors (performance expectancy, social influence, facilitating
conditions, price value, concern-free experience, and vanity) which are hypothesised to have a positive effect
on purchasing behavioural intention, and six socio-demographic factors (gender, age, car-ownership, income,
education, and residence level) which are hypothesised to have an effect on behavioural intention and

moderating effect of all six psychological factors on behavioural intention.

The responses of two models are collected through a online survey. A quantitative survey was conducted
amongst 1290 Chinese battery electric vehicle and performance car users from one of the largest automotive
forums. The results of Kano model show that user experience features related to energy usage (e.g., longer
battery warranty, route recommendation according to energy consumption, faster charging, exclusive charging
pile/time period) interconnectivity (e.g., real-time car data synchronization), and customizability (e.g.,
customizable car mode) are more satisfied and expected by users. The results of Extended Unified Theory of
the Use and Acceptance of Technology model indicate that vanity is the most influential factor to purchasing

intention toward performance battery electric vehicles, followed by performance expectancy, facilitating



conditions, and concern-free experience. Users with socio-demographic characteristics of female, young-age,
owning more cars, high-income, and living in Chinese developing cities would have more intention to purchase
performance battery electric vehicles for urban mobility. The overall results reveal that performance battery
electric vehicles which can provide users with vanity need to have exclusive and concern-free experience and
services in not only driving performance, but also energy usage, interconnectivity, and customizability. The
advanced connectivity features on performance battery electric vehicles can integrate with smart city
infrastructure to optimize traffic flow and reduce congestion. More performance battery electric vehicles in
cities with advanced technologies like route recommendation according to energy consumption and
longer-lasting battery can also promote and optimize overall energy usage planning in the cities. In terms of
future research, it is recommended to investigate the application of the Kano model in more detail, to find

confirmation for the influence of vanity and to replicate this research with a more representative sample.
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Chapter 1: Introduction

In the past two decades, urban mobility has witnessed a paradigm shift, with rising concerns about
environmental sustainability, air quality, and systematic traffic efficiency of urban transportation systems
(Sheller and Urry 2016). To reduce urban mobility problems such as Greenhouse Gas emissions, air pollution,
and traffic congestion, etc., low-carbon mobility alternatives have been encouraged for years. Amongst,
electric cars, as the representative product of the electrification of the automotive industry, have become
pioneers which are revolutionizing the way that citizens perceive and navigate urban mobility (Sopjani et al.
2019). Within the undergoing transformation of ACES (autonomous, connected, electrified, sharing) in the
automotive industry, electrification has shown great potential in both technology and market for decades, and
electric cars have been identified as a key technology in reducing future emissions and energy consumption in
the mobility sector (IBM 2020; Sheller 2004). As Kanger & Schot (2016) found users play an important role in
urban mobility transitions, user acceptance towards autonomous cars, connected cars, and car-sharing
services have been widely studied in recent research (Rodwell et al. 2023; Curtale, Liao, and Rebalski 2022;
Curtale, Liao, and Van Der Waerden 2021; Hutchins, Kerr, and Hook 2019). The vast majority of previous
research has focused on electric vehicles which normally refer to battery electric vehicles (BEV), while there
are also more segmented electric cars like plug-in hybrid electric vehicle (PHEV), range-extended electric
vehicle (REEV) and fuel cell electric vehicle (FCEV) according to power system. Among all types of electric cars,
BEV has the greatest contribution to the urban environment and emissions and are also the most suitable
object for the other three ACES transformations (Helmers and Marx 2012). As electric motors have simpler
mechanical structures than internal combustion engines, BEVs can provide full torque when motors are at zero
revolutions per minute (rpm), resulting in instant acceleration. Hence, performance BEVs are BEVs equipped
with dual/tri motors and four-wheel drive, which can easily match the acceleration performance of fuel-
powered sports cars (Nguyen et al. 2023). Since there are a growing number of affordable performance BEVs
in market, it is necessary to consider how the increasing number of performance BEVs should be properly
accepted in cities with stricter restrictions (Autohome Research Institute 2022; Nieuwenhuijsen and Khreis
2016; Yin et al. 2024).

1.1 Objective

In the manufacturing of Internal Combustion Engine (ICE) cars, the cost of mechanical structural parts
increases with their technical complexity, with the engine being the most expensive. ICE cars with advanced
engines are also treated as performance cars and labeled with higher prices. To align with their exceptional
dynamic capabilities, elevated standards are also imposed on systems such as transmission, chassis, car body,
electronic controls, etc. towards performance cars (Adams 1992; James 1928; Laohapensaeng, Chaisricharoen,
and Boonyanant 2021; Suematsu et al. 1991). Grube et al. (2021) introduced a comprehensive manufacturing

cost framework for passenger cars, including three primary components: the glider, drivetrain, and



autonomous system. Within the drivetrain, the manufacturing costs can be further deconstructed into energy
converters, energy storage, electric periphery, and other related elements. With ACES transitions, the
manufacturing cost has been changed accordingly. For instance, energy converters and storage have been
supplanted by electric motors and batteries in BEVs. Moreover, additional components such as cameras, Lidars,
and automotive chips have been incorporated to support the autonomous system. Although users have
become more and more accepting ACES applications such as autonomous cars and Co-operative Intelligent
Transport Systems (C-ITS), performance BEVs still refer to fast acceleration, high top speed, and excellent
handling, even if evolution in the manufacturing cost structure of BEVs has been changing the way Original
Equipment Manufacturers (OEM) define performance BEVs (Luo, He, and Xing 2024; Rodwell et al. 2023;
Steiner 2023). Davis (1993) indicates that the lack of user acceptance would be an impediment to the success
of a new technology, it is critical to understand what extra features users would expect on performance BEVs
and what factors influence users to use performance BEVs in urban mobility. Therefore, this study has an
objective of to contribute to the implementation of performance BEVs in urban mobility, by providing insights
on the purchasing intention of Chinese users, in order to support future OEM manufacturing and urban

mobility planning.

Due to differences in urban development levels, car use behaviours, and car culture in different regions, the
user acceptance of performance BEVs in urban mobility would vary greatly in different regions (Muzammel,
Spichkova, and Harland 2024; Sheller 2004; Yang et al. 2017). In order to ensure the consistency of the results,
one region should be selected. Among the three main regional markets for BEVs (Europe, United States, and
China), which have collectively accounted for over 93% of global electric car sales since 2020, China has
become a frontrunner in the electric car market with a rapidly growing industry, supportive government
policies, and a large user base embracing electric urban mobility (Fu and Barbieri 2024; IEA 2022; Zhao, Jian,
and Du 2024). Riding on the momentum of electrification, China not only has the highest sales of BEVs which
accounts for more than 40% of global electric car sales, but also became the world’s top automobile exporter
in 2023 (Balmer and Ricci 2024; IEA 2022). Chinese car users demonstrate a pronounced receptiveness to
ACES transitions, exemplified by notable statistics such as 98% expressing intent to acquire BEVs as their
subsequent cars and 75% anticipating the commercialization and on-road deployment of autonomous BEVs
before the year 2030 (ADR 2023; Roland Berger and Autohome Research Institute 2023). The sales of
performance electric cars in China remained strong after the automotive supply chain crisis since 2022 and
still grew exponentially in 2023, of which more than 77% were BEVs (Autohome Research Institute 2022;
2023a; Ministry of Public Security of the PRC 2024). As an increasing number of individuals engage in
additional car purchases and exchanges, the popularity of performance BEVs in China is anticipated to grow
steadily (Aurora Mobile 2023; Sovacool et al. 2019). Considering that the population and size of China's
megacities to those of Europe and the United States are comparable but a discernible gap persists in the per
capita car ownership rate, performance BEVs have huge potential as a subsequent growth driver for urban cars

(Chatziioannou et al. 2023; Leffel, Marahrens, and Alderson 2023). Consequently, China has been selected as



the focus for this thesis to further explore and analyse user acceptance of performance BEVs within the

context of urban mobility.

Informed by the findings of earlier investigations by Curtale et al. (2021, 2022), Shin et al. (2022) and Steckhan
et al. (2023), this study applies Kano model to estimate users’ satisfaction towards user experience (UX)
features on performance BEVs, and the Extended Unified Theory of Acceptance and Use of Technology
(UTAUT2) model to examine the factors that exert an influence on users' intentions to purchase and use

performance BEVs within the context of urban mobility. Therefore, the main research question is formulated:

€ What kind of performance BEVs are recognized, accepted, and willing to be used by Chinese users in

urban mobility?

Regarding the main research question, two more detailed research questions are formulated as follows:

¢ What UKX features in, around, and beyond the performance BEVs would make them attractive to purchase

and use?

¢  What psychological and socio-demographic factors would affect users most when purchasing

performance BEVs for use in urban mobility?

1.2 Relevance

After formulating the research objective and questions, the relevance of this study will be addressed in
societal and academical aspects. In society, Chinese car users indicate that better adaptability of urban family
use is the foremost preference for purchasing performance BEVs (Autohome Research Institute 2022).
Investigating user acceptance and feature expectation towards performance BEVs in urban mobility offers
insights for corresponding car design. By applying an extended UTAUT2 model, these insights can lead OEMs
to manufacture more urban-oriented and well-accepting performance BEVs, and help performance BEVs
better contribute to sustainable urban mobility. Multiple previous studies have provided insights of consumers
acceptance on various EVs as well as corelated features such as autonomous driving and C-ITS, (Haboucha,
Ishaq, and Shiftan 2017; Hutchins, Kerr, and Hook 2019; Luo, He, and Xing 2024; Rodwell et al. 2023), while
there are seldom studies focusing on more detailed sector of EV like performance BEVs. This study aims to
shrink the literature gap by applying an advanced user acceptance model and integrate performance BEVs into

urban mobility.

1.3 Outline

The remainder of this thesis is structured as follows. Chapter two demonstrates the theoretical framework of

this thesis, including literature of performance BEVs, technology acceptance, and user research related to



urban mobility and ACES transitions in automotive industry. Chapter three consists of theoretical models
based on findings in chapter two, discusses the methodology including conceptual model, theoretical
hypothesis, quantitative survey design, and data processing methods. After that, chapter four interprets
results of survey in users’ expectation towards UX features in, around, and beyond a performance BEV.
Continuously, chapter five performs analysis of which factors to what extent have an effect on the intention of
Chinese users to purchase performance BEVs in urban mobility scenario. Chapter six addresses conclusions for
future urban mobility planning and performance BEV manufacturing, also discusses limitations and further

research suggestions.



Chapter 2: Theoretical framework

Over the past decade, the academic discourse on the acceptance of technology in the context of electric cars
within urban mobility has gained significant momentum (Ambak et al. 2016; Curtale, Liao, and Rebalski 2022).
This chapter aims to construct a corresponding theoretical framework, comprising five integral parts. The first
part consists of getting to understand performance BEVs and their characteristics. The second part entails an
exploration of theories and models related to technology acceptance, with a specific emphasis on their
applications in electric cars and related services. The third part extensively explores the Kano model in user
satisfaction studies, offering a supplementary perspective to mainstream technology acceptance models. The
fourth part provides a comprehensive elucidation of the Extended Unified Theory of Acceptance and Use of
Technology (UTAUT2) model. The final part serves to synthesize the content of this chapter and outlines the
methodology that will be employed in the ensuing study.

2.1. Performance Battery Electric Vehicle (BEV)

With the development of automobile technology, the term “performance car” has been widely used in the
industry. Specific definitions are very rare in past research, but according to definitions in dictionaries and
industry, a performance car is superior in acceleration and top speed, built for long distances, and designed
with high thrust to weight ratio (Collins 2024; Hyundai N 2020). This is because the add-on value of a
performance car mainly comes from the most valuable part, internal combustion engine (ICE), according to
the manufacturing cost structure of passenger cars in Figure 2.1 (Grube et al. 2021). In addition, a

performance car is also fun to drive and visually appealing, to match its above-average capabilities.

Manufacturing

cost

. . Autonomous

Energy converters] [ Energy storage ] [ Electric periphery ] [ Others

—
—

ICE ] —[ Con\{g;\ﬂonal OBC ] Transmission ]
Exhaust
E-motor -[ Battery ] Inverter ] aftertreatment]

DC-DC

FC ] —[ H, tank ]
CNG tank

Figure 2.1 Manufacturing cost structure of passenger cars (Grube et al. 2021) (ICE: internal combustion engine; FC: fuel

cell; CNG: compressed natural gas; OBC: on-board charger; DC-DC: direct current converter)

In the field of BEV, the ICE as an energy converter has been replaced by E-motor which has totally different



performance characteristics. An electric motor can output high torque at zero rpm and continue to deliver
almost constant torque at least up to 4000 rpm for city driving. While an ICE only has very little torque during
low rpm, and reaches maximum torque at least above 4000 rpm (Eberhard and Tarpenning 2006). This
characteristic allows BEVs to easily reach maximum performance, which is comparable to petrol performance
cars. Since the powertrain configurations of BEVs are mainly divided into two categories: single-motor and
multi-motor (dual-motor, tri-motor, and four-motor), the power gap between BEVs is also large. Single-motor
BEVs have simpler powertrain configuration, of which both the front and rear wheels are driven by the same
electric motor. In order to meet requirements in complex road conditions in daily use, the selected single
motor needs to have a wide torque-speed range. While the motor has relatively low efficiency at low-rpm
operation cases, which wastes most of the energy. The performance of single motor can hardly meet high
power demands and sporty driving. As the most typical multi-motor BEVs, dual-motor BEVs with two electric
motors are generally also equipped with all-wheel drive (AWD) drivetrain. Dual-motor powertrains can
maximize torque, respond quickly to road conditions, and deliver power to both the front and rear axles. It
gives more flexibility in torque vectoring to enhance traction and stability (Nguyen et al. 2023). With the
popularity of multi-motor powertrain, BEVs are no longer psychologically synonymous with weakness among
men (Viola 2021). Since BEVs equipped with multi-motor can easily exhibit excellent dynamic performance as
petrol performance cars, the add-on value of performance for BEVs can be extended. Autonomous system can
be more easily realized and augmented on BEVs since the whole powertrain system is electrified (Ouyang
2024). High-level Autonomous Driving Assistant System (ADAS) has been equipped on dual-motor all-wheel
drive BEVs as a feature differentiating level of cars. Besides, Performance BEVs are considered as a green-
luxury car and promoted to enhance users’ materialism and vertical individualism, as petrol performance cars
can satisfy users’ vanity (Ali et al. 2019). These add-on value features provide BEVs with more convenience in
urban mobility, which incentivizes the popularity of performance BEVs in cities. Considering the cognitive
consistency of the survey and the implementation differences among add-on value features, this study defines

performance BEVs as BEVs equipped with multi-motor and all-wheel drive.

2.2. Theories and models of technology acceptance

Over the years, technology acceptance research has produced a number of theories and models, each seeking
to elaborate how users understand, accept, and utilize novel technologies. Momani & Jamous (2017)
demonstrated a chronological graph for the technology acceptance theories evolution till 2000, indicating
these theories and models hold different points of view on the constructs or determinants. Building upon this
foundation, KULAK et al. (2019) extended this graph to the 2010s and introduced the UTAUT model combining
multiple models which was proposed by Venkatesh et al. (2003). Table 2.1 summarizes the most valuable

theories and models in technology acceptance research since 1950s.
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Figure 2.2 Chronological graph for the technology acceptance theories (KULAK, TROJANOWSKI, and BARMENTLOO 2019;

Momani and Jamous 2017)

Table 2.1 Theories and models of technology acceptance (Bte A. Rahman et al. 2021; KULAK, TROJANOWSKI, and
BARMENTLOO 2019)

Theory/Model (Abbreviation)

Proposer(s) (year of
first propose)

Core Constructs

Innovation Diffusion Theory (IDT)

Rogers (1962), Moore
and Benbasat (1991)

Relative Advantage, Compatibility, Ease of Use, Trialability,
Visibility, Image, Voluntariness, Results Demonstrability.

Theory of Reasoned Action (TRA)

Fishbein & Ajzen
(1967)

Behavioural Intention, Attitudes Towards Behaviour, Subjective
Norms.

Technology Acceptance Model (TAM)

Davis (1986)

Behavioural Intention, Perceived Usefulness, Perceived Ease of
Use.

Social Cognitive Theory (SCT)

Bandura (1986)

Outcome Expectations - Performance, Outcome Expectations -
Personal, Self-Efficacy, Affect, Anxiety.

Theory of Planned Behaviour (TPB)

Ajzen (1985)

Behavioural Intention, Attitudes Towards Behaviour, Subjective
Norms, Perceived Behavioural Control.

Model of Personal Computer Use
(MPCU)

Triandis (1979),
Thompson, Higgins
and Howell (1991)

Job-Fit, Affect Towards Use, Facilitating Conditions, Complexity,
Long-Term Consequences, Social Factors.

Motivational Model (MM)

Davis, Bagozzi and
Warshaw (1992)

Extrinsic Motivation, Intrinsic Motivation.

A Combined Theory of Planned
Behaviour/Technology Acceptance
Model (C-TAM-TPB)

Taylor and Todd
(1995)

Behavioural Intention, Attitudes Towards Behaviour, Subjective
Norms, Perceived Behavioural Control, Perceived Usefulness,
Perceived Ease of Use.

Extension of TAM (TAM 2)

Venkatesh & Davis
(2000)

Perceived Usefulness, Perceived Ease of Use, Subjective Norm.

Unified Theory of Acceptance and
Use of Technology (UTAUT)

Venkatesh, Morris,
Davis and Davis

Behavioural Intention, Performance Expectancy, Effort
Expectancy, Social Influence Facilitating Conditions.

(2003)
Technology Acceptance Model Venkatesh and Bala Perceived Usefulness, Perceived Ease of Use, Subjective Norm.
(TAM3) (2008)

Extended Unified Theory of
Acceptance and Use of Technology
(UTAUT2)

Venkatesh, Thong and
Xu (2012)

Behavioural Intention, Performance Expectancy, Effort
Expectancy, Social Influence Facilitating Conditions, Hedonic
Motivation, Price Value, Habit.




These theories and models can be divided into two main branches, TAM and UTAUT, as shown in Figure 2.2.
Technology Acceptance Model (TAM) is an adaptaion of Theory of Reasoned Action (TRA) in and Theory of
Planned Behaviour (TPB). It estimates the degree to which a person believes that using a system would
enhance the job performance (perceived usefulness) and be free from effort (perceived ease of use). As TAM
does not specify any expectancies on influencing behaviour, it only considers the the acceptance from a
psychological perspective in a specific work environment. Unified Theory of Acceptance and Use of Technology
(UTAUT) has merged eight main technology acceptance theories considering four main drivers of behavioural
intention: performance expectancy, effort expectancy, social influence, and facilitating conditions. On this
basis, Extended Unified Theory of Acceptance and Use of Technology (UTAUT2) has extended considerations
with three more factors: hedonic motivation, price value, and habit. Because UTAUT model takes into account
both psychogical and social studies, it can evaluate acceptance both in a specific work environment and to a

specific group of consumers.

With ACES transitions in the automotive industry, TAM series models and UTAUT series models have been
widely applied to evaluate the acceptability of sundry electric cars and related services, such as battery
electric cars (BEV), plug-in hybrid electric cars (PHEV), autonomous electric cars (AV), electric car sharing
services (ECS), autonomous electric car sharing services (AECS), etc. Several researchers have investigated the
factors influencing the adoption intention of electric cars and related services from the users’ perspective.
Table 2.2 summarizes recent studies with theories of TAM or UTAUT, which indicates that UTAUT and UTAUT2
are governing theories in this domain. As Kanger & Schot (2016) have proven that users play an important role
in historical automotive transition, and users as customers are more salient than other user roles in the
acceleration phase of transition, UTAUT2 theory which considers both work and consumer context is more

suitable for this study with a background of ACES transition.

Considering that performance BEVs is still a niche branch that is accelerating to a larger use base, the
definition of performance BEVs also differs among users. In order to reduce the impact of subjects' cognitive
biases on this study, it is necessary to introduce what features a performance BEV can provide, and to assess
user satisfaction with existing performance BEVs. Kano model, as a classic model in functionality and
satisfaction study, has been applied in studies of ACES transition in mobility sector. Shin et al. (2022) applied
Kano model when studying the user acceptance towards specific features of autonomous driving as
supplement of UTAUT, revealing the socio-demographic characteristics and drivers that affect acceptance.
Minster & Grabkowsky (2023) also pointed out that Kano model can complement UTAUT2 and explain why
users accept or reject a technology. Therefore, Kano model will be applied in this study to measure users’

satisfaction towards the popular existing and in-development features.



Table 2.2 Review of literature on electric cars and related services using TAM and UTAUT models

Study Theory Construct Country Vehicle Type
Karpurapu & UTAUT2 Performance expectancy, effort expectancy, social India EV
Venkata influence, facilitating conditions, hedonic motivation, price
Raghuram value, habit, risk, behavioural intention
(2024)
Yavuz (2024) UTAUT2 Performance expectancy, effort expectancy, social Turkey AV
influence, hedonic motivation, perceived safety, personal
innovativeness, behavioural intention
A. P. Sutarto et UTAUT, TAM Performance expectancy, effort expectancy, social Indonesia AV
al. (2023) influence, facilitating conditions, hedonic motivation,
behavioural intention, Attitude towards behaviour,
behavioural intention to use, Perceived ease of use,
Perceived usefulness
Farzin et al. UTAUT, Performance expectancy, effort expectancy, social Iran AV
(2023) diffusion of influence, Trialability, Observability, Perceived Risk
innovation
theory (DOI)
Higueras- UTAUT2, Performance expectancy, effort expectancy, social India and Spain EV
Castillo et al. value-belief- influence, facilitating conditions, hedonic motivation,
(2023) norm (VBN) environmental concern, awareness of consequences,
ascription of responsibility, altruistic values, egoistic values,
biospheric values, openness to change
Liao et al., TAM, TPB Attitude, perceived usefulness, subjective norm, perceived China Shared AV
(2023) behavioural control, initial trust, perceived safety risk,
perceived privacy risk, face consciousness
Singh et al., UTAUT2, Performance expectancy, effort expectancy, social India EV
(2023) norm influence, facilitating conditions, hedonic motivation, price
activation value, habit, awareness of consequences, ascription of
model (NAM) | responsibility
Wang et al., UTAUT Performance expectancy, effort expectancy, social China EV
(2023) influence, facilitating conditions, price value, perceived risk,
policy incentives
Yu et al., (2023) | UTAUT Performance expectancy, effort expectancy, social China ECS
influence, anxiety-free experience, personal attitude,
sustainability, functional value, conditional value, trust
Curtale et al., UTAUT2 Performance expectancy, effort expectancy, social Netherlands, ECS, AECS
(2022) influence, hedonic motivation, safety concern Italy, Spain, and
France
Gunawan et al. UTAUT2, TPB | Performance expectancy, effort expectancy, subjective Indonesia EV
(2022) norm, facilitating conditions, price value, habit, perceived
behaviour control, attitude towards use, risk perceptions
Jainetal.,, UTAUT Performance expectancy, effort expectancy, social India EVs
(2022) influence, facilitating conditions, perceived risk,
environmental concern, government support
Manutworakit UTAUT Performance expectancy, effort expectancy, social Thailand EV
& influence, facilitating conditions, hedonic motivation, price
Choocharukul, value, policy measures, environmental concerns
(2022)
Vafaei-Zadeh et | TAM, TPB Attitude, environmental self-image, perceived behaviour Malaysia EV
al., (2022) control, perceived ease of use, perceived risk, perceived

usefulness, price value, subjective norm, infrastructure
barrier




Table 2.3 (Continued) Review of literature on electric cars and related services using TAM and UTAUT models

Study Theory Construct Country Vehicle Type
Abbasi et al., UTAUT Performance expectancy, effort expectancy, social Malaysia EVs
(2021) influence, technophilia, perceived environmental

knowledge, purchase intention
Bhat et al. UTAUT Performance expectancy, facilitating conditions, India EV
(2021) technological enthusiasm, technological enthusiasm,

perceived benefits, social image, social influence, anxiety
Curtale et al., UTAUT2 Performance expectancy, effort expectancy, social Netherlands ECS
(2021) influence, anxiety-free experience, personal attitude, trust
Khazaei & UTAUT Social influence, facilitating conditions, range anxiety, and Malaysia EV
Tareq, (2021) perceived enjoyment
Korkmaz et al. UTAUT2 Performance expectancy, effort expectancy, subjective Turkey AV
(2021) norm, facilitating conditions, price value, habit, trust and

safety, perceived risk, behavioural intention
Park et al., UTAUT, TAM Perceived usefulness, Perceived ease of use, social South Korea AV
(2021) influence, facilitating conditions
Zhou et al., UTAUT2 Performance expectancy, effort expectancy, social China EVs
(2021) influence, facilitating conditions, hedonic motivation, price

value, habit, incentive policies
Kapser & UTAUT2 Performance expectancy, effort expectancy, social Germany Autonomous
Abdelrahman, influence, facilitating conditions, hedonic motivation, price Deliver
(2020) sensitivity, perceived risk Vehicle

(ADV)

Nordhoff et al., UTAUT2 Performance expectancy, effort expectancy, hedonic Finland, France, AV
(2020) motivation, social influence, facilitating conditions, Germany, Italy,

behavioral intention Spain, Sweden,

Hungary, and the
United Kingdom

2.3. Kano model

The Kano model, developed by KANO et al. (1984), serves for validating users’ needs in the context of product
development. It categorizes the product quality into six attributes: Attractive (A), One-dimensional (O), Must-
be (M), Indifferent (l), Reverse (R), and Questionable (Q) considering user satisfaction and object
implementation (fully fulfilled/not fulfilled). Four quadrants are divided by these two considerations, where

the curves of five meaningful attributes except Questionable are distributed in Figure 2.3.
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Figure 2.3 Kano model diagram (Bhardwaj et al. 2021)

Table 2.4 Definition and characteristics of the six attributes of Kano model

Quality Attributes

Definitions

Characteristics

Attractive (A)

A quality attribute that offers high satisfaction
when fully fulfilled while does not cause
dissatisfaction when not fulfilled.

Attributes are not apparently expected by users,
but can significantly improve objects’ acceptance
once fulfilled.

One-dimensional (O)

A quality attribute that offers satisfaction when
fully fulfilled and also causes dissatisfaction when
not fulfilled.

Attributes are with proportional relations between
satisfactions and implementation, which needs
continuous iteration to meet users’ expectation.

Must-be (M)

A quality attribute that does not offer satisfaction
when fully fulfilled while causes severe
dissatisfaction when not fulfilled.

Attributes are always highly expected by users, so
that can have adverse effects on objects’
acceptance once not fulfilled.

Indifferent (1)

A quality attribute that neither offers satisfaction
when fully fulfilled nor causes dissatisfaction when
not fulfilled.

Attributes are not currently expected by users, or
are without clear preferences whether it is fulfilled
based on users’ current cognition.

Reverse (R)

A quality attribute that causes dissatisfaction when
fully fulfilled and also offers satisfaction when not
fulfilled.

Attributes are with inversely proportional relations
between satisfaction and implementation, which
needs to be abandoned to meet users’ expectation.

Questionable (Q)

A quality attribute that causes exactly same non-
neutral satisfaction when both fully fulfilled and not
fulfilled.

Responses corresponding to attributes are
considered questionable.
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Table 2.5 Kano model survey sample question

Sample question Answer
Functional form What if a performance BEV has better drivability than a regular BEV. - I like it
of the question - | expect it
- | am neutral
- | can tolerate it
- | dislike it
Dysfunctional What if a performance BEV does not have better drivability than a regular BEV. - I like it
form of the - | expect it
question - | am neutral
- | can tolerate it
- | dislike it

Table 2.6 Original Kano model evaluation criteria

Dysfunctional

Like Expect Neutral Can tolerate Dislike
Like Q A A A 0
Expect R | | [ M
Functional Neutral R I | [ M
Can tolerate R | | [ M
Dislike R R R R Q

A: Attractive, O: One-dimensional, M: Must-be, I: Indifferent, R: Reverse, Q: Questionable.

Table 2.7 Conservative Kano model evaluation criteria

Dysfunctional

Like Expect Neutral Can tolerate Dislike
Like Q A A A 0
Expect R Q | | M
Functional Neutral R I | [ M
Can tolerate R I | Q M
Dislike R R R R Q

A: Attractive, O: One-dimensional, M: Must-be, I: Indifferent, R: Reverse, Q: Questionable.

In order to classify each feature on performance BEVs, paired questions on functional/dysfunctional form will
be evaluated as sample questions shown in Table 2.5. Each pair of questions only differs in whether the
feature is available or not. According to the 25 possible paired answers, every response to the paired
questions will be categorized into one attribute according to the evaluation criteria. The original Kano model
evaluation criteria is shown in Table 2.6, which is the most common used criteria. Therefore, each pair of
questions will have a frequency matrix of each pair of answers. The original evaluation criteria focuses on
absolute preferences such as likes and dislikes. The one-dimensional, attractive, and must-be attibutes all
require users to at least like the feature when it is available or dislike it when unavailable. As long as users like

the feature when it is unavailable or dislike it when available, the feature will be categorized into reverse.
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Absolute preferences are also mutually exclusive, so when users both like or both dislike a feature at the same
time no matter it is available or not, the responses will be defined as questionable answers. All the other

answer combinations that do not contain any absolute preference (like and dislike) are classified as indifferent.

Even though the original criteria is popular, there is another more conservative criteria emphasizing the
differences in paired answers. It has been implemented more often in statistical applications and market
research (SapioResearch 2024; Qualtrics XM 2024). The conservative Kano model evaluation criteria is shown
in Table 2.7. The conservative evaluation criteria also emphasizes absolute preferences but classified more
carefully for indifferent attribute. It indicates that both expecting or both tolerating a feature at the same time

no matter it is available or not are also questionable as expect and can tolerate also refer to slight preferences.

Because the original Kano model proposed a statistics method to categorize, the frequency of each attribute is
the sum of the corresponding attribute in the matrix. The attribute of each feature is the attribute with the
maximum frequency. It can be derived as Eq. 2.1, where A, O, M, |, R, and Q represent the frequency of

corresponding attribute.

Attribute = Max {4,0,M, [, R, Q} Eq. 2.1

In order to comprehensively represent the statistical distribution of attributes, especially when differences
among attributes are not obvious. Timko (1993) proposed two indexes to calculate the effects on customer
satisfaction and dissatisfaction, which quantify the degree of user satisfaction and dissatisfaction towards the
product or service. The accumulated number of each attribute determines the satisfaction and dissatisfaction
indices shown as Eq. 2.2 and Eq. 2.3. Each feature can be positioned in the customer satisfaction coefficient
matrix and be prioritized accordingly. The Satisfaction Index is high if the feature has high frequency A and O

scores. The Dissatisfaction Index becomes more negative if a missing feature has higher O and M Frequencies.

Even though the evaluation criteria of Kano model are controversial on wide adoption of indifferent attributes,
especially for the results with both “expect” and “can tolerate” for functional and dysfunctional questions,
Kano model is still an effective model that can prioritize features according to needs. Shin et al. (2022) found
that features that improve safety and awareness such as accident prevention, mitigate traffic congestion, and
situational awareness ability are one-dimensional features for autonomous vehicles, and preferences of these
features may vary according to different socio-demographic characteristics like gender and age. Dash (2019)

focused on the users’ needs of EVs and indicated more than 5-year battery longevity and availability of
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sufficient charging stations are must-be features, low maintenance cost is a one-dimensional feature, and Fast
charging that can fully charge in less than 15 minutes is attractive to users. Steckhan, Spiessl, and Bengler
(2023) explained that lane change, target speed change, and change of headway distance to front cars are

three must-be features for autonomous driving system.

2.4. Extending Unified Theory of Acceptance and Use of Technology (UTAUT?2)

As UTAUT?2 is iterated from its predecessor theory UTAUT, it is necessary to explain the original UTAUT first.
The theory of UTAUT (Figure 2.4), proposed by Venkatesh et al. (2003), was synthesized from eight main

theories and models of technology acceptance.

Performance
Expectancy

Effort
Expectancy

Behavioral Use

Intention »| Behavior
Social "

Influence

Facilitating
Conditions

Voluntariness

Gender Age Experience of Use

Figure 2.4 Unified Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al. 2003)

It introduces four psychological factors which have direct impacts on behavioural intention or use behaviour
and four socio-demographic factors which have moderating effects on behavioural intention or use behaviour
by moderating the relations between psychological factors and behavioural intention or use behaviour. The
four psychological factors are performance expectancy (PE), effort expectancy (EE), social influence (Sl), and
facilitating conditions (FC). The four socio-demographic factors are gender, age, experience, and voluntariness
of use. Table 2.8 below specified psychological factors in definition, base constructs, influenced variables,

affecting socio-demographic factors, and findings.
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Table 2.8 Psychological factors of UTAUT (Venkatesh et al. 2003)

Psychologic | Definition Base Constructs Influenced Affecting Findings
al Factor Variables Socio-
demographic
Factor
Performance | The degree to which an Perceived usefulness Behavioural | Gender, Age Factor has stronger
Expectancy individual believes that using | (TAM/TAM2/C-TAM- Intention effect on men,
(PE) the system will help him or TPB), extrinsic particularly for young
her to attain gains in job motivation (MM), job- men
performance fit (MPCU), relative
advantage (IDT),
outcome expectations
(scT)
Effort The degree of ease Perceived ease of use Behavioural | Gender, Age, Factor has stronger
Expectancy associated with the use of (TAM/TAM?2), Intention Experience effect on women,
(EE) the system complexity (MPCU), particularly young
ease of use (IDT) women, and
particularly at early
stages of experience
Social The degree to which an Subjective norm Behavioural | Gender, Age, Factor has stronger
Influence individual perceives that (TRA/TAM2/TPB/DTPB/ | Intention Experience, effect on women,
(Sh important others believe he C-TAM-TPB), social Voluntariness | particularly older
or she should use the new factors (MPCU), image of Use women, particularly in
system (IDT) mandatory settings in
the early stages of
experience
Facilitating The degree to which an perceived behavioural Use Age, Factor has stronger
Conditions individual believes that an control (TPB/DTPB/C- behaviour Experience effect on older users,
(FC) organizational and technical TAM-TPB), facilitating particularly with
infrastructure exists to conditions (MPCU), increasing experience
support use of the system compatibility (IDT)

Although UTAUT integrates some psychological factors that have influences on technology use and studies
their moderators, it is mainly aimed at an organizational context. Venkatesh et al. (2012) extended the
generalizability of UTAUT to a consumer context, with the following adjustments: (1) an additional relation
between Facilitating Conditions and behavioural intention; (2) three additional psychological factors: hedonic
motivation (HM), price value (PV), and habit (HB); (3) abandon of voluntariness of use as a socio-demographic
factor; (4) an additional moderating impact of experience on relation between behavioural intention and use

behaviour (Figure 2.5). Table 2.9 specified the additional psychological factors in UTAUT2.
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Figure 2.5 Extending Theory of Acceptance and Use of Technology (UTAUT2) (Venkatesh, Thong, and Xu 2012)

Table 2.9 Additional psychological factors of UTAUT2 (Venkatesh, Thong, and Xu 2012)

Psychologic | Definition Previous Related Influenced Affecting Findings
al Factor Research Variables Socio-
demographic
Factor
Facilitating The degree to which an Ajzen (1991) Behavioural | Gender, Age, Factor has stronger
Conditions individual believes that an Intention Experience effect on older women in
(FC) organizational and technical early stages of
infrastructure exists to experience with a
support use of the system technology
Hedonic The fun or pleasure derived Brown & Venkatesh Behavioural | Gender, Age, Factor has stronger
Motivation from using a technology (2005); Childers et al. | Intention Experience effect younger men in
(HM) (2001); Heijden early stages of
(2004); Thong et al. experience with a
(2006) technology
Price Value Consumers cognitive trade- Chan et al. (2008); Behavioural | Gender, Age Factor has stronger
(PV) off between perceived Dodds et al. (1991); Intention effect on among women,
benefits of the technology Zeithaml (1988) particularly older women
applications and the
monetary costs for using a
technology
Habit (HB) The extent to which people Limayem et al. (2007) | Behavioural | Gender, Age, Factor has stronger
tend to perform behaviours Intention, Experience effect on older men with
automatically because of Use high levels of experience
learning Behaviour with technology
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Above, the original UTAUT and UTAUT2 theories are explained in depth. Technologies, products, services, and
features from various fields have been applied to UTAUT series models in recent years. There are also many
variants of the UTAUT model according to the specific characteristics of study objects. In order to better refine
the UTAUT2 model for performance BEVs, a review of the recent applications of UTAUT theories to products

and services in the automotive industry under ACES transition is shown in Table 2.10 and Table 2.11.

Table 2.10 Review of UTAUT theories applied in the automotive industry

Study Vehicle type | Psychological factors
PE EE SI FC HM PV HB Other

Karpurapu & EV Bl (n.s.) Bl (n.s.) Bl (+) Bl (-) Bl (n.s.) Bl (+) Bl (n.s.) RI = Bl (+)

Venkata UB (+) UB (+)

Raghuram (2024)

Yavuz (2024) AV BI (+) BI (+) BI (+) N/A BI (+) N/A N/A PS = BI (+)

A.P. Sutartoetal. | AV BI (+) BI (+) BI (+) Bl (n.s.) | BI(+) N/A N/A N/A

(2023)

Farzin et al. AV BI (+) BI (+) BI (+) N/A N/A N/A N/A PR - BI(-)

(2023)

Higueras-Castillo EV BI (+) BI (+) BI (+) BI (+) BI (+) N/A N/A EC - BI (+)

etal. (2023)

Singh et al., EV BI (+) BI (+) BI (+) BI (+) BI (+) BI (+) BI (+) N/A

(2023)

Wang et al., EV BI (+) Bl (n.s.) | BI(+) PR (+) N/A BI (+) N/A PR - BI(-)

(2023) Pl > PV (+)

Yu et al., (2023) ECS BI (+) BI (+) Bl (n.s.) | N/A N/A N/A N/A AE S BI (+)
PA > BI (+)
SUST = BI (+)
FV - Bl (n.s.)
CV > BI(+)
TR (n.s.)

Curtale et al., ECS, AECS BI (+) BI (+) BI (+) N/A BI (+) N/A N/A SC - BI-A (+)

(2022) BI-A (+)

Gunawan et al. EV BI (+) BI (+) N/A PBC (+) BI (+) BI (+) BI (+) N/A

(2022)

Jainetal., (2022) EVs BI (+) Bl (n.s.) | Bl(n.s.) | Bl(+) N/A N/A N/A PR - Bl (n.s.)
EC = PR (n.s.)
GS > PR (-)

Manutworakit & EV BI (+) BI (+) BI (+) Bl (n.s.) | BI(+) Bl (n.s.) | N/A PM - BI (n.s.)

Choocharukul, UB EC = BI (+)

(2022) (n.s.)

Abbasi et al., EVs Bl (n.s.) | BI(+) BI (+) N/A N/A N/A N/A TEC = BI (+)

(2021) PEK = BI (+)

Bhat et al. (2021) | EV BI (+) N/A Bl (n.s.) | BI(+) N/A N/A N/A EE* = BI (+)
TE = BI (+)
AN > BI ()
SI* > Bl (+)
PB = BI (+)

Curtale et al., ECS BI (+) Bl (n.s.) | BI(+) N/A N/A N/A N/A AE = BI (+)

(2021) PA - BI (+)
TR =2 Bl (n.s.)
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Table 2.11 (Continued) Review of UTAUT theories applied in automotive industry

Study Vehicle type | Psychological factors
PE EE SI FC HM PV HB Other

Khazaei & Tareq, EV N/A N/A BI (+) BI (+) N/A N/A N/A RA = Bl (n.s.)

(2021) PE* > BI (+)
EC - BI (+)

Korkmaz et al. AV Bl (+) Bl (n.s.) Bl (+) Bl (n.s.) Bl (n.s.) Bl (n.s.) BI (+) PU = Bl (n.s.)

(2021) TS - BI (+)
PR - Bl (n.s.)

Park et al., (2021) | AV BI (+) N/A BI (+) BI (+) N/A N/A N/A PEU > BI
(n.s.)

Zhou et al., EVs BI (+) BI (+) Bl (n.s.) | BI(+) BI (+) BI (+) BI (+) SIP = BI (+)

(2021) UB (+) uB SIP > UB (+)

(n.s.)

Kapser & Autonomous | BI (+) Bl (n.s.) | BI(+) BI (+) BI (+) N/A N/A PR = BI(-)

Abdelrahman, Deliver PS* 2 BI (-)

(2020) Vehicle

(ADV)
Nordhoff et al., AV BI (+) Bl (n.s.) | BI(+) Bl (n.s.) | BI(+) N/A N/A N/A
(2020)

Note: N/A = Not Adopted, (+) = positive effect, (-) = negative effect, (n.s.) = not significant
Abbreviation notes of psychological factors:
AE: Anxiety-free experience

AN: Anxiety

Bl: behavioural intention

CV: Conditional Value

EC: Environmental concern

PV: Price Value

RI: Risk,

SC: Safety Concern
SI*: Social Image
SI: Social Influence

HM: Hedonic Motivation

PA: Personal Attitude

PB: Perceived Benefits

PBC: Perceived Behaviour Control
PE*: Perceived Enjoyment

SIP: Satisfaction with Incentive Policies
SUST: Sustainability

TE: Technological Enthusiasm

TR: Trust

TS: Trust and Safety

UB: Use Behaviour

EE*: Environmental Enthusiasm
EE: Effort Expectancy

FC: Facilitating Conditions

FV: Functional Value

GS: Government Support

HB: Habit

PE: Performance Expectancy
PEU: Perceived Ease of Use
PR: Perceived Risk,

PS*: Price Sensitivity

PS: Perceived Safety,

PU: Perceived Usefulness
Since performance expectancy, effort expectancy, social influence, and facilitating conditions are the four
original constructs in UTAUT model, they are the four most commonly adopted psychological factors. Among
them, effort expectancy are found to have a less consistent correlation with behavioural intention. Hedonic
motivation is the most popular constructs among the three additional psychological factors in UTAUT2 model,
the other two, price value and habit, are more adapted to the constructs from other models in special
contexts. For additional constructs, there are various according to the research region and object. The above
results of UTAUT also show consistency with results of Kano model. Less safety concern or more anxiety-free
experience will promote the adoption of autonomous vehicles, which meets the preferences of features that
improve safety and awareness (Shin et al. 2022; Curtale, Liao, and Rebalski 2022; Curtale, Liao, and Van Der
Waerden 2021; Yu et al. 2023). Better facilitating conditions would encourage the usage of EVs, which meet

the preferences of long lasting battery and fast charging (Dash 2019; Higueras-Castillo et al. 2023; Singh et al.
2023; Jain, Bhaskar, and Jain 2022).
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2.5. Summary

With the development of technology acceptance theories and models in the last decades, the UTAUT series
has been proven to be one of the most comprehensive theories and models, also been widely applied in
studies of electric cars, autonomous cars, car sharing services, etc. in the recent decade. The design,
manufacture, iteration, etc. of these niche products derived from the ACES transition in the field of
automotive and mobility will continue to receive vital feedback from users and be influenced. Within the
context of consumers, multiple UTAUT2 variants have been developed by previous studies. Many studies have
introduced new constructs when studying EVs and Avs, while there are no suggested constructs specifically for
performance BEVs. Meanwhile, Kano model has also been applied to understand users’ recognition and
satisfaction towards new products as a supplement to the UTAUT2 model. So far, UTAUT2 is the most suitable
base model for investigate user acceptance towards performance BEVs in urban mobility. Kano model is also
selected as preceding model to reduce respondents’ recognition bias and to comprehend user satisfaction
towards performance BEVs. Additionally, some modification will be applied to UTAUT2 to better investigate
Chinese user acceptance in urban mobility scenario based on the literature review. The detailed methodology

will be discussed in the next chapter.
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Chapter 3: Methodology

This chapter aims to explain the research methodology on how user acceptance of performance BEVs in urban
mobility is measured. The first part establishes conceptual frameworks of the Kano model and UTAUT2, and
specifically describes the modifications applied to the original UTAUT2 model concerning characteristics of
users, regions, etc. The second part proposes the hypotheses towards user acceptance according to the
framework. The third part describes the operationalization of the considered independent variables to test
hypotheses. The fourth part introduces how quantitative survey research is designed and deployed, as well as

how the data is collected and analysed.

3.1 Conceptual framework

As there are various add-on features on demand besides dual/tri motors and four-wheel drive from the
current performance BEVs, it is necessary to categorize the features mentioned in the Kano model. Also, the
original UTAUT2 model is proposed for general consumer technology acceptance, which needs to be modified
according to characteristics of performance BEVs from the ACES transition. This section consists of the

categorization of features in the Kano model and modifications on UTAUT2.

Kano model

Sheller (2004) proposed that “car consumption is never simply about rational economic choices, but is as
much about aesthetic, emotional and sensory responses to driving, as well as patterns of kinship, sociability,
habitation, and work.” The interaction between the user and the car in the ACES transition has been not only
limited to the car but also more around the car or even beyond the car. The full journey of experience in using
cars is essential for BEV users. Therefore, the user experience (UX) and features introduced in this study will be
classified into UX in the car (UXI), UX around the car (UXA), and UX beyond the car (UXB) as shown in Table 3.1.
There are 34 UX features selected based on the current status of performance BEVs market. The specific

questions in the survey are shown in Appendix A.

UX in performance BEVs refer to every experience that the driver or passenger can have about the car itself. It
starts from the basis, better drivability (UXI1), which normal drivers would expect on a performance BEV. UX in
the car also includes autonomous and connected in the ACES transition, such as autonomous driving scenarios
(UX14 and UXI5), in-car interaction (UXI2), and voice control (UXI9), etc. Additionally, in-car customized

features are also introduced as gamification (UXI6) and route recommendation (UXI15 and UXI16), etc.

UX around performance BEVs refers to interactive experience between cars and users through infrastructure,
car apps, etc. offered by car manufacturers. Most UX around performance BEVs are related to charging and

battery usage, as the top three concerns to a BEV of Chinese users are safety concerns with battery technology,
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time required to charge, and lack of public BEV charging infrastructure (Deloitte 2023). Hence, the

corresponding features are also measured, such as longer battery warranty (UXA4), faster charging (UXA1),

and exclusive charging pile/time period (UXA5). Other features related to sustainability and connectivity are

also introduced as carbon footprint notes (UXA7) and real-time car data synchronization (UXAS8).

UX beyond performance BEVs refer to most of the services offered by the brand and dealer that car users can

experience even without their cars. It aims to build up a community for users, which makes them feel special.

Most UX beyond the car is reflected in exclusiveness, uniqueness, priority, and flexibility.

Table 3.1 Measured items in the Kano model

Dimension Definition Features
UXin the car Features and experience that users UXi1 Better drivability
can have on the car itself UXI2 Better car-interaction experience
UXI3 More cameras, radars, Lidars for autonomous driving
uxia Autonomous driving in the city
UXI5 Autonomous driving outside the city
UXxle Gamification features*
UX17 Unique interior light
Uxi8 Unique avatar
UXx19 Voice-control everything
UXI10  Engine sound simulator
UXI11  Customizable car mode (e.g. sleep mode)
UXI12  Great experience as a passenger
UXI13  Racing tutorial
UXI14  Autonomous driving tutorial
UXI15  Route recommendation according to driving preferences
UXI16  Route recommendation according to energy consumption
UX around the car Features and experiences that users UXAl Faster charging
can have on their interaction with UXA2 Better charging service
their cars through car stores, car UXA3 Better maintaining service
apps, infrastructure, etc. offered by UXA4 Longer battery warranty
the car manufacturer. UXAS5 Exclusive charging pile/time period
UXA6  Swappable battery
UXA7  Carbon footprint note
UXA8 Real-time car data synchronization
UX beyond the car Features and experience that users UXB1 More owner rights**
can have when they are specific car UXB2 More customization opportunities
users, even without their cars by UXB3 More exclusive optional features
their side. UXB4 More payment options
UXB5 Priority in services
UXB6 Unique car app
UXB7 Unique products from brand store
UXB8 Exclusive owner community
UXB9 Exclusive credits
UXB10 User growth system

*Gamification features are elements or mechanisms in games to non-game environments, e.g., challenges, badges, storylines, etc.
**Owner rights beyond the car are rights provided to specific users by cooperation with OEMs and other merchants.
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UTAUT2

As the acceptance of performance BEVs in urban mobility is directly reflected in the purchasing behaviour of
users, which also leads to daily use, the initial modification of the original UTAUT2 model is to clarify the
behavioural intention as purchasing behavioural intention (PBI) and the exclusion of use behaviour as a
dependent variable. The exclusion of use behaviour also causes the exclusion of any relations pointed to it.
Furthermore, some psychological factors and socio-demographic factors need to be replaced or excluded from

previous literature review of UTAUT2 model.

Effort expectancy has been found to have less relevance in electric cars, autonomous cars, and electric car-
sharing services (Curtale, Liao, and Van Der Waerden 2021; Jain, Bhaskar, and Jain 2022; Karpurapu and
Venkata Raghuram 2024; Korkmaz et al. 2021; Nordhoff et al. 2020; Wang, Ozden, and Tsang 2023). Some
studies on electric cars and autonomous cars also did not include Effort Expectancy based on past research
(Bhat, Verma, and Verma 2021; Park, Hong, and Le 2021). Considering the definition of Effort expectancy,
Chinese users are not concerned much about the ease associated with the use of electric cars (Deloitte 2023).

Therefore, Effort expectancy is excluded from the model.

Instead, concern-free experience can be a supplement of effort expectancy. concern-free experience also
refers to anxiety-free experience, describing the degree of being relieved from concern/anxiety with the use of
the product or system. It is vital to understand how much concern can BEVs relieve from the users, especially
for performance BEVs which represent the top level of each model. Previous studies have proven that
concern-free experience has positive effects on adoption intention of electric cars, autonomous cars, and
electric car sharing services (Curtale, Liao, and Van Der Waerden 2021; Deloitte 2023; Kennedy, James, and

Hampson 2023). Thus, this study introduces Concern-free Experience as one of psychological factors.

Hedonic motivation has been found to have varying results on behaviroual intention. Karpurapu and Venkata
Raghuram (2024) and Korkmaz et al. (2021) found that hedonic motivation does not have positive effects on
adoption intention of EV and autonomous vehicles. While Singh et al. (2023) and Curtale, Liao, and Van Der
Waerden (2021) have the opposite conclusions on adoption intention of EV, autonomous vehicles, and electric
car sharing services. As a niche branch of BEVs, performance BEVs as the iterated product of high-performance
cars in the ACES transition, are also positioned similarly in the market. High-performance cars are used to be
representatives of luxury, wealth, and high social status, thus they will have vanity as hedonic motivation for
users (Gil-Cordero et al. 2023; Aditama 2015). Previous studies show that users of performance cars concern
quality, brand image, and status symbol mostly, therefore, the vanity of owning performance BEVs is one of
the important factors of purchasing intention (Adityawarman and Purwanegara 2014; Ali et al. 2019). Because
the similarity between vanity and hedonic motivation may cause multicollinearity in regression, there are no
previous studies adopt vanity and hedonic motivation as psychological factors simultaneously. In order to

make purchasing behavioural intention better match the characteristics of performance BEVs, this study
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includes vanity as one of the psychological factors and excludes hedonic motivation.

Price value are not very often adopted in past studies, while it has shown significant positive effects on
behavioural intention in studies that have adopted price value in the past two years (Karpurapu and Venkata
Raghuram 2024; Singh et al. 2023; Wang, Ozden, and Tsang 2023). Besides, as vanity is included in this study
and price value is often used together with vanity as psychological factors in the study of premium products,

this study keeps price value as one of psychological factors.

Habit are less frequently included in past studies on EVs and autonomous vehicles (Yavuz 2024; Farzin,
Mamdoohi, and Ciari 2023; Wang, Ozden, and Tsang 2023; Curtale, Liao, and Rebalski 2022). Among the few
studies adopted habit, the correlations to behavioural intention and use behavioural are also not consistent.
Karpurapu and Venkata Raghuram (2024) found that habit has positive effects on use behaviour rather than
behavioural intention, while Zhou et al. (2021) found that habit has positive effects on behavioural intention
instead use behaviour. Habit is also neither the first nor the second expectation on performance BEVs for
Chinese users, instead, family multifunctional uses and intelligence level are the top two expectations

(Autohome Research Institute 2022). Hence, habit are also excluded from the model.

Experience as a socio-demographic factor is not easy to measure since it is continuously distributed in the use
of performance BEVs. The definition bias of performance BEVs among respondents can also cause unexpected
outliers. Instead, Car Ownership can replace Experience as a more suitable socio-demographic factor towards
performance BEVs. Because more than 50% of Chinese car buyers are existing car owners who purchase
additional cars or exchange their owned cars, performance BEVs are more suitable for additional purchasing or
exchanging as a consumption upgrade (Aurora Mobile 2023). The differentiation of Car Ownership can more
specifically distinguish groups of users with different car purchasing intentions, which is also valuable for this

study.

Besides, there are some other socio-demographic characteristics, including income, education, and residence
level, applied in the UTAUT2 model as socio-demographic factors in the studies of electric cars, autonomous
cars, and electric car-sharing services. income, education, and city size had different impacts on adoption
intention when electric cars offer autonomous driving features (Curtale, Liao, and Rebalski 2022). gender,
education, and income were found to have moderating effects on the influence from performance expectancy
and facilitating conditions to behavioural intention among Chinese users (Zhou et al. 2021). However,
moderating effects may vary by region and country. behavioural intention among Indonesian users was shown
to have fewer moderating effects from education and residency (Sutarto et al. 2023). Wang et al. (2023) also
found that income and education do not significantly moderate the relationship among the psychological
factors in China, which is different from the previous conclusions. Therefore, this study will make full
assumptions on six socio-demographic factors and observe their direct effects on behavioural intention and

moderating effects on psychological factors.
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Based on the above modifications on the original UTAUT2 model, the proposed model will study the effects of
six psychological factors (i.e., performance expectancy, social influence, facilitating conditions, price value,
concern-free experience, and vanity), and six socio-demographics factors (i.e., age, gender, car ownership,
income, education, and residence level) on behavioural intention toward performance BEVs in urban mobility.
As the effects of these independent factors may be either direct or mediated by other constructs, both direct
and indirect effects are evaluated in the analysis. A graphical representation of the conceptual model is

depicted in Figure 3.1.
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Behavioural
Intention
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Figure 3.1 Conceptual model (arrows indicate directed effects)

3.2 UTAUT2 Hypotheses

In order to test the impacts of factors on behavioural intention in the revised UTAUT2 model, three major

hypotheses are formulated and tested. Each hypothesis includes several sub-hypotheses within one context.

In the previous user acceptance studies using UTAUT2 models applied to electric cars, autonomous cars, and
electric car-sharing services, it has been found that performance expectancy, social influence, facilitating
conditions, and price value have significant effects on purchasing and adoption intention (Singh et al. 2023;
Wang, Ozden, and Tsang 2023; Zhou et al. 2021; Ali et al. 2019; Abbasi et al. 2021; Xu et al. 2019; Vafaei-Zadeh
et al. 2022). Based on these results, the first main hypothesis concerning the original UTAUT2 constructs is

formulated below.
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Hypothesis 1. The original UTAUT psychological factors have positive effects on purchasing behavioural

intention on performance BEVs.

Hypothesis 1a. Performance expectancy has a positive effect on purchasing behavioural intention.

Hypothesis 1b.  Social influence has a positive effect on purchasing behavioural intention.

Hypothesis 1c.  Facilitating conditions has a positive effect on purchasing behavioural intention.

Hypothesis 1d.  Price value has a positive effect on purchasing behavioural intention.
Two additional UTAUT2 constructs are expected to have positive impacts on behavioural intention: Concern-
free Experience and Vanity. Concern-free Experience is also represented in previous studies as Anxiety-free
Experience. In the context of performance BEVs, it refers to less concerned from the autonomous and
intelligent features of performance BEVs in the future, which can offer smoother and safer driving, charging,
parking, etc. Previous studies found that high concerns towards electric cars and autonomous cars can reduce

their use (Curtale, Liao, and Van Der Waerden 2021; Yu et al. 2023). Therefore, Concern-free Experience

should have a positive effect on behavioural intention.

Vanity was found to have a positive impact on adoption intention towards popular, luxury, and sports cars
(Aditama 2015; Adityawarman and Purwanegara 2014; Gil-Cordero et al. 2023; Workman and Lee 2011). In
the context of performance BEVs, the vanity construct represents the more materialistic self-satisfaction of
users on physical appearance and social status when owning performance BEVs (Ali et al. 2019; Hung et al.
2011). As performance BEVs are treated as alternatives for petrol performance cars, and users of petrol
performance cars have high vanity attributes on adoption intention, vanity should have a positive effect on
behavioural intention towards performance BEVs. Therefore, the second main hypothesis concerning the

additional UTAUT2 constructs are formulated as follow.

Hypothesis 2. The additional UTAUT psychological factors have positive effects on purchasing behavioural

intention on performance BEVs.

Hypothesis 2a.  Concern-free experience has a positive effect on purchasing behavioural intention.

Hypothesis 2b.  Vanity has a positive effect on purchasing behavioural intention.
Previous studies also indicate that socio-demographic characteristics affect the adoption intention towards
electric cars, autonomous cars, and electric car-sharing services(Abbasi et al. 2021; Curtale, Liao, and Van Der
Waerden 2021; Curtale, Liao, and Rebalski 2022; Korkmaz et al. 2021; Lashari, Ko, and Jang 2021; She et al.
2017; Wang, Ozden, and Tsang 2023; Xu et al. 2019). Depending on differences among the regions,
respondents, and research objects, the six socio-demographic factors may have different moderating effects
on the psychological factors and behavioural intention. Considering the user portraits of performance BEVs in

China, this study defines the third main hypothesis as follow (Autohome Research Institute 2022).
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Hypothesis 3. User with different socio-demographic characteristics have varied purchasing behavioural

intention on performance BEVs.

Hypothesis 3a. User with different gender have varied purchasing behavioural intention on performance BEVs.
Hypothesis 3b. User with different age have varied purchasing behavioural intention on performance BEVs.
Hypothesis 3c. User with different car ownership have varied purchasing behavioural intention on performance BEVs.
Hypothesis 3d. User with different income have varied purchasing behavioural intention on performance BEVs.
Hypothesis 3e. User with different education have varied purchasing behavioural intention on performance BEVs.
Hypothesis 3f. User with different residence level have varied purchasing behavioural intention on performance BEVs.

3.3 UTAUT2 Operationalization

After establishing the conceptual frameworks and hypotheses, it is necessary to operationalise the influence
of the six psychological factors on behavioural intention. The operationalization is based on the original study
and modified according to the context of performance BEVs in the ACES transition and urban mobility scenario
(Venkatesh et al., 2003, 2012). For the two newly added psychological factors: concern-free experience and
vanity, the measured items come from the previous studies (Curtale, Liao, and Van Der Waerden 2021; Yu et al.

2023; Hung et al. 2011)
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Table 3.2 Operationalization of the UTAUT2 model

Factor Corresponding questions
Performance PE1: In urban mobility, performance BEVs offer better driving experience in acceleration and controllability.
Expectancy PE2: In urban mobility, performance BEVs can well balance my daily use convenience and sporty driving pleasure.
PE3: In urban mobility, my driving experience would be enhanced by technologies on performance BEVs.
PE4: In urban mobility, my driving performance would be enhanced by the connectivity of performance BEVs.
Social SI1: People who are important to me think that | should use performance BEVs in urban mobility.
Influence SI2: People whose opinions | value think that | should use performance BEVs in urban mobility.
SI13: | would use performance BEVs in urban mobility if my friends/colleagues recommend it.
Sl4: 1 would be more likely to use performance BEVs in urban mobility if my friends/colleagues use it.
Facilitating FC1: | expect there are enough fast-charging stations for me to use performance BEVs in urban mobility.
Conditions FC2: | expect the battery technology is mature enough to use performance BEVs in urban mobility.
FC3: | expect the maintenance of performance BEVs in urban mobility is easy with its advanced technologies.
Price Value PV1: Performance BEVs is reasonably priced with its improved experience in urban mobility.

Concern-free

Experience

Vanity

Behavioural

Intention

PV2: Performance BEVs is more intelligent in urban mobility among other cars with the same price.
PV3: Performance BEVs is a good value for money in urban mobility.

PV4: | expect a part of performance BEVs price is paying for the environmental contribution in urban mobility.

CE1: I no longer worry about the battery depletion in urban mobility after driving performance BEVs.
CE2: 1 no longer worry about the parking and congestion in urban mobility after driving performance BEVs.
CE3: I no longer worry about the noise to others in urban mobility after driving performance BEVs.

CE4: | no longer worry about the traffic safety issues in urban mobility after driving performance BEVs.

VA1L: | concern my physical appearance in urban mobility so | use performance BEVs if | could.
VA2: Using performance BEVs in urban mobility will make me look physically better.
VA3: | concern my social status in urban mobility so | use performance BEVs if | could.

VA4: Using performance BEVs in urban mobility will make me appear to have more achievements.

BI1: | intend to purchase performance BEVs for urban mobility in the future.
BI2: | am very likely to purchase performance BEVs soon for urban mobility if the opportunity arises.
BI3: I intend to purchase performance BEVs for urban mobility although it is expensive.

Bl4: 1 would encourage friends/colleagues to purchase performance BEVs for urban mobility.

3.4 Quantitative Survey Research

In order to achieve the main objective of this study, quantitative analyses are applied to Chinese users. The

following subsections will introduce the details of the survey, the sample, and the analysis method.
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Survey

A survey is designed to measure the user satisfaction of current UX features on performance BEVs and to test
the three main hypotheses as stated in paragraph 3.2. The survey consists of three parts: basic socioeconomic
background, information about the user experience satisfaction of the performance BEV, and information

about the acceptance of the performance BEV in urban mobility.

Before the survey, there are reading guide, informed consent form, and filtering questions ensuring
respondents well-informed, voluntarily participating, and valid. Before the questioning part of performance
BEVs, there is an introduction of performance BEVs with brief definitions and comparisons with petrol
performance cars, reducing recognition bias of definition among respondents. After the survey, there is the
ending part, asking respondents’ comments on the survey and this study. There are 68 questions in total,

asking questions as presented in measurement items in Table 3.1 and operationalisation in Table 3.2.

According to previous studies, both the Kano model and UTAUT2 model are measured on a five-point Likert-
scale. The answers for both functional and dysfunctional questions in Kano model range from “I dislike it” to “I
like it”, with the middle answer of “I am neutral”. The answers for all psychological factors and behavioural
intention in UTAUT2 model range from “totally disagree” to “totally agree”, with the middle answer of
“neutral/uncertain”. For socio-demographic characteristics, they are all measured in a binary way. The full

survey is in Appendix A.

Considering the language proficiency of the respondents, the questionnaire was finally translated into Chinese.
The translation of “concern-free experience” may lead to reverse understanding due to grammar differences.
Therefore, the original collected response of concern-free experience in the 5-Likert scale was reversed to

comply with the meaning of the original questionnaire.

Analysis method

With the collected data, the analyses will be conducted through IBM SPSS Statistics, IBM SPSS Amos, and Excel.
Kano model will be analysed by both of the original and conservative evaluation criteria. The attibutes of
features will be classified by both of criteria but be prioritized by Sl and DI values only with the original criteria,
considering the academical comparability and consistency with previous studies. Because the UTAUT2 model
are modified according to the characteristics of performance BEVs, it is necessary to verify if constructs are
measured by the observed variables and confirm the measurement model fits the data well. Confirmatory
factor analysis (CFA) will be applied to UTAUT2 model to assess the reliability and validity of the measurement
instruments. The internal consistencies of both models are assessed by Cronbach’s alpha and composite
reliability (CR). Besides, the relationships between the six psychological factors, six socio-demographic factors,
and purchasing behaviroual intention on performance BEVs in urban mobility are estimated through structural

equation modelling (SEM). All these results are gathered to test the hypotheses stated in this chapter and
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address the research question stated in Chapter 1.

3.5 Summary

In this chapter, the conceptual framework has been presented, which includes the operationalization of the
Kano model for UX expectation and satisfaction and the modification of the UTAUT2 model according to the
specific urban mobility scenarios for performance BEVs. The operationalization of the UTAUT2 model is based
on the hypotheses which are set on the effects of psychological variables and moderating variables on
behavioural intention. Both models are operationalized via questions and conducted in one quantitative
survey research. The survey design, sample composition, and analysis methods are also introduced in this
chapter. With the collected data, the verification of the data and the corresponding analyses will be applied in

the next two chapters.
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Chapter 4: User Satisfaction Results

This chapter aims to analyse the user satisfaction of UX features according to the Kano model specified in the
previous chapter. The first part of this chapter presents the descriptive statistics of the measurement items.
The second part validates the reliability of items in each UX construct. The third part consists of the Kano
model analysis of each item based on the frequency method. The fourth part applies the satisfaction and
dissatisfaction indexes to each item. The fifth part finally delivers the conclusion of UX satisfaction of each UX

feature. At the end of this chapter, it answers the first research sub-question:

¢ What UKX features in, around, and beyond the performance BEVs would make them attractive to purchase

and use?

4.1 Sample analysis

As there are more than 500 million Chinese holding a valid driving license who can be regarded as potential
users of performance BEVs, a minimum of 384 respondents is required according to the Krejcie and Morgan
table (Memon et al. 2020; Ministry of Public Security of the PRC 2024). The survey was deployed in one of the
Chinese greatest automotive forums, DongCheDi, in November 2023. The automotive forum is a suitable
community to provide empirical evidence of proposed models because the active users in the forum are
experienced in using BEVs and performance cars, which ensures they can understand some basic car-related
terms in the survey. The survey was digitalized in the Tencent Survey platform and was spread via a link which
leads the respondent to the online survey. The link was shared in the DongCheDi forum, specifically to BEV
users’ communities and performance car users’ communities. Within the two-week data collection, 1568
respondents in total completed the survey. After filtering their answers by screening and verification questions,

there are 1290 valid responses left and considered for the final analysis.

As all socio-demographic characteristics are categorised in a binary way, it is necessary to clarify the criteria of
each variable. Gender is classified as male and female. The original survey has a third option of “others” for
those respondents who have non-binary gender-identification. Since there is only 1 respondent replied with
“other” gender, it is omitted in this study. Age is classified as young (< 35) and old (>= 35) because the trend of
younger Chinese car consumers is the most obvious (Roland Berger and Autohome Research Institute 2023).
Car buyers below 35 years old account for more than 40% and are still continuously increasing (Autohome
Research Institute 2023b). Car Ownership is classified as “2 car or more” and “1 car or less”. Because more
than 90% of users in the automotive forum have at least one car, categorisation of yes or no owning a car can
no longer clearly differentiate respondents, the users with one car also have different purchasing preferences
from users with two or more cars (Aurora Mobile 2023). Income is classified with high (above 10k CNY/month
net) and low (below 10k CNY/month net) and Education is classified with high (university bachelor degree or

higher) and low (college degree or lower), both according to the classification in previous studies in China as
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well as considering the high value of performance BEVs (Ali et al. 2019; F. Liao et al. 2020; Zhou et al. 2021).
Residence Level is classified as high (Tier 1 cities or New Tier 1 cities) and low (Tier 2 cities or lower). The
classification of cities is based on the business resource concentration, urban hubness, urban people’s activity,
lifestyle diversity and future plasticity (YICAI 2023). There are four Tier 1 cities in China: Shanghai, Beijing,
Guangzhou, and Shenzhen, which are the most developed cities in China. The fifteen New Tier 1 cities
represent the most active cities with high development potential, including Chengdu, Chongging, Hangzhou,
Wuhan, Suzhou, Xi’an, Nanjing, Changsha, Tianjin, Zhengzhou, Dongguan, Qingdao, Kunming, Ningbo, and
Hefei in 2023. These 19 cities in China account for only 5.6% of the total number of cities but have 29.3% of

the urban population.

The final sample (Table 4.1) is representative of Chinese car users in terms of income and residence level
(Autohome Research Institute 2023b). There are over-representations of male in gender, young users in age,
users owned 1 or less cars in car ownership, and highly educated users in education. These uneven
distributions are due to the current user characteristics of BEVs and performance vehicles, which are
reasonable and acceptable for this study. Overall, the statistics are suitable for study in user acceptance

towards performance BEVs in urban mobility in China.

Table 4.1 Sample Composition (sample size = 1290)

Socio-Demographic Characteristics Criteria Number (Percentage)
Gender Male 994 (77.1%)
Female 296 (22.9%)
Age Young (< 35) 989 (76.7%)
old (>= 35) 301 (23.3%)
Car Ownership 2 or more 399 (30.9%)
1orless 891 (69.1%)
Income High (above 10k CNY/month net) 623 (48.3%)
Low (below 10k CNY/month net) 667 (51.7%)
Education High (university bachelor degree or higher) 950 (73.6%)
Low (college degree or lower) 340 (26.4%)
Residence Level High (Tier 1 cities or New Tier 1 cities) 666 (51.6%)
Low (Tier 2 cities or lower) 624 (48.4%)
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4.2 Item statistics

Descriptive statistics show that UX feature items have mean values around four and three when items are
available and not available respectively, which deviates slightly from the median level but shows a significant
difference between functional and dysfunctional forms. Almost every standard deviation has a value above
one for both functional and dysfunctional forms, indicating heterogeneous responses for every item. Skewness,
when items are available, is mostly less than negative one, indicating highly asymmetric left-skewed
distribution for functional form. Skewness, when items are not available, is larger than zero, indicating
asymmetric right-skewed distribution for dysfunctional form. Kurtosis, when items are available, is mostly
positive, indicating heavy tails for functional form. Kurtosis, when items are not available, is mostly less than
negative one, indicating platykurtic with a flatter peak and thinner tails for dysfunctional form. Therefore,
functional items present a heterogeneous and asymmetric distribution with a high frequency of extreme
values, indicating users showed high acceptance of most features when available. Dysfunctional items present
a heterogeneous and asymmetric distribution with a low frequency of extreme values, indicating users have

neutral attitudes towards most features when not available.
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Table 4.2 Item statistics of Kano model constructs (if items are available)

Construct Item Mean  St. Dev. Skewness  Kurtosis Constr.
Avg.

UXin the Uxii Better drivability 4278 1.070 -1.374 0.701 4.202
car UXI2 Better car-interaction experience 4.235 1.031 -1.248 0.601

UXI3 More cameras, radars, Lidars for autonomous driving  4.240 1.060 -1.306 0.633

Uxli4 Autonomous driving in the city 4.200 1.059 -1.125 0.174

UXI5 Autonomous driving outside the city 4.308 1.059 -1.395 0.759

UX16 Gamification features* 4.091 1.121 -0.937 -0.322

UXI7 Unique interior light 4.211 1.061 -1.158 0.193

Uxi8 Unique avatar 4,124 1.087 -0.929 -0.315

UXI9 Voice-control everything 4.163 1.127 -1.072 -0.094

UXI10  Engine sound simulator 4.060 1.151 -0.960 -0.200

UXI11  Customizable car mode (e.g. sleep mode) 4350 1.003 -1.500 1.272

UXI12  Great experience as passengers 4.291 1.037 -1.368 0.832

UXI13  Racing tutorial 3.990 1.237 -0.938 -0.301

UXI14  Autonomous driving tutorial 4.216 1.091 -1.190 0.281

UXI15  Route suggestion according to driving preferences 4.175 1.107 -1.112 0.043

UXI16  Route suggestion according to energy consumption 4.303 1.088 -1.433 0.849
UX around UXA1l Faster charging 4.301 1.047 -1.457 1.066 4.262
the car UXA2 Better charging service 4.270 1.058 -1.398 0.911

UXA3 Better maintaining service 4.247 1.048 -1.296 0.621

UXA4 Longer battery warranty 4,312 1.028 -1.435 0.962

UXAS Exclusive charging pile/time period 4.253 1.067 -1.316 0.638

UXA6 Swappable battery 4.297 1.030 -1.390 0.923

UXA7 Carbon footprint note 4166 1.071 -1.070 0.073

UXA8 Real-time car data synchronization 4.251 1.080 -1.330 0.638
UX beyond UXB1 More owner rights 4.306 0.994 -1.439 1.314 4.203
the car UXB2 More customization opportunities 4,212 1.089 -1.166 0.179

UXB3 More exclusive optional features 4176  1.103 -1.062 -0.090

UXB4 More payment options 4,131 1.099 -1.058 0.071

UXB5 Priority in services 4.212 1.079 -1.219 0.387

UXB6 Unique car app 4,186 1.079 -1.174 0.319

UXB7 Unique products from brand store 4136  1.073 -1.017 -0.041

UXB8 Exclusive owner community 4,174 1.089 -1.096 0.091

UXB9 Exclusive credits 4.206 1.065 -1.123 0.132

UXB10 User growth system 4.291 1.068 -1.326 0.575

(St. Dev.: standard deviation, Constr. Avg.: average of the construct)
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Table 4.3 Item statistics of Kano model constructs (if items are not available)

Construct Item Mean  St. Dev. Skewness  Kurtosis Constr.
Avg.

UXin the Uxii Better drivability 2560 1.394 0.530 -0.967 2.833
car UXI2 Better car-interaction experience 2.643 1.378 0.471 -0.980

UXI3 More cameras, radars, Lidars for autonomous driving  2.843 1.492 0.299 -1.340

Uxli4 Autonomous driving in the city 2.756 1.398 0.331 -1.167

UXI5 Autonomous driving outside the city 2.806 1.423 0.262 -1.243

UX16 Gamification features* 2.962 1.285 0.198 -0.920

UXI7 Unique interior light 2.917 1.430 0.231 -1.260

Uxi8 Unique avatar 2.912 1.362 0.172 -1.131

UXI9 Voice-control everything 2.837 1.417 0.240 -1.258

UXI10  Engine sound simulator 3.009 1.337 0.118 -1.110

UXI11  Customizable car mode (e.g. sleep mode) 2.803 1.506 0.276 -1.346

UXI12  Great experience as passengers 2.819 1.431 0.253 -1.269

UXI13  Racing tutorial 3.012 1.294 0.144 -0.966

UXI14  Autonomous driving tutorial 2.808 1.441 0.255 -1.271

UXI15  Route suggestion according to driving preferences 2.868 1.399 0.193 -1.228

UXI16  Route suggestion according to energy consumption 2.775 1.456 0.284 -1.271
UX around UXA1l Faster charging 2.796 1.538 0.302 -1.389 2.805
the car UXA2 Better charging service 2.721 1.430 0.374 -1.147

UXA3 Better maintaining service 2.796 1.504 0.305 -1.343

UXA4 Longer battery warranty 2.684 1.561 0.387 -1.373

UXAS Exclusive charging pile/time period 2.855 1.504 0.249 -1.363

UXA6 Swappable battery 2.785 1.416 0.265 -1.233

UXA7 Carbon footprint note 2974  1.353 0.178 -1.124

UXA8 Real-time car data synchronization 2.828 1.492 0.267 -1.342
UX beyond UXB1 More owner rights 2.834 1.421 0.194 -1.267 2.876
the car UXB2 More customization opportunities 2.846 1.404 0.213 -1.218

UXB3 More exclusive optional features 2.843 1.363 0.193 -1.143

UXB4 More payment options 2.891 1.382 0.211 -1.134

UXB5 Priority in services 2.843 1.425 0.287 -1.209

UXB6 Unique car app 2.843 1.447 0.270 -1.248

UXB7 Unique products from brand store 2.851 1.332 0.189 -1.076

UXB8 Exclusive owner community 3.029 1.427 0.092 -1.268

UXB9 Exclusive credits 2.939 1.422 0.175 -1.223

UXB10 User growth system 2.839 1.377 0.265 -1.088

(St. Dev.: standard deviation, Constr. Avg.: average of the construct)

4.3 Classification by occurrence frequency

For each UX feature on performance BEVs, respondents’ inputs of both functional form and dysfunctional

form are combined and classified under each Kano attribute (O, A, M, |, R, or Q). The Kano attribute of each UX
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feature will be classified according to the highest occurrence frequency among all Kano attributes. In Table 4.4,
there are no UX features classified most frequently under M; therefore, no UX features in this study are
classified as Must-be features for performance BEVs. It also indicates that performance BEVs are still at a

nascent development stage without a specific UX feature preference in China (Lu, Lu, and Chen 2022).

Table 4.4 Kano model results by occurrence frequency according to original evaluation criteria

Dimensions Functions O (%) A (%) M (%) 1(%) R (%) Q (%) Kano Category
UX in the car Uxi1 20.6% 26.1% 7.6% 28.9% 3.3% 13.4% I
UXi2 16.5% 25.7% 7.8% 32.6% 4.2% 13.2% |
uxi3 17.3% 25.3% 5.2% 26.7% 11.4% 14.2% I
uxi4 16.9% 25.0% 5.2% 34.4% 4.9% 13.6% I
()45} 16.8% 31.5% 5.7% 26.1% 5.3% 14.6% A
uxle 10.2% 26.9% 3.6% 39.5% 4.8% 15.0% I
Uxi7 14.9% 26.8% 3.7% 30.4% 9.8% 14.3% |
uxi8 14.3% 25.3% 3.6% 36.7% 6.4% 13.7% I
uxio 15.1% 28.3% 5.8% 30.1% 6.7% 14.0% |
UXI10 11.5% 25.8% 2.9% 37.4% 8.1% 14.3% |
Uxi11i 21.2% 26.8% 5.1% 22.8% 9.3% 14.8% A
Uxl12 16.1% 28.3% 6.1% 28.8% 5.0% 15.7% |
Uxi13 10.2% 27.4% 2.9% 36.1% 9.3% 14.2% I
uxii4 17.8% 26.5% 5.6% 29.1% 6.7% 14.4% |
UXxlI15 14.8% 28.9% 5.6% 30.7% 7.4% 12.6% I
UXI16 20.2% 30.2% 4.8% 23.9% 7.4% 13.4% A
UX around the UXA1l 20.1% 25.9% 7.1% 21.1% 11.5% 14.4% A
car UXA2 19.1% 26.2% 6.0% 28.5% 7.1% 13.2% I
UXA3 19.1% 24.0% 6.4% 26.1% 10.7% 13.6% |
UXA4 25.5% 21.1% 7.0% 22.3% 10.4% 13.7% (o]
UXAS 18.2% 25.5% 5.7% 25.0% 10.5% 15.0% A
UXA6 17.7% 29.2% 5.4% 28.8% 5.9% 13.0% A
UXA7 11.3% 30.1% 3.8% 32.7% 9.5% 12.6% I
UXAS8 19.2% 27.6% 5.0% 23.9% 12.1% 12.2% A
UX beyond the UXB1 17.4% 27.3% 5.3% 30.5% 5.7% 13.8% |
car UXB2 16.4% 29.7% 4.8% 29.4% 7.5% 12.2% A
UXB3 16.4% 28.0% 3.6% 34.1% 4.9% 13.0% I
UXB4 14.9% 27.1% 3.7% 32.5% 10.5% 11.3% |
UXB5 15.8% 29.1% 4.8% 27.9% 10.5% 11.9% A
UXB6 16.4% 26.4% 5.3% 28.6% 11.2% 12.1% I
UXB7 14.8% 28.1% 3.8% 36.2% 7.9% 9.1% |
UXB8 13.3% 28.7% 4.3% 27.6% 12.3% 13.7% A
UXB9 15.7% 26.7% 3.9% 29.8% 9.6% 14.3% |
UXB10 16.4% 32.5% 3.6% 26.9% 6.4% 14.1% A

0O: One-dimensional; A: Attractive; M: Must-be; I: Indifferent; R: Reverse; Q: Questionable.
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Only one UX around the car (i.e., longer battery warranty) is classified most frequently under O; therefore, this
UX feature is classified as a one-dimensional feature. The one-dimensional attribute (O) is relatively inclined to
concern on battery warranty. Chinese users are sensitive to the battery quality guarantee. They expect a
longer battery warranty on performance BEVs than normal BEVs, which allows them to drive and use
performance BEVs with less battery aging concerns. They will also be anxious when performance BEVs do not
have a longer battery warranty than normal BEVs as battery safety is the greatest concern among Chinese BEV
users (Deloitte 2023).

Three UX in the car (i.e., autonomous driving outside the city, being able to lie down comfortably and sleep
well, route recommendation according to energy consumption), four UX around the car (i.e., faster charging,
exclusive charging pile/time period, swappable battery, real-time car data synchronization), and four UX
beyond the car (i.e., more customization opportunities, priority in services, exclusive owner community, user
growth system) are classified most frequently under A; therefore, these UX features are classified as Attractive
features. The attractive attribute (A) is relatively inclined to energy usage and replenishment, autonomous
driving, vehicle connectivity, and user exclusiveness. Performance BEV users do not only have similar concerns
as BEV users in energy usage and replenishment, but also expect more exclusive features on BEVs rather than
petrol cars like autonomous driving and high connectivity (Autohome Research Institute 2022). To increase
Chinese users’ satisfaction with performance BEVs, more concern-free experiences and exclusive services or

options related to energy usage and intelligent features should be introduced.

Thirteen UX in the car (i.e., better drivability, better car-interaction experience, more cameras, radars, Lidars
for autonomous driving, autonomous driving in the city, gamification features, unique interior light, unique
avatar, being able to voice-control everything, engine sound simulator, great experience as a passenger, Racing
tutorial, autonomous driving tutorial, route recommendation according to driving preferences), three UX
around the car (i.e., better charging service, better maintaining service, Carbon footprint note), six UX beyond
the car (i.e., more owner rights, more exclusive optional features, more payment options, unique car app,
unique products from brand store, exclusive credits) are classified most frequently under I; therefore, these
UX features are classified as Indifferent features. The indifferent attribute (l) is inclined to various UX features
in, around, and beyond the performance BEVs. OEMs not only provide features that petrol performance cars
should have (e.g., better drivability, engine sound simulator, better maintaining service, more exclusive
optional features), but also provide features that make performance BEVs stand out from normal BEVs (e.g.,
more cameras, radars, Lidars for autonomous driving, better charging service, exclusive credits), even provide
more novel features as experiment on performance BEVs (e.g., gamification features, unique avatar, carbon
footprint note). Chinese users know that such features are outstanding and exclusive, while in comparison
with safety in energy usage and practicality in intelligent application, they show a relatively conservative

attitude towards these features.

As the conservative evaluation criteria narrows the scope of indifferent attribute, most of indifferent features
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by original criteria have become attractive features. While there are still four features remaining indifferent:
UXI14 (autonomous driving in the city), UXI6 (gamification features), UXI8 (unique avatar), and UXI10 (engine
sound simulator). Thus, these four UX features are the least attractive features on performance BEVs for

Chinese users. Considering the consistency, the prioritization will not refer to the conservative results.

Table 4.5 Kano model results by occurrence frequency according to conservative evaluation criteria

Dimensions Functions O (%) A (%) M (%) 1(%) R (%) Q (%) Kano Category
UX in the car Uxi1 20.6% 26.1% 7.6% 21.2% 3.3% 21.2% A
UXi2 16.5% 25.7% 7.8% 25.0% 4.2% 20.7% A
uxi3 17.3% 25.3% 5.2% 19.1% 11.4% 21.7% A
uxi4 16.9% 25.0% 5.2% 27.4% 4.9% 20.6% I
()45} 16.8% 31.5% 5.7% 20.1% 5.3% 20.6% A
uxle 10.2% 26.9% 3.6% 32.3% 4.8% 22.2% I
Uxi7 14.9% 26.8% 3.7% 22.2% 9.8% 22.6% A
uxi8 14.3% 25.3% 3.6% 30.1% 6.4% 20.4% I
uxio 15.1% 28.3% 5.8% 23.0% 6.7% 21.1% A
UXI10 11.5% 25.8% 2.9% 26.0% 8.1% 25.7% |
Uxi11i 21.2% 26.8% 5.1% 16.6% 9.3% 21.0% A
Uxl12 16.1% 28.3% 6.1% 17.8% 5.0% 26.7% A
Uxi13 10.2% 27.4% 2.9% 29.2% 9.3% 21.1% A
uxii4 17.8% 26.5% 5.6% 24.3% 6.7% 19.1% A
UXxlI15 14.8% 28.9% 5.6% 23.9% 7.4% 19.5% A
UXI16 20.2% 30.2% 4.8% 18.4% 7.4% 18.9% A
UX around the UXA1l 20.1% 25.9% 7.1% 15.1% 11.5% 20.4% A
car UXA2 19.1% 26.2% 6.0% 21.5% 7.1% 20.2% A
UXA3 19.1% 24.0% 6.4% 20.3% 10.7% 19.5% A
UXA4 25.5% 21.1% 7.0% 15.4% 10.4% 20.6% (o]
UXAS 18.2% 25.5% 5.7% 18.3% 10.5% 21.7% A
UXA6 17.7% 29.2% 5.4% 18.1% 5.9% 23.7% A
UXA7 11.3% 30.1% 3.8% 24.4% 9.5% 20.9% A
UXAS8 19.2% 27.6% 5.0% 17.2% 12.1% 18.8% A
UX beyond the UXB1 17.4% 27.3% 5.3% 20.2% 5.7% 24.0% A
car UXB2 16.4% 29.7% 4.8% 22.3% 7.5% 19.3% A
UXB3 16.4% 28.0% 3.6% 26.9% 4.9% 20.2% A
UXB4 14.9% 27.1% 3.7% 26.7% 10.5% 17.1% A
UXB5 15.8% 29.1% 4.8% 22.4% 10.5% 17.4% A
UXB6 16.4% 26.4% 5.3% 23.6% 11.2% 17.1% A
UXB7 14.8% 28.1% 3.8% 24.8% 7.9% 20.5% A
UXB8 13.3% 28.7% 4.3% 23.2% 12.3% 18.1% A
UXB9 15.7% 26.7% 3.9% 24.4% 9.6% 19.8% A
UXB10 16.4% 32.5% 3.6% 21.0% 6.4% 20.0% A

0O: One-dimensional; A: Attractive; M: Must-be; I: Indifferent; R: Reverse; Q: Questionable.
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4.4 Prioritization by satisfaction and dissatisfaction indexes

Since it is necessary to prioritize the UX features with the same attributes, while some attributes have similar
attribute occurrence frequency, satisfaction and dissatisfaction indexes have been used for more detailed
prioritization (Shin et al. 2022; Lu, Lu, and Chen 2022). According to Eq. 2.2 and Eq. 2.3, satisfaction and
dissatisfaction indexes of each UX feature can be calculated. For example, UXA4 (longer battery warranty) has
329 responses as one-dimentional, 272 responses as attractive, 90 responses as must-be, 288 responses as
indifferent, 134 responses as reverse, and 177 responses as questionable, the Sl of UXA4 is calculated by 0.614
=(329+272) /(329 +272 + 90 + 288).
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Figure 4.1 Sl and DI distribution of UX features on performance BEVs



As Figure 4.1 show, the Sl for performance BEVs UX features ranges from 0.638 to 0.463, with an average of
0.561; the DI for performance BEVs UX features ranges from -0.172 to -0.428, with an average of -0.278. Since
the absolute value of average Sl is closer to 1 than the absolute value of average DI, Chinese users are
generally satisfied with the listed UX features on performance BEVs. Specifically, the only one-dimensional
feature UXA4 (longer battery warranty) has the largest absolute value of DI. Among the eleven attractive
features, the Sl values of all of the these features are higher than the average, while DI values of all the UX
features beyond the car are lower than the average. The indexes distribution of indifferent features are various,

but the three features with the lowest Sl value and the lowest DI value are the same.
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Figure 4.2 Box plot of Sl and DI

In terms of the SI, there are eight UX features with SI higher than the upper quartile value (0.583) from Figure
4.2: route recommendation according to energy consumption (0.638), customizable car mode (e.g. sleep
mode) (0.632), faster charging (0.620), real-time car data synchronization (0.618), user growth system (0.616),
longer battery warranty (0.614), autonomous driving outside the city (0.603), and exclusive charging pile/time
period (0.588). The implementation of items with an Sl value closer to 1 can more significantly improve user

satisfaction. Therefore, these eight UX features should be given priority to improve user satisfaction.
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In terms of the DI, there are eight UX features with DI absolute value higher than the upper quartile absolute
value (0.315) from Figure 4.3: longer battery warranty (0.428), faster charging (0.366), customizable car mode
(e.g. sleep mode) (0.346), better drivability (0.339), better maintaining service (0.337), exclusive charging
pile/time period (0.322), real-time car data synchronization (0.320), and route recommendation according to
energy consumption (0.316). Not implementing items with a DI absolute value closer to 1 can more
significantly reduce user satisfaction. Therefore, these eight UX featuresshould be given priority by OEMs to
avoid a negative impact on user satisfaction. Specifically, considering the negativity bias in consumer adoption
of technology, UX features with larger DI absolute values should be more prioritized (Frank, Chrysochou, and
Mitkidis 2023).

Therefore, the UX features on performance BEVs can be prioritized as follow: the only one-dimensional feature
UXA4 (longer battery warranty) undoubtedly has the highest priority among all features. OEMs should give it
the highest priority in their performance BEV design and development processes. UXA4 also has the largest DI
absolute value, indicating the lack of longer battery warranty for performance BEVs may cause the most

dissatisfaction among all of the UX features.

Among the 11 attractive features, the highest priority should be given to UX features with larger DI absolute
values. Therefore, two UX in the car and three UX around the car with DI absolute value larger than upper
quartile DI absolute value are Tierl features in attractive attibutes, i.e., UXI11 (Customizable car mode (e.g.
sleep mode)), UXI16 (Route recommendation according to energy consumption), UXA1 (Faster charging),
UXAS5 (Exclusive charging pile/time period), UXAS8 (Real-time car data synchronization). Specifically, UXI11 and
UXI16 have the top two Sl value among all the UX features, indicating the implementation of these features
can significantly improve users’ satisfaction on performance BEVs. For UX beyond the car which has not been
mentioned before, only UXB10 (user growth system) has the Sl value larger than the upper quartile Sl value. It
is worthy to be prioritized since implementation of UXB10 can significantly improve performance BEVs users’

satisfaction.

For the rest 22 indifferent features, there is less necessity to focus on them since indifferent features are not
currently expected by users, or are without clear preferences whether it is fulfilled based on users’ current
cognition. However, there are two indifferent features with DI absolute value larger than upper quartile DI
absolute value: UXI1 (better drivability) and UXA3 (better maintaining service). These two indifferent features
can be treated as exemptions and need to be focused on, since the lack of these two features may cause

obvious dissatisfaction among users.

4.5 Summary

As a technology product that has been launched and is continuously iterating, the user acceptance of a

performance BEV is affected by the user satisfaction of its features. This chapter uses the Kano model to
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analyse Chinese users' satisfaction with 34 UX features in, around, and beyond the performance BEVs. The
result classifies and prioritizes these features according to the Kano category, and answers the first research

sub-question:

¢ What UX features in, around, and beyond the performance BEVs would make them attractive to purchase

and use?

Since the development of performance BEVs is still in a nascent development stage, there are no Must-be
features for performance BEVs to Chinese users yet according to the Kano model. The only 1 one-dimensional
UX feature (longer battery warranty) is the most important feature on performance BEVs for Chinese users.
According to the evaluation criteria, 11 features are attrative and 22 features are indifferent. 5 of 11 attractive
features with larger DI value (customizable car mode (e.g. sleep mode), route recommendation according to
energy consumption, faster charging, exclusive charging pile/time period, and real-time car data
synchronization) are considered as key features as the lack of these features will cause users’ dissatisfaction
more significantly. 2 of 22 indifferent features (better drivability and better maintaining service)can be treated
as exemptions and need to be taken seriously, because they may also cause obvious dissatisfaction if they are
not implemented on performance BEVs. Since there are no UX beyond the car discussed before, the attractive
feature user growth system is the most worthy of implementation among the UX features beyond the car. It
has the SI value larger than upper quartile value, thus, performance BEVs with user growth system can

significantly improve users’ satisfaction.

It is worth noting that the Kano model evaluation criteria used in this study are original from KANO et al.
(1984). Even though previous studies on applications in EVs applied the original criteria, there may still be bias
by this model due to wide classification of indifferent attribute (Shin et al. 2022; Steckhan, Spiessl, and Bengler
2023; Dash 2019). The results of Kano model is more suitable as supplement of UTAUT2 model in identifying
changes in technology acceptance or satisfaction. Specifically, the UX features related to battery quality,
charging efficiency, and data synchronization are highly expected by Chinese users, which are related to

measured items of facilities conditions and concern-free experience.
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Chapter 5: User Acceptance Results

Following the previous chapter, this chapter continues to analyse results derived from the survey, including
both psychological and socio-demographic factors in user acceptance towards performance BEVs in urban
mobility. The first part demonstrates reliability and validity analysis of collected data by CFA. The second part
consists of structural equation modelling results and hypotheses testing results. The third part consists of a
summary of the empirical findings and statistical difficulties. At the end of this chapter, the second sub-

question is answered by the analysis results:

¢  What psychological and socio-demographic factors would affect users most when purchasing

performance BEVs for use in urban mobility ?

5.1 Item statistics

The descriptive statistics of the items are shown in Table 5.1, including the mean, standard deviation,
skewness, kurtosis, and construct average. The means of all the items are around four, which deviates slightly
from the median level of the five-Likert scale. All standard deviations are positive and around one, therefore
the responses for items are heterogenous. The skewness values are negative, and the kurtosis values are
positive, suggesting that the distributions are left-skewed and exhibit heavy tails. Consequently, the measured
items demonstrate a heterogeneous and asymmetric distribution with a notable frequency of extreme values.

In general, all the items display sufficient variation to perform CFA.
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Table 5.1 Item statistics of UTAUT model construct

Construct Item Mean St. Dev. Skewness Kurtosis Constr. Ave.
Performance PE1 4.330 0.786 -1.029 0.790 4.256
Expectancy PE2 4.148 0.851 -0.817 0.383
PE3 4.241 0.791 -0.993 1.189
PE4 4.306 0.763 -1.031 1.236
Social Influence  SI1 4.113 0.929 -0.884 0.443 4.096
SI2 4.043 0.980 -0.937 0.482
SI3 4.141 0.895 -1.087 1.266
Sl4 4.088 0.936 -0.954 0.686
Facilitating FC1 4.067 0.983 -0.972 0.525 4.073
Conditions FC2 4.083 0.949 -1.012 0.725
FC3 4.070 0.992 -1.003 0.633
Prive Value PV1 4.119 0.932 -1.100 1.055 4.185
PV2 4.248 0.816 -1.059 1.200
PV3 4.257 0.825 -1.170 1.574
PV4 4.117 0.911 -1.017 0.972
Concern-free CE1 4.250 0.842 -1.116 1.204 4.159
Experience CE2 4.036 0.950 -0.746 0.030
CE3 4.263 0.791 -1.144 1.682
CE4 4.086 0.943 -0.873 0.298
Vanity VA1 4.130 0.938 -1.069 0.944 3.998
VA2 3.988 1.000 -0.975 0.609
VA3 3.958 1.065 -0.951 0.397
VA4 3.916 1.083 -0.973 0.403
Behavioural BI1 4.278 0.868 -1.368 2.099 4.085
Intention BI2 4.019 1.015 -0.912 0.290
BI3 4.018 1.024 -1.022 0.654
Bl4 4.026 0.967 -0.882 0.442

(St. Dev.: standard deviation, Constr. Avg.: average of the construct)
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5.2 Reliability and validity analysis

Table 5.2 Reliability and validity analysis of UTAUT2 model construct

Construct Item Factor loadings Cronbach’s alpha CR AVE
Performance PE1 0.728 0.705 0.710 0.451
Expectancy PE2 0.649
PE3 dropped
PE4 0.633
Social Influence Si1 0.766 0.818 0.819 0.531
SI2 0.695
SI3 0.704
Sl4 0.747
Facilitating FC1 0.741 0.788 0.789 0.554
Conditions FC2 0.725
FC3 0.767
Prive Value PV1 0.693 0.741 0.743 0.491
PVv2 dropped
PV3 0.672
PV4 0.735
Concern-free CE1 0.704 0.754 0.778 0.539
Experience CE2 0.727
CE3 dropped
CE4 0.769
Vanity VA1 0.797 0.853 0.855 0.595
VA2 0.758
VA3 0.776
VA4 0.755
Behavioural BI1 0.705 0.815 0.812 0.519
Intention BI2 0.733
BI3 0.699
Bl4 0.744

(CR: Composite Reliability, AVE: Average Variance Extracted)

The CFA results of the UTAUT2 model are shown in Table 5.2, in which factor loadings of each item, Cronbach’s
alpha, Composite Reliability (CR), and Average Variance Extracted (AVE) are applied. To ensure good reliability,
the items with factor loading below 0.63 should be dropped (Comrey and Lee 1992; Tabachnick, Fidell, and
Ullman 2013). Therefore, the CFA is finally conducted without items PE3, PV2, and CE3 to test the fitness of
the data. According to previous studies, Cronbach’s alpha and CR should both exceed 0.7, and AVE should
exceed 0.5, but it can be acceptable if it exceeds 0.38 while the composite reliability is above the
recommended level as the AVE is a more conservative estimate of the validity (Anderson and Gerbing 1988;
Fornell and Larcker 1981; Hair 2009; Lam 2012). As all measures are within the above-suggested range, the
reliability and validity of constructs are confirmed. Finally, the goodness-of-fit of the model is evaluated.

Regarding to the previous studies, the recommended values for each index to ensure good model fitting are as
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follows: Comparative Fit Index (CFl), Goodness-of-Fit Index (GFl), Tucker-Lewis Index (TLI) should all exceed
0.90, Root Mean Square Error of Approximation (RMSEA) should not exceed 0.06, Standardized Root Mean
Square Residual (SRMR) should not exceed 0.05. The final CFA results show that the proposed model fits the
data with acceptable goodness-of-fit (CFl = 0.940, GFI = 0.921, TLI = 0.926, RMSEA = 0.060, SRMR = 0.031) (P.
M. Bentler 1990; Peter M. Bentler and Bonett 1980; Cho et al. 2020; Hu and Bentler 1999; Jéreskog and
Sorbom 1989; Marsh, Hau, and Wen 2004; Tucker and Lewis 1973).

5.3 Structural Equation Modelling (SEM) results

As this study adds two new constructs (Concern-free Experience and Vanity) into the proposed model, three
cumulative models will be applied in order to observe the impact of the newly added constructs following the
study design of Curtale, Liao, and Van Der Waerden (2021). Model 1 only investigates the relations between
four original UTAUT2 constructs (performance expectancy, social influence, facilitating conditions, and price
value) and behavioural intention. Model 2 introduces two new constructs (Concern-free Experience and Vanity)
and investigates the relations between all the psychological factors and behavioural intention. Model 3 further
adds the socio-demographic factors. Table 5.3 reports the regression results of three cumulative models on

the impacts of explanatory variables on behavioural intention.

Table 5.3 Regression results of SEM — relations to behavioural intention

Dependent Variable Model 1 Model 2 Model 3

B p-value B p-value B p-value
Performance Expectancy 0.194*** 0.002 0.390*** <0.001 0.424*** <0.001
Social Influence 0.409%** <0.001 -0.002 0.987 -0.055 0.720
Facilitating Conditions 0.253*** 0.001 0.400*** <0.001 0.407*** <0.001
Price Value 0.162 0.223 0.159 0.269 0.172 0.268
Concern-free Experience 0.259%*** <0.001 0.322%** <0.001
Vanity 0.401%** <0.001 0.426%** <0.001
Gender (male) -0.030 0.126
Age (below 35) -0.017 0.422
Car Ownership (2 or more cars) 0.072%** <0.001
Income (above 10k CNY/month net) 0.025 0.232
Education (university bachelor degree or higher) -0.001 0.962
Residence Level (Tier 1 cities and New Tier 1 cities) -0.026 0.212
R-square 0.937 0.973 0.977

***: p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10.
Note: Texts in the parethesis for each socio-demographic factors represent the controlled conditions, e.g., negative result in Gender

(male) represents

Model 1 explains 93.7% of the variability in purchasing behavioural intention towards performance BEVs in
urban mobility. Social Influence is the strongest predictor of behavioural intention (coefficient of the path from

social influence to behavioural intention (B) = 0.409, p-value (p) < 0.001), followed by Facilitating Conditions (p
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=0.253, p =0.001) and Performance Expectancy (B = 0.194, p = 0.002). While Price Value (B =0.162, p = 0.223)

does not have a significant impact on behavioural intention.

In model 2, the variability of behavioural intention is increased and explained for 97.3% by the combination of
four original UTAUT2 psychological factors and the addition of Concern-free Experience and Vanity. Vanity
becomes the strongest predictor of behavioural intention (B = 0.401, p < 0.001), followed by Facilitating
Conditions (B = 0.400, p < 0.001), Performance Expectancy (f = 0.390, p < 0.001), and Concern-free Experience
(B =0.259, p < 0.001). However, Social Influence (B = -0.002, p = 0.987) as the strongest predictor in Model 1
does not show a significant impact on behavioural intention in Model 2. Price Value (B = 0.159, p = 0.269)

remains insignificant to behavioural intention.

The results of model 3 show that model 3 explains more of the variability compared to model 1 and 2 and up
to 97.7% after adding socio-demographic factors. For psychological factors, Vanity remains the strongest
predictor of behavioural intention (B = 0.426, p < 0.001), followed by performance expectancy (B = 0.424, p <
0.001), Facilitating Conditions (B = 0.407, p < 0.001), and Concern-free Experience (f = 0.322, p < 0.001). Social
Influence (B = -0.055, p = 0.720) and Price Value (B = 0.172, p = 0.268) remain insignificant. The results of
psychological factors in Model 3 show that the relations between psychological factors and behavioural
intention towards performance BEVs adoption become steady. For socio-demographic factors, only Car
Ownership (B = 0.072, p< 0.001) has a significant positive direct effect on behavioural intention. None of the
other socio-demographic factors have significant relevance to behavioural intention, including Gender (B = -
0.030, p = 0.126), Age (B =-0.017, p = 0.422), Income (B = 0.025, p = 0.232), Education (B = -0.001, p = 0.962),
and Residence Level (B =-0.026, p =0.212).

Even though not many socio-demographic factors have direct effects to behavioural intention, they still have
indirect effects mediated by the other psychological factors. As reported in Table 5.4 and Table 5.5, every
socio-demographic factor has certain effect to behavioural intention in relations to psychological factors,
thereby indirectly affecting the total effect. Specifically males have negative effects on performance
expectancy, social influence, price value, and vanity, while they have positive effects on concern-free
experience. Young people have positive effects on performance expectancy and vanity. Users who owner two
or more cars have negative effects on performance expectancy, price value, and vanity. High-income people
have positive effects on performance expectancy, social influence, facilitating conditions, and vanity, while
they have negative effects on concern-free experience. Highly educated people have positive effects on price
value. And users living in developed Chinese cities (top 19 tier 1 and new tier 1 cities) have negative effects on
performance expectancy, social influence, facilitating conditions, price value, and vanity, while they have
positive effects on concern-free experience. The detailed diagrammatic results including direct effects and
indirect effects are shown in Figure 5.1. The total effects of socio-demographic factors are the sum of the
direct effects and the effects mediated by other constructs. The final regression results of the direct and total

effects of socio-demographic factors are reported in Table 5.6.
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Table 5.4 Regression results of SEM — effects on psychological factors (PE, SI, FC)

Variables PE Sl FC

B p-value B p-value B p-value
Gender (male) -0.056* 0.092 -0.054* 0.081 -0.043 0.174
Age (below 35) 0.121%*** <0.001 0.049 0.125 0.046 0.161
Car Ownership (2 or more cars) -0.069** 0.039 -0.035 0.252 -0.052 0.101
Income (above 10k CNY/month net) 0.069* 0.057 0.084%** 0.012 0.093%** 0.007
Education (university bachelor degree or higher) -0.010 0.772 0.017 0.600 -0.013 0.704
Residence Level (Tier 1 cities and New Tier 1 cities) -0.082** 0.013 -0.149***  <0.001 -0.081** 0.011
***: p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10.
PE: performance expectancy; Sl: Social Influence; FC: Facilitating Conditions.

Table 5.5 Regression results of SEM — effects on psychological factors (PV, CE, VA)

Variables PV CE VA

B p-value B p-value B p-value
Gender (male) -0.065** 0.048 0.105*** <0.001 -0.057* 0.061
Age (below 35) 0.044 0.193 -0.031 0.341 0.054* 0.082
Car Ownership (2 or more cars) -0.055%* 0.093 0.042 0.179 -0.074** 0.014
Income (above 10k CNY/month net) 0.056 0.114 -0.078** 0.023 0.099*** 0.003
Education (university bachelor degree or higher) 0.064* 0.062 0.032 0.326 -0.018 0.572
Residence Level (Tier 1 cities and New Tier 1 cities) -0.096***  0.003 0.095*** 0.003 -0.096***  0.002

*¥**. p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10.

PV: Prive Value; CE: Concern-free Experience; VA: Vanity.

Table 5.6 Regression results of SEM — direct and total effects of socio-demographic factors on behavioural intention

Variables Behavioural Intention

Direct effect

Total effect (direct + indirect)

B p-value B p-value
Gender (male) -0.030 0.126 -0.070** 0.026
Age (below 35) -0.017 0.422 0.070** 0.042
Car Ownership (2 or more cars) 0.072%** <0.001 -0.003 0.919
Income (above 10k CNY/month net) 0.025 0.232 0.115%** 0.001
Education (university bachelor degree or higher) -0.001 0.962 0.002 0.929
Residence Level (Tier 1 cities and New Tier 1 cities) -0.026 0.212 -0.113*** 0.001

***. p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10.
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Note: ***: p-value <0.01; **: p-value <0.05; *: p-value <0.10. Solid lines represent direct effects, dashed lines represent indirect effects, and dotted lines represent insignificant effects.

Figure 5.1 Diagrammatic results of direct and indirect effects of UTAUT2 model constructs

The regression results finally test the previously proposed hypotheses. As shown in Table 5.7 hypotheses 1a,
1c, 2a, 2b, 3c of the conceptual framework are supported by the direct effects on behavioural intention;
hypothesis 3a, 3b, 3d, 3f is supported the total effects on behavioural intention; hypotheses 1b, 1d, 3e are

rejected.

To summarise, vanity, performance expectancy, facilitating conditions, and concern-free experience are the
four psychological (psychological) factors that have significant impacts on behavioural intention in the UTAUT2
model. Social influence and price value do not explicitly significantly impact on behavioural intention, thus
these two constructs also do not have mediating effects on socio-demographic factors. Considering the
indirect effects of socio-demographic factors, gender, age, income, and residence Level are the four socio-
demographic factors that have significant impacts on behavioural intention. Car Ownership has high
significance only in direct effect on behavioural intention, while showing no relevance in total effect. This may
be because owning more than 2 cars will promote users to purchase performance BEVs, but it has significant
negative effect on the top two psychological factors of purchasing behavioral intention (performance
expectancy and vanity). Finally, significant direct effects and total effects on behavioural intention are

diagrammatically shown in Figure 5.2.
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Table 5.7 Summary of hypothesis testing

Hypothesis Path Proposed P and significance Result
effect by direct effect by total effect

Hla PE - BI + 0.424%** 0.424%** Supported
Hib S| - BI + -0.055 -0.055 Rejected
Hlc FC - BI + 0.407%*** 0.407%** Supported
Hld PV - BI + 0.172 0.172 Rejected
H2a CE - BI + 0.322%** 0.322%** Supported
H2b VA - BI + 0.426%** 0.426%** Supported
H3a Gender (males) - BI Sig. + or - -0.030 -0.070** Supported
H3b Age (young) = BI Sig. + or - -0.017 0.070** Supported
H3c Car Ownership (2 or more cars) - BI Sig. + or - 0.072%** -0.003 Supported
H3d Income (high) - BI Sig. + or - 0.025 0.115%** Supported
H3e Education (high) = BI Sig. + or - -0.001 0.002 Rejected
H3f Residence Level (developed cities) > BI  Sig. + or - -0.026 -0.113%** Supported

***: p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10; sig.: significant.

Performance
Expectancy
(PE)

Social
Influence

(s1)

Price Value
(PV)

Concern-free
Experience
(CE)

‘0.055 .
e~ e T
Faltating ™~ e T
e T T
= T ———
0472 --mmm=mTTTTTTTTT

Behavioural
Intention
(BI)

Car Ownership

(2 or more cars) Gender (male)

Age (below 35)

Income
(above 10k
CNY/month net)

Residence Level
(Tier 1 cities and
New Tier 1 cities)

Note: ***: p-value < 0.01; **: p-value < 0.05; *: p-value < 0.10. Values without rectangle represent direct effects, values in the rectangle represent total effects.

Figure 5.2 Diagrammatic results of direct and total effects of UTAUT2 model constructs
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5.4 Empirical findings

With the modification of the UTAUT2 model according to the context of performance BEVs and urban mobility,
this study provides novel insights into the purchasing intention and user acceptance of performance BEVs.
According to the regression results of SEM combined with the analysis results of the Kano model in Chapter 4,

some empirical findings are discussed below.

The role of psychological variables

As an advanced product of BEV, performance BEV is becoming an option for more and more users when
purchasing BEVs for urban mobility. This study reveals that Chinese users show acceptance of performance

BEVs in urban mobility psychologically.

Amongst all the psychological variables, vanity is the most important factor affecting purchasing behavioural
intention. As the attribute of vanity has two aspects of considerations: physical appearance and social status,
driving a performance BEV in the city makes Chinese users think they are in a better appearance and more
accomplished with a higher social status (Ali et al. 2019; Kasser 2003; Richins 2004). Since vanity is also one of
the vital attibutes in purchasing petrol performance cars, performance BEVs can be alternatives for users who

want to purchase performance cars (Adityawarman and Purwanegara 2014; Aditama 2015).

Performance Expectancy almost has the same effects as Vanity in positively affecting purchasing behavioural
intention. Within this study, the “performance” of performance BEVs does not only refer to better driving
experience in acceleration and controllability , but also refers to the balance between daily use convenience
and sporty driving pleasure and driving enhancement by autonomous driving and connectivity. The high
expectation on performance implies the open mind of Chinese users towards the application of ACES
transitions, e.g., autonomous driving and C-ITS, to be on board. Meanwhile, Chinese users have not given up
their pursuit of the driving performance of performance BEVs (Autohome Research Institute 2022; Roland
Berger and Autohome Research Institute 2023; Wang, Ozden, and Tsang 2023; Yu et al. 2023; Zhou et al. 2021).

Facilitating Conditions is the third important factor affecting purchasing behavioural intention. It is also
consistent with the analysis results in the Kano model. Performance BEVs need to not only be equipped with
fast charging, but also be able to adapt to as many fast charging stations as possible. Chinese users also highly
value the battery technology and easy maintenance when purchasing performance BEVs. Performance BEVs
with longer warranty batteries, better maintenance service, and faster charging speed will have higher
acceptance among Chinese users and generate stronger purchase intentions. This result confirms the previous
findings in academia and industry (Autohome Research Institute 2023b; Deloitte 2023; Higueras-Castillo et al.

2023; Karpurapu and Venkata Raghuram 2024; Singh et al. 2023; Zhou et al. 2021).

Concern-free Experience also positively affects purchasing behavioural intention. Previous studies mainly
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provide evidence for the positive impact of Concern-free Experience on BEV sharing services. This study finds
that it can be extended to purchasing intention on performance BEVs (Curtale, Liao, and Van Der Waerden
2021; Yu et al. 2023). Because the assistance of intelligent and connective features also reduces the concerns
in both daily driving and sporty driving, performance BEVs equipped with longer lasting batteries and safer

driving assistant system will be more accepted by Chinese buyers.

Social Influence and Price Value do not explicitly significantly affect purchasing behavioural intention of
performance BEVs in China. The low relevance of Social Influence towards BEVs has been demonstrated in
past studies mainly in regions with large populations like China and India (Bhat, Verma, and Verma 2021; Jain,
Bhaskar, and Jain 2022; Yu et al. 2023; Zhou et al. 2021) but not in the Netherlands, Germany, and other
European countries (Curtale, Liao, and Rebalski 2022; Nordhoff et al. 2020; Kapser and Abdelrahman 2020).
One of the possible reasons is that the car purchasing habits in China are different from other regions. Chinese
users are more willing to listen to reviews from owners of their intended cars in automotive forums than from
their friends or family (Autohome Research Institute 2023c). However, the measured items in social influence
construct come from the original study by Venkatesh et al. (2003), which rely more on the respondents’
friends, families, and colleagues, rather than the current users. The effects of Price Value on adoption of BEVs
are not consistent. The result confirms findings in some previous studies (Korkmaz et al. 2021; Manutworakit
and Choocharukul 2022). Price Value has, expectedly, low impacts on luxury products with high vanity values
because the value of luxury goods lies more in social status and material enjoyment rather than cost-

effectiveness (Adityawarman and Purwanegara 2014; Ali et al. 2019; Gil-Cordero et al. 2023).

The role of socio-demographic characteristics

Since previous studies on the impact of socio-demographic characteristics on the adoption of BEVs had various
results, this study made relatively open hypotheses: the six socio-demographic factors have effects on
purchasing behavioural intention. After considering the indirect effects mediated by other psychological

factors, the results of socio-demographic factors can establish a user profile of performance BEVs.

Gender (male) and Residence Level (Tier 1 cities and New Tier 1 cities) have negative effects on purchasing
performance BEVs. It indicates that males and users living in Tier 1 and New Tier 1 cities (the 19 most
developed cities in China) have less purchasing intention on performance BEVs in the context of urban mobility.
The purchasing of performance BEVs is still considered as a compromise for family use when buying a
performance car, especially for males (Autohome Research Institute 2022; Viola 2021). One reason for the
relatively low interests for performance BEVs in more developed cities can be more road restrictions in
developed urban area. The results of Kano model also indicates that autonomous driving on performance

BEVs is more attractive outside the city.

Car-ownership (2 or more cars), age (below 35), and Income (above 10k CNY/month net) have positive effects
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on the behavioral intention of purchasing performance BEVs. It indicates that users with more cars, young
adults, and users with higher incomes have more intention to purchase performance BEVs in the context of
urban mobility. Although users have expectations for performance BEVs to have multiple uses, they still treat
performance BEVs not as the perfect choices as their first choice when buying cars (Autohome Research
Institute 2022). Young users, especially the Gen Z, are becoming the majority of car buyers in China. They have
a high consumption preference for intelligent, green, and sustainable products (Chen, Li, and Yuan 2023; Guo
and Luo 2023; Huang et al. 2022; Roland Berger and Autohome Research Institute 2023). This study confirms
the popularity of performance BEVs representing intelligence and sustainability among young Chinese users.

As performance BEVs have higher prices than normal BEVs, they are more accepted by high-income users.

Education does not have significant effects on purchasing behavioural intention directly. One of the reasons
can be the survey differentiates education by whether the respondent have a university degree or not.
Because although China's urban population has a relatively high level of education, the average proportion of
the urban population with a university degree is only 15.47% (Central People’s Government of the PRC 2021).
Further study in China may require more detailed segmentation of those who have not obtained university

diplomas.

Practical implications

Considering the existence of performance BEVs in the current market, some practical implications can be
formulated from the results. As a derivative and upgraded product of normal BEV, performance BEV carries
users’ higher expectations for BEV. From the perspective of BEVs, concerns such as battery safety, full-battery
range, and charging convenience on normal BEVs still exist on performance BEVs and are even amplified by
users. In terms of product layout, performance BEVs belong to the luxurious version of normal BEVs and offer
better experience around energy usage in order to allow users using performance BEVs more freely. The value
of performance cars in improving personal physical image and social status is still reflected in performance
BEVs. Although lacking the roar of engines, performance BEVs may catch the attention of passers-by in a
newer way: more intelligent and connective features which are also more favoured by young Chinese
consumers. As the user portrait of performance BEVs users in China seems to be young urbanites not living in
the top 19 tier one and new tire one cities with high incomes. They expect their intended performance BEV

can satisfy needs for daily travel, family use, and personal driving pleasure as much as possible.

Therefore, for OEMs, to increase the acceptance of performance BEVs and maintain their luxury appeal in the
short term, they can focus on providing more reliable batteries, more convenient charging services, and more
considerate energy usage experience services. Furthermore, compared with tapping the deeper potential of
powertrain and drivability, increasing the car experience through intelligent and connective features like high-
level ADAS and customizable modes in, around, and beyond the performance BEVs will bring more benefits to

OEMs efficiently. However, excellent power and drivability performance are also essential characteristics of
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performance BEVs. Since the core feature of current performance BEVs on the market is still superior power
performance to normal BEVs, users may not treat urban mobility as main applicable scenarios, and

performance BEVs are even more limited by urban roads in developed cities.

For urban mobility policy-makers, to develop a more sustainable urban mobility environment, they can
encourage performance BEVs with autonomous driving to optimize overall traffic flow. They can promote the
use of performance BEVs by building more convenient fast charging stations and infrastructure for C-ITS to
connect the connected performance BEVs. Although advanced features like autonomous driving, vehicle-road
interconnection, and customizable modes are not standard features of performance BEVs like better driving
experience in acceleration and controllability, with the enhancement of city infrastructure, performance BEVs
will be able to serve more scenarios more comprehensively, especially in urban mobility, with the blessing of

intelligence and connectivity.

5.5 Summary

As performance BEVs become more and more popular, they are gradually joining and affecting urban mobility.
Young Chinese people show high acceptance towards performance BEVs, especially with the possible
intelligent and connective features. This chapter applies the UTAUT2 model to investigate the effects on
purchasing behavioural intention towards performance BEVs in urban mobility. The results answer the second

research sub-questions proposed at the beginning:

¢  What psychological and socio-demographic factors would affect users most when purchasing

performance BEVs for use in urban mobility?

Representing the combination of performance cars and BEVs, performance BEVs are accumulating a
reputation among enthusiasts in both categories of cars. By testing the twelve hypotheses, the value of
performance BEVs that Chinese users care about most can be formulated. Vanity as the top psychological
factor indicates performance BEVs hold the users’ expectation for a luxurious image. The purchasing
behavioural intention on performance BEVs comes from the satisfactory in physical appearance and social
status brought by performance BEVs. Performance expectancy, facilitating conditions, and concern-free
experience are also highly valued attributes for performance BEVs. The advanced BEVs are not only expected
on premium driving experience, but more on the general concerns on normal BEVs, such as battery loss, range
anxiety, and energy replenishment issues. For socio-demographic characteristics, females and young people
have more acceptance towards performance BEVs. A high income level and more car ownership will also
encourage users to purchase performance BEVs. Considering heavy congestion and strict restrictions in the top

19 developed cities, performance BEVs are more accepted in Chinese developing cities for urban mobility.
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Chapter 6: Conclusions and Discussions

This chapter concludes the results of this thesis, advises stakeholders, and discusses limitations and future
work. The thesis focuses on the main research question proposed at the beginning and answered in this

chapter:

€@ What kind of performance BEVs are recognized, accepted, and willing to be used by Chinese users in

urban mobility?

6.1 Conclusions

In the context of urban mobility transitions, cars are encouraged to be driven by electricity. BEVs are playing an
important role in future urban mobility. As either a continuation of performance petrol cars or a premium
version of normal BEVs, performance BEVs have the potential to become popular among the public. However,
performance BEVs is a niche branch of EVs, there is currently a lack of studies investigating the psychological
factors driving the purchasing of performance BEVs, especially with the background of ACES transitions in the
automotive industry. This study provides empirical evidence on what kind of performance BEVs are accepted
and willing to be used by Chiense users in urban mobility. By combining the Kano model and UTAUT2 model,
this study firstly measured users’ satisfaction of current and in-development UX features of performance BEVs,
then revealed the psychological and socio-demographic factors influencing individuals’ intention to purchase
performance BEVs. The sample of both models is from representative users of BEVs and performance cars in
China's largest automotive forum. The results of the Kano model reveal user experience satisfaction with
current features on performance BEVs in three dimensions: in the car, around the car, and beyond the car. The
results from the UTAUT2 model show that the psychological factors of the original UTAUT2, the newly added
factors, and socio-demographic characteristics are all vital influencers of purchasing behavioural intention.
These two results are combined to answer the main research question of this thesis from both the product

and user perspectives.

The overall results show that performance BEVs still remain attractive while holding different concerns with
performance cars by users in China. Performance BEVs are expected to have premium experience compared
with normal BEVs, especially in the context of charging services, battery life, and recharge mileage. The top
concerns regarding BEVs are related to energy usage and, in a Chines context, these concerns also apply to
performance BEVs. Specifically, longer battery warranty, faster charging, exclusive charging time or piles, and
route recommendation according to energy usage would encourage the intention to purchase performance
BEVs. Besides, more intelligent and connective features can also be incentives toward Chinese users
considering performance BEVs, such as real-time car data synchronization and autonomous driving outside the
city. Better drivability is still essential to performance BEVs but no longer the only feature getting users’

attention. Electrically driven powertrains come with more accessible dynamic performance but also new
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issues like range anxiety and long charging time. An appealing performance BEV must comprehensively exploit

strengths and avoid weaknesses.

The results of the Kano model also support the conclusions from the UTAUT2 model. From the perspective of
user psychology, performance BEVs are more like luxury options for normal BEVs. Users buy the luxury version
for more advanced features like fast charging and ADAS, the superior performance by multi-motor and four-
wheel drive is more like a bonus. In the context of urban mobility, there are seldom use cases for
outperforming performance, while Chinese users still highly accept performance BEVs in the city for
interesting reasons. Specifically, Vanity is found as the most important anticipator of intention to purchase
performance BEVs for urban mobility scenarios, followed by performance expectancy, Facilitating Conditions,
and Concern-free Experience. While Social Influence and Price Value are found irrelevant to purchasing
intention towards performance BEVs. In order to demonstrate a user portrait for performance BEVs, some
socio-demographic characteristics are also evaluated in a binary way. Chinese young urbanites living in
developing cities with high income have higher intention to purchase performance BEVs for urban mobility.
Considering the added value of performance BEVs with more intelligent and connective features and vanity

attributes, females are more willing to purchase a performance BEV than males.

To answer the main research question, Chinese users expect their performance BEVs to satisfy both sporty
driving and family use. Driving a performance BEV in the city represents a better physical looking and higher
social status, which is similar to the vanity attributes of performance petrol cars. However, performance BEVs
have special ways to show off, such as faster charging, energy usage optimization, and high-level ADAS with

more Lidar and cameras and so on.

6.2 Discussions

According to the conclusions, some recommendations can be derived from this study for OEMs, urban
mobility planners, and performance BEV users. For OEMs, it is worth noting that performance BEVs have
gradually grown from a niche to a subcategory. OEMs who are hoping to enter the performance BEVs market
need to realize the changes in the logic of product design, which can no longer follow the same methods as
manufacturing performance petrol cars. Comprehensive experience improvement in, around, and beyond the
performance BEVs should be provided by OEMs. Rather than pursuing the quality of the car itself, it would be
more effective to build exclusive fast charging stations, offer exclusive ADAS services in more cities, customize
route and driving according to navigation and energy usage. For urban mobility policy-makers, as performance
BEVs with more intelligent and connected features can better adjust driving strategies based on road condition
information and energy usage to optimize overall traffic efficiency, properly encouraging and establishing pilot
areas for functions such as C-ITS and ADAS can promote urbanites to learn and use performance BEVs better.
For performance BEVs users, some of them may not treat themselves as performance BEV users since they are

purchasing for luxury rather than multi-motor or four-wheel drive. It might take time for the majority to
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change the inherent impression of performance cars in the context of BEVs. As the interconnection
infrastructure of urban roads becomes increasingly complete, the characteristics of performance BEVs will

gradually appear besides only dynamic performance (Autohome Research Institute 2023a).

Since performance BEVs are a novel research topic in urban mobility, there are some practical limitations in
this study. The first limitation of this study is the lack of an academic definition of performance BEVs or
performance cars. As performance cars are a relatively vague concept, sports cars, street cars, muscle cars, as
well as sporty versions of some passenger cars can all be called performance cars because they all have
powerful engines and solid chassis. The definition becomes more difficult to specify for BEVs since the
electrified powertrain can easily generate lots of torque. Therefore, this study applied a plain definition by the
number of motors and drive modes in order to reduce cognitive bias among respondents. However, the final
conclusions also reveal that the performance BEVs are not limited to outperforming power, which still leaves
uncertainty in definition among users. The second limitation is the data resource. Considering the time and
budget constraints, the data were collected online via the Chinese largest automotive forum. Even though the
users in each community are required to own at least one car, it is still impossible to avoid secondary
dissemination of this online survey. The last limitation comes from the localization, i.e., translation. Because
the language and original questionnaire of the Kano model and UTAUT2 model are in English, it could be

possible that Chinese translation is not sufficient or sharp. These limitations should be noticed by the readers.

In order to reduce bias and get more insights in the future, further studies can be carried out in the following
two aspects. As a niche branch of BEVs, this study mainly emphasizes the BEV identity of performance BEVs.
After clarifying the definition of performance cars, it is meaningful to study whether the users who purchase
performance BEVs are mainly BEVs buyers or performance cars buyers. Because users of BEVs and
performance cars have different car usage habits, this is critical for the market positioning of performance
BEVSs. As the world’s largest EV market, China has the most diverse BEVs users, while this study still came up
with some results that are different from previous studies, especially in different regions. Considering the
differences in usage scenarios and usage habits of EVs, the purchasing intention of performance BEVs in urban
mobility may have different influencing factors in other regions. It is necessary to investigate to study user

acceptance and satisfaction in other regions for recommendations.

In terms of future research, it is recommended to investigate the application of the Kano model in more
detail, to find confirmation for the influence of vanity and to replicate this research with a more

representative sample.
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Appendix A: Survey

‘Page 1’
Reading guide

In today’s urban mobility, battery electric vehicles (BEV) are one of the most common mobility elements. As
almost every BEV has its performance edition with dual/tri motors and four-wheel-drive, a performance car is
becoming more accessible and popular than before. Meanwhile, there are less room and stricter restrictions
for cars in the city. To offer better experience in urban mobility, it is necessary to understand how will
performance BEV be accepted and expected by public in the foreseen urban mobility. In this survey research,
we study the user acceptance and user experience expectancy of “performance electric car”. The survey
involves three parts of data collection.

1. Basic socioeconomic background.
2. Information about the user experience satisfaction of the performance BEV.

3. Information about the acceptance of the performance BEV in urban mobility.

It takes about 15 minutes to complete the survey depending on your answers to some of the questions. We
would like to thank you for your participation.

Requirements for the pre-selection of respondents include (i) age over 18; and (ii) with driving license.

‘Page 2’

Below is the standard consent form to start the survey.

“l declare that | participate in this study voluntarily and | am aware that | have the right to stop answering the
questionnaire or withdraw my data from the study at any time without the need for any argumentation. Data
will be aggregated to a group level, evaluated, and published for scientific purposes such as scientific
publications. After the research process, the personal data will be deleted by the research team. Aggregated
data are stored on encrypted systems of the university. The data will not be accessible to external parties and
only the responsible researcher and his team have the right to view the data. When the data are made public
in any capacity, all personal information will be completely anonymized. For questions and/or comments | can
contact the responsible researcher Shumeng Zhang (s.zhang@student.tue.nl) of the Eindhoven University of
Technology.

| have read and understood the above text. My participation in this questionnaire is voluntary. "
-l agree to participate in this study (yes, no)
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Screening questions:
1. Age (17 years old or younger; 18 to 34 years old; more than 35 years old)
2. Do you have a car driving license? (yes; no)

Part 1 - Basic socioeconomic background
For the following questions, please choose the answers that fit you the most.

What is your gender (male; female; different from the above)

What is your education level (college degree or lower; university bachelor degree or higher)
Where is your main residence city?

What is your monthly net income level in CNY (less than 10000; more than 10000)

How many cars are there in your household? (1 or less; 2 or more)

Noubkw

‘Page 4’

Introduction of performance BEV and performance petrol car

A performance BEV is generally the top model of the series, which is different from the petrol car who has an
individual performance brand. Generally, it has the best functionalities in the series like high-level ADAS
(Advanced Driver-Assistance System), while the price gap between performance and regular edition of a BEV is
smaller than that of a petrol car. The performance BEV is also equipped with dual/tri motors and four-wheel-
drive with a larger battery. Due to its heavier mass and stronger power, a performance electric car usually has
faster acceleration but shorter travel range than a regular electric car.

Currently, most of the BEVs have their performance edition. There are some photos of performance BEVs and
performance petrol cars from their official websites and their data comparison of acceleration, top speed,
range, and price.

Fig. 1 Tesla Model 3 Performance Edition 2022 (discontinued)
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Fig. 4 BMW M4 Coupe (Performance Edition)
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Part 2 - User experience (UX) satisfaction of the performance BEV

The UX features on a car can be categorised into three dimensions: in the car, around the car, and beyond the
car. Specifically, there are some examples in each category:

* Inthe car: voice control system, HUD on wind screen, L4-level ADAS (Advanced Driver-Assistance System).
*  Around the car: remote controllability, fast charging experience, car pick-up for maintenance.

*  Beyond the car: car app, campaign for car owners, brand day, etc.

Please state how would you comment on the following UX features when both available and not available.

(5-point scale: 1: | dislike it, 2: | can tolerate it, 3: | am neutral, 4: | expect it, 5: | like it that way)

UX: Better drivability
8. A performance BEV has better drivability than a regular BEV.
A performance BEV does not have better drivability than a regular BEV.

UX: Better car-interaction experience
9. A performance BEV has better car-interaction experience than a regular BEV.
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A performance BEV does not have better car-interaction experience than a regular BEV.

UX: More cameras, radars, Lidars for autonomous driving

10. A performance BEV has more camaras, radars, Lidars for autonomous driving than a regular BEV.
A performance BEV does not have more camaras, radars, Lidars for autonomous driving than a regular
BEV.

UX: Autonomous driving in the city
11. A performance BEV has higher level of autonomous driving in a city than a regular BEV.
A performance BEV does not have higher level of autonomous driving in a city than a regular BEV.

UX: Autonomous driving outside the city
12. A performance BEV has higher level of autonomous driving outside a city than a regular BEV.
A performance BEV does not have higher level of autonomous driving outside a city than a regular BEV.

UX: Gamification features (gamification in the car: to apply elements or mechanisms in games to in-car
interactive environment, e.q., challenges, badges, storylines, quests, leader boards, etc.)
13. A performance BEV has gamification features.

A performance BEV does not have gamification features.

UX: Unique interior light
14. A performance BEV can show its prestige by unique light features.
A performance BEV cannot show its prestige by unique light features.

UX: Unique avatar
15. A performance BEV can show its prestige by a unique avatar.
A performance BEV cannot show its prestige by a unique avatar.

UX: Voice-control everything
16. You can voice-control everything on a performance BEV.
You cannot voice-control everything on a performance BEV.

UX: Engine sound simulator
17. A performance BEV can simulate the engine sound.
A performance BEV cannot simulate the engine sound.

UX: Customizable car mode (e.g. sleep mode)

18. There are customizable car modes on performance BEV which can synchronize car lights, seat angle,
music, temperature, fragrance. E.g., you can lie down comfortably and sleep well in a performance BEV
when needed.

There are no customizable car modes on performance BEV which can synchronize car lights, seat angle,
music, temperature, fragrance, E.g., you cannot lie down comfortably and sleep well in a performance
BEV when needed.

UX: Great experience as a passenger

19. Passengers also have great experience on a performance BEV.
Passengers do not have great experience on a performance BEV.
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UX:
20.

UX:
21.

UX:
22.

UX:
23.

UX:
24.

UX:
25.

UX:
26.

UX:
27.

UX:
28.

UX:
29.

UX:
30.

UX:
31.

Racing tutorial
You can learn how to race in the track from a performance BEV.
You cannot learn how to race in the track from a performance BEV.

Autonomous driving tutorial
You can learn how to use autonomous driving properly from a performance BEV.
You cannot learn how to use autonomous driving properly from a performance BEV.

Route recommendation according to driving preferences
A performance BEV can suggest different routes according to your driving preferences for the day.
A performance BEV cannot suggest different routes according to your driving preferences for the day.

Route recommendation according to energy consumption
A performance BEV can suggest different routes according to your energy consumption for the day.
A performance BEV cannot suggest different routes according to your energy consumption for the day.

Faster charging
A performance BEV can charge faster than a regular BEV.
A performance BEV cannot charge faster than a regular BEV.

Better charging service
A performance BEV has better charging service than a regular BEV.
A performance BEV does not have better charging service than a regular BEV.

Better maintaining service
A performance BEV has better maintaining service than a regular BEV.
A performance BEV does not have better maintaining service than a regular BEV.

Longer battery warranty
A performance BEV has longer battery warranty than a regular BEV.
A performance BEV does not have longer battery warranty than a regular BEV.

Exclusive charging pile/time period
A performance BEV has its exclusive charging pile/time period.
A performance BEV does not have its exclusive charging pile/time period.

Swappable battery
A performance BEV can also swap the battery rather than charging only.
A performance BEV can charge only rather than also swap the battery.

Carbon footprint note
A performance BEV can note my carbon footprint when using it.
A performance BEV cannot note my carbon footprint when using it.

Real-time car data synchronization

A performance BEV can synchronize car data in real-time.
A performance BEV cannot synchronize car data in real-time.
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UX:
32.

UX:
33.

UX:
34.

UX:
35.

UX:
36.

UX:
37.

UX:
38.

UX:
39.

UX:
40.

UX:
41.

More owner rights
You have more owner rights as a performance BEV than a regular owner.
You do not have more owner rights as a performance BEV than a regular owner.

More customization opportunities
You have more customization opportunities on a performance BEV than a regular BEV.
You do not have more customization opportunities on a performance BEV than a regular BEV.

More exclusive optional features
You have more exclusive optional packages for a performance BEV than a regular BEV.
You do not have more exclusive optional packages for a performance BEV than a regular BEV.

More payment options
You have more payment options like subscription for a performance BEV than a regular BEV.
You do not have more payment options like subscription for a performance BEV than a regular BEV.

Priority in services
You have priority in services as a performance owner among other owners in the same brand.
You do not have priority in services as a performance owner among other owners in the same brand.

Unique car app
There is a unique car app for performance BEV users.
There is no unique car app for performance BEV users.

Unique products from brand store
There are unique products in the brand store for performance BEV users.
There are no unique products in the brand store for performance BEV users.

Exclusive owner community
There is an exclusive community for performance BEV owners.
There is no exclusive community for performance BEV owners.

Exclusive credits
There are exclusive credits for performance BEV owners.
There are no exclusive credits for performance BEV owners.

User growth system
There is a user growth system to track how the owner use a performance BEV.
There is no user growth system to track how the owner use a performance BEV.
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Part 3 - User acceptance of the performance BEV in urban mobility

Please state how much you agree or disagree with the following statements.
(5-point scale: 1: totally disagree, 2: disagree, 3: neutral/uncertain, 4: agree, 5: totally agree)
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42.
43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

In urban mobility, performance BEVs offer better driving experience in acceleration and controllability.
In urban mobility, performance BEVs can well balance my daily use convenience and sporty driving
pleasure.

In urban mobility, my driving experience would be enhanced by technologies on performance BEVs.

In urban mobility, my driving performance would be enhanced by the connectivity of performance BEVs.
People who are important to me think that | should use performance BEVs in urban mobility.

People whose opinions | value think that | should use performance BEVs in urban mobility.

| would use performance BEVs in urban mobility if my friends/colleagues recommend it.

| would be more likely to use performance BEVs in urban mobility if my friends/colleagues use it.

| expect there are enough fast-charging stations for me to use performance BEVs in urban mobility.

| expect the battery technology is mature enough to use performance BEVs in urban mobility.

| expect the maintenance of performance BEVs in urban mobility is easy with its advanced technologies.
Performance BEVs is reasonably priced with its improved experience in urban mobility.

Performance BEVs is more intelligent in urban mobility among other cars with the same price.
Performance BEVs is a good value for money in urban mobility.

| expect a part of performance BEVs price is paying for the environmental contribution in urban mobility.
I no longer worry about the battery depletion in urban mobility after driving performance BEVs.

I no longer worry about the parking and congestion in urban mobility after driving performance BEVs.

I no longer worry about the noise to others in urban mobility after driving performance BEVs.

I no longer worry about the traffic safety issues in urban mobility after driving performance BEVs.

| concern my physical appearance in urban mobility so | use performance BEVs if | could.

Using performance BEVs in urban mobility will make me look physically better.

| concern my social status in urban mobility so | use performance BEVs if | could.

Using performance BEVs in urban mobility will make me appear to have more achievements.

| intend to purchase performance BEVs for urban mobility in the future.

| am very likely to purchase performance BEVs soon for urban mobility if the opportunity arises.

| intend to purchase performance BEVs for urban mobility although it is expensive.

| would encourage friends/colleagues to purchase performance BEVs for urban mobility.

‘Page 7’

This is the end of the survey. If you have any comments regarding the study or survey, please leave them in the
box below. You are also welcomed to send emails to s.zhang@student.tue.nl if you would like to If follow up
on the results of this study.

Thank you for participating in the survey!
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