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ABSTRACT

This dissertation analyses the acceptance of electromobility in Germany
using an extended technology acceptance model. An integrative research model
was developed based on the unified theory of acceptance and use of technology
(UTAUT 3) by Blut et al. (2022) and the empirically substantiated determinants
from the meta-analysis by Wicki et al. (2022). This was supplemented by trust-
based influencing factors (McKnight, 2009; Hilale & Chakor, 2024) as well as
demographic moderators adapted to the research context according to Sovacool
(2018). The empirical examination was conducted through a quantitative online
survey with a final sample size of n = 485, which was compiled by a professional
market research institute to ensure a representative sample. The data was analysed
using structural equation modelling (PLS-SEM) in SmartPLS. The results confirm
the central causal relationships of the extended model and emphasise, in particular,
trust in electromobility, reliability, contextual acceptance, and other experience-
and demographics-based moderators as key factors in user acceptance of electric
vehicles. Finally, implications for research and practice as well as recommendations

for future studies are discussed.

RESUMEN

Esta tesis analiza la aceptacion de la electromovilidad en Alemania utilizando
un modelo ampliado de aceptacion de la tecnologia. Se desarrollé un modelo de
investigacion integrador basado en la teoria unificada de la aceptacion y el uso de
la tecnologia (UTAUT 3) de Blut et al. (2022) y los determinantes empiricamente
corroborados del metaanalisis de Wicki et al. (2022). Este se complementd con
factores de influencia basados en la confianza (McKnight, 2009; Hilale y Chakor,
2024), asi como con moderadores demograficos adaptados al contexto de la
investigacion segin Sovacool (2018). El examen empirico se llevo a cabo mediante
una encuesta cuantitativa en linea con una muestra final de n = 485, que fue

recopilada por un instituto profesional de investigacion de mercados para
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garantizar una muestra representativa. Los datos se analizaron mediante modelos
de ecuaciones estructurales (PLS-SEM) en SmartPLS. Los resultados confirman las
relaciones causales centrales del modelo ampliado y destacan, en particular, la
confianza en la electromovilidad, la fiabilidad, la aceptacion contextual y otros
moderadores basados en la experiencia y la demografia como factores clave para
la aceptacion de los vehiculos eléctricos por parte de los usuarios. Por ultimo, se
discuten las implicaciones para la investigacion y la practica, asi como las

recomendaciones para futuros estudios.

KEYWORDS: electromobility, technology acceptance, UTAUT, TAM,
consumer behaviour, innovation and diffusion, acceptance, electric vehicles,

trust in electromobility

PALABRAS CLAVE: electromovilidad, aceptacion de la tecnologia,
UTAUT, TAM, comportamiento del consumidor, innovacion y difusion,
aceptacion, vehiculos eléctricos, confianza en la electromovilidad.



ACKNOWLEDGEMENTS

First of all, I would like to thank my two supervisors, Prof Dr Mercedes
Carmona Martinez and Prof Dr Thomas Heupel. Your professional guidance,
critical impulses and motivating support have significantly shaped this
dissertation. Thank you for your openness, your trust and your constructive

feedback, which have been invaluable to me.

My deepest gratitude goes to my wife Lea, who has been with me at every
stage of this project with patience, understanding and unwavering support. Your
love, encouragement and strength have often given me strength when my own
waned. You were my haven of peace and my greatest motivation: without you, this

journey would not have been possible.

I would also like to thank my family, but in particular my grandma Gertrud
(t), who has always believed in me. Your unconditional support, your trust in my
path and your patience have given me stability, not only during this work but
throughout my life.

A heartfelt thank you also goes to my friends who have accompanied me in

moments of doubt, frustration, but also joy. Your encouragement, open ear and

humour have often given me new energy.

Last but not least, I would like to thank my colleagues who have supported
me both professionally and personally. Your flexibility, motivation and
understanding of this project have helped me to harmonise work and research.

My sincere thanks go to all of you: this work is also thanks to you.



“Small disciplines repeated with consistency every day lead
to great achievements gained slowly over time.”
— John C. Maxwell (2010).



GENERAL TABLE OF CONTENTS

ABSTRACT ..auiiiiiiiissssesesesesesesesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 7
I INTRODUCTION ...uuoiiirieriintitenenennsnrireseeseessssssssssssssssssssssssssssssssssssssssssssssssssssses 33
1.1 MOtiVatiON.. ..ttt s s s s ssss s s sesesene 33
1.2 ODJECHIVE ettt sesesssessss s s ssasasasanans 35
1.3 Structure of the Thesis......eeeeeeee e 36
II THEORETICAL BACKGROUND ......ucuiiriririniniriiiinnnsnsssnsssssssssssssssssssasassesenes 41
21 Consumer behavioUT..........iiiiisnas 41
211 Theory of consumer behaviour............cccccccviiiiniiiiniiie, 41
21.2 Psychological processes and consumer characteristics that influence
purchasing behaviour ..., 47
213 Factors that influence consumer behaviour.............cccccceuiiiiiiiiinne. 52
214 Purchase deciSion ProcCess ..........coceiviviiueiiniiiiininiieiieeeeeeeneeeas 56
2.1.5 Political factors that influence consumer behaviour............ccccccccvruncee. 60
2.2 Electromobility.......cceieiiiiiiciiiiciinnccssssesesesesenene 64
221 History of electromobility..........ccooviiviviiiiiiniiiiiiiiiiccce 64
222 Variants and market OVerview ... 69
223 Registration development and sales trends...........cccoeueeeiccciiiinnnen. 75
224 Focus of this study in relation to electromobility.........ccccccccevriicinncnnncne. 80

225 Multifaceted challenges for the further development of electromobility

IN GEIMANY ...ttt e 81
2.2.6 Environmental policy development in Germany...........cccccceuvveuecinuruencncne. 89
227 State subsidies in Germany .........c.ccccccveeienieininieinineeeeeeeeees 92
2.3 Innovation and Diffusion ...t 96

231 Technologies and INNOVAIONS ..o 96



14 STEFFEN BERG

232 Diffusion of EVs in Germany .........c.cccccoeeeeeieininininciniesnccce e 98
233 Diffusion effect ... 101
234 Disruptive innovation and its success factors for the introduction of
new technologies and their significance for electromobility ................. 102
24 A CCEPLANCE....cucuereretetetentetenteenteente sttt ssessste e sseessesessesaesesassssnnans 106
241 Focus on the concept of acceptance............ccceveiiviiiiicininiiiniicnnnn, 106
242 Models of behavioural theories ...........ccccoviininiiiniiiiicene, 107
2.4.3 Technology acceptance model..........cccoooiiiiiiiiiiiice, 110
244 Models of technology acceptance research ............cccoeeiiniiiicininncncnne. 112
ITI THEORETICAL ANALYSIS .....utititettcnineessssnsseesesessssssssssssenes 121
3.1 State of research on technology and user acceptance in relation to
electrOMODILItY c...ccvevriicriittctt s 121
3.2 Meta-analyses in acceptance research and presentation of the meta-
analysis by Wicki et al. ... 127
3.3 Identifying the research gap.......ccococevernriirinnniisesnniinissnnsesesnssesenens 133
3.3.1 Mapping: Assignment of the determinants of Wicki et al. to the
determinants of the technology acceptance models.............ccceueucnnnn, 140
3.3.2 Select: The UTAUT 3 as a starting model for further research.............. 151

3.3.3 Adapt: Final adjustment and supplementation of UTAUT 3 with the

missing determinants from Wicki et al..........ccccoooeiiiiinninnn 157

334 Set-up: Setting up the research model, formulating hypotheses and

summarising the research project.............c.coeeeeecicinine 168
IV METHODOLOGY ...uuiiiteieriteteneneneneneneneeseesssssssssssssessssssssssssssssssssssssssssssssssssses 207
4.1 Preliminary considerations for the methodology chapter................... 207
4.2 Structural equation modelling..........eeeirevrirenirenirenesenisencsnnscsnesenns 211
421 Structural equation modelling to test theoretical cause-and-effect

1elatioNSNIPS .c.covviiiiiiiicccc e 211

422 Structure of structural equation models...........ccccccviviiininiiiiiniiinnn, 214



GENERAL TABLE OF CONTENTS 15

423 Measurement of model constructs ..........cccoevvvviviiiniiiiicciiccce, 216
424 Different estimation methods for structural equation models.............. 218
425 Choice of procedure for the present wWork ...........cccceeiiviniiiniiiinnn, 222
42.6 Estimation procedure in the PLS algorithm...........cccoooeiiiin 224
4.2.7 Investigation of the interaction effects..........ccccocovvviiiiiiiniinin 227
4.3 Operationalisation of the model variables...........ccovuereverunrieernnncncnnns 229
43.1 Operationalisation Process............eeeueueueueicicicccceee e 229
4.3.2 Single- vs. multi-item measurement ... 231
43.3 Scaling of INAIiCatOrS .......cceeiviiiiiiiiiiiiiic e 233
434 Poling of INdIiCators.........ccovirieiiiiicccc 235
4.3.5 Concept operationalisation for investigating the acceptance of EVs ...237
4.3.6 Summary and overview of the final questionnaire .............ccccccccevennnn, 251
4.4 Data and sample description // Study design...........ccceueucueucccncncncnnnes 258
V RESULTS ...ttteeeetsinineeesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 269
5.1 Data preparation ... 269
511 Preparatory work and preparation of the data in "R" ...........ccccoeveenne 269
5.1.2 Imputation of missing values...........cccceeueviirceiniiniicccce 271
51.3 Representativeness of the database............cccccccevriiiinniiinniinnccne, 273
514 Quality of the database ..........c.ccoovvviieiiiiiii 275
5.2 Procedure of the empirical analysis......c.cocevevererunrcrcsnsncscsnsnncscsnssencncns 279
5.3 Settings of the variance analysis software "SmartPLS"....................... 284
5.4 Quality assessment of the measurement model (Model I)................. 286
5.4.1 Overview of relevant quality criteria.........ccocoevvcviiinnnnn 286
54.2 Indicator reliability .......cccccoeoiviiiiiiniiiiiicc e 289
5.4.3 Construct reliability ........cccooveveieieieieie 292
5.4.4 Content Validity .....ccovovevieiiieiieiee 296
5.4.5 Construct Validity .......cccoeeeeiviiiiiiiiiiccc e 298



16 STEFFEN BERG

5.5 Quality assessment of the structural model (Model I) .............cucuc.. 302
5.5.1 Sign, magnitude and significance of the path coefficients..................... 303
55.2 Goodness of fit of the estimation procedure.............ccccccovvvviiiiniiinnnnn, 306
5.5.3 Predictive Validity.......c.coovoiieieiiiiiiiceec 309
5.6 Influence of moderator and control variables (Model II) ................... 310
5.7 Summary of the results........iieiniirniiiiiiii, 315
5.7.1 Model quality: Model fit and explanatory power of Model I................ 317
5.7.2 Discussion of causal relationships and constructs...........ccccocovuevevrinnnnee. 319
5.7.3 Discussion of moderator effects (Model IT).........ccccoevevevenenenienenenenne. 323
VI DISCUSSION and CONCLUSIONS........omiminncsenesesisesesisisesssssssssesnsnens 347
6.1 Research contribution of this Work.........iniccnnniininniccsnnncncnns 347
6.2 Implications for Practice........eueeirenirncrsesencnenisnesencsnscssssessesesaene 350
6.3 Further research directions .........eeeececncvcncncncnnnnninininincnicccncccnennnns 354
VII BIBLIOGRAPHICAL REFERENCES .........ciiirrnencninennsincnisencseseseseananens 359

VIII APPENDIXES.....cuioiiiinininininsinninniiiisisississississississisisssssesssessssssssssssssssssses 413



ACRONYMS AND ABBREVIATIONS 17

ACRONYMS AND ABBREVIATIONS

Abbreviation Meaning

ACEA
AtET
AVE

BAFA

BEV
BI
BMW

BMWK

BRD
BYD
CA
Cav
CAM
CB-SEM
CD
CLT
CLVS
CMB
Co
Com
CR
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European Automobile Manufacturers’ Association
Attitude towards environment and technology
Average variance extracted (average explained variance of a construct)

Federal Office of Economics and Export Control (Bundesamt fiir
Wirtschaft und Ausfuhrkontrolle)

Battery electric vehicle (Batterieelektrisches Fahrzeug)
Behavioural intention
Bayerische Motoren Werke (German automobile manufacturer)

Federal Ministry for Economic Affairs and Climate Protection
(Bundesministerium fiir Wirtschaft und Klimaschutz)

Federal Republic of Germany (Bundesrepublik Deutschland)
Build Your Dreams (Chinese automobile manufacturer)
Contextual acquaintance

Charging availability

Centre of Automotive Management

Covariance-based structural equation modelling
Contextual determinants

Central limit theorem

Central limit value set

Common method bias

Costs

Compatibility

Composite reliability (Maf fiir interne Konsistenz)
Charging time

Driving range
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NEDC
OEM
OLS
PCA
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PHEV
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Pin
PLS
PLS-SEM
PV

QZ

R

R2
REEV
Re

SA
Scopus
SD
SEM
SI

S-curve

Masculinity

Market availability

Mediator effect

Moderator effect

Motor power

Sample size

National culture

New European Driving Cycle

Original equipment manufacturer

Ordinary least squares (e.g. in “partial OLS regressions”)
Principal component analysis (e.g. for Harman’s single-factor test)
Performance expectancy

Plug-in hybrid electric vehicle

Policy and incentives

Personal innovativeness
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Partial least squares structural equation modelling
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TAM
TAM 2
TAM 3
TD

TI

TPB
TRA
UB
ULS
UNFCCC
uspP

UTAUT

UTAUT 2

UTAUT 3

VDA

VuMA
VW

Web of
Science

WLTP
B

Stimulus-organism-response

Stimulus-response

Standardized root mean square residual

Short-term memory

t-value (for significance testing)

Technology acceptance model

First extension of the TAM (Davis & Venkatesh, 2000)
Second extension of the TAM (Venkatesh & Bala, 2008)
Technical determinants

Trusting intention in electromobility

Theory of planned behaviour

Theory of reasoned action

Use behaviour

Unrestricted least squares

United Nations Framework Convention on Climate Change
Unique selling proposition

Unified theory of acceptance and use of technology (Venkatesh et al.,
2003)

First extension of the UTAUT for the consumer context (Venkatesh et al.,
2012)

Second extension of the UTAUT, latest version (Blut et al., 2022)

Association of the Automotive Industry (Verband der
Automobilindustrie)

Consumption and media analysis (Verbrauchs- und Medienanalyse)

Volkswagen (German automobile manufacturer)
Scientific literature database

Worldwide harmonised light vehicles test procedure

Standardized path coefficient (beta)
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I INTRODUCTION

1.1 MOTIVATION

The acceptance of electric vehicles in established markets is one of the key
challenges for implementing sustainable mobility strategies (K. Dudenhoffer, 2015,
p- 318; Kampker et al., 2018, p. 13; Nationale Plattform Elektromobilitat (NPE),
2012; Sovacool et al., 2018, p. 18; Wicki et al., 2022, p. 66). Pollution and particulate
matter caused by transport are increasing year on year. The transport sector is
responsible for approximately 20 per cent of global carbon dioxide emissions each
year, with almost half of these emissions attributable to private motorised transport
(Europdisches Parlament, 2023a, p. 3; Martin et al., 2022; Rodrigue, 2020, pp. 132-
133). Passenger transport therefore has a significant impact on human health and
the environment as it contributes to local noise and air pollution as well as global
climate change (Creutzig et al., 2015, p. 911 ff.; Lelieveld et al., 2015, p. 367 ff.;
Miinzel et al., 2021, p. 2882 f.; Nieuwenhuijsen, 2018, p. 432 f.; Victor et al., 2019, p.
33 f.). As a result, an increasing number of people are concerned about their
environment (Attenborough & Lagarde, 2019, p. 5; Continental AG, 2020, p. 7;
Finger, 2015, p. 10). The classic combustion engines are at the centre of discussions
about drive technology. The electrification of drive systems should lead to the use
of more environmentally friendly technologies, offering the opportunity to reduce
dependence on oil in the long term and minimise emissions (Appel, 2021; Delhaes,
2021; Karle, 2022, p. 2; Proff & Szybisty, 2018, p. 2). A reduction in emissions from
motorised private transport is crucial to achieving the goals of the Paris Agreement
(Rockstrom et al., 2017, p. 1269 £.).

This is why electric mobility (EMOB) plays a crucial role in the energy
transition and sustainable mobility in many countries. Battery electric vehicles
(BEVs) and fuel cell vehicles (FCVs) in particular are a key factor here (Kampker et
al.,, 2018, p. 60 £.; Karle, 2022, p. 29 {.; Middelkoop & Koppelaar, 2017, p. 45 £.). BEVs
rely on electricity that comes from local, low-emission sources wherever possible.
In the area of hydrogen production, more attention should be paid to hydrogen

from green sources in the future (Ajanovic & Haas, 2016, p. 1452).
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Electric vehicles have now been available on the market as a series product
for just over a decade (Deutsches CleanTech Institut, 2010, p. 26; K. Dudenhoffer,
2015, p. 315; Karle, 2022, p. 3). As the sales figures for electric vehicles in Germany
did not account for a large proportion of total vehicle sales for a long time, the
market penetration potential of this innovative drive technology was scrutinised
accordingly (Kampker et al., 2018, p. 13; Schmidt, 2009, p. 27 {.).

There were many reasons for the lower registration figures, with the main
criticisms levelled at electric vehicles concerning the significantly higher purchase
price, insufficient range, a lack of nationwide charging infrastructure, long
charging times and doubts about technical safety and reliability (Bennett &
Vijaygopal, 2018, p. 501; Proff et al., 2022, p. 7).

Sales figures has only risen noticeably in the past five years (2019 to 2023).
However, the question arises concerning whether this development is solely due
to government support measures or whether other technical, socio-economic and
psychological factors have influenced purchasing decisions (Bandelow & Kundolf,
2018, p. 172; Center of Automotive Management (CAM), 2021, 2023; Kampker et
al., 2018, p. 14; Kraftfahrt-Bundesamt (KBA), 2024a).

Acceptance is understood as the willingness to use a product, which requires
positive attitudes and intentions to use (Dethloff, 2004, p. 18). Acceptance is
therefore a key measure for the evaluation of alternative drive technologies by
potential consumers (K. Dudenhoffer, 2015, p. 76; Wicki et al., 2022, p. 66).

As Germany has missed the target of one million registered e-vehicles by
2020, the question emerges concerning which factors specifically influence or
inhibit acceptance, and how it can be increased (Bundesministerium fiir
Wirtschaft und Klima (BMWK), 2022; Bundesministerium fiir Wirtschaft und
Klimaschutz der Bundesrepublik Deutschland (BMWK), 2016, 2023; Fazel, 2014, p.
1 ff.; Kraftfahrt-Bundesamt (KBA), 2020b).

Although technological, economic and ecological aspects have frequently
been studied, an integrated model that also takes behavioural, trust-based and
cultural factors into account remains lacking (Blut et al., 2022; Hilale & Chakor,
2024; H. McKnight et al., 2009)

This study addresses the research gap by empirically testing an extended
acceptance model supplemented with trust (e.g., integrity, competence, reliability),
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as well as demographic and cultural moderators. This creates a differentiated
understanding of the determinants of acceptance, with practical implications for

politics, business and society.

1.2 OBJECTIVE

Electromobility is considered a key technology for reducing emissions in the
transport sector (Europdisches Parlament, 2023b, p. 3; Rockstrom et al., 2017, p.
1269 f.). Nevertheless, market success has been limited to date (Bundesministerium
fiir Wirtschaft und Klimaschutz der Bundesrepublik Deutschland (BMWK), 2022;
Kraftfahrt-Bundesamt (KBA), 2020c, p. 10). One possible reason for this is the
existing uncertainties among consumers, which can be attributed to psychological,
social, and cultural influencing factors (K. Dudenhéffer, 2015, p. 76; Sanguesa et al.,
2021; Wicki et al., 2022).

This thesis aims to develop a theory-based structural model to explain the
acceptance of electric vehicles, drawing on existing research on technology
acceptance (Blut et al., 2022; F. Davis, 1989; Venkatesh & Davis, 2000). In addition
to the literature-based determination of possible influencing factors (Wicki et al.,
2022), which are used as the basis for determining a suitable initial model and its
assignment, the extension of the initial model to include the following components
is also considered:

* Trust in technology (integrity, capability, benevolence; (Hilale &
Chakor, 2024; H. McKnight et al., 2009)

* Demographic and cultural moderators, such as age, gender,

individualism vs. collectivism (Sovacool et al., 2018; Triandis, 2004)

*  Other indirect influencing factors, such as political support, technical
infrastructure or risk appetite (Kampker et al.,, 2018; Karle, 2022;
Salamon, 2002)

As it is assumed that many consumers have already gained experience with
electromobility in the past ten years or have at least formed an opinion about it, not
only the intention to use but also the actual usage behaviour is analysed as a
dependent variable, in contrast to previous studies (Ajzen & Fishbein, 1980, p. 188
f.; E. D. Davis, 1989; K. Dudenhoffer, 2015, p. 111; Wicki et al., 2022, p. 76).
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The aim of the study is to develop an empirically verified and theoretically
sound acceptance model that contributes to the further scientific development of
acceptance models and explains the concrete adoption behaviour of electric

vehicles in practice.

1.3 STRUCTURE OF THE THESIS

Chapter 1 begins with the introduction. In addition to the thematic
categorisation of the thesis, the motivation, objectives and the overarching research
question are presented. Moreover, an overview of the study's objectives and the

planned thesis structure is presented.

Chapter 2 provides a theoretical foundation for the topics covered. The
central theoretical principles of electromobility, consumer behaviour, innovation
and diffusion theory and acceptance research are presented. The thematic
framework begins with a description of the development, variety and market
overview of electric vehicles, followed by an examination of consumer behaviour,
whereby internal and external influencing factors as well as psychological and
political determinants of decision-making behaviour are discussed. The following
sub-chapters on market segmentation, innovation and diffusion as well as
technological acceptance provide the theoretical frame of reference for the
subsequent research model. The selection of relevant theories is theory-led and
oriented towards the scientific connectivity of existing empirical studies. The
current state of research on user acceptance in the field of electromobility is then

analysed and the existing research gap is identified in Chapter 3.

Chapter 3 follows with a systematic derivation of the research model.
Building on the UTAUT3 model (Blut et al., 2022), this model is extended to include
trust-related influencing factors (Hilale & Chakor, 2024; H. McKnight et al., 2009)
as well as demographic and cultural moderator variables (Sovacool et al., 2018;
Triandis, 2004). The aim is to map the contextual, social, cultural and psychological
influencing factors, which have been insufficiently considered to date, in a joint
model and systematically investigate their effect on the intention to use. The
research questions and hypotheses are formulated based on theory. The chosen
deductive-quantitative approach is particularly suitable for further developing

existing theoretical models and empirically validating their explanatory content.
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Chapter 4 describes the methodological realisation of the empirical study.
The study is conducted based on a standardised online questionnaire using
LimeSurvey software. The sample (N = 450) is recruited through the market
research institute Lightspeed (Kantar) and is drawn based on defined quota
characteristics (age, gender, region, and driving licence ownership). The target
group is people with a residence in Germany and a class B driving licence. The
survey is anonymised. Validated scales are used to measure the theoretical
constructs, which were subjected to a pre-test in advance to check
comprehensibility, reliability and validity.

Chapter 5 describes the data analysis using structural equation modelling
(PLS-SEM), which is particularly suitable for testing complex causal models with
latent variables and enables analysing moderation effects. Once the model has been
estimated, the hypothesis is tested and significant influencing factors are identified.
This study focusses on the theoretical evaluation of the extended model.

Chapter 6 concludes with a discussion of the results. In addition to a critical
reflection and a summary of the central findings, implications for research and

practice are derived and an outlook on further research questions is provided.

This systematic approach can make a well-founded contribution to the
further development of existing acceptance models. The study is methodologically
feasible, based on current scientific standards and contributes to closing an
empirically substantiated research gap in the field of user acceptance of sustainable

mobility solutions. Figure 1 shows the procedure described above:
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Figure 1: Structure of the Thesis

Chapter | | Content
Introduction Motivation, purpose of the study, structure of the thesis
. Theoretical framework of consumer behavior, e-mobility, innovation
Theoretical Background I ) 3 A
and diffusion, acceptance theory and introduction to basic models
Synthesis of current research and meta-analyses, identification of the
Theoretical Analysis research gap, development of the research model and hypothesis
formulation
Methodology Il"ltrOdl.,lCtIOIl'l an.d conceptualization of the SEM approach,
operationalization of constructs, study design
Results Data collection and analysis, hypothesis testing
Conclusion Summary of Results, Implications, Outlook

Source: Own illustration
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II THEORETICAL BACKGROUND

This chapter aims to create a comprehensive theoretical foundation for
explaining consumer behaviour in the context of electromobility. For this purpose,
central theories and influencing factors of consumer behaviour as well as the
purchasing decision process are presented first. This is followed by a detailed
introduction to the development, market structure and political framework
conditions of electromobility in Germany. This is supplemented by selected studies
on consumer behaviour in the e-mobility sector. Finally, concepts of innovation and
diffusion, as well as various acceptance theories, are presented to develop a holistic
understanding of the challenges and drivers of user acceptance of new mobility
technologies. These fundamentals form the theoretical basis for the research model

that will be derived in the subsequent course.

2.1 CONSUMER BEHAVIOUR

211 Theory of consumer behaviour

"How can I make myself indispensable to the customer and retain their
loyalty?" The answer to this question is: "I have to "live" the customer's life, i.e. put
myself in their shoes, recognise their problems, find optimal solutions and offer
these to the customer as individually as possible" (Loitsch, 2021, p. 106; Nolden et
al.,, 2012, p. 438). Consequently, the market and the interactions associated with it
form the basis for marketing (Lippold, 2015a, pp. 3-4).

Understanding, influencing, and interacting with customers have
traditionally formed the core of marketing. Customer orientation, which was
originally a pure marketing task, has now also been integrated into other business
management disciplines and transferred to various value creation functions within
the company (Foscht et al., 2017, p. 3).

The concrete analysis of buyer behaviour is one of the main tasks of
marketing. Marketing aims to align company activities with current and potential

markets, ensuring that customers' needs are consistently met and generating
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competitive advantages (Meffert et al., 2019, p. 10). Following this, the greater the
competition in the relevant markets or the more successful new customer
acquisition becomes, the more pronounced customer orientation becomes (Nolden
et al., 2012, p. 438; Spindler, 2016, p. 45).

There is also a recognisable difference in acceptance conditions between
industrial and consumer goods markets. While there is a negative attitude towards
the analysis of buyer behaviour in the B2B sector, decision-makers in the B2C sector
are already sensitised and utilise the analysis of consumer behaviour for their
marketing activities (Foscht et al., 2017, p. 158 ff.; Kotler & Keller, 2016, p. 220). The
terms buyer behaviour and consumer behaviour can be distinguished from one
another. Buyer behaviour deals with the behaviour of commercial consumers when
purchasing economic goods or services, whereas consumer behaviour deals with
the behaviour of end consumers when purchasing and consuming economic goods
or services (Foscht et al., 2017, p. 3).

This research project will focus on consumer research. The focus will be on
the classic triangular relationship in marketing between customers, suppliers, and
competitors, which is embedded in a political-legal, socio-economic, technological,
and other environment (Lippold, 2015a, pp. 3—4). The illustration below makes it
clear that competitive advantages can only arise if they:

= are recognised by the customer;
* have relevant purchasing characteristics; and

* are copy-protected and therefore cannot be taken over directly by the

competition (Foscht et al., 2017, p. 4).



CHAPTER II - THEORETICAL BACKGROUND 43

Figure 2: Marketing Triangle

socio-economic environment

Customers

political-legal environment
JUSWIUOIIAUS [ed130]0ULD3)

Supplier Competitors

other environment / other general conditions

Source: Own illustration based on (Foscht et al., 2017, p. 4)

Consumer behaviour is influenced by various factors that have different

effects on the purchase decision, including:
* Cultural factors
* Social factors
* Personal factors
* Psychological processes/factors

A company's marketing measures must be tailored to the influencing factors
that affect the respective target group to direct the consumer's focus to its own
products (Rutschmann, 2019, p. 180).

Recommendations from customer 1 to potential customer 2 are particularly
important, with this behaviour being referred to as "customers recruiting
customers". It is essential to emphasise that the recommendations are directly
target group-oriented, as they are only made to individuals with a corresponding
need for products and services. This approach can be used for market novelties.
However, it must be emphasised that the manufacturer can also convince the
consumer to buy by offering special incentives. It is also important to emphasise

that consumers consider using and purchasing the product voluntarily. First
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movers! initially advertise new products on a trial basis and wait for an initial

résumé before investing in large-scale marketing campaigns.

The perspective of this research project is essentially characterised by target
group-oriented customer orientation. This includes understanding the factors that
lead to consumer acceptance as well as market segmentation. This allows
marketing activities and processes to be created and aligned to the target group
(Foscht et al., 2017, p. 3).

The frame of reference for analysing consumers can be divided into different
categories. The problem of the underlying research perspective determines the
respective application. In this context, four perspectives can be presented (Moser,
1990, p. 84 f.).

Perspective 1: Categories of goods

Initial differentiation is possible using different subcategories. In the first
step, a distinction can be made between free goods (e.g., sunlight, rain) and
economic goods (e.g., tap water, cars). In the second step, economic goods can be
divided into nominal goods (e.g. money, equity), real goods (e.g. tangible goods,
merchandise) and intangible goods (e.g. services, patents, licences). In addition, a
distinction can be made between consumer goods and productive or industrial
goods in a further level of classification (O’Shaughnessy & others, 1987, p. 143; Proff
& Szybisty, 2018, p. 115).

The underlying consumer behaviour can also differentiate consumer goods:

* Convenience goods: consumer goods for everyday needs.

* Shopping goods: consumer goods that are purchased after comparing

possible substitutes (e.g. household appliances).

» Speciality goods: consumer goods that have unique characteristics

and whose purchase involves a heavy budget burden and is therefore

1 First movers are pioneering companies that introduce a new product to the
market. At the time of the market launch, there is no technically comparable
product on the market. First movers can also be a group of consumers who are
the first to adapt a new technology, who are called “innovators” (Wisbert &
Knappe, 2021, p. 134).
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preceded by intensive research to obtain information (e.g. cars)
(Meffert et al., 2015, p. 101).

Perspective 2: Degree of cognitive control

The purchase decision types allow for a second differentiation based on the

degree of cognitive control, i.e.,, mental control. Here, the decision-making process

is considered as a whole, and only the degree of cognitive development for

decision-making characterises the purchase decision type. A distinction can be

made between purchase decision types with stronger cognitive control (extensive

and limited purchase decisions) and those with less cognitive control (habitualised

and impulsive purchase decisions) (Kroeber-Riel & Groppel-Klein, 2019, p. 458 ff.).

Table 2 below illustrates the differences and provides a general overview of the

findings.

Table 1: Purchase decision types in the purchase decision process

Purchase decision type

Description including example

Extensive purchase

Here, all available information is considered,
analysed and evaluated in detail, e.g. purchasing a

house.

Limited purchase

If not all information is available for a purchase
decision, heuristics and rules of thumb are used,

e.g. purchasing a car from a German OEM.

Impulsive purchase

Influenced by external stimuli, the purchase is
completed as quickly as possible, often as an
impulsive reaction to external circumstances, e.g.

buying an ice cream on a warm summer day.

Habitualised purchase

Purchasing decisions that are subject to regularity
and thus represent a routine for the consumer.
However, these can also be consumption habits,
persuasion purchases or consumption for self-
image, e.g. repeated purchase of a BMW 3 series

car.

Source: Own illustration based on (Felser, 2015, pp. 156-160)
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Perspective 3: Psychological determinants

Behaviour-oriented consumer research is the analysis of psychological
determinants (explanatory constructs). It is considered the dominant approach in
consumer research (Weinberg, 1981, p. 16 ff.). Different, non-observable mental
states and processes are used as a basis for explanation. This is intended to make
the consumer's psyche transparent (Foscht et al., 2017, p. 20).

The SR and SOR models are based on behaviourism, a branch of behavioural
research. The SR model is based on the research paradigm that a specific stimulus
(S = stimulus) interacts with an organism and elicits a response (R = response).
Initially, only the input and output variables were considered, and the processes
within the organism (O) were not investigated further, treated as a "black box". The

SOR model includes the variable "organism" in the analysis (Gerrig, 2016, p. 210 £.).

Recent research into behaviourism (neobehaviourism) examines the mental

processes in the organism, based on two classes of variables:
* Observable variables
* Intervening variables

The observable variables are the stimuli that act on the organism and the
response that it produces. The intervening variables attempt to describe and
concretise the processes within the organism/ within the black box. Theoretical

constructs from intervening variables are used to explain this:
= Activating processes (emotions, motivation and attitude)
* Cognitive processes (perception, learning and memory)

The observable and intervening variables are linked in the SOR model so that
they can be associated with observable stimuli and/or reactions for measurement.
The measurement is carried out using indicators, e.g. verbal utterances (Kroeber-
Riel & Groppel-Klein, 2019, p. 35 f.).

Perspective 4: Phases

Phase approaches do not examine the psychological processes in the buyer's
organism, but rather look at consumer behaviour in a temporally differentiated
manner according to the purchase phase approach. Similar to total models, phase
models aim to determine a comprehensive explanation of variance, assuming

extensive purchasing behaviour (Stauss & Seidel, 2014, p. 6). Purchase phase
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approaches are also crucial in B2B marketing, as the procurement decision-making
processes for industrial and capital goods are often lengthy and complex (Meffert
et al., 2019, pp. 132-135). Three main phases can be recognised: the pre-purchase
phase, the purchase phase and the post-purchase phase. In terms of the buying
cycle, a post-purchase phase can lead back to a pre-purchase phase (Zentes et al.,
2002, p. 423). The buying cycle considers whether a product fulfils the customer's
expectations and needs throughout the entire purchasing process (Kufs & Tomczak,
2012, p. 171 £.). One of the most popular buying phase models, Kotler's five-stage
buying process, is presented in detail in Chapter 2.1.4 (Kotler & Keller, 2016, p. 195).

2.1.2 Psychological processes and consumer characteristics that influence

purchasing behaviour

Based on the explanations in Chapter 2.1.1, it can be summarised that
consumer behaviour is understood as the study of individuals, groups or
organisations, for example. The aim of this is to understand the needs and wishes
of consumers and respond to them to retain them as customers (Solomon, 2019, p.
8 ff.). An increased understanding of consumer behaviour can even have a positive
influence on the economic development of a country or an industry. This in turn

can lead to better competitiveness on international markets (Egan, 2020, p. 55).

An important aspect in the analysis of consumer behaviour is based on an
understanding of the social situation and value orientation of consumers within
society. The results and findings of the sinus-milieus, which can aid in target group
segmentation, are often utilised in this context (Calmbach et al., 2024). These study
findings categorise German society in terms of people's social backgrounds, values,
lifestyles, and attitudes, among other factors (Calmbach & Hecht, 2024). In the
individual sinus-milieus, people with similar values and a comparable social
situation are grouped into a group of like-minded people. The transitions between
the milieus are fluid and are referred to as the blurring of everyday reality. In
principle, the following applies to sinus-milieus: the higher a milieu is positioned
in terms of social status, the more educated it is, and the further to the right the
milieus are categorised, the more modern the basic socio-cultural orientation is

(Calmbach et al., 2024). The sinus-milieus were last updated in 2021, and Figure 3
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shows the sinus-milieus in Germany and is intended to reflect the above as an

example:

Figure 3: Sinus-Milieus in Germany

Social Status

Upper class /

Upper middle-class Post-Materialist Performer Expeditive

Conservative Milieu Milieu Milieu

Upscale Milieu 12 % 10 % 10%
11%
Middle — Adaptive-Pragmatic
middle-class Nostalgic Middle Class Neo-
Traditional Middle Class Milieu Ecological
Milieu Milieu 12% Milieu
9% 1% 8%

Consumer-
Hedonistic
Milieu
B%
Lower middle-class / Precarious Milieu

Lower class 9%

Basic Values —» Tradifion Modermisation Re-crientation

Source: (Calmbach & Hecht, 2024)

By understanding the attitudes of the population, marketing campaigns can
be tailored to the respective clusters by targeting specific groups (B. Barth et al.,
2018, pp. 1-18; Calmbach & Hecht, 2024).

To build such a database, it is first necessary to understand how consumer
behaviour is influenced by psychological factors, including motivation, perception,
emotions, education, and memory (Kotler & Keller, 2016, p. 187; Rutschmann, 2019,
p- 2).

According to Maslow's pyramid of needs (see Figure 4), people need
motivation to fulfil certain needs. The individual levels of the pyramid represent
different types of needs. They all build on each other and are read from bottom to
top (Hamm, 2019, p. 122 ff.). The first stage is physiological needs. These are
absolute basic needs without which the body cannot survive. Hunger, thirst and
sleep fall into this category. The need for security builds on the physiological needs

mentioned above. People seek protection and security. This includes not only
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physical protection but also mental and financial security. This security can be
reinforced through order and structure. The need for security is followed by social
needs on the third level. These include friendships, integration into a social
community and communication and interaction with other people. Individual
needs are situated at the fourth level of Maslow's hierarchy of needs. Each person
sets different priorities and therefore prioritises them differently. For one
individual, this may be the idea of power, and for their neighbour, the appreciation
of others. Self-realisation is at the top of the pyramid. Only when all previous needs
have been satisfied can a person realise themselves. Self-realisation can be
understood here as the development of one's own personality and abilities (Kotler
& Bliemel, 2005, p. 355 ff.; Krings, 2020, p. 61 ff.; Ondracek, 2020, p. 41 ff.).

Figure 4: Maslow’s Hierarchy of Needs

* Self-development
and realization

Social Needs

(Sense of belonging, love)

Safety Needs

(Security, protection)

Physiological Needs

(Food, water, shelter)

Source: Own illustration based on (Maslow, 1943, p. 370 ff.)

However, Maslow's pyramid of needs has also been criticised. For example,
itis said that a person seeks social contact despite hunger and does not always have
just one need. Nevertheless, Maslow's pyramid is a basic framework for
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differentiating and defining the various layers of needs and individual demands in

the initial phase of the pre-purchase process (Trager, 2021, p. 137).

Despite criticism of Maslow's hierarchy of needs, the needs are considered in
the order described in this paper. It is also implied that a need becomes a
motivation if it is urgently necessary for the individual to fulfil the need (Kotler &
Keller, 2016, p. 188).

The actions of a motivated person are mainly influenced by perception. For
marketing activities, this means that the perceived reality is more important than
the actual reality, as it determines consumer behaviour. This the case is because
perception is the process by which consumers select, sort and interpret information
between offers (Kiley, 2006, p. 58). This in turn can be attributed to the fact that
every consumer perceives the environment differently despite the same stimuli.

This different perception is based on the following three perceptual processes:

* The process of selective attention is designed to capture the
customer's attention and differentiate itself from the multitude of

different advertising messages that reach consumers every day.

* In the process of selective distortion, information is presented to the
consumer in a way that supports their existing beliefs, thereby

building product or brand loyalty.

* In the process of selective retention, the consumer perceives
information that emanates from a communication about a product as
positive if it aligns with their own attitudes and knowledge. In
addition, a positive association with the brand and the product is
internalised. To achieve this, communication often relies on the
repetition of the advertising message? relied on (Kotler & Keller, 2016,
pp. 190-191).

Purchase intentions and preferences are not completely reliable predictors of
the actual purchase because a consumer can reconsider their purchase decision,

2 Such a repetition of the advertising message is called the Mere-Exposure-Effect
and works with certain repetition skills to promote buying (G. C. Moore &
Benbasat, 1991, p. 203).
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modify it, or avoid a final purchase decision due to one or more perceived risks,
leading to a level of uncertainty. This in turn influences the decision based on the
amount to be spent and the individual's self-confidence. The decision can also be
not to make the purchase or postpone it (Campbell & Goodstein, 2001, p. 439 ff.).
When uncertainty arises, consumers tend to seek further information, buy local
brands or use additional safeguards (e.g. when buying a vehicle, look for additional
guarantees;(Dowling & Staelin, 1994, p. 119 ff.). The perceived risks include,
according to (Kotler & Keller, 2016, p. 200):

=  Functional risks

Physical risks

* Financial risks

= Social risks

* DPsychological risks
* Temporal risks

In addition to motivation and perception, actions play an essential role
because when we act, we learn. This means that learning influences our behaviour,
and experiences are formed from learning. Through learning and external
influences from the environment, consumers can develop beliefs that in turn
influence their purchasing behaviour. Learning therefore shows how people's
behaviour changes based on experience and the information they receive. For
example, if a consumer has had a negative experience with a certain product and
associates the product with this discomfort, they will no longer buy this product.
If, on the other hand, they are satisfied with the product, they are more likely to
repurchase it. This means that customers can have different beliefs and attitudes
towards the same products and brands based on their individual experience (Kotler
& Keller, 2016, pp. 191-192).

This also means that the brand image and the product image are made up of
these beliefs and attitudes, and influence the purchasing behaviour of consumers.
Both short-term memory (STM) and long-term memory (LTM) play an important
role here. The idea is that memories stored in the long term can be compared with
situations in daily life. The long-term memory is used as a starting point for new

experiences. Marketers can change consumers' beliefs and attitudes by changing
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the marketing strategy or adjusting the positioning of the brand (Kaplan, 2010, p.
56 ff.; Kotler & Keller, 2016, pp. 193-194; Lamons, 2005, p. 46 ff.; Sullivan, 2009, p.
10).

2.1.3 Factors that influence consumer behaviour

In addition to the psychological factors and processes described above,
consumer behaviour is also influenced by cultural, social and personal factors
(Kotler & Keller, 2016, p. 179).

Figure 5 shows the key factors influencing consumer behaviour, which are

explained in more detail in the following three chapters:

Figure 5: Factors influencing the buying behaviour of consumers

Culture Social Personal
Reference Age and life
Culture G
roups cylcle status
Occupation
Subculture Family and Economic
status
. Roles and Persgnall;:cy
Social class status and se
concept
Lifestyle and
Values

Source: Own illustration based on (Kotler & Keller, 2016, pp. 179-187)
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Cultural factors

Among the three factors mentioned above, cultural factors have the most
significant influence on the needs and (consumer) behaviour of an individual. The
generic term "culture" can be broken down and differentiated into culture,

subculture and social class.

The behaviour of a person who belongs to a certain group is significantly
influenced by the culture associated with this group. At this point, the family and
other key institutions play a decisive role, particularly as the child grows up. It is
important to note that cultural factors differ from country to country, for example.
Marketers must therefore carefully understand and evaluate how new products
can be advertised and sold on the market in relation to the individual country
(Schiffman et al., 2010, p. 364 ff.).

It is helpful to know that the formation of a person's basic values and
preferences, as well as the emergence of behaviour, is inevitably influenced by the
groups surrounding them. In a broader sense, this means that every culture
comprises small subcultures that offer their members opportunities for
identification and social functions. Subcultures include nationalities, religions,
racial groups and geographical regions. If one of these subcultures offers sufficient
potential, special marketing measures are tailored to it (Kotler & Keller, 2016, p.
180).

The vast majority of human societies are characterised by social stratification
or social classes, which in their selective perception consist of homogeneous and
permanent classifications. Each of these social classes is characterised by a (social)
hierarchical structure whose members pursue the same values, interests and
behaviour. Social class is therefore significant for predicting consumer behaviour.
Influencing factors can include income, occupation, family background, and
educstion level. Members of the social class show very different preferences in
many areas, e.g. leisure activities, clothing and cars, which are related to this thesis
(Coleman, 1983, p. 265 ff.).

Social factors

In addition to cultural factors, social factors also have a significant influence
on consumer behaviour, including reference groups and cliques, family, social role
and status.
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This means that all groups that have a direct or indirect influence on a
consumer's attitude or behaviour are referred to as reference groups. Reference
groups that have a direct influence are also referred to as membership groups.
Family, friends, neighbours and work colleagues can be counted among the direct
influences or primary reference groups. Secondary reference groups, on the other
hand, include those with whom the individual consumer has a more formal and
less regular relationship. Reference groups can influence behaviour in at least three
ways: first, they can show the individual new behaviours and lifestyles; second,
they can influence the individual's attitudes and self-image; and finally, they can
use (social) pressure to insist that the individual adapts to the group. This can lead
to only specific products and brands being favoured for consumption. In this
context, it should also be noted that people are also influenced by groups with
which they do not identify. On the one hand, this means that the individual strives
towards specific groups and their membership, and on the other hand, rejects
membership in groups with which they have no connection or do not wish to have
a connection (Kotler & Keller, 2016, p. 181).

With a strong group influence on the individual, marketers must identify the
opinion leaders of the respective group and find suitable ways and means to reach
and persuade them in the most appropriate manner (Schiffman et al., 2010, p. 318
ff.). Especially against the background of innovative technologies, it is necessary to
involve opinion leaders in public relations activities at an early stage, as consumers
pay particular attention to their advice in the purchasing decision process
(Homburg, 2017, p. 54, 830).

As the most influential main reference group, the decisions of family
members with regard to brands and products have a non-negligible influence on
the purchasing behaviour of consumers (E. S. Moore et al., 2002, p. 17 ff.).
Consumers who have already developed brand preferences at a young age,
influenced by their family, may also choose the same brands in the future. Even if
the consumer has no further interactions with their family, the manifested
influences from the family remain. For example, this leads to 40% of children taking
out car insurance with the same company as their parents (Palan & Wilkes, 1997,
pp- 162-168). As the role model and understanding of roles within a family or
household are also changing, marketers need to adapt accordingly. After all, it is
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not always the woman who goes grocery shopping, and nowadays both
spouses/partners usually make extensive and/or limited purchasing decisions
together (Felser, 2015, p. 156 ff.; Melnyk et al., 2009, p. 83; Rick et al., 2010, p. 164
f.). The influence of children on the consumer behaviour of parents should also not
be neglected, as children pay close attention to which brands and products their

friends wear or use and mirror or anticipate this behaviour (Homburg, 2017, p. 53).

As mentioned in the previous chapter, role and status can also influence the
purchasing behaviour of individual consumers. A person's role and status
determine their position in the respective group. The role is defined by the activities
or actions of the person that are expected of this person by the reference group. The
role assumed corresponds to the status within the group. The choice of product to
some extent corresponds to the role one plays and the actual or desired position in
society (Kotler & Keller, 2016, p. 183).

Personal factors

In addition, consumers' product choices are influenced by personal factors
such as age and life cycle, occupation and economic status, lifestyle, as well as the

consumer's personality and self-concept (Kotler & Keller, 2016, p. 183).

Consumers' consumption preferences change over the course of their lives,
influenced by age and life status. This can be observed in relation to the respective
living situations of households, with the proportion of traditional households
consisting of a father, mother, and two children becoming increasingly smaller
(Homburg, 2017, p. 260). Furthermore, the transition to individual life phases such
as birth, marriage, relocation and retirement also play an important role in
measuring the influence on the change in consumer behaviour (Du & Kamakura,
2006, p. 121 £f.).

Occupation and economic situation also have an influence on consumer
behaviour. The level of income has an impact on consumers' price perception.
Compared to the purchase of luxury goods, low-income groups are more interested
in buying products that they need to fulfil their basic needs. Similarly, people's
attitudes towards products and brands, especially luxury goods, significantly differ
in times of economic prosperity compared to during an economic recession. In

times of recession, suppliers can diversify or reposition their products, for example,
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by redesigning or repricing them to continue offering their customers added value
(Clifford, 2011; Kotler & Keller, 2016, p. 185).

In addition, each person's personality influences their purchasing behaviour.
Personality is understood as a series of characteristic human psychological traits
that lead to relatively consistent and lasting, as well as predictable reactions to
environmental stimuli (Kassarjian & Sheffet, 1981, p. 160 ff.). Just like people,
brands also try to create a personality. This so-called brand personality attempts to
assign as many human traits as possible to a specific brand. This allows several
different consumer groups to be addressed, as consumers generally choose the
brand that most closely matches their own personality. Five different dimensions
of personality can be distinguished, namely sincerity, excitement, competence,
sophistication and robustness (Aaker, 1997, p. 347). Consumers also often choose
brands that match their actual self-concept, even though this match may be based
on the consumer's ideal self-concept or even on the self-concepts of others (Aaker
et al.,, 2001, p. 492 ff.).

The customer's lifestyle is another important factor that influences consumer
buying behaviour. This refers to people's attitudes towards activities, interests and
opinions in their lives. Suppliers therefore try to identify similarities between their
products and the lifestyles of consumers. Consumers can thus be divided into those
have too little money and those who have too little time (Daswani, 2012; Jargon,
2011; Kotler & Keller, 2016, p. 186). Values also play an important role in
purchasing decisions. These values lie deep within the consumer's self and reflect
their desires and decisions over a long period. Influencing and changing these
values should also have a lasting effect on consumer behaviour and attitudes
(Homburg, 2017, p. 1090 ff.; Kotler & Keller, 2016, p. 187).

2.1.4 Purchase decision process

As described above, basic psychological processes play a crucial role in
consumers' purchasing decisions (Kotler & Keller, 2016, p. 194). It is therefore also
important for companies to understand the purchasing decision process as fully as
possible. Ideally using predefined guiding questions to gain an understanding of
the different experiences of consumers about knowing, finding, using and
disposing of products (Belch & Belch, 2003, p. 29).
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One of the best-known purchasing decision processes is the five-stage
purchasing decision process, as outlined by Kotler and Keller (2016), representing
the typical five phases that a consumer goes through while considering the
purchase of a product. The five phases are the perception of need, the search for
information, the evaluation of the available alternatives, the purchase decision and
the post-purchase behaviour (Kotler & Keller, 2016, p. 195). The following
illustration shows Kotler's buying process, which is presented in detail and greater
depth below:

Figure 6: Five-stage model of the consumer buying process

Problem Information Evaluation of Purchase Postpurchase
recognition search alternatives decision behavior

Source: Own illustration based on (Kotler & Keller, 2016, p. 195)

In the needs perception or problem identification phase, the consumer
realises that their needs are not currently being optimally satisfied and that they
are suffering a deficiency. As a result, the desire for a benefit or product that
eliminates this deficiency is established. This desire is referred to as a need, which
is triggered by both internal and external influences. Assuming an external
influence, marketing already plays a significant role in this early phase, as
customers did not even know that the product from a company existed, which now
makes them feel a want = need to consume this product (Kilian & Mirski, 2016, p.
34 ff.; Kotler et al., 2015, p. 214).

The information search phase is characterised by more or less intensive
research activities on the part of the prospective customer, as they seek to find the
best possible solution for themselves. Additionally, an in-depth analysis of the
product and the subject area in which it will be used is conducted. Four different

sources of information can be identified:

* DPersonal sources of information (family, friends, neighbours or
acquaintances)
* Commercial sources of information (advertising, e-mail advertising,

exhibitions, packaging or sellers)
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* Public sources of information (mass media, social media, product test

foundation)
* Testimonials (from other users, mostly accessible via the internet)

Furthermore, friends, acquaintances, the internet, and salespeople can be
asked for advice or further information. It also happens that friends and
acquaintances provide information without a specific enquiry when they learn of
the prospective customer's needs, which is then classed as word-of-mouth
advertising®. In this phase, it is also important that the product’s unique selling
proposition (USP)* is specifically emphasised and advertised by marketing (Kotler
et al., 2015, p. 214; Kotler & Keller, 2016, p. 196; Rusnjak & Schallmo, 2018, p. 144
ff.).

The phase of evaluating the alternatives follows the information search
phase. Depending on the type of buyer and personal individual preferences, the
alternatives on offer are evaluated differently. In this phase, the results of
comparative tests and further information are also used or referred to. In addition,
instruments more familiar from the business-to-business (B2B) sector, such as
utility analysis, can be used to determine the best possible alternative (Kotler &
Keller, 2016, pp. 197-198; Noll, 2003, p. 35).

After evaluating the alternatives, a purchase intention is derived, and the
purchase decision phase follows. In the course of deriving the purchase intention,
the consumer makes at least five further decisions: From which brand, from which
seller, what quantity, at what time and with which payment method will the
corresponding product be purchased. In addition to the personal purchase
intention, the final purchase decision is influenced by the attitude of others towards

the consumer's purchase intention, as well as by unexpected situational factors

3 Mouth-to-mouth propaganda or word-of-mouth, in the context of marketing,
is oral communication from a communicator to a recipient that is perceived by
the recipient as non-commercial in nature in relation to a brand, product or
service (Buttle, 1998, p. 243).

4 USP stands for unique selling proposition. This is an objectively unique value
proposition that is seen by the target person as either unique or superior to
alternatives (Rusnjak & Schallmo, 2018, p. 113).
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shortly before the purchase decision is made (Kotler et al., 2015, p. 218; Kotler &
Keller, 2016, pp. 198-199; Meffert et al., 2019, p. 17).

Post-purchase behaviour is the last of the five phases of the buying process
according to Kotler. In this phase, the buyer evaluates the product and determines
whether it meets their expectations and assumptions. This results in either
satisfaction or rejection of the product. In both cases, it must be expected that the
consumer will share their judgement with other people in their environment
(Kotler & Keller, 2016, pp. 200-201).

It is worth noting that during the purchasing decision process, various
internal needs and external factors influencing the consumer must be considered
to respond to them in the most effective way (Spindler, 2016, p. 45). It is also worth
noting that the buying process begins long before the actual purchase takes place
and has lasting consequences long after the purchase has been made (Gupta &
Mela, 2008, pp. 102-109). It is therefore essential that marketing and its measures
in all phases have a significant impact on the purchasing decision, which should
not be underestimated, and that a holistic planning approach is adopted (Grant,
2011, pp. 96-103). It is also worth noting that consumers do not necessarily progress
through each of the phases described above, but may skip individual phases or
catch up on them later if necessary. This five-stage approach is particularly relevant
for purchases involving high-involvement or extensive products or products that

are new to the consumer (Kotler & Keller, 2016, p. 195).

As has become clear from the previous chapter, the basis for the purchase of
a product is a positive purchase decision. By purchasing the product, the consumer
expects to receive a benefit that satisfies their needs. In this context, reference can
be made, for example, to "normative decision theory", which states that the
consumer will always decide in favour of the product that will provide them with
the maximum benefit. To this end, the available alternatives can be evaluated and
weighted with a probability of occurrence. This is intended to determine the best-
rated alternative and simplify the selection of the item to be purchased (Betsch et
al.,, 2011, p. 67 ff.).

A purchase decision largely depends on the product and the (background)
knowledge of the consumer (Moser, 1990, p. 84 f.). Advertising can influence the

consumer's purchasing decision (Bergler et al., 1992, p. 104 ff.). Moral reasons in
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favour of or against a product can also be decisive (O’Shaughnessy & others, 1987,
p. 1987). In addition to the psychological processes and consumer characteristics
described above, the purchase decision is also influenced by various purchase
decision criteria, such as the product itself and the consumer's environment and
surroundings. For example, when buying a car, criteria such as brand, quality and
price can take centre stage (Proff & Szybisty, 2018, p. 115 ff.). For products newly
established or launched on the market, additional or product-specific purchase

criteria may apply (Binsack, 2003, p. 7 ff.).
It should be emphasised at this point that not only can product-related

criteria be taken into account when making a purchase decision, but that consumer-
related criteria should also always be considered. Product-related criteria reflect
the relevant factors of the product alternatives. The individual influencing factors
of the consumer interact with this (Diez, 2015, p. 28 ff.).

In addition to evaluating product- and consumer-related criteria, prospect
theory can also significantly influence the purchase decision. At this point, prospect
theory is related to the expected utility concept presented above (Foscht et al., 2017,
p- 239). This mental accounting follows the following three principles:

* The alternatives that present themselves are not measured against the
final state of gain or loss, but are measured and subsequently
evaluated based on the change from the current reference point.

* Consumers perceive losses to be worse than gains in relation to the
reference point. At the same time, consumers behave in a risk-seeking
manner when it comes to losses and in a risk-averse manner when it

comes to gains.

= Objective probabilities of occurrence of possible environmental
conditions are overvalued for losses and undervalued for gains
(Kotler & Keller, 2016, p. 205).

2.1.5 Political factors that influence consumer behaviour

Academics have been researching government policy measures since the
1970s. Although there are various definitions and characteristics of political

measures, most of them are based on the assumption that governments formulate
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measures to implement their own policies and thereby influence the behaviour of
citizens and companies (Bemelmans-Videc et al., 1998, p. 23 ff.; Howlett, 1991, p. 1
ff.). The policy measures initiated can also be described as neutral instruments,
which in turn can be characterised either directly or indirectly (Pollert et al., 2016,
p. 83 f.). In principle, a government has a wide range of political measures at its
disposal to implement its policies as effectively and efficiently as possible
(Salamon, 2002, p. 65). A government's options are limited by the predetermined
framework, which is based on established governance models and political regime
logics (Gunningham et al., 1998, p. 210 ff.; Jordan et al., 2005, p. 477 ff.; Lascoumes
& Gales, 2007, p. 3 £.).

In most cases, political measures are described in their ideal form. In reality,
however, hybrid versions or a mix of different instruments are often used (Kagan
& Axelrad, 1997, p. 180 ff.). Five different instruments can be distinguished, which
are regularly used by the government (Yeh, 2007, pp. 5867-5868):

1. Legislative/regulatory instruments

2. Economic/fiscal policy instruments

3. Agreement-based/cooperative instruments
4. Economic/tax measures

5. Knowledge-enhancing instruments

The knowledge-enhancing instruments could be categorised as the classic
information and communication instruments of a government. However, the
approach being pursued in the field of electromobility is to exchange information
through targeted communication between the stakeholders (for example between
researchers, OEMs and consumers), thus expanding the level of knowledge of all
and ultimately promoting the innovation (Adelle & Jordan, 2014, p. 375 f.; Vedung,
1998, pp. 21-59).

The policy instruments are presented in detail below:

Legislative/regulatory measures

Legislative or regulatory measures refer to the use of laws and regulations.
The main focus here is on defining and establishing binding requirements,

monitoring their fulfilment and imposing sanctions in the event of non-compliance.
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The requirements can be divided into prohibitive and prescriptive measures.> Over
time, the use of hard regulations and legal requirements has changed into a looser
due diligence system that emphasises entrepreneurial diligence and following

process rules (Salamon, 2002, p. 29 ff.).

There are many reasons for choosing such measures. First of all, these
regulations are highly binding. This means that the government is not dependent
on the voluntary cooperation or compliance with laws or regulations of the
participants. The laws and regulations apply equally to all participants, which in
turn protects the participants from arbitrary government action. Additionally,
government actions can be anticipated, as they serve to ensure compliance with
laws and regulations. However, disadvantages can also be recognised. First, the
compliance costs must be borne by the affected stakeholders. This externalisation
of costs leads to the government generating high enforcement costs in the event of
a high violation rate, which are then passed on to those responsible. Second, laws
and regulations as a rigid basis are not suitable for reacting to complex dynamic
situations. As a result of these negative aspects, it is often difficult to win over
stakeholders for the realisation of political goals (Bouwma et al., 2015, p. 20; Perrels,
2001, p. 2).

Cooperative / agreement-based measures

Agreement-based or cooperative measures involve the government and
other stakeholders voluntarily deciding to act in a certain way. These measures can
also be called deregulation measures. Such deregulation can be achieved by
creating a new market or by granting freedom to institutions and/or companies

within a negotiated framework (Howlett, 1991, pp. 13-16).

As the measures are voluntary, the government and the stakeholders
concerned can rely on the application of the measures being utilised. However, this
is also a problem, as stakeholders who have not been involved in this voluntary
agreement are very unlikely to comply with these voluntary measures. This can be

5 A prohibitive measure is, for example, the rationing of a good and prescriptive
measure are, for example, performance standards or benchmarks (Salamon,
2002, p. 20).
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explained by the fact that non-compliance with the regulations is not penalised by
sanctions. Of course, voluntary measures can be formalised retrospectively so that
fines can be levied, for example. However, such a change is time-consuming and
labour-intensive, resulting in high transaction costs. In addition, such a change
generates potential for conflict due to unclear allocation of tasks and
responsibilities, which in turn inhibits the change potential of such cooperative

measures (van Gossum et al., 2010, p. 251).

Economic and fiscal policy measures

In this type of measure, the government influences market mechanisms, such
as loans, taxes, and subsidies. While most of these measures, compliance with the
measures or adherence to them offers added value to the actors concerned, so that
the behaviour of most actors can be predicted (van Gossum et al., 2010, p. 257). The
advantage of these measures is that they can be used to correct or prevent market
failure. This is particularly possible for goods for which no market (yet) exists. In
principle, economic and fiscal policy measures offer the potential to create an
efficient market. However, these measures cannot prevent market failure through
regulation. This can be argued via the costs associated with subsidies. Additionally,
loans and taxes require coordinated planning before they are allocated or levied
(Howlett, 1991, p. 3).

Information and communication measures

Information is used to try to influence market players on certain topics in
order to bring about a change in behaviour. This type of measure is unilateral and
comes from the government. The measures can be aimed at a broad audience using
public service media or, for example, educational programmes aimed at a specific

target group (van Gossum et al., 2010, p. 258).

The major disadvantage of such measures is that they only indirectly lead to
compliance with the regulations, as the public or individuals may decide to ignore
them. Furthermore, this means that groups of people who are not yet affected by
these measures may not be reached in the future in this way. However, more
interactive communication measures by governments have been observed recently.
These include dialogue forums, interactive seminars or government invitations to
the population to share their opinions and views on prepared (digital) platforms
(Adelle & Jordan, 2014, p. 386; Gunningham et al., 1998, pp. 226-229).



64 STEFFEN BERG

Knowledge and innovation-based measures

Knowledge and innovation-based measures are comparable to information
and communication measures, but are more strongly focused on actors
participating in measures to expand their knowledge. This means that the
knowledge gained is not just information, but allows the actors to act
with/according to this knowledge. It is therefore a matter of implicit and explicit
knowledge. Examples of such measures are the development of communities of
practice, living labs or creative workshops (Adelle & Jordan, 2014, pp. 381-382;
Salamon, 2002, p. 30).

The advantage of these methods is that the actors involved are able to deal
with complex and changing situations. The opportunity to get actively involved in
the situation also makes it easier to process new findings and refine skills. In
addition, the active experience promotes innovative exchange, making these
measures the most promising for adapting innovations. However, it can be
disadvantageous if only small groups can participate in these measures, as the
limited number of test subjects or an insufficient target group also hinders the
exchange regarding innovations. In the case of small groups, it is also necessary for
the parties involved to work together and recognise each other's achievements.
Innovation proclamation is a labour-intensive process: if the measures do not
convince stakeholders, the benefits can quickly be reversed, generating higher
transaction costs than if the government had used agreement-based measures
(Bouwma et al., 2015, p. 21).

2.2 ELECTROMOBILITY

2.2.1 History of electromobility

Electromobility has a history spanning more than 200 years and has
undergone several stages of utilisation (Karle, 2022, p. 6). The history can be
divided into several phases, and this analysis will focus on the last phase and its
current significance for the consumer society. The following diagram illustrates the
individual phases of electromobility and the categorisation of the phases into the
three waves of electromobility marketing (Dudenhdoffer, 2015, p. 11):
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Figure 7: History of Electromobility
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The first phase and also the first wave of commercialisation of electromobility
began in England in 1821. There, the British scientist and inventor Michael Faraday
developed a current-carrying conductor that rotated on its own axis under the
influence of a permanent magnet. This discovery by Faraday formed the
foundation on which the further development of electric motors was based
(German CleanTech Institute, 2010, p. 10).

In the 1830s that followed, the first vehicles could already be powered by
electric motors. The developments and pioneering achievements in this first phase
were based on the idea of powering electric vehicles more efficiently and designing
vehicles suitable for everyday use to compete with the emerging vehicles with
internal combustion engines (Karle, 2022, p. 6). The sustainability aspect, which has
now taken centre stage, did not play a role at that time (German CleanTech
Institute, 2010, p. 10).

In 1835, for example, an electrically powered rail vehicle can be traced back
to the Briton Thomas Davenport. At the same time, battery development was also
being driven forward. John Frederic Daniell and William Grove are regarded as
notable representatives here. The two elements named after their discoverers,
"Daniell element" and "Grove element", are regarded as the initial development of
the fuel cell (Abele & Mener, 1995, p. 10). The next milestone was achieved by
Charles Grafton Page in 1851 with the construction of the first electric locomotive.
This vehicle was powered by two 20 hp electric motors but had a short range due
to its heavy weight (Deutsches CleanTech Institut, 2010, p. 14). With the
development of Nikola Tesla (namesake of Tesla Motors Incorporated) in 1878,
alternating current could be used instead of direct current for energy transmission.
Thanks to this innovation, more powerful electric motors could be built from then
on, because AC motors have a higher efficiency, a higher power density and a

simpler mechanical design compared to DC motors (Abele & Mener, 1997, p. 21 £f.).
In the 1880s, further progress was made in the field of electrically powered

vehicles. In 1881, the Frenchman Gustave Trouvé developed the first electric
vehicle with a rechargeable battery. Today, this vehicle is regarded as the first
modern prototype of a purely electric vehicle. The prototype (Trouvé Tricycle) had
a speed of 12 km/h and was built on the platform of a tricycle (Westbrook et al.,
2001, p. 9). Furthermore, in 1888, just two years after Gottlieb Daimler developed
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the motorised carriage, Andreas Flocken was the first to develop a four-wheeled
electric car (Bergmann, 2021, p. 17; Linz & Schrader, 2008). The electrically powered
carriage built by the American William Morrison in 1890 also managed a speed of
between 10 and 12 kilometres per hour. This vehicle was powered by a 2.5 hp
electric motor, which in turn was supplied by eight batteries (German CleanTech
Institute, 2010, p. 15). One of the last pioneering achievements in the field of
electromobility is the racing car developed by the Belgian Camille Jentzky in 1899,
which travelled at over 100 km/h. It was also the first road vehicle to exceed the 100
km/h mark. It was also the first road vehicle to exceed the 100 km/h mark (Kampker
et al., 2018, p. 4, Kuther, 2017). One of the drivers during the first wave of
electromobility was the cultural image of the technology as a symbol of the future,
which excited society and potential consumers. However, the use of testimonials
and the emergence of a large-scale industry also promoted its position in the
subsequent second phase of electromobility (Mdser, 2011, p. 23). Electric cars were
presented as elegant, clean and safe. As a result, electric vehicles were marketed at
a higher price and the main target group was women (Mdser, 2011, p. 26 £.). In 1900,
Ferdinand Porsche presented the Lohner-Porsche-Elektromobil at the World
Exhibition in Paris. This vehicle was not only equipped with two 2.5 hp electric
motors but also with a Daimler combustion engine, making it a landmark in history
as the first hybrid vehicle (Deutsches CleanTech Institut, 2010, p. 14 ff.).

In the following 20 years, the three possible drive concepts (steam vs. electric
vs. combustion engine) fought a fierce neck-and-neck race in which the combustion
engine prevailed at the beginning of the 1920s - also known as the "combustion
paradigm” (Kuhn, 1970, p. 62 ff.). Around 1900, there were even briefly more steam
and electric vehicles in the USA than vehicles with internal combustion engines
(Moser, 2011, p. 26 f.). During this golden age of electric vehicles, more than 34,000
vehicles were produced by twenty manufacturers in 1912 alone. There were more
than 565 different brands worldwide that produced electric vehicles (Kampker et
al., 2018, p. 4-5; Georgano, 1996, p. 2 ff.).

The number of electric vehicles produced declined with the advent of
assembly line production, for example, at the Ford Motor Company in 1913, which
began producing internal combustion engines. One of the reasons for this was that

petrol was cheap and combustion engines could be better and, above all, more cost-
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effectively adapted to user requirements, particularly in terms of range, comfort
and performance. A nationwide supply via the expanding petrol station network
also paved the way for the long-term adoption of combustion technology.
Furthermore, electric vehicles had to contend with a loss of prestige, as they were
said to be less adventurous and were more likely to be driven by people who were
not very enthusiastic about cars (German CleanTech Institute, 2010, p. 16; M&ser,
2011, p. 24 ff.).

As electric vehicles were no longer competitive due to these technical and
socio-cultural factors (Mom, 1997, 274 ff.), they went into a niche existence from the
mid-1910s. During this third phase of electromobility, electric vehicles were
primarily used in select special projects or in specific niches where a quieter vehicle
was required. Here, there was supply and demand; for example, as a milk float in
the United Kingdom, a vehicle for emptying letterboxes in Berlin or golf carts on
golf courses. There was a second major, but unsuccessful, wave of marketing for
electric vehicles during the oil crises of 1973 and 1979 (Biermann & Scholz-Starke,
2010, p. 14 ff.). However, these also flopped, as did the Volkswagen (VW)
CitySTROMer produced from 1992 to 1995 and the 1117 Electric Vehicle
manufactured by General Motors GM. The main reasons for this were the lack of
range and insufficient battery performance or the battery technology used, as
neither of these criteria were able to fulfil consumer demand (German CleanTech
Institute, 2010; Karle, 2022, p. 7). In addition to the unsuccessful revivals mentioned
above, the fuel cell has been regarded as the new hope for electromobility since the
1990s. Here, for example, reference can be made to the developments of this
alternative drive technology by manufacturers such as BMW, Daimler Chrysler,
Toyota, and Ford (Weider et al., 2004, pp. 19-22).

In the early 21st century, the Tesla Motor Company introduced the latest
generation of electric cars. This innovative type of production-ready electric vehicle
utilises lithium-ion batteries (see Tesla Roadster, for example) and achieves ranges
of several hundred kilometres, representing the latest phase in the development of
electromobility. The advantages of lithium-ion batteries include high storage
density, the absence of a memory effect, and minimal self-discharge. The
disadvantages, on the other hand, include a high price and the current scarcity of

lithium. With the resurgence of the oldest drive technology, Tesla took on a
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pioneering role, which existing car manufacturers followed and, in some cases, still
follow. This heralded the third wave of electromobility commercialisation (German
CleanTech Institute, 2010, p. 17; Karle, 2022, p. 7).

2.2.2 Variants and market overview

This chapter describes the different types of electric vehicles. The focus here

is on electric cars, as these are the centre of attention in the further investigation.

In the "Act on Prioritising the Use of Electrically Powered Vehicles (Electric
Mobility Act - EmoG)", the Federal Government of the Federal Republic of
Germany defines the following vehicles under the term "electric mobility" (Gesetz
Zur Bevorrechtigung Der Verwendung Elektrisch Betriebener Fahrzeuge
(Elektromobilitdtsgesetz - EmoG), 2021, pp. 1-2). In this context, it should be
mentioned that similar or identical definitions are already known in the relevant
literature (Deutsches CleanTech Institut, 2010, p. 25; DEW21, 2019; Emadi et al.,
2008, p. 2237 ff.; M. Held, 2019; Téschke, 2015, pp. 2-9):

Vehicles that are powered exclusively by (battery) electricity. These purely
BEVs are charged exclusively by an external power source and driven by an electric
motor. These vehicles are called BEVs.

Vehicles that are predominantly electrically powered, but which, due to
range anxiety® are additionally equipped with a so-called range extender function.
This is typically a small combustion engine that charges the battery and powers the
electric motor as needed. These vehicles are known as range-extended electric
vehicles (REEVs).

Vehicles in which the drive is realised both electrically and by means of a
conventional combustion engine. The degree of electrification depends on the

hybridisation. These vehicles are called hybrid electric vehicles (HEVs).

¢ Range anxiety describes the fear of a lack of range of the electric vehicle used.
Particularly at the beginning of the third wave until the late 2010s, the range of
electric vehicles was significantly more limited than that of conventional
combustion engines. Range anxiety was also exacerbated by a lack of
comprehensive charging station coverage (T0schke, 2015).
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Plug-in hybrid vehicles essentially follow the above definition of hybrid
vehicles, but they also have the option of charging their battery from an external
power source. These vehicles are known as plug-in hybrid electric vehicles
(PHEVs).

Vehicles that use hydrogen as a fuel. The hydrogen is converted into electrical
energy in a fuel cell. The electricity generated powers the vehicle through an

electric motor. These vehicles are known as FCVs.

The main common feature of the electric vehicles listed above is the electric
motor. The electric motor also offers an important distinguishing feature compared
to vehicles with a conventional combustion engine. The electric motor achieves
100% efficiency. This is a relevant advantage over petrol and diesel engines, as
these only achieve an efficiency of 35%-45% (Dhinakaran et al., 2021, pp. 103-104;
M. Held, 2019).

The basic component of the electric motor is the electrical converter. This
converts electrical energy into mechanical energy. The working principle of an
electrical transducer is as follows: When a magnetic field exerts force on a current-
carrying conductor of a coil, movement is created. This property is utilised by both
the DC motor and the three-phase AC motor, which are operated with the type of
current required in each case. Several electric motors can be used to drive electric
vehicles (Deutsches CleanTech Institut, 2010, p. 18 ff.; Karle, 2022, pp. 19-23).

Returning to the discrepancy in efficiency between electric motors and
combustion engines, it is essential to note that electric cars have fewer mechanical
parts installed in their drivetrains. This results in significantly less power loss due
to mechanical frictional resistance. Another positive aspect is that this results in
lower maintenance and repair costs. Additionally, there are no pollutant emissions
and minimal noise emissions. Furthermore, electric motors are superior to
combustion engines in terms of acceleration and transmission ratio. In addition,
even at the lowest level of electrification, electrical energy can be recovered during
braking using the recuperation process (Karle, 2022, pp. 23-26; Wallentowitz et al.,
2010, p. 45).

The following illustration clearly shows the electric vehicle variants already

mentioned:
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Figure 8: Overview of variants of electric vehicles
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2-10)

As shown in Figure 8, there are three variants of electric vehicles that are
recharged using an external power supply (Dhinakaran et al.,, 2021, p. 109). It
should be emphasised here that BEVs are considered the purest form of electric
drive, as their electric motor is powered exclusively by the energy previously
supplied externally. The Tesla Model M, for example, has a range of 305-425 km’
where the ranges of BEVs are now comparable with those of combustion engines -
the range is compared with one tank of petrol / one charging cycle. BEVs have
neither a fuel tank nor an internal combustion engine. The vehicle is only powered

by an electric motor, which in turn is supplied with electricity by lithium-ion

7 The range quantified here primarily depends on the selected equipment of the
vehicle. The ADAC has meanwhile tested two versions of the Model 3: first,
the Model 3 AWD Long Range version, which is extremely powerful and
useful for ranges of well over 500 kilometres; and second, the Model 3
Standard Range Plus version, the long-awaited basic model for 42,900 euros
(Rudschies & Wieler, 2019, pp. 18-20).
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batteries (K. Dudenhoffer, 2015, p. 14; Faraz et al., 2021, pp. 137-144; Larminie &
Lowry, 2012, p. 51; Rudschies & Wieler, 2019, pp. 18-20).

Hybrid vehicles are regarded as the precursor to pure electric vehicles,
paving the way for the development of high-performance electric vehicles. Various
degrees of hybridisation and different operating principles can be identified in
hybrid vehicles (Wallentowitz et al., 2010, p. 54).

The lowest level of hybridisation is the micro-hybrid. This first level of
hybridisation usually offers the option of using an automatic start-stop system. In
contrast, the mild hybrid takes on significantly more functions and provides
support during the acceleration process, for example. The full hybrid is used on an
equal footing with the combustion engine to drive the vehicle. However, the
battery cannot be charged from an external power source. This is only possible with
the latest and highest level of hybridisation in plug-in hybrids. In order to make
hybrid vehicles more energy-efficient, ever larger batteries have been installed in
the vehicles. However, as these cannot be charged within the vehicle in a
meaningful way, an external charging option was eventually provided by means
of a plug (German CleanTech Institute, 2010, p. 22; Doppelbauer, 2020, p. 270;
Toschke, 2015, pp. 2-4). Due to this peculiarity, the plug-in hybrid vehicles are listed

separately in the overview (see Figure 9).

Figure 9 shows the various degrees of hybridisation with increasing electric

motor output:
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Figure 9: Different degrees of hybridisation with increasing electrical power of the electric motor
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In addition to the subdivision into the degree of hybridisation, hybrid
vehicles can also be differentiated according to the three currently predominant
operating principles. The three operating principles are the serial, parallel or

power-split mixed hybrid drive.

The parallel drive is considered the simplest form of hybridisation. Here,
both the combustion engine and the electric motor drive the drive axle. This means
that both engines can be smaller, which results in a weight and installation space
advantage. However, this also means that two complete drivetrains must be
installed in the vehicle, which in turn leads to the installation of additional
mechanical components, including those in the clutch and gearbox areas. For this
reason, parallel hybrid drives are particularly suitable for larger and heavier
vehicles (Dudenhoffer, 2015, p. 14; Singh et al., 2021, p. 56).

On the other hand, there is the serial drive, in which only the electric motor
drives the vehicle. The electric motor is powered by a generator, which itself is
mainly driven by an internal combustion engine. The aforementioned is probably
the most important distinguishing feature between all three operating principles -
the serial hybrid drive is not connected to the drive axle of the vehicle and therefore
causes less noise and pollutant emissions. The variant of the serial drive is also
known as a range-extended electric vehicle, as shown in Figure 2. Due to the larger

drive battery required for this, the weight also increases, which is noticeable in the
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vehicle’s top speed (Singh et al., 2021, pp. 53-59; Toschke, 2015, pp. 5-6;
Wallentowitz & Reif, 2011, p. 87 ff.)

The power-split or axle-split hybrid variant is likely the most complex type
of hybrid drive from a technical standpoint. In most cases, the driver can choose
for themselves whether they want an electric and/or combustion-assisted drive.
There are also vehicles in which the vehicle itself decides which form of drive
should be used (German CleanTech Institute, 2010, p. 23; Faraz et al., 2021, p. 152).

All three hybrid drives have the following characteristics, which vary in

intensity depending on the type of drive:
* Boosting (here the electric motor supports the starting process)
= Purely electric driving
= Start-stop functions
= Brake energy recovery (recuperation)

* Energy recovery by raising the load point of the combustion engine
(Karle, 2022, p. 23)

Finally, FCVs need to be introduced. FCVs are often seen as the long-term
goal of electromobility. FCVs generate electrical energy from the chemical reaction
of oxygen with hydrogen. The energy released is either temporarily stored in a
battery or fed directly to the electric motor. Water is released into the environment
as a chemical by-product (Kampker et al., 2018, p. 60; Toschke, 2015, p. 13;
Wallentowitz et al., 2010, p. 84). In addition to the advantages of hydrogen
technology, which are characterised by a short charging time (approx. 3 min.) and
a long range per tank filling (500-700 km), the compact storage of hydrogen in the
vehicle and the cost-intensive production and storage of hydrogen are currently a
recognised disadvantage (Karle, 2022, p. 29). It is conceivable that there could also
be REEVs that use a fuel cell instead of an internal combustion engine to provide
additional range over long distances (German CleanTech Institute, 2010, p. 26;
Rosen, 2018, p. 10 ff.; Toschke, 2015, p. 13). As of 31 December 2022, there are 163
filling stations for hydrogen vehicles in Germany (H2 MOBILITY Deutschland,
2022b). In addition to Toyota, Mercedes-Benz and Hyundai are also pioneers in the
provision of vehicle technology. However, other well-known OEMs such as BMW,

petrol station infrastructure operators such as H2 Mobility Deutschland and
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suppliers such as ZF are also planning to use hydrogen as an additional pillar in
the mobility transition (Ecomento, 2022; H2 MOBILITY Deutschland, 2022b, p. 18;
Sallee, 2011, p. 189 ff.; Thim & Lenz, 2022). The entry-level prices for this green
drive technology are currently around 70,000 euros (Baumann & Hebermehl, 2018;
Gohler et al., 2018).

2.2.3 Registration development and sales trends

In addition to the probable growth potential in the overall passenger car
market, forecasts are made for future market developments in the field of
electromobility. Based on these forecasts, a mix of drive concepts will be used in
the future (Gary Silberg et al., 2021, p. 5; McKinsey&Company, 2011, p. 5-8). It is
generally assumed that this drive mix will consist of the following variants: pure
electric vehicles (BEV), range extenders (REEV), HEVs, and FCVs. Hybrid vehicles
can also be further subdivided into hybrid and plug-in hybrid vehicles (Kampker
et al., 2018, p. 24, DEW21, 2019; Emadi et al., 2008, p. 2237; Toschke, 2015, p. 2-9;
German CleanTech Institute, 2010, p. 25). The new VW CEO Oliver Blume also

favours a significantly more diverse drive mix (Viehmann, 2023).

As shown in Figure 10, only a few purely electrically powered vehicles were
registered in Germany up to 2010. It should be emphasised that the majority of
these registered electric vehicles were not produced by well-known OEMs, but by
niche suppliers. At this time, OEMs were only occasionally involved with this
alternative drive technology and continued to focus on the further development of
combustion engines. In 2000, at the start of the third wave of electromobility, FORD
began testing two electric versions of the Ford Ka. Mercedes also presented an
electrified version of the A-class. Other OEMs, such as Kia, Hyundai, Renault, and
Volkswagen, followed with their own studies and concepts from the 2000s
onwards. Last but not least, the market entry of new car manufacturers such as
Tesla, Build Your Dreams (BYD), or Great Wall (GW) and the associated
accelerated development of purely BEVs ensured that the long-established vehicle
manufacturers became increasingly involved with this drive technology and
developed their own series vehicles. Smart made the Smart Fortwo electric drive
ready for series production and offered it on the market from 2010. In the same
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year, Tesla also sold 23 Tesla Roadsters (K. Dudenhoffer, 2015; Kampker et al., 2018;
Kraftfahrt-Bundesamt (KBA), 2023a; Middelkoop & Koppelaar, 2017).

Figure 10: Number of new registrations of BEVs in Germany from 2003 to 2024
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Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2025a)

It can be seen that strong absolute growth has occurred in the past three years,
from 2020 to 2022, in particular. In contrast, disproportionately high growth rates
were achieved from the mid-2010s to the late 2010s, in particular. However, it must
also be said that the registration figures for BEVs in 2024 were again in sharp
decline. The registration figures available for January 2025, on the other hand,
suggest a slight increase in the number of BEV registrations in 2025 compared to
the previous year. In January 2025, 34,498 new BEVs were registered; scaled up to
the full year 2025, this would mean a total number of 413,976 newly registered
BEVs, or a growth of just under 9% compared to 2024 (Kraftfahrt-Bundesamt
(KBA), 2025a).

Figure 11 shows the distribution of new car registrations, clearly emphasising
that around two-thirds of new registrations are accounted for by commercial
owners and only around one-third come from private owners. This representation
not only applies generally to the total number of new registrations in 2024, but also

continues in the area of vehicles with alternative drive systems, although the ratio



CHAPTER II - THEORETICAL BACKGROUND 77

here is approximately 2:1 in favour of commercial owners (Kraftfahrt-Bundesamt
(KBA), 2024c, 2025c).

Figure 11: Distribution of new passenger car registrations in Germany by owner in 2024
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Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2025¢)

Figure 12 illustrates the ratio of the total number of passenger cars to the total
number of registered passenger cars with an electrified drive system for the years
2019 to 2024, inclusive, in Germany. The share of electrically powered vehicles in
the total vehicle population has risen in the past six years from 1.42% (2019) to
10.56% in 2024 (Kraftfahrt-Bundesamt (KBA), 2020a, 2021a, 2022a, 2023c, 2024b,
2025b). It can also be inferred from the figure that if growth remains constant, the
proportion of electric vehicles in the total vehicle population in Germany will be
approximately 20% by 2030. That is around 10.5 million vehicles with an electrified
drive. This, in turn, means that the German government's target of 15 million
vehicles with electrified drive systems by 2030 will not be met (Bundesverband
Erneuerbare Energie, 2024; Deutscher Bundestag, 2024).
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Figure 12: Total quantity of registered passenger cars and total quantity of registered passenger cars with
electric drive in Germany 2019-2024
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As already indicated in the previous section, there has been a shift in the
types of drive systems registered in recent years. Figure 13 shows that, in 2019,
around 90% of registered vehicles were powered exclusively by a combustion
engine. By contrast, in 2023 and 2024, only just under half of newly registered
vehicles were based on a classic drive system with an internal combustion engine.
It is also clear that the number of hybrid vehicle registrations has risen sharply. In
2019, only around 6.5% of newly registered vehicles were hybrid vehicles. In 2024,
just over a third were registered with this type of hybrid drive. A similar upward
trend can also be observed in BEVs: in 2019, the share of newly registered BEVs
was just under 2%. In 2024, this number of new registrations increased
approximately eightfold to 13.5%. It can also be observed that the ratio of newly
registered hybrid vehicles to BEVs in 2024 is approximately 3:1. However, this
distribution shifted in 2022 and 2023, with one newly registered BEV for every two

8 For further insights please see Appendix 1-6.
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newly registered hybrid vehicles. Finally, however, the green trend line also shows
that new vehicle registrations have declined from around 3.6 million newly
registered vehicles and recovered slightly in 2023 and 2024, with around 2.8 million
new vehicles still being registered in Germany (Kraftfahrt-Bundesamt (KBA), 2019,
2020c, 2021c, 2022c, 2023e, 2024c).

Figure 13: Share of passenger vehicle registrations by different drive systems from 2019 to 2024
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In addition to the generally declining registration figures in Germany, Figure
14 also shows that new registrations of vehicles with a purely combustion engine
are falling sharply and that registrations of vehicles with an alternative drive
system are on the rise. This is also clear from a comparison with Figure 13, which
shows that the hybridisation of drive systems is particularly popular (Kraftfahrt-
Bundesamt (KBA), 2019, 2020c, 2021c¢, 2022¢, 2023e, 2024c).

9 For further insights please see Appendix 7.
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Figure 14: Share of passenger vehicle registrations by different overall comparison between vehicles with ICE
and vehicles with alternative drive systems
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2.24 Focus of this study in relation to electromobility

In the course of this work, not only purely BEVs were considered, but also
the aforementioned plug-in hybrid, hybrid, and FCVs. The aforementioned vehicle
types are summarised in this thesis under the term electromobility (EMOB), and
the research focus is on vehicles for personal individual transport (passenger cars).
For ease of reading, the EMOB vehicles will be referred to as electric vehicles (EV)
in the remainder of the thesis. Vehicles with fuel cell drive (FCV) consistently
appear in the statistics of the Federal Motor Transport Authority (KBA), but their
share of the total vehicle population is relatively low (Kraftfahrt-Bundesamt (KBA),
2022b). Although BEVs and FCVs are both EVs, it is important to note that they

10 For further insights please see Appendix 7.
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differ from each other in a number of key respects, which will briefly explain the

research focus of this thesis below:

FCVs can be refuelled with hydrogen at a filling station, and the
refuelling process takes only a few minutes. In contrast, EVs have a
much longer charging process, but can be charged at any location
with a power source (Doppelbauer, 2020, pp. 175-177; Karle, 2022, pp.
211-212; Randelhoff Martin, 2020; Rudschies & Wieler, 2019, pp. 10—
15).

Due to a limited hydrogen refuelling station network, hydrogen
vehicles are considered a niche solution, whereas EVs are trying to
establish themselves as a mass market solution through a steadily
expanding charging network (Enride, 2023; H2 MOBILITY
Deutschland, 2022a; Karle, 2022, p. 211; Rudschies & Wieler, 2019, pp.
10-15).

The costs for the energy required, i.e. electricity and hydrogen, also
differ greatly. In addition, falling battery prices will make EVs
cheaper, which will allow them to stand out from FCVs in terms of
price (Enride, 2023; H2 MOBILITY Deutschland, 2022b, pp. 18-21;
Kaindl, 2019; Rosen, 2018, p. 11).

In addition, EVs are often associated solely with BEVs, rather than
FCVs, which creates a distinct awareness in the minds of consumers
(Jonuschat et al., 2012).

Accordingly, FCVs are excluded from further analysis, even though they are,
by definition, EVs.

2.2.5 Multifaceted challenges for the further development of electromobility

in Germany

The automobile has a rich history of over 125 years in Germany. This history

was largely written through the construction and sale of vehicles with combustion

engines. However, due to changing structural conditions, the historiography is at

a turning point (Moser, 2002, p. 273 ff.). The challenges of change encompass
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ecological, customer-related, technological, and legal/political drivers.! drivers
(Wallentowitz et al., 2009, p. 46).

Cars are regarded as one of the most defining elements of German society
and have often been seen as the leading sector of the German economy. Germany
not only owes its status as a world leader in exports to the German automotive
industry, but also its enduring reputation as a car nation globally. Of course, this
also had an impact in Germany, and the automotive industry made a significant

contribution to Germany's prosperity (Grieger, 2019; Kampker et al., 2018, p. 5 ff.).

Today, the automotive industry is undergoing profound change. In addition
to the demand for a turnaround in transportation and agreed-upon climate targets,
the car remains the primary means of transport for many commuters,
holidaymakers, and residents of non-urban regions in Germany. Many Germans
also see the car as a status symbol, an expression of personality or the embodiment
of individual freedom (K. Dudenhoffer, 2015, p. 154; Grieger, 2019).

Looking to the future, it is not only hard facts based on the economy or living
conditions that are required for a reorientation of consumers, but also a new
emotional conditioning and an answer to the question of what significance the
automobile currently has in society and will have in the future (Méser, 2017, p. 136
ff.; Welzer, 2011, pp. 34-36). Despite rising incomes and increasing traffic volumes,
demotorisation can be observed in large cities in particular. This process has been
known in Japan since the 1990s as "Kuruma Banare" (Fournier et al., 2012, p. 61).
For younger people in particular, owning a car is becoming less important and
often no longer serves as a status symbol (Winterhoff et al., 2009, p. 4 ff.). The
change in the importance of the car in German society is also being reinforced by
steadily rising life expectancy and low birth rates. In an industrialised nation like
Germany in particular, an ageing population can be observed (Wallentowitz et al.,
2009, p. 17).

As aresult, it can be assumed that conflicts over the necessity and use of a car
for personal individual transport will increase, as individual mobility has become

1 Will be in depth reviewed and evaluated in Chapter 3.
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more popular due to local public transport and newly established mobility services
such as car-sharing (Kalmbach et al., 2011, p. 13 ff.; Rammler, 2017, p. 15 ff.).

This effect is also intensified because the household income available each
month can be spent on a variety of competing products, such as housing or
smartphones. The willingness to pay for the purchase and maintenance of one's
own vehicle decreases accordingly (Winterhoff et al., 2009, p. 9). Additionally, the
cost of housing in major German cities has risen sharply in recent years, with a 5.5%
increase from January 2020 to August 2023 alone. Munich leads rents with rents
per square metre of more than 20 euros. The fact that more than half (57.9%) of all
Germans live in rented flats also plays a role in this analysis (Statistisches
Bundesamt, 2023a). The cause of urbanisation is no longer just rural exodus, but
also urbanisation resulting from the expansion of suburban settlements

(Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung, 2023).

In addition to the situation described above, which provides a holistic
overview of the automobile in German society, the customer is still a major driver
of change (Wallentowitz et al., 2009, p. 14). One of these changes can also be seen
in Figure 15. It has become evident that environmental friendliness has emerged as

a significant purchasing criterion for the German population in recent years.
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Figure 15: Population in Germany according to the importance of environmental friendliness as a criterion
when buying a car from 2017 to 2020
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Car manufacturers responded to this megatrend, heeding the calls of their
customers and investing billions in electromobility from the mid-2010s onwards.
This not only allowed new models and platforms to be launched on the market in
a very short period, but also enabled them to start the race to catch up with Chinese
competitors (Ernst & Young (EY), 2018, p. 10). As Figure 16 shows, OEMs have
invested heavily in electromobility, particularly in Germany.
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Figure 16: Amount of investments by the world’s sixteen largest automotive groups in electromobility in
selected target countries in the period of 2016 and 2017
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Source: (Handelsblatt, 2018)

In the coming years, approximately 220 billion euros will also be invested in
research and development to further expand electromobility by 2026 (Verband der
Automobilindustrie (VDA), 2022, p. 3).

The investments made are also reflected in new registrations of EVs (PHEV,
FCV and BEV). While around 2 million new EVs were registered globally in 2018
and 2019, the number of new registrations climbed to more than 3 million in 2020.
In 2021, more than 6.5 million new cars were sold worldwide. With around 15,000
units sold, FCVs play a relatively minor role in this analysis. For 2021, this means
that one in nine globally registered vehicles will have an electrified drive system,
with BEVs accounting for the largest share, at around 70%. It can be stated that the
transformation towards electromobility is in full swing, and growth in the various
markets is heterogeneous. In addition to the prosperity of a market, incentives and
legal requirements, in particular, play a significant role in market penetration
(Ernst & Young (EY), 2023b; Verband der Automobilindustrie (VDA), 2022, p. 65).
In addition to the number of registrations, the number of charging points has also

risen enormously in recent years, meaning that demand can currently be said to be
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exceeded. Figure 17 illustrates the rapid expansion of the charging infrastructure
in Germany. There are currently around 150,000 charging points in Germany. As
of December 2024, these are divided into just over 120,000 normal charging points
and around 33,000 fast-charging points!? (Bundesnetzagentur, 2024). In addition to
the absolute number of public charging points, the expansion of fast-charging
points is particularly important for the further development of electromobility. In
a nationwide comparison, this currently means a rather uneven distribution of
available fast-charging stations per EV. Thuringia, for example, has the fewest
electric cars per fast-charging point at 61.9. In Saarland, on the other hand, there
are 210.1 EVs per fast-charging point. Additionally, Germany has a total of 841,000
charging points, which have been subsidised by the federal government (Statista
Research Department, 2023; Verband der Automobilindustrie (VDA), 2023). In
addition to the strong growth in the area of charging points to date, the EU
Parliament decided in March 2023 that the member states must significantly
expand the number of charging stations by 2026. This should ensure that a public
charging station is available at least every 60 kilometres on main roads (Frisch,
2023).

2To be considered as a fast charging point, a charging station must have a
capacity of more than 22 kilowatts, according to the Federal Network
Agency of the Federal Republic of Germany.
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Figure 17: Number of public charging points in Germany from January 2017 to December 2024
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However, the further expansion of the charging station infrastructure alone
is not enough to drive forward the mobility transition. Rather, given an
increasingly competitive market, a holistic view and market understanding is
required from all parties involved to ensure a sustainable expansion of
electromobility (F. Dudenhoffer, 2021, p. 9). In addition to declining subsidies or
the complete cancellation of subsidies for EVs by the German government, the
development of electricity prices is a not insignificant factor that could have a
negative impact on the attractiveness of EVs in the coming years (Autobild, 2023;
Kroher & Paulsen, 2023). From a macroeconomic perspective, the persistently high
electricity prices and the associated trend in Europe are because electricity, unlike
oil, cannot be transported internationally and is therefore not traded
internationally. This means that the current high electricity prices are dependent
on regional production costs, which are at a high level due to the war in Ukraine
and the German government's energy policy (F. Dudenhoffer & Wisbert, 2023, p.
70).

In addition, manufacturers are faced with rising raw material prices. This
development was already evident at the end of the coronavirus pandemic in the

context of the semiconductor crisis and is expected to occur in the medium term,



88 STEFFEN BERG

particularly in the area of battery production (Roman Tyborski, 2022). Due to an
insufficient supply of semiconductors, manufacturers primarily built high-margin
vehicles, which, on the one hand, supported the aforementioned investments in
electromobility, but on the other hand, also led to significantly longer delivery
times for mid-range models (Ernst & Young (EY), 2023a).

As the battery accounts for up to 40% of the production costs of a BEV, it
cannot be denied that a 10% increase in costs will increase sales prices by at least
4%. The price increases are multi-dimensional: On the one hand, they are caused
by significantly higher raw material costs for battery materials (such as lithium
hydroxide, nickel, cobalt, manganese or phosphorus). On the other hand, as
mentioned above, battery production costs have risen due to increased energy
costs, a complex drying process in electrode production and the fact that European
cell production is only just beginning (F. Dudenhoffer & Wisbert, 2023, p. 70;
Kotter, 2022). To become less dependent on Asian raw material supplies in the
medium and long term, it is essential for manufacturers to conduct research (Karle,
2022, p. 82 ft.).

In addition to a tense production cost situation in Europe, European
manufacturers have to compete for customers' favour both on their home markets
and even more so on the Chinese market. If price reductions are given, this not only
damages the margin but also the brand's prestige. However, such measures can
also secure market share (Ernst & Young (EY), 2023a). In summary, it is crucial to
address any competitive disadvantages compared to Chinese manufacturers and
maintain a strong market position, as Asian manufacturers are increasingly
expanding into domestic markets (Hubik & Tyborski, 2023; Proff & Szybisty, 2018,
pp- 28-30).

However, the post-corona reality is also that manufacturers are confronted
with economic weakness, falling demand, price pressure, and overcapacity after

the reduction in orders following the chip shortages (Ernst & Young (EY), 2023b).

However, in order to fulfil the goal of climate-neutral mobility in 2050, to
which the German automotive industry has committed itself, an understanding of
consumers, their expectations and needs is required in addition to further
investment (Kampker et al., 2018, p. 15 ff.; Verband der Automobilindustrie (VDA),
2022, pp. 1-3).
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2.2.6 Environmental policy development in Germany

Climate and environmental protection are considered to be one of the most
important reasons for the shift from combustion engines to electromobility. This
change was triggered by the agreement of the member states of the European
Union in 1996 to use the "two-degree target" to combat climate change as a
guideline for climate policy. The aim is to limit global warming to a maximum of 2
degrees compared to the average pre-industrial level. Achieving this goal requires
a reduction or limitation of carbon dioxide emissions. Alongside other greenhouse
gases, carbon dioxide is' the main driver of global warming (Schwedes & Keichel,
2021, pp. 9; 56 ft.).

Figure 18 illustrates the areas where climate-damaging emissions are
generated. It can be seen that in 2022 around 20% of total emissions in Germany
were caused by transport. However, it can also be said that emissions have
decreased by around 20% between 2010 and 2022. However, the percentage of
emissions from transport has increased from 16% to 20% in the same period. This
increase can be attributed to the sharp rise in freight transport, motorised private
transport, and the still high level of diesel-powered vehicle use. In addition to the
transport sector (34%), industry (22%), and buildings (15%), including private
households, were among the largest sources of pollutant emissions in 2022
(Allekotte et al., 2023, p. 62; Umweltbundesamt, 2023a).

3 Greenhouse gases include carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons,  sulphur hexafluoride and  perfluorocarbons.
Greenhouse gases are found in the atmosphere. They limit the escape of heat
radiated from the Earth into space, causing the Earth's temperature to rise. By
converting emissions of greenhouse gases other than carbon dioxide (CO2)
into CO2 equivalents according to their global warming potential, the unit of
measurement CO2 equivalent allows the balances of different greenhouse
gases to be compared (Umweltbundesamt, 2023b).
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Figure 18: Development of greenhouse gas emissions in Germany by sector of the Climate Protection Act from
2010 to 2022
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Additionally, it can be noted that road transport is considered particularly
important in reducing CO2 emissions. This is due to the fact that road transport
was responsible for around 98% of greenhouse gas emissions in Germany in 2022
(Bundesministerium fiir Digitales und Verkehr, 2022, p. 211 ff.; Umweltbundesamt,
2023b). The share of road transport caused by passenger transport amounted to
62.5% of all greenhouse gas emissions in the transport sector (Bundesministerium
fir Digitales und Verkehr, 2022, p. 211 ff; Hartz et al, 2022, p. 76;
Umweltbundesamt, 2023c).

With regard to the present research focus on personal individual transport, it
should be added that 60.6% of CO2 emissions from road transport at European
level in 2022 are attributable to passenger cars (cars) (Europdisches Parlament,
2023a; Statistisches Bundesamt, 2023b). During the same period, the share of car
traffic in total road traffic in Germany was 60.13%. Compared to Germany's total
CO2 emissions, this also means that 11.65% of CO2 emissions in 2022 are
attributable to car traffic (Eurostat Datenbank, 2023; Umweltbundesamt, 2023b).
Table 2 shows the calculation of CO2 emissions caused by car traffic in Germany.
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Table 2: CO2 emissions by passenger cars in Germany in 2022
Share of the Share of
specific line assenger
Year 2022 P passeng
compared to the vehicles per
next level above | dedicated level
Greenhouse Gas
Emissions in 746 Mio. to - 11,65%
Germany
Share of
transportation 148 Mio. to 19,83% 58,71%
over all
Share of Road .
. 144,5 Mio. to 97.76% 60,13%
transportation
Share of
passenger 86,89 Mio. to. 60,13% -
vehicles only*'*
Source: Own illustration based on (Eurostat Datenbank, 2023; Umweltbundesamt, 2023b)

Based on the above figures, it is clear why both German and European
legislations are endeavouring to counter the enormous impact of car traffic on the
environment with suitable instruments. In addition to international environmental
agreements, these targeted instruments include the concrete definition of
maximum permitted emissions. The Kyoto Protocol signed in 1997 and the
pioneering United Nations Framework Convention on Climate Change (UNFCCC)
signed in 1992 stand out in particular. Additionally, the European Automobile
Manufacturers' Association (ACEA) has committed itself to responding promptly
to political developments. This voluntary commitment in 1998 provided for a
reduction in average CO2 emissions from 185g CO2/km to 140g CO2/km over the
next 10 years. This value was regarded as a milestone in order to achieve the
European Commission's target of 120g CO2/km in 2012 (Rodt et al., 2010, p. 48 f.;

14 The share for passenger vehicles is based on 2021 figures because figures for
2022 were not available during the creation of this table (October 9%, 2023).
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United Nations, 1997). However, the target set by car manufacturers could not be
achieved despite falling emission values and efficiency improvements. In 2008, the
emission values of newly registered vehicles were 157g CO2/km. As a result of
missing the target, the European Commission decided to create new regulations in
2009. These provided for Europe-wide CO2 limits of 130 g CO2/km for new cars.
This limit had to be reached by 2015 at the latest. Furthermore, individual CO2
limits were defined for each manufacturer. The dependent variable in this analysis
was the average weight of new cars. Furthermore, a so-called "phasing-in"
approach was used, with the aim of not directly overburdening manufacturers with
the maximum target, but rather to allow a gradual approach to the target.
Specifically, the phasing-in provided for only 65% of its new cars to be included in
the average calculation of CO2 limits in 2012. In 2013, this figure rose to 75% and
in 2014 to 80%. It was only in 2015 that total vehicle sales were factored into the
overall calculation of annual average vehicle emissions. In addition, particularly
environmentally friendly vehicles with emissions below 50g CO2/km could be
credited to the manufacturers several times as supercredits (Puls, 2013, pp. 8-9).
The target of 130g CO2/km was achieved by all newly registered passenger cars in
2015, 2016 and 2017. As of 2019, the CO2 limits will no longer be measured
according to the New European Driving Cycle (NEDC), but rather according to the
globally harmonised WLTP standard (Worldwide Harmonised Light Vehicle Test
Procedure). In Germany, this led to a distortion and a significant exceedance of the
specified limits (157g CO2/km), particularly in 2019. However, from 2021, even
stricter CO2 limit regulations for new cars apply, with a limit of 95g CO2/km.
Compliance with these limits was also not achieved in 2021 or 2022 (Kraftfahrt-
Bundesamt (KBA), 2023b; Puls, 2018, pp. 5-8; Rat der Europaischen Union, 2023).

2.2.7 State subsidies in Germany

The German government set ambitious targets for itself in 2009. The aim was
to have one million electrified vehicles on German roads by 2020. To achieve this
ambitious goal, the German government has initiated the three-stage "National
Electromobility Development Plan" to promote electromobility. The aim was not
only to create incentives for research in the field of electromobility due to the

uncertain market situation, but also to subsidise the investment costs for the
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automotive industry (Schwedes, 2018, pp. 205-206). The three-stage plan was
intended to promote electromobility in Germany until 2020 and consisted of the
market preparation phase (2009-2011), the market ramp-up phase (2011-2016) and
the volume market phase (2016-2020) (Kampker et al., 2018, p. 26).

The main task of the market preparation phase was primarily characterised
by the research and development of rechargeable batteries and testing in field trials and small-scale
production. Further studies during the market ramp-up phase should define norms
and standards. Additionally, the charging infrastructure was to be expanded, and
new generations of batteries were to be researched and continuously developed.
The focus of the volume market phase was on research into new energy storage
methods and the development of associated business models (Kampker et al., 2018,
p- 27).

In addition to the above-mentioned, largely cooperative measures for
research and development and the automotive industry (Howlett, 1991, pp. 13-16),
the development plan also provided for the use of fiscal policy and innovation-
based measures (van Gossum et al., 2010, p. 257). In the case of fiscal policy
measures, it was initially envisaged that, as an indirect measure, tax exemption
would be guaranteed for buyers of an electrified vehicle in the first five years after
purchase. To promote dialogue with the public, the federal government established
four so-called showcase regions, which were funded with 180 million euros. The
aim was to demonstrate the innovative elements that electromobility offers at the
interface between the energy system, vehicle and transport system (Kampker et al.,
2018, p. 27). In total, the German government funded the research and development
of electromobility in Germany with around 2.2 billion euros until 2017
(Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK), 2022).

The Electric Mobility Act was also passed in 2015 as a legislative basis, which
was initially limited until 31 December 2026 and was intended to comprehensively
promote electric mobility (§8 (1) Gesetz Zur Bevorrechtigung Der Verwendung
Elektrisch Betriebener Fahrzeuge (Elektromobilititsgesetz - EmoG), 2021).
Incentives for driving electric cars have also been created. These include special
parking spaces at charging stations, reduced or no parking fees, driving in bus

lanes and the removal of access restrictions (§3 Gesetz Zur Bevorrechtigung Der
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Verwendung Elektrisch Betriebener Fahrzeuge (Elektromobilitdtsgesetz - EmoG),
2021; Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK), 2022).

As the current registration trend for EVs (as shown in Chapter 2.3) indicates,
the target of 1 million electrified vehicles on German roads by 2020 could not be
achieved. As shown in Appendix 1, only 676,507 electrified vehicles were
registered by 2020, corresponding to a rate of 1.42% of the total vehicle population
(Kraftfahrt-Bundesamt (KBA), 2020a, 2020b).

In addition to the above indirect measures to promote the purchase of EVs,
the German government introduced a direct premium subsidy at the beginning of
2016 (Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK), 2016). As it turned out, this did not initially lead to a
significant increase in consumer demand for EVs. For this reason, the purchase
premium was initially doubled in 2021 and extended in principle until the end of
2025 (Die Bundesregierung, 2021).

As there has been a significant increase in new registrations of EVs in the
years after 2020, the previous overall funding for electric mobility was reformed
into gradually degressive funding as part of the amendment to the Environmental
Bonus Directive with effect from 1 January 2023 (Bundesministerium fiir Wirtschaft
und Klima (BMWK), 2022; Die Bundesregierung, 2023a). At the end of 2022,
Germany had 3.35 million electrically powered vehicles. This corresponds to a
share of 6.88% of the total vehicle population (Kraftfahrt-Bundesamt (KBA), 2023c,
2023d). This means that, since 1 January 2023, only BEVs and FCVs have been
eligible for funding, as these have a positive climate protection effect (Bundesamt
fiir Wirtschaft und Ausfuhrkontrolle (BAFA), 2023).

From 1 January 2023 to 17 December 2023, newly registered BEVs and FCVs
were subsidised under the following conditions (Bundesministerium fiir
Wirtschaft und Klima (BMWK), 2022):

* Vehicles with a base list price of up to EUR 40,000 are subsidised with
an innovation premium of EUR 4,500.

* Vehicles above a base list price of EUR 40,000 up to EUR 65,000 are

subsidised with an innovation premium of EUR 3,000.
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* From 1 September 2023, only private owners will be eligible for a
subsidy.

* The minimum holding period for purchasing a subsidised vehicle is
12 months.

With the resolution for the 2024 federal budget, the federal government has
decided to immediately discontinue the subsidy premium for newly registered
EVs, effective from 17 December 2023, in order to achieve the necessary savings to
avoid new debt (Die Bundesregierung, 2023b). This also applies to EVs already
ordered by customers that have not yet been delivered and registered by 17
December 2023 (Die Bundesregierung, 2023c). Due to the sudden discontinuation
of the scrapping premium, many manufacturers found themselves in a situation
where they had to absorb the scrapping premium previously paid by the state in
both 2023 and 2024 in order to prevent any cancellations and to be able to sell
vehicles that had already been produced. The respective structure varies from
manufacturer to manufacturer (Harloff & Baumann, 2023). However, at this point
in time, at the end of December 2023, it is unclear how this will fundamentally affect
OEM pricing in 2024. Some experts fear a dramatic slump in sales figures and
lasting damage to the penetration of electromobility in Germany (dpa, 2023;
tagesschau, 2023). Other experts, on the other hand, believe that the premature
cancellation of the state subsidy will bring the familiar market mechanisms of
supply and demand to the fore and that manufacturers will (have to) enter into a

price war to maintain and secure market share (Car Maniac, 2023).

Despite the abolition of the direct subsidy premium, the German government
has approved additional funding for the expansion of electric charging stations. An
additional 200 million euros will therefore be available for the expansion of fast-
charging stations and 100 million euros for normal charging infrastructure
(Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK), 2022; Heimes, Kampker, Offermanns, et al., 2024, p. 39 ff.;
Karle, 2022, pp. 214-215). In addition to the aforementioned direct funding
measures, it was also decided to ensure uniform charging and payment standards
(Verordnung Uber Technische Mindestanforderungen an Den Sicheren Und
Interoperablen Aufbau Und Betrieb von Offentlich Zugénglichen Ladepunkten Fiir

Elektromobile, 2016; Erste Verordnung Zur Anderung Der Ladesaulenverordnung,
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2017)which strengthens legal and investment security (Gesetz Zum Aufbau Einer
Gebdudeintegrierten Lade- Und Leitungsinfrastruktur Fiir Die Elektromobilitat
(Gebaude-Elektromobilitatsinfrastruktur-Gesetz - GEIG), 2021) as well as tax
incentives for electric mobility (Bundesministerium fiir Wirtschaft und
Klimaschutz der Bundesrepublik Deutschland (BMWK), 2022). These measures
indicate a positive trend in future compliance with clean air standards, particularly
in major German cities. It is not yet clear how the suspended subsidy for
commercial owners and the reduced subsidy for private owners will affect the sales
figures for EVs. However, the target has been clearly formulated by the European
Commission: from 2035, no more cars should be registered in the EU that cause
CO2 emissions (Puls, 2018, pp. 8-10; Rat der Européaischen Union, 2023).

2.3 INNOVATION AND DIFFUSION

2.3.1 Technologies and innovations

Technology can be defined as devices, instruments and knowledge that are
linked between input and output variables (process technology) and/or produce
new products and services (product technology) (Tushman & Anderson, 1986, p.
440). Depending on their nature, technologies can be described as either tangible
or intangible. In addition, technology usually has a (tangible) hardware component
as well as an (intangible) software component (Rogers, 2003, p. 138). Technologies

are regarded as the basis for new innovations.

The term innovation is complex and cannot be precisely categorised. Among
other things, the Duden dictionary suggests the terms Neuerung, Erneuerung,
Neueinfithrung or Neuheit as synonyms (Disselkamp, 2012, p. 17). The word
innovation is derived from the Latin word "innovatio", which means "to create
something new", which also describes the basic prerequisite for innovation
(Hauschildt et al., 2016, p. 5).

To summarise, contrary to common usage, an innovation is an invention that
has been successfully introduced to the market as a new product, service or process
(Rogers, 2003, p. 138). According to Miiller-Prothmann & Dorr, the components of

an innovation can be summarised in the following formula:

Innovation =idea + invention + diffusion
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An innovation is always based on an idea. If this idea evolves into an
invention and the invention establishes itself on the market, this is known as
diffusion (Dorr & Miiller-Prothmann, 2020, p. 7). As the previous chapters have
made clear, a trend towards electromobility is clearly recognisable and the market
supply, as well as the number of registrations, is steadily increasing (Karle, 2022, p.
212).

For this reason, this thesis is limited to EV product innovations and the
associated acceptance research. Services or processes and their prediction of

acceptance are not the subject of this dissertation.

An innovation can, for example, be an idea or an object that is perceived as
new (Rogers, 2003, p. 11; Zaltman et al., 1973, p. 10). Accordingly, it is not
necessarily technical change, but rather awareness, the subjective dimension, that
is decisive (Pohl, 1996, p. 18; Rogers & Shoemaker, 1971, p. 19). Consequently, an
innovation does not necessarily have to be a new product; it can also be the
development of a new market, for example. Innovations combine factors in a new
way (Moller, 2017, p. 70; Schumpeter, 2008, p. 95). A distinction can be made
between product innovation, process innovation, market innovation, structural or
organisational innovation and social innovation (Hauschildt et al., 2016, p. 6;
Pleschak & Sabisch, 1996, p. 20 £.; Steinberg et al., 2016, p. 3; 18 ff. Wahren, 2004).

An invention is the preliminary stage of an innovation and can occur either
by chance or by design. The newly created knowledge can accompany and support

research through its initial realisation (Brockhoff, 1999, p. 43).

The innovation that follows the invention is the economic factor that ties in
with the research (Hauschildt et al., 2016, p. 24 ff.). It can be stated that the focus is
on the economic optimisation of the knowledge gained, resulting in the
development of an innovation for a market or an innovative market for a product
(Vahs & Burmester, 2005, p. 43). Technical innovations are often considered
difficult to communicate and cannot usually be tested before purchase, so that their
benefits only become recognisable afterwards (Pohl, 1996, p. 18 ff.).

Innovation management distinguishes between two types of innovation:
"technology-push” and "market-pull" innovations (Utterback, 1971, p. 75 ff.). In
"technology-push" innovations, the technology is an autonomous factor, and it has

the disadvantage that the new technology reacts passively and mechanically to
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prevailing market conditions (Dosi, 1982, p. 149). On the other hand, there are the
"market-pull" innovations, which are drawn into the market by the demanders
(Mowery & Rosenberg, 1993, p. 104).

A crucial factor in the successful market launch of an innovation is its degree
of novelty or innovation. This comes in different forms. On the one hand, there is
radical innovation and on the other, incremental innovation (Seibert, 1998, p. 108
f.). Radical innovation is the introduction of something technologically completely
new to the market, but which, for example, stimulates competitors to establish
follow-up innovations (incremental innovations) on the market (Gerpott, 2005, p.
43 f.).

EVs are a radical innovation for the automotive industry, whose potential
and demand are difficult to predict (O’Connor & McDermott, 2004, p. 11). In the
following chapter, the status of the diffusion of the innovation object of EVs in

Germany is determined and categorised in the product life cycle.

2.3.2 Diffusion of EVs in Germany

Diffusion and adoption research has taken on a decisive role in the field of
electromobility. Adoption research examines how, when, and why consumers
adopt innovative products. The market spread of an innovation over time is also
referred to as diffusion (Rogers, 2003, pp. 5-25). The following applies: the more
people within a social system adopt an innovation, the greater the pressure on other

people in this social system to also adopt or reject it (K. Dudenhoffer, 2015, p. 96).

Karnowski's product life cycle model categorises consumers into five groups:
innovators, early adopters, early majority, late majority, and laggards. The current
diffusion status of a product can be calculated by comparing the sub-category of a
specific product category on the market with the current overall market for the
product category. In concrete terms, this means for the electromobility market: the
number of registered EVs is compared with the total number of registered cars
(Fazel, 2014, p. 88).

The product life cycle is usually represented graphically as the frequency of
the S-curve (Karnowski, 2017, p. 20-23). Figure 19 shows the product life cycle

according to Karnowski and divides the adopters into the following groups:
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Innovators (2.5% of the company), early adopters (13.5%), early majority (34%), late
majority (34%) and latecomers (16%):

Figure 19: Product life cycle according to Karnowski
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Source: Own illustration based on (Karnowski, 2017, p. 21)

Innovators are the first consumers to adopt an innovation. Innovators register
technical innovations on the market and want to be the first to use them (Fichman,
1992, p. 2). The characterising traits of an innovator can be described as risk-taking,
tolerant of uncertainty, adventurous and open-minded (Shih & Venkatesh, 2004, p.
62). Furthermore, an innovator is characterised by a high level of education and
above-average financial resources (Dillon & Morris, 1996a, p. 7). However, an
innovator is not firmly integrated into a local social environment, but has a social
network on a global level. Innovators are therefore not opinion leaders, but
pioneers of new innovations (Gordon & Nelke, 2017, pp. 1-9; Schmidt, 2009, pp.
27-28).

In contrast to innovators, early adopters are characterised by the fact that they
are firmly integrated into a social environment and it is important to them that they
are seen using the innovation and that the innovation is recognised as such (Dattée
& Weil, 2007, p. 595; Rogers, 2003, p. 248 f.). Due to their social environment and

position in the social structure, which early adopters occupy, companies focus their
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marketing and sales efforts on cooperation with them to establish their product
innovations on the market (Wind & Mahajan, 1987, p. 47).

The early adopters are followed by the early majority. These are characterised
by the fact that they are initially sceptical about innovations and wait to see how
and whether an innovation actually catches on in society. The early majority is
socially well integrated, but does not claim to be opinion leaders (Schmidt, 2009,
pp. 28-29). Nevertheless, from a marketing perspective, the early majority
represents an important link to the late majority (Fazel, 2014, p. 90)

The late majority tend to have a negative attitude towards innovation and
change. A switch to a new technology is usually only made when this is no longer
avoidable for economic reasons or when the pressure from the social environment
is very great (Dutton et al., 1987, p. 233; Rogers, 2003, pp. 282-299). It is essential
for the late majority to minimise uncertainties as much as possible before adopting
the new technology (Dattée & Weil, 2007, p. 596).

The latecomers are the last adopters of an innovation within a social system.
This is partly due to how they absorb information and gain knowledge about
innovations, but also to the limited availability of financial resources (Rogers, 2003,
p- 250). As a result, a bad investment in an innovation is not sustainable for this
group and before a purchase is made, it must be ensured that no bad investment is
made or that products are used that are established on the market in the long term
(Dattée & Weil, 2007, p. 596; Schmidt, 2009, pp. 27-28). It is possible that latecomers
invest in an innovation while innovators are already investing in the follow-up
innovation (Rogers, 2003, p. 250).

Based on the above, it can be seen that the proportion of electrically powered
vehicles at the end of 2024 was 10.69%!> (compared to the total vehicle stock). This
means that the adoption of electromobility can now be categorised as an early

adopter.

15 For further insights please see Appendix 1 - 6.
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2.3.3 Diffusion effect

The speed at which the market adapts the innovation is known as the
adaptation rate or diffusion rate. These can be influenced by marketing expenditure
(Rogers & Shoemaker, 1971, p. 157). Furthermore, the rate of adaptation increases
more quickly when there is a high level of competition (Gatignon & Robertson,
1985, p. 850). A regulatory government (e.g. in China) can also have a positive effect
on adaptation (Zhu et al., 2006, p. 1557 ff.). It is also advisable to be a pioneer of
innovation in the market (Schiitte & Ciarlante, 1998, p. 69).

Innovation research is concerned with the reasons for the success or failure
of innovations. Building on innovation research, diffusion research and marketing
theory, it is possible to develop marketing concepts for innovations. In doing so,
the perspective of companies is taken (K. Dudenhoffer, 2015, p. 90).

Figure 20 shows the S-curve of adaptation over time. The diffusion effect
increases cumulatively over time, the greater the degree of pressure on an
individual to adapt or reject an innovation. Individual adaptation or rejection is
determined by increasing knowledge and the adaptation or rejection of the social
system. The difference between radical and incremental innovation can also be

illustrated (Rogers & Shoemaker, 1971, p. 161).

Figure 20: S-curve
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Source: Own illustration based on (Utterback & Sudrez, 1993, p. 5)
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As soon as the so-called critical mass has been reached or the innovation has
been adopted by a sufficient number of consumers, the "takeoff" occurs, and the
innovation diffusion continues through its own momentum (K. Dudenhoffer, 2015,
p. 96). As the types of adoption explained above and the categorisations presented
follow an ideal-typical course of innovation research, they should not be clearly
distinguished from one another. Transitions from one group to another are often
fluid (Fazel, 2014, p. 91). Due to the close networking within a social system, the
critical mass in the typical innovation process is reached during the early adopter
phase (Karnowski, 2017, pp. 19-20; Schmidt, 2009, pp. 27-28). The early adopters

are also considered successful implementers of innovations (Rogers, 2003, p. 281).

The total market potential for passenger cars in Germany is around 47-50
million vehicles. Based on an ideal-typical diffusion process for EVs, the critical
mass is reached at around 8-12% of the maximum possible market potential
(Rogers, 2003, p. 134; Shih & Venkatesh, 2004, p. 59; Wind & Mahajan, 1987, p. 47).
This means that the critical mass will be reached at four to six million registered
EVs (Kraftfahrt-Bundesamt (KBA), 2020a, 2021b, 2022b, 2023d, 2023a). Based on the
above registration figures, it can be inferred that electromobility is currently
transitioning from a niche market into a socially acceptable mass market (Fichman,
1992, p. 3; Rogers, 2003, pp. 282-299). However, it remains to be seen what effect
the federal government's suspension of direct purchase incentives and subsidies
will have on consumers' willingness to buy and on the diffusion of EVs. If the
switching costs are too high to switch from a vehicle with a combustion engine to
one with an electric drive, the diffusion could come to a standstill. This persistence
of consumers or the market is also referred to as "status quo bias" (Jager & Janssen,
2002, p. 285; H.-W. Kim & Kankanhalli, 2009, p. 569 ff.)

2.3.4 Disruptive innovation and its success factors for the introduction of new
technologies and their significance for electromobility

In an ideal-typical diffusion process, knowledge dissemination in the social
systems is ensured when the critical mass is reached (Rogers, 2003, p. 343 ff.). So-
called exogenous (external) and endogenous (internal) factors influence the
diffusion process of a product on the market (Schmidt, 2009, pp. 19-20). The
internal influencing factors have a direct effect on the consumer's decision to adopt.
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The endogenous influencing factors can also be divided into product-related and
adopter-related influencing factors. Product-related factors relate to the
characteristics of the innovations themselves. On the other hand, there are the
adopter-related influencing factors, which originate from the social characteristics
and attitudes of the consumer's social system and influence their purchase decision
(Schmidt, 2009, pp. 91-92).

Exogenous influencing factors refer to the external framework conditions
that have an indirect influence on the diffusion of innovation. These indirect
influences can be divided into environment-related, supplier-related and
competition-related influencing factors. Environmental influencing factors
describe how diffusion is influenced by the social system, the political and legal
environment, as well as economic and technological development (Schmidt, 2009,
p. 44). The behaviour of market participants is characterised by the decisions of
suppliers and their impact on competition (Schleer, 2014, p. 48). It is not always
possible to categorise the influencing factors clearly, so that overlaps can also occur
(Kiendl, 2007, p. 24).

Rogers and Shoemaker (1971, p. 155 ff.) proceed to define the adaptation

process of an innovation as having five characteristics:

* The innovation has a relative advantage compared to the previous

product.

* The new product offers consistent compatibility with existing values
and experiences.

* The innovation is more complex to use than existing products.

* The possibility to test the innovative product before purchase.

* The innovation is recognised as such by others.

The above five characteristics provide a variance explanation of adaptation
ranging from 49% to 87%. In addition, the following influences can play a role in
adoption: the type of innovation, the type of communication during the purchase
decision process, the social environment, advertising incentives, interest,

involvement, income and other situational factors (Midgley & Dowling, 1978, p.
229 f.; Summers, 1971, p. 313).
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However, one characteristic alone is not enough to describe the diffusion of
the innovation. A common description of the characteristics of an innovation using
the five features is always required. Ideally, innovations are characterised by a high
relative advantage, compatibility with existing practices and norms, low
complexity, testability and observability of use by potential consumers (Dillon &
Morris, 1996a, p. 6; Rogers, 2003, p. 6 ff.). (Dillon & Morris, 19964, p. 6; Rogers, 2003,
p. 15 ff.). Compatibility, relative advantageousness and complexity have the
greatest impact on adoption (Tornatzky & Klein, 1982, p. 28). The subjective price
expectations of customers are also important in this context. If the innovation offers
better performance than substitute goods, higher prices can be realised compared
to existing products on the market. If the performance of the innovation is equal to
or better than that of the existing product on the market, the acceptable price level
for consumers is below that of the substitute goods. At the time of market launch,
innovative products outperform existing products in only some of the five
characteristics, but are inferior in others (S. J. Kline & Rosenberg, 1986, p. 277). It
often requires a change in social values, learning or the possibility of testing so that
innovative products and disruptive technologies can establish themselves with
consumers over time (Dattée & Weil, 2007, p. 1330; Orbach & Fruchter, 2011, p.
1210; Rogers, 2003, p. 1). It is worth noting that disruptive technologies do not
necessarily need to reach the performance level of established products. The
required performance level is defined by the degree of fulfilment of market
requirements (Bower & Christensen, 1995, p. 50). Of course, in this context, the
better a product is adapted to market requirements, the better the diffusion process
progresses (S. J. Kline & Rosenberg, 1986, p. 301).

In addition to the above product features and requirements, it is also
important to consider how many existing users are already utilising products on
the market who are potential buyers due to the innovative product's potential
(Fazel, 2014, p. 99). Disruptive innovation often leads to the establishment of new
business models, as these models can promote the diffusion of the disruptive
technology (Hwang & Christensen, 2008, p. 1331). Changing business models can
also make a disruptive innovation accessible to new target groups, thereby
increasing the number of potential users (Dattée & Weil, 2007, p. 583).
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In addition to the five features described above that characterise an
innovation, the successful diffusion of a technology also requires the interaction of

four factors:
= Technology
* Business model
= Policy
= Willingness of consumers to accept and adopt the new technology
(Johnson & Suskewicz, 2009, p. 57)

In the following, the four factors are briefly assessed in connection with

electromobility and the importance of acceptance in this context is emphasised:

At a technological level, it can be stated that the market for EVs has grown
considerably in recent years, and a wide range of products is available. The battery
technology used has improved significantly over the past decade and is constantly
being further developed (Sauer & Ringbeck, 2024, p. 129 ff.). However, the
purchase prices for EVs are significantly higher compared to those of conventional
combustion engines, and the cost gap for buyers has widened once again due to
the now-suspended direct subsidisation of EVs by the German government (Car
Maniac, 2023; Die Bundesregierung, 2023b, 2023c). The charging infrastructure has
also been significantly expanded in recent years, and a network of standard and
fast-charging points is now available (Calmbach et al., 2024, p. 487 ff.). Various
business models have emerged around electromobility, including car-sharing
services, battery rental, digital vehicle networking, and extended service offerings,
to generate additional value creation potential. The aim is to enhance customer
benefits and accelerate the transformation of the mobility sector by unlocking

additional value creation potential (Kasperk et al., 2024, p. 613).

This leaves market acceptance as the only component that needs to be
investigated further, and on which the further focus of this work will be placed.
The aim is to be able to conclude the influencing factors that have a significant
impact on the acceptance and willingness to buy EVs in the mid-2020s and which
barriers need to be removed to improve market penetration in the classic target
corridor of "quality, time and cost" (Heimes, Kampker, Dorn, et al., 2024, p. 29).
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2.4 ACCEPTANCE

2.4.1 Focus on the concept of acceptance

The emergence of new technologies sparked research into acceptance in the
late 1960s and early 1970s (Dinse, 2001, p. 38 {.). In the US, a meta-analysis shows
that the terms "adaptation", "diffusion" and "acceptance" are used in connection
with the acceptance of information systems (Williams et al., 2009, p. 9). In German-
speaking countries, a distinction is made between adaptation and adoption
acceptance. Adoption describes the conflict-free takeover through unrestricted
acceptance of an object. This contrasts with adaptation, which is characterised by
the fact that acceptance is only limited, as the characteristics of the object do not
align with an individual's current value system. A corresponding individual
adaptation of the value system is necessary (Kollmann, 1998, p. 62 f.). For
electromobility, this means that it is more of an adaptation, as existing value

systems must adapt to the radical innovation (K. Dudenhoffer, 2015, p. 76).

Human behaviour plays an important role in the innovation process.
Contrary to popular belief, consumers do not always behave rationally, objectively
and in a way that maximises benefits; rather, decisions about a technology are
shaped by subjective convictions (Venkatesh & Davis, 2000, p. 345). For this reason,
from a rational point of view, sensible innovations fail or take longer to gain broad
consumer acceptance (Moons & De Pelsmacker, 2012, p. 195 ff.). This situation is
also known in science as the paradox of learned behaviour. Consumers have
developed habits and routines over a long period of time, through repeated use of
a product. The individual consumer is reluctant to give up familiar solutions and
processes, and endeavours to retain them instead of regularly seeking and
adopting new solutions to meet their needs. If a new idea or a new product appears
on the market and is not compatible with the familiar behaviour, this new product
must offer a relative advantage over the old product in order to compensate for the
perceived complexity of the changeover (G. C. Moore & Benbasat, 1991, p. 192 ff.).

Acceptance research attempts to gain a deeper understanding of the
psychological and sociological determinants of individual user acceptance and to
depict them using models (G. C. Moore & Benbasat, 1991, p. 192 ff.). User

acceptance is defined as the positive acceptance or adoption of an idea, issue, or
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product, through active adaptation, rather than mere adoption (Dethloff, 2004, p.
18).

In this context, acceptance research shows similarities with Rogers' theory of
innovation diffusion (Rogers, 2003, pp. 5-25). Both research directions examine the
diffusion of technologies and innovations within social systems, using
differentiated starting points in each case. The theory of innovation diffusion
primarily examines the spread of a new technology in a social system and provides
insights into the different characteristics of the user groups. However, this theory
offers little insight into the decision-making process that an individual undergoes
during an adaptation (Dillon & Morris, 1996a, p. 22). This means that the theory of
innovation diffusion cannot provide a deeper understanding of individual
attitudes, so that the (innovation) diffusion of a technology could be accelerated.
This makes it all the more important at this point to look at things through the lens
of behavioural economics, which examines social, cognitive and emotional factors
in the human decision-making process or situations of uncertainty (Kahneman &
Tversky, 1979, p. 263; Tversky & Kahneman, 1974, p. 1124 ff.). Technology
acceptance uses modelling to explore explanations of human acceptance factors for

or against a technology (Fazel, 2014, p. 103).

2.4.2 Models of behavioural theories

Three authoritative models are cited in the literature to explain technology
and user acceptance. The theory of reasoned action (TRA) forms the basis and has
been expanded to include the theory of planned behaviour (TPB) and the
technology acceptance model (TAM;(K. Dudenhoffer, 2015, p. 77). In the literature,
the three models mentioned are considered robust and useful models for
explaining technology acceptance (Fazel, 2014, p. 103) and will therefore be briefly
introduced below.

The TRA, which originates from social psychology, is considered one of the
most important and influential theoretical approaches to explaining human
behaviour in the field of behavioural research (Hilkenmeier & van Treeck, 2008, p.
1; Venkatesh et al., 2007, p. 269). The TRA was first published in 1967 by Martin
Fishbein (Fishbein, 1967) and further developed and concretised by Ajzen and
Fishbein in the following years (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975).
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The postulated TRA model states that the conscious behaviour of people can only
be explained by their individual beliefs, attitudes and intentions. It is assumed that
the outcome depends on a rational decision-making process and that the decision
is made against the background of a defined goal expectation (Ozaki & Dodgson,
2010).

The basis of the model goes back to the assumption that an individual's
opinion directly influences their attitude. The attitude in turn influences the
behavioural intention and this ultimately influences the person's behaviour. In
addition to the individual attitude, the subjective norm also influences behavioural
intention. The subjective norm is defined as the perception of the social
environment and its influence on a person's behaviour. A person's behaviour is
therefore influenced by what they think their environment expects of them.
Accordingly, it can be stated that the behavioural intention is formed by individual
attitudes and the subjective norm (Ajzen & Fishbein, 1980, p. 67 ff.). The intention
to use is in turn the direct determinant of behaviour. Based on this understanding
of the model, it can be deduced that a person's behaviour can be predicted by
referring back to the determinants of behaviour (attitude and subjective norm) and
the determinants of attitude (opinions). Opinions in turn reflect past behaviour,
creating a cycle (Ajzen & Fishbein, 1980, p. 90 ff.).

Figure 21 provides an overview of the determinants of the TRA model and

illustrates the correlations and dependencies:

Figure 21: Theory of reasoned action

Attitude toward
the behavior

Intention > Behavior

Subjective Norm

Source: Own illustration based on (Fishbein & Ajzen, 1975, p. 15 ff.)
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The TRA, developed by Ajzen and Fishbein, has been widely used in a broad
range of research contexts (Luarn & Lin, 2005, p. 875; Park et al., 2007, p. 165). The
level of variance explanation or the value that indicates the extent to which the
determinants can predict behaviour depends on the respective research context. In
addition, the TRA has often been adapted or changed by researchers, meaning that
no standardised statement can be made about the variance explanation (Fazel,
2014, p. 104 ff.; Rossmann, 2021, p. 11 ff.).

Ajzen's TPB, first published in 1991, is an extension of the TRA. The TPB
model was expanded to include the influencing factor of perceived behavioural
control. This is defined as a person's belief about how easy or difficult it will be to
carry out a previously planned behaviour (Hilkenmeier & van Treeck, 2008, p. 6;
Rossmann, 2021, p. 23 ff.). Behavioural intention is also at the centre of this model
of human behaviour. However, behavioural intention only results in behaviour if
the individual can decide for themselves how to behave. Every behaviour is
dependent on the individual's possibilities and resources (Ajzen, 1991, pp. 181-
182). Figure 22 shows the determinants, correlations and dependencies of the TPB

model:

Figure 22: Theory of planned behaviour

Attitude toward
the behavior

Subjective Norm Intention > Behavior

Perceived
behavioral control

Source: Own illustration based on (Ajzen, 1991, p. 182)

It can also be noted that the theory of planned action has been empirically
confirmed several times, although it has sometimes been used for purposes for
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which the model was not originally intended (Ajzen, 1991, p. 181 ff.; Sheppard et
al., 1988, p. 338). The predictive power of the TPB fluctuates when the individual
has several choices available (Sheppard et al., 1988, p. 326).

In conclusion, it is worth noting that both models yield the same prediction
result for situations where no special hurdles are imposed on the person
performing the behaviour. However, as soon as special hurdles are encountered,
the TPB achieves a higher predictive power regarding a person's possible
behaviour (Fazel, 2014, p. 109; Fishbein & Ajzen, 1975, p. 21 ff.).

Based on the two models above, Davis developed the TAM. The TAM is
regarded as an extension of the TRA and was first used to investigate the
acceptance of information systems in an organisational context and, as a measuring
instrument for evaluating individual benefits, was intended to provide an
explanatory approach for predicting individual behaviour in a specific context
(Konigstorfer, 2008, p. 86). The question was which determinants decide on the
utilisation of an innovation or a new technology (F. D. Davis, 1989, p. 319 ff.). To
determine acceptance, the principle was followed that a person's actual behaviour
can be determined by their intention to use the product (Venkatesh et al., 2007, p.
272). Thus, the TAM is a model adapted to a specific context, whereas the TRA and
TPB represent a general model for understanding human behaviour (Adams et al.,
1992, p. 231).

2.4.3 Technology acceptance model

As with the previously presented TRA and TPB models, Davis also focused
on explaining individual attitudes. He examined human behaviour in relation to
information systems and the predictors on which the influence of these systems
depends, affecting behavioural intentions (BI) and behaviour (B) (Konigstorfer,
2008, p. 86). According to Davis, in the TAM the basic assumption is that the
behavioural intention (BI) to use an information system is determined by two
predictors: perceived usefulness and perceived ease of use. The construct of
perceived usefulness (PU) is defined as the degree to which a person thinks that
using a particular system will improve their work performance and thus provide

them with a benefit. The construct of perceived ease of use (PEOU) is defined as
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the degree to which a person believes that using a particular system involves
physical or mental effort (F. D. Davis, 1989, p. 320).

Both of the aforementioned predictors influence the behavioural intention,
but the perceived ease of use also influences the perceived usefulness (F. D. Davis,
1989, p. 331; Venkatesh & Davis, 2000, p. 344). This is justified by the fact that the
easier a system is to operate or use, the more useful it appears to be, all other things
being equal (F. D. Davis, 1989, pp. 320, 334). Furthermore, the intention to use
influences the actual usage behaviour. Based on this, some research proves that the
intention to use can be directly inferred from the usage behaviour. However, it
should be noted that this approach should be used in particular when researching
technology innovations without (personal) consumer experience (F. D. Davis et al.,
1989; K. Dudenhoffer, 2015, p. 111). Vice versa, research with (personal) consumer
experience should always examine actual usage behaviour, as intentions do not
necessarily have to result in behaviour (Ajzen & Fishbein, 1980, p. 188 {.). Figure 23
shows the TAM determined by Davis and illustrates the relationships and

dependencies of the individual determinants:

Figure 23: Technology acceptance model

Perceived

Usefulness \

Y

External Variables Behav19ral Use Behavior
Intention

Perceived Ease of /

Use

Source: Own illustration based on (F. D. Davis et al., 1989, p. 332 f.)

In recent years, the TAM has become one of the most widely used approaches
to explain technology and system utilisation (Y. Lee et al., 2003, p. 2; Venkatesh &
Davis, 2000, p. 187). It is described as the most extraordinary model in empirical
acceptance research (R. Bagozzi, 2007, p. 252) and is also considered the most
widely accepted model in this field of research (Jahangir & Begum, 2008, p. 33).
One of the reasons for this is that, typically, around 40% of the variance in the
empirical data can be explained by the TAM (Venkatesh & Davis, 2000, p. 186).
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(Venkatesh & Davis, 2000, p. 186). In addition, the TAM is a popular model in
research circles, as it is characterised by its ease of use and simplicity, while also
offering a robust and powerful prediction of user acceptance (R. Bagozzi, 2007, p.
244; Venkatesh & Davis, 2000, p. 187). Furthermore, the TAM has already been
adapted and extended to a wide variety of research contexts, further strengthening
its call for a flexible and generalisable model (Fazel, 2014, p. 120; McCord, 2007, p.
306).

244 Models of technology acceptance research

According to Lee et al. (2003), TAM research to date can be divided into four
phases: model introduction, model validation, model extension, and model
refinement (Y. Lee et al., 2003, p. 755).

The development of the TAM by Davis in 1989 was followed by a phase that
can be regarded as the introduction of the model. In this phase, the TAM was
applied beyond its original field of application, for example, through the
investigation of different technologies, long-term studies, or its application in
various research contexts. Adams et al. (1992) investigated the TAM in five
different application areas, while Davis (1993) applied his model to two further
technologies and confirmed it empirically (Adams et al., 1992, p. 227 ff.; F. D. Davis,
1989, p. 475 ff.). This was mainly done to test the reliability and validity of the
model. During this introductory phase, a branch of research emerged that
compared the TAM with the TRA or the TPB and investigated whether the TAM
offered added value compared to the original TRA model (Y. Lee et al., 2003, p.
754). Davis et al. (1989), Davis et al. (1992) and Hubona and Cheney (1994) were
able to prove empirically that the TAM has a higher explanatory power than the
original TRA and TPB models (F. D. Davis et al., 1989, p. 982 ff., 1992, p. 1111 {f,;
Hubona & Cheney, 1994, p. 532 ff.).

The model validation phase followed the model introduction phase. This
phase aimed to validate and verify the TAM as a reliable tool for measuring user
acceptance in different technological environments, situations and contexts (Y. Lee
et al., 2003, p. 756). Various studies, including those by Adams et al. (1992) and
Davis and Venkatesh (1996), helped to establish the validity and reliability of the
model (Adams et al., 1992, p. 227 {f.; F. D. Davis & Venkatesh, 1996, p. 19 ff.).
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In the subsequent phase of model development, the main focus was on
extending the model by integrating new variables and exploring the resulting
relationships within the model. Determinants for the two main constructs of the
TAM were also identified: perceived usefulness and perceived ease of use (Y. Lee
et al, 2003, p. 756 f.). In addition, the influence of contextual factors was
increasingly investigated during this phase. Straub (1994) and Teo et al. (2009), for
example, were able to confirm the influence of various cultural backgrounds on
technology acceptance (Straub, 1994, p. 23 ff.; T. Teo et al., 2009, p. 1000 ff.). Lee et
al. (2003) found in their meta-analysis that by overcoming previous limitations,
such as focusing on specific technologies or contexts, considering other theoretical
models, integrating other external variables and applying it in different contexts, a
steady and continuous development of the TAM has taken place (Y. Lee et al., 2003,
p. 768).

Following the introduction of the TAM 2 by Venkatesh and Davis in 2000 and
the proposal of an integrated unified theory of acceptance and use of technology
by Venkatesh et al. in 2003, a phase of gradual model improvement began. This
phase saw an increasingly context-specific application of the TAM (Venkatesh et
al., 2003, p. 425 ff.; Venkatesh & Davis, 2000, p. 186 ff.). Venkatesh and Davis (2000)
extended the model by integrating additional constructs within the TAM 2 to
enhance its explanatory content (Venkatesh & Davis, 2000, p. 186 ff.) (Venkatesh &
Davis, 2000, p 186 ff.). In his long-term study, Venkatesh (2000) introduced the
measurement of the previously unexplored construct of voluntary use
(voluntariness) and also looked at the actual use of the technology instead of the
behavioural intention as used in the TAM (Venkatesh, 2000, p. 342). By developing
the TAM 3, Venkatesh and Bala (2008) attempted to summarise the current state of
research and to create an integrated model by transferring the results (Venkatesh
& Bala, 2008, p. 273). The unified theory of acceptance and use of technology
(UTAUT) was further refined and extended in scope when it was adapted to the
consumer-oriented context by(Venkatesh et al., 2012, p. 157 ff.). Most recently, Blut
et al. (2022) used a meta-analysis to derive a revised UTAUT' by means of a meta-

16 The study by Blut et al 2022 will be referred to as “UTAUT 3” for ease of
reading (Blut et al., 2022).
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analysis. Data from over 1,935 independent samples were used to determine an
updated, accurate and robust model that can be used in both the "Blue Ocean" and
"Red Ocean" research contexts!” (Blut et al., 2022, p. 29). According to Straub (2009),
it is worth noting that Blue Ocean research does not always have to consider a new
field of research, but rather that further research opportunities are identified using
new key variables in the context of UTAUT (Blut et al., 2022, pp. 30-31; Straub,
2009, p. 3 ff.).

Figure 24 shows the different phases of technology acceptance research:

7 The term "blue ocean" refers to a strategy in which companies enter
unoccupied market segments that are free from direct competition. In contrast
to the red ocean, where competition is intense, the blue ocean strategy focuses
on identifying new customer needs and offering innovative products or
services to gain a competitive advantage (Barsch et al, 2019; Kim; &
Mauborgne, 2005).
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4: Phases of TAM research to date and key publications
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In addition to the above explanation of the phases of technology acceptance
research to date, Table 3 provides a descriptive, summarised overview of the
individual research papers in behavioural and acceptance research. In addition to
the author(s), the common abbreviation in science, the title, the research focus, the
research methodology used and the citation frequency in Google Scholar® are
listed. When examining the citation frequency, it becomes clear that, in addition to
the TPB, with 133,138 citations, the first publications on TAM, with 85,732 citations,
are also listed. (F. Davis, 1989) and the UTAUT with 50,433 citations (Venkatesh et
al., 2003) are among the most frequently cited works in this field of research. In
addition to the originally conceived field of application, information and
communication technology, the models of technology acceptance research are now
also increasingly being used to evaluate other technologies, such as electromobility
(Fazel, 2014, p. 127; Hung et al., 2003, p. 42 ff.; I.-L. Wu & Wu, 2005, p. 303 ff.).

18 Citations derived from Google Scholar for the direct citation of the specific
article. Date of request: February 26, 2024.
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Table 3: Overview of theoretical models of acceptance Research and their extensions

Author(s) and L. . Citations in
. Abbreviation Title Theme / Constructs Methodology
citation key Google scholar
N ) Belief, attitude,
Martin Fishbein & ) ) The theory of reasoned action
Teek Aj intention and TRA tulat direct
ce jzen TRA behaviour: An ( ) postulates a e General review 83,698
X X relationship between attitude
. . B introduction to Theory X
(Fishbein & Ajzen, and usage behaviour.
and Research
1975)
The  theory of planned
behavior (TPB) extends the
Icek Ajzen The theory of planned  TRA ~ model to include
TPB . General review 133,138
behavior behavioural control, which can
be affected by internal or
(Ajzen, 1991) external factors.
The  technol e pt
A technology ¢ lechnology  ACCEPIANCE Liold study of 100
model (TAM) was developed L
. acceptance model for organizational
Fred D. Davis TAM* . ) based on TRA model to
empirically testing ) R users and a
establish a meaningful 583
new end-user laboratory
3 ) explanation of acceptance on ) )
information systems: experiment with 40
(*funpublished PhD- theory and result user acceptance of computer- students
F.D.Davis, 1 . e esults . .
( avis, 1986) study of F. Davis) K based information systems.
X Conduct research on the
Perceived usefulness, . ) Two studies
. ) constructs of  "perceived .
Fred D. Davis perceived ease of use, N N . involving a total of
usefulness” and “"perceived
TAM and user acceptance of . 152 users and four 85,732
X , ease of use as icati
ion application
llﬁ;‘m{; determinants of user PP
(F. D. Davis, 1989) ecmology acceptance. programs
The TAM 2 model is a further
Viswanath :Z"Iwovm.‘iml“h devdelrl)p:ner:t of ::e TAN: s
xtension of the model to test a theoretical Empirical study via
Venkatesh & Fred. f . R P X y'
Technology extension that explains the four longitudinal
D. Davis TAM 2 . y . ) 31,003
Acceptance Model: perceived  usefulness and field studies with
Four Longitudinal usage intentions in regards of 156 users
(Venkatesh & Davis, Field Studies social influence and cognitive
2000) instrumental processes.
Viswanath This model refers to the
Venkatesh; Michael prediction of IT usage within an Empirical  study
. User Acceptance of N .
G. Morris; Gordon Iif i organization. The aim was to conducted as part
B. Davis; Fred D. uraur1 - oemenen provide a holistic model, which of six field studies, 50,433
Technology: Toward a B . .
Davis Unified View describes with all factors the online survey of
nified Vie
(Venkatesh etal. behavioural intention to use a 192 US consumers
2003) new technology.
Extension of the existing TAM 2
Venkatesh, Technology xtension of the existing
. . for the background of the Empiricalstudy via
Viswanath & Hillol Acceptance Model 3 o o
organizational usage of four longitudinal
Bala TAM 3 and a Research X N . 9,822
information technology and field studies with
Agenda on ) o
(Venkatesh & Bala, . their acceptance within the 156 users
Interventions
2008) organization.
Consumer Acceptance
. Extension of the original model
Viswanath and Use of
; Unified Theory of Acceptance
Venkatesh; James Information »
and Use of Technology and Empirical  study
YL Thong; Xin Xu UTAUT 2 Technology: ) 15,776
) ; was created to evaluate the with 1,512 users
Extending the Unified
T f Accept use of new technology in
eory of Acceptance
(Venkatesh et al, k4 P consumer markets.
2012) and Use of Technology
Meta-Analysis of the
Markus Blut; Alain Unified Theory of Latest attempt of Blut et al. to
Chong; Zayyad Extended Acceptance and Use of expand the explained variance Meta-analysis  of
. . N Technology (UTAUT): of UTAUT and UTAUT 2. The
Tsiga; Viswanath UTATUT 2 o 1.,935 samples and 142
Challenging its model was created for the
Venkatesh (“UTAUT 3") o X 737,112 users
Validity and Charting context of employees and
a Research Agenda in  consumers.
the Red O
(Blut et al, 2022) o Red et

Source: Own illustration
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IITI THEORETICAL ANALYSIS

The aim of Chapter 3 is to systematically analyse the current state of research
on technology and user acceptance in the context of electromobility and, building
on this, to create a theoretically sound basis for our own research model. For this
purpose, relevant meta-analyses, in particular those by Wicki et al., are analysed
and integrated into existing technology acceptance models, primarily the UTAUT
3. Using the methodological approach of "Mapping - Select - Adapt - Set-up",
research gaps are identified, the model is adapted and expanded to include
additional influencing factors such as trust. Finally, the research model is
developed and the hypotheses for explaining the acceptance of electromobility are

derived and summarised.

3.1 STATE OF RESEARCH ON TECHNOLOGY AND USER ACCEPTANCE IN RELATION TO
ELECTROMOBILITY

In addition to the above explanation of the technology acceptance models
and their phase affiliation, it is useful to provide a descriptive overview of the
existing literature in the field of acceptance research. For this purpose, the
multidisciplinary, peer-reviewed abstract and citation database Scopus, which
includes research literature and high-quality internet sources, was searched for
articles containing the term "EV" in the title, abstract, or keywords. The list of hits
was then systematically checked for content relevance (Holden & Karsh, 2009, p.
162; Yarbrough & Smith, 2008, p. 652).

The following chart illustrates the evolution of the total number of
publications (orange columns) for the search terms "electric AND vehicle" in
relation to the number of specialist articles (blue columns) from 2005 to 2024,
encompassing the third EMOB wave. It should be noted that the publications found
were filtered again according to the following keywords: electric vehicle, electric
vehicles, vehicles, hybrid vehicles, EVs, HEVs, hydrogen, fuel cell, electrical
vehicles, electric automobiles. This step also ensured that the publications reviewed

belonged to the focus of the subject area.
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The total number of publications is 92,942, while the number of specialist
journals is 43,945. It can also be seen that since the 2020s, at least half of the
publications have been specialist articles on the topic of electromobility. In addition
to the large number of specialist articles, the total number of publications comprises

conference papers, review articles, book chapters, short surveys, and books.

To categorise the importance of the topic of EVs within the overall context,
the number of publications can be set in relation to the number of registrations (see
Chapter 2.2.3). This comparison supports the assumption that this technological
development has increasingly become the focus of both research and consumers in

recent years.

Figure 25: Number of Publications for EVs from 2005 to 2024
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1 The figures for 2024 are extrapolated as the call-off date of the data is 31st May
2024.
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In order to do justice to the research context of this work, the search term
"electric AND vehicle" was expanded to include the terms "intention OR acceptance
OR tam OR utaut OR "technology acceptance” OR "technology acceptance model".
The time period and the filtering by keywords were retained for reasons of
comparability.

Figure 26 shows that this focused search resulted in a significantly lower
number of 1,843 total publications (orange columns) and 1,088 specialist articles.
The proportion of total publications in the search results, adjusted to the search
context, is 2.0% of the total number of search results when searching for "EV" only.
The proportion of search results for specialised articles is 2.5% with the same

comparison logic.

Figure 26: Number of publications for EVs from 2005 to 2024, extended search term
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2024.
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In addition, the publications were analysed according to scientific journals. It
became clear that the affiliation with acceptance research in connection with the
term 'EV' has a recognisable connection to specialist journals in the field of
transport and sustainability. A total of 160 journals published articles in the
research context. Around two-thirds of the publications were published in 29 of

these 160 journals, as shown in Table 4:
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Table 4: Number of publications in the field of research context according to scientific journals
Journal Publications
Sustainability Switzerland 69
Transportation Research Part A Policy And Practice 44
Transportation Research Part D Transport And Environment 39
Journal Of Cleaner Production 33
World Electric Vehicle Journal 33
Energies 30
Energy Policy 30
Transport Policy 21
Energy 18
Transportation Research Part C Emerging Technologies 16
Transportation Research Part F Traffic Psychology And Behaviour 16
Journal Of Power Sources 13
Technological Forecasting And Social Change 13
Applied Energy 12
IEEE Access 12
Qiche Gongcheng Automotive Engineering 12
International Journal Of Electric And Hybrid Vehicles 11
International Journal Of Hydrogen Energy 11
International Journal Of Sustainable Transportation 11
Journal Of Energy Storage 11
Case Studies On Transport Policy 10
Environmental Science And Pollution Research 9
IEEE Transactions On Vehicular Technology 9
IEEE Transactions On Intelligent Transportation Systems 8
Dianli Xitong Baohu Yu Kongzhi Power System Protection And Contr 7
Energy Reports 7
Energy Research And Social Science 7
International Journal Of Automotive Technology 7
Research In Transportation Business And Management 7

Source: Own illustration based on Scopus data

The following two studies will be presented, which explore acceptance
research using the TAM. It should be noted that many studies are tailored to a
specific research context and therefore it is not usually possible to draw conclusions
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about a generally valid model and universally applicable determinants (K.
Dudenhoffer, 2015, p. 44 ff.; Fazel, 2014, pp. 83, 145; Wicki et al., 2022, p. 80 ff.).

The 2014 study by Fazel focuses on the development and validation of a
model for the acceptance of electric mobility in the context of car-sharing. Based on
the existing literature, a model is designed to answer the question of how a model
must be structured to adequately explain the acceptance of electric mobility. The
TAM is adapted to the research context of electromobility (Fazel, 2014, p. 5). The
TAM has proven to be a robust and powerful model of technology acceptance,
applicable beyond information systems, due to its simplicity. As part of the content
and methodological expansion, seventeen existing and three new model constructs
were used. The model was empirically validated as part of a population-
representative sample survey with 424 participants and has a high explanatory
power compared to other TAM research. The two key TAM constructs of
"perceived utility" and "perceived simplicity" can be explained very well by Fazel's
research model, as evidenced by the high coefficients of determination of 0.70 and
0.41 respectively (Fazel, 2014, p. 288). It was thus possible to show that the model
has identified many key factors in the technology acceptance of electromobility. In
addition, this research work is highly relevant to TAM research, as previous studies
have been conducted primarily within the field of information and communication
technology. The "general behavioural intention to use EVs", which, along with
"perceived usefulness" and "perceived ease of use", is a key construct of Fazel's
TAM, also has a very high explanatory power with a coefficient of determination
of 0.60 (Fazel, 2014, p. 289). Accordingly, it was shown that after appropriate
operationalisation of the construct, it can be transferred to other technologies and,
under certain circumstances, it can be used universally and across technologies to

measure acceptance (Fazel, 2014, p. 291 ff.).

Dudenhoffer's 2015 study examines the acceptance of EVs during the early
phase of innovation diffusion, assessing this from the customer's perspective. In his
study, Dudenhoffer analyses the factors influencing the acceptance of EVs, with
scientific studies conducted in both Germany and China. The TAM forms the
theoretical model guiding the research. The TAM was extended and adapted to the
research subject of EVs to increase its explanatory power. The guiding theses of this

work are that acceptance can be explained by a model of technology perception,
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personality traits and mobility behaviour, that experience with the product changes
acceptance and that the acceptance of EVs differs in cultures with strong
individuality and cultures with strong collectivity (K. Dudenhoffer, 2015, pp. 7-9).

A key finding of the study is that personal experience with the innovative
product of an electric car is essential. The respondents' knowledge of EVs is low,
meaning that inexperienced users often misjudge the vehicles' suitability for
everyday use. Furthermore, the data collected indicate that an electric car can be
utilised by a significant proportion of the population. Supposed problems, such as
a limited range, are in turn based on a lack of knowledge and experience. In
addition, inexperienced users tend to prefer the conventional combustion engine
over the electric car in a direct comparison (K. Dudenhdéffer, 2015, pp. 315-316). In
addition, it has been shown that subsidy programmes have not yet been able to
have a multiplier effect on the sale of electric cars, even though the state supports
both the demand and supply sides. New subsidy programmes must therefore be
considered, as only those who are familiar with the technology can reduce the
reluctance to buy. Dudenhoffer's study also concludes that everyday integration is

a relevant factor in increasing consumer acceptance (K. Dudenhéffer, 2015, p. 318).

3.2 META-ANALYSES IN ACCEPTANCE RESEARCH AND PRESENTATION OF THE META-
ANALYSIS BY WICKI ET AL.

It has become clear from the above that there is a large amount of
individualised and specific research work in the field of "electric mobility and
technology acceptance". As this study focuses on the general barriers to the
acceptance of EVs, it is essential to examine not only the research findings that align
with the research context, but also those that may not consider all relevant
determinants of EV acceptance in their study. Instead, the results of meta-analyses
in this area should be examined. The investigation into attitudes and preferences
regarding EVs began in 2007. Table 5 provides an overview of the research carried
out. It can be seen that not only Davis' TAM serves as the theoretical basis, but also
studies that took into account the previously explained TPB and Rogers' diffusion
theory were included in the results. Furthermore, it can be seen that all studies
initially conducted a literature search, with only four of the eight studies taking
peer-reviewed publications into account. Furthermore, it can be seen that only a
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small number of studies included a second step in their research procedure to

scientifically review, validate, and qualify their results from the literature search.

Table 5: Overview of EMOB meta-analysis and review

vehicles? — Turns out, not much

> Meta-analysis
(PRISMA)

. Method of factor . Categories to bundle the research
Author(s) Title EV-type . e . Research focus & Main theory .
identification determinants
Adaption barriers of BEVs via
> Literature review [> Theory of Planned Behavior
The adoption of cleaner vehicles in > Qualitative and (TPB) 3 .
> Situational factors
Lane & Pott the UK: exploring the consumer BEV quantitative > Value-belief-norm theory .
. X X R X R > Psychological factors
attitude—action gap interviews via > Habits
questionnaire > Diiffusion of Innovation Theory
(DOT)
Consumer intentions and
. . . . K X > Technical factors
Advances in consumer electric > Literature review, [adoption behavior towards EVs
) X > Contextual factors
Rezvani et al,, 2015 vehicle adoption research: Areview |PHEV Peer-reviewed via
" h i . s onl Th o dbehavi > Cost factors
and research agenda ournals onl > Theory of planned behavior
chag ) Y yorp > Indiviual and social factors
(TPB)
) . . . > Literature review, . .
Electric vehicles revisited: a review of Adaption factors for EVs via > Internal factors
Coffman et al,, 2017 . EV Peer-reviewed .
factors that affect adoption X > Gap analysis > External factors
journals only
Adaption intention of BEV's via
> Theory of Panned behavior
A review of factors influencing > Literature review, |(TPB) > Demographic factors
Lietal, 2017 consumer intentions to adopt battery |BEV Peer-reviewed > Diffusion of Innovation theory  [> Situational factors
electric vehicles journals only (DOI) > Psychological factors
> Technology acceptance model
(TAM)
> Financial attributes
. Consumer preferences via > Technical attributes
) Consumer preferences for electric } . L ) }
Liao etal, 2017 . i . BEV. PHEV (> Literature review |> Identification of the variables  |>Infrastructure attributes
vehicles: a literature review
for further research > Policy attributes
> Individual-specific attributes
>Charge point activity and
locations
> Pricing and interoperability
. > Cost to charge
. Recognise consumer preferences . .
A review of consumer preferences of L >Number of public charging
) ) ) ) ) . . for charging infrastructure for )
Hardman et al., 2018 and interactions with electric vehicle [BEV.PHEV [> Literature review ) ) . stations
L market introduction via o
charging infrastructure ) . > Temporal distribution of
> Literature review
charging and charge
management
> Information, education, and
outreach
> Driving behavior
A systematic review of the evidence . . >Travel behavior
- ) ) . ) . User experience of PHEV via ) ) .
Daramy-Williams et al., 2019 [on plug-in electric vehicle user PHEV > Literature review o . > Interactions with the vehicle
; > Systematic literature review L
experience > Subjective aspects of the user
experience
> Technical determinants
> Contextual determinants
> Literature review, |Identify determinants for BEV .
) . ) > Cost related determinants
What do we really know about the Peer-reviewed adoption and prospective . . .
. ) . o > Sociodemographic determinants
Wicki et al,, 2022 acceptance of battery electric EV journals only ownership via

> Technology acceptance model
(TAM)

> Attitudinal and behavioural
determinants

> BEV-specific experience
>Social determinants

Source: Own illustration

The wide range of results, in terms of both the determinants and their

grouping within individual studies, as well as their time lag and associated

topicality, does not allow for a homogeneous research model to be derived from
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today's perspective. For this reason, further research will focus on the most recently
published article by Wicki et al. (2022), which is briefly presented below.

The meta-analysis "What do we really know about the acceptance of battery
electric vehicles? - Turns out, not much" by Wicki et al. from 2022 shows that the
debate as to which factors are relevant in different socio-cultural and decision-

making contexts has still not been concluded.

As can be seen from Table 5, Wicki et al. focused mainly, but not exclusively,
on research into the acceptance of BEVs. This means that studies on partially
electrified vehicles such as plug-in hybrids are also included. It is worth noting that
the work by Wicki et al. builds upon and incorporates the aforementioned reviews.
Wicki et al. assess the study design, the reliability of the results and their
relationship to moderators. The latter were taken from the existing literature and
relate to the identified directions of effect of the moderators. Subsequently, Wicki
et al. evaluated the reliability of the existing research results by assessing the study

designs. The meta-analysis thus answers the following questions:

* To what extent can the existing studies on BEV acceptance be considered

reliable in terms of replicability, generalisability and survey design?

*  Which factors influence consumer preferences regarding the acceptance of
BEVs?

As can be seen from Table 5, the research by Wicki et al. was based
exclusively on peer-reviewed studies published between 2010 and 2019. Various
quantitative survey methods as well as qualitative survey experiments were used
as data collection methods(Wicki et al., 2022, p. 63). The studies were only taken
into account after 2010, as BEVs had gained a significant market presence and
visibility from this point onwards. In addition, the development of BEVs from a
niche product to a market product can be observed from 2010 onwards
(Middelkoop & Koppelaar, 2017, p. 34 ff.; Wicki et al., 2022, p. 64). Market visibility
is of crucial importance, as people are more likely to develop defined attitudes and
preferences towards things if they are familiar with them (Liberman et al., 2007, p.
353 ff.).

Using internet searches in the databases "Web of Science" and "Google
Scholar", 196 articles were identified using different search term variations such as
"EV" or "battery EV". Of these, 43 articles were identified through direct database
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hits, and 153 were identified through forward and reverse snowball technology.
After reviewing the 196 articles, the articles that either did not originate from peer-
reviewed articles and/or had not been published between 2010 and 2019 were first
excluded. This meant that conference papers, reports and working papers were
excluded, as the peer-reviewed process was used as a quality criterion. The first
hurdle was cleared by 163 articles, which were then reviewed in the next step to
identify relevant factors promoting the acceptance of BEVs for further analysis. In
the second step, further articles dealing exclusively with acceptance factors of
hybrid vehicles were excluded. Following this selection, 94 articles were identified,
which were published in 41 different peer-reviewed journals. After identifying the
relevant articles, the factors influencing the introduction of BEVs could then be
determined. During the further analysis, 25 different factors that can be attributed
to the acceptance of BEVs were identified and coded. In addition, all 94 articles
were examined to determine which of the 25 factors were included in the analyses
and whether any effect on the acceptance of BEVs was discernible. In a final step,
the analysed factors were examined and categorised for their overall statistical
effect on BEV acceptance within a 95% confidence interval. The categorisation was
based on whether there was an effect or whether there was a statistical null effect.
Furthermore, only direct effects of the factors were analysed. However, the authors
are aware that there are several potential interactions between the factors.
Interaction effects were excluded, although several of the studies analysed by
Wicki et al. take these into account and control for them in their research design.

Wicki et al. categorised the 25 determinants into seven groups. It should be
emphasised that the 25 determinants function as a representative summary of the
94 individual studies, which are based on a wide variety of scientific disciplines
and contexts. The heterogeneity of the individual studies also made it clear that
different conceptualisations, definitions or measurements were used in the studies.
Wicki et al. therefore focused on the directions of impact (positive, negative, or
neutral effect) of the determinants and examined their influence on the acceptance
of BEVs, rather than concentrating on the comparison of significance levels or the
substantial effects in the respective statistical models. Table 2 below shows the
identified determinants and their categorisation into the seven groups mentioned.
Furthermore, the last column shows the effect of the determinants on the

acceptance of BEVs, specifically in cases where this acceptance is increased.
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Table 6: Identified determinants for acceptance of BEV's with concluded effect

Categorisation of the

Concluded effect when the

Determinant value of the determinant is
determinant groups
strengthened
=  Motor power = (4)
*  Driving range " (+)
Technical determinants o
= Reliability =4
= Charging time = ()
*  Market availability = (+)
*  Charging availability = (h)
Contextual determinants
=  Environmental impact = (+)
=  Policy & incentives = (+)
= Purchase price = ()
=  Operational costs = ()
Cost determinants .

=  Fuel efficiency = ()
=  Resale value -4
* Income = (4)
Sociodemographic *  Education - )

determinants * Gender = (#) (“+’=male)

= Age = (-) (“-“=older)
= Travel demand = ()
Determinants of individual *  Vehicles per household - #)
attitudes and behaviour *  Technology affinity NG
=  Environmental attitudes -4
Determinants of BEV-specific *  Knowledge =™
experience =  Familiarity =™
= Norms = 4)
Social determinants * Neighbourhood L))
=  Word-of-mouth -4

Source: Own illustration based on (Wicki et al., 2022, p. 66)
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In addition to the determinants, four limitations of the scientific work of

Wicki et al. were also identified:

Many of the studies generalise their results in relation to consumers.
Conclusions are also often drawn about individuals in a particular country without
a representative population sample being available. In addition, the studies
analysed provide little information about the response rates or the population of
the samples examined. It is not possible to identify common survey or recording

errors.

The studies analysed are rarely based on samples from more than one
country. Due to the wide variety of survey methods and study designs, a
homogeneous comparison of results between countries is not possible. It is

required that the collected data be entered into databases for general availability.

In the studies analysed, there is no causal identification of factors that
facilitate the acceptance of BEVs, assuming that all other factors are equal. The
analysed studies mostly examine the correlation between various determinants
and the acceptance of BEVs. Therefore, survey-based experiments or field
experiments in which the determinant to be analysed is selectively manipulated

should be carried out to investigate specifically influencing determinants.

The replication data analysed in this study are only freely available and
usable for a small proportion of the studies investigated. This is due to the fact that
only a small proportion of the authors were willing to share the data or the use of
the data was subject to strict usage restrictions. From a scientific perspective,
therefore, no conclusions can be drawn about the replicability of the studies.

In addition to the limitations mentioned above, Wicki et al. pointed out the
following limitations of their study:
* Only English-language articles from peer-reviewed journals were included,
so there may have been a bias towards English-language literature.
* Only articles published in 2010-2019 were included.
* Grey literature and internal company data could also not be considered due
to availability.

The development of a standardised study design was identified as a priority
for further research. This generic study design should ideally be tested in different
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countries, each with a representative sample of the general population and at
different times. Either surveys or field experiments are proposed as study designs
to determine the causal effects of certain factors on the acceptance of BEVs. Finally,
it is requested that both the study designs and the associated raw data
(questionnaires, scales, etc.) be made publicly available so that future research can

draw on them.

3.3 IDENTIFYING THE RESEARCH GAP

To gain a holistic understanding, we will first build on the explanations
presented in the models of technology and user acceptance by summarising the
individual determinants of the respective models in a table. This makes it easy to
recognise the individual determinants of the acceptance models. It can be seen that
many new determinants have been added through the continuous further
development of the original TAM by Davis in 1989, while others have been no
longer considered over time due to different directions of expansion. Each new
model attempts to consolidate the latest research contributions into a generally
valid model and to aggregate the research work that has been carried out up to this
point. This goes hand in hand with the proclamation that the current state of
research is reflected at the time of publication of the new model and that this new
achievement can serve as a starting point for future work (Fazel, 2014, p. 145). It
should also be mentioned that the complexity of the individual technology
acceptance models has increased over time, whereas the original TAM by Davis
1989 was already characterised by its simplicity and wide range of possible
applications and modifications (Dillon & Morris, 1996b, p. 13;]. S. C. Lin & Chang,
2011, p. 425; Luarn & Lin, 2005, p. 875; Mathieson, 1991, p. 187; Mcfarland &
Hamilton, 2006, p. 429; Nysveen et al., 2005, p. 247).
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able 7: Determinants of the technology acceptance research
Table 7: Determinants of the technology acceptance research
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The ongoing definition and review of new model constructs has considerably
expanded the toolbox of technology acceptance research, so that no decision can
yet be made in favour of or against a model (Fazel, 2014, p. 145).

As can be seen from the previous knowledge development,? the acceptance
of EVsis influenced by criteria such as range and charging time. On the other hand,
a rational consideration of advantageous criteria such as the low maintenance costs
of EVs cannot outweigh these disadvantages (Beggs et al., 1981, p. 2). The test
subjects compare innovative electromobility with vehicles for which they have
personal experience, predominantly vehicles with combustion engines. As most of
the test subjects have little to no personal experience with EVs, features that could
trigger enthusiasm for electric mobility (such as stepless acceleration) are not taken
into account, although they have an influence (Aral AG, 2023, p. 7 ff; K.
Dudenhoffer, 2015, p. 45). It should therefore be noted that the use of disruptive
technological innovations is not a sure-fire success, which is why many theoretical
models in acceptance research are based on behavioural models (Dillon & Motris,
1996b, p. 8).

To make a decision in favour of or against one of the acceptance models, the
determinants identified in the study by Wicki et al. must be assigned to those of the
technology acceptance models. Here, not only are the determinants themselves
taken into account, but also the categories to which the determinants are assigned.
Table 8 below shows in the left-hand column the seven determinant groups to
which Wicki et al. assigned the 25 determinants identified in the right-hand column
of the table:

2t Compare chapter 2.1.2.
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Table 8: Determinants and categorisation by Wicki et al.

Determinant category Determinant

Motor power

Driving range
Reliability
Charging time
Market availability
Charging availability

Technical determinants

Contextual determinants - -
Environmental impact

Policy & incentives

Purchase price

Operational costs

Cost determinants —
Fuel efficiency

Resale value

Income

Education
Gender
Age

Sociodemographic determinants

Travel demand

Vehicles per household

Determinants of individual attitudes and behavior - -
Environmental attitudes

Technology affinity

. . . Knowledge
Determinants of BEV-specific experience —
Familiarity
Norms
Social determinants Neighbourhood

Word-of-mouth

Source: Own illustration based on (Wicki et al., 2022, p. 66)

By comparing the explanations of Wicki et al. with the construct definitions
of the acceptance models, it will first be determined which of the determinants of
Wicki et al. can be assigned to the existing model constructs of technology
acceptance. The focus here is on comparison and mapping, albeit without adapting
or extending the model. Once the mapping has been carried out, a decision can be
made regarding which TAM best fits, as it has the most overlap with the research
by Wicki et al. The next step is to determine whether and to what extent a model

extension and adjustment should be carried out once it is known how many of the
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determinants could be assigned to the target model. The hypotheses are also
derived in this step. In the final step, the research model is established, the research
hypotheses are formulated, and the research project is summarised. Figure 27

shows the procedure described above for deriving the research model:

Figure 27: Procedure for deriving the research gap and setting up the research model

Map the 'O Selectbased on J '] Adaptand
determinants ~2 the number of & extend the best- research model
from Wicki et % linkages the < fitting (incl. own

al. to the best fitting acceptance adaptions and

Acceptance Acceptance model with extensions) and
research model as basis Wicki et al. formulate
determinants for the further determinants hypotheses on
> research > that couldn't be > this basis
mapped in the

Set-up the final

o

7
e

[*)
9]

Source: Own illustration

Based on previous research, models from the field of technology acceptance
can be expanded to the context of electromobility. This has already been
demonstrated by various studies (K. Dudenhoffer, 2015; Fazel, 2014, p. 103; Kumar
Jain et al.,, 2022, p. 3).

For comparison, the above table of determinants for the acceptance models
was first simplified and supplemented with the respective definitions from the
research, equivalent terms used (aliases), and, where available, their original
constructs. The latter are not included in Table 9 as they are of only informational
value and offer no added benefit for the subsequent comparison. To present the
contents effectively, the table is divided into two separate tables: Part 1 of 2 and
Part 2 of 2. The first table contains the determinants of TAM, TAM 2 and UTAUT
1. Table 2 contains the determinants of TAM 3, UTAUT 2 and UTAUT 3. It should
be noted that only the newly added determinants of the acceptance models are
named in each case. The entire set of determinants used for each model is presented

in the table at the beginning of this chapter.
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Table 9: Definitions of determinants of TAM, TAM 2 and UTAUT 1 (part 1 of 2)

First used
Used as
in which |y
. i eeDIEl()lor " . Alias(es)
Determinant TAM or (M) Definitions based on existing research . )
UTAUT | nprevious (if applicable)
reserach
model?
B ) . ) Actual use, adoption, continuance
. Actual system use in the context of technology acceptance” (Davis,
Use Behavior TAM v 1989) usage, Usage of a Technology,
) Behavior
Intention to Use a Technology,
. ) "The strength of one's intention to perform a specified behavior" n en. on to ,Ge a .ec noL0gY
Behavioral Intention TAM v . . . Continuance intention, use
(Fishbein & Ajzen, 1975). ) .
intention
X "The degree to which a person believes that using a particular system
Perceived Ease of Use TAM v
ereens i s would be free of effort" (Davis 1989, p. 320).
Perceived Usefulness TAM v "The degree to which a person believes that using a particular system

would enhance his or her job performance” (Davis 1989, p. 320).

No specific definition given, was defined individually per TAM
reserach: "In this sense, research on how usefulness and ease of use
can be influenced by various externally controllable factors, such as
the functional and interface characteristics of the system (Benbasat
TAM v and Dexter, 1986; Bewley, et al., 1983; Dickson, et al., 1986),
development methodologies (Alavi, 1984), training and education
(Nelson and Cheney, 1987), and user involvement in design (Baroudi,
et al. 1986; Franz and Robey, 1986) is important” (Davis, 1989, p.
335).

Defined as a “person’s perception that most people who are
Subjective Norm TAM 2 v important to him think he should or should not perform the
behavior in ques- tion” (Fishbein and Ajzen 1975, p. 302)

"The degree to which an individual perceives that use of an
Image TAM 2 v innovation will enhance his or her status in his or her social system" |Reputation
(Moore & Benbasat, 1991).

Defined as "an individual’s perception regarding the degree to which
the target system is applicable to his or her job. In other words, job
Job Relevance TAM 2 v relevance is a function of the importance within one’s job of the set of
tasks the system is capable of supporting (Venkatesh et al. 2000, p.
191).

"The degree to which an individual believes that the system performs

Output it TAM 2 v
utput Quality his or her job tasks well" (Venkatesh & Davis, 2000, p. 191).

"The tangibility of the results of using the innovation, including their
Result Demonstrability TAM 2 v observability and communicability" (Moore and Benbasat 1991, p.  [Results demonstrability
203).

A user’s prior experience using technology in general (Meuter et al.,

Experience TAM 2 M 2005, p. 66).

Familiarity, past use

Defined as “the extent to which potential adopters perceive the
adoption decision to be non-mandatory” (Agarwal and Prasad 1997,
Hartwick and Barki 1994; Moore and Benbasat 1991, p. 195;
Venkatesh 2000, p. 188).

The degree to which the use of innovation is perceived as being voluntary,
or of free will (Moore & Benbasat, 1991, p. 195 ).

Voluntariness of Use TAM 2 M

Performance expectancy is defined as the degree to which technology
Performance Expectancy UTAUT 1 A will provide benefits to users when performing certain activities
(Venkatesh et al., 2003, p. 447).

The degree of ease associated with using the technology (Venkatesh

Effort Expectancy UTAUT 1 v t al,, 2003, p. 450)
etal., , p- §

Social influence is defined as the degree to which an individual
Social influence UTAUT 1 v perceives that important others believe he or she should use the new
system. (Venkatesh et al. 2003, p. 451).

Facilitating conditions are defined as the degree to which an
Facilitating Conditions UTAUT 1 v individual believes that an organizational and technical infrastructure
exists to support use of the system (Venkatesh et al. 2003, p. 453).

Gender UTAUT 1 M Gender of the user.

Age UTAUT 1 M The age of the user.

Source: Own illustration based on (F. D. Davis, 1989; Venkatesh et al., 2003; Venkatesh & Davis, 2000)
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Table 10: Definitions of determinants of TAM 3, UTAUT 2 and UTAUT 3 (part 2 of 2)

First used -

in which |vasiable (V) or
Determinant TAM or (M) Definitions based on existing research
UTAUT | inprevious

reserach

Alias(es)
(if applicable)

model?

"The degree to which an individual believes that he or she has the
Computer Selfefficacy TAM 3 v ability to perform a specific task/job using computer” (Compeau &
Higgins, 1995a, 1995b).

"The degree to which an individual believes that organizational and
Perceptions of External Control TAM 3 v technical resources exist to support use of the system" (Venkatesh et
al., 2003).

"The degree of “an individual’s apprehension, or even fear, when
Computer Anxiety TAM 3 \4 she/he is faced with the possibility of using computers” (Venkatesh,
2000, p. 349).

“...the degree of cognitive spontaneity in microcomputer

C ter Playfulness TAM 3 \
omputer Flaytuiness interactions” (Webster & Martocchio, 1992, p. 204).

"The extent to which “the activity of using a specific system is

erceived to be enjoyable in its own right, aside from an;
Perceived Enjoyment TAM 3 v P )oY . s ., Y
performance consequences resulting from system use” (Venkatesh,

2000, p. 351).

A “comparison of systems based on the actual level (rather than
Objective Usability TAM 3 v perceptions) of effort required to complete specific tasks”
(Venkatesh, 2000, pp. 350-351).

The fun or pleasure derived from using a technology (Venkatesh et

Hedonic motivation UTAUT 2 v
al, 2012).

Refers to the individual’s cognitive tradeoff between the perceived
Price value UTAUT 2 v benefits of the applications and the monetary cost for using them
(Dodds, Monroe, & Grewal, 1991).

The extent to which people tend to perform behavior automatically
Habit UTAUT 2 v
ol [because of learning (Venkatesh et al.,2012).

The degree to which an innovation is perceived as being consistent
Compatability UTAUT 3 v with existing values, needs, and experiences of potential adopters Perceived fit
(Moore & Benbasat, 1991, p. 195).

Education UTAUT 3 4 The education level of the user.

Represents an individual characteristic reflecting a willingness to try

Personal innovativness UTAUT 3 v
out any new technology (Agarwal & Karahanna, 2000).

The extent to which a user perceives that using a technology is costly Cost effectiveness, price, financial

Costs UTAUT3| v
08t (Zhang, Zhu, & Liu, 2012). costs, switching costs

"UTAUT proposes that several user characteristics, namely age,
gender, and experience, exert moderating effects on various
relationships (Venkatesh et al., 2003)"; "In examining studies that

Individual Characteristics (age, gender, consumer/ apply UTAUT in the contexts of employees and consumers, we

UTAUT 3 M
employee) found that the constructs that predict behavioral intention and use
vary across these categories. In the context of consumers, the UTAUT
predictors typically show strong effects (Tan, 2013; Thong et al.,

2011; Powell et al,, 2012)" (Blut et al. 2022, pp. 13-14).

"When discussing future research or study limitations, many UTAUT
studies regularly suggest conducting large-scale cross-country
comparisons (Teo et al., 2015). We therefore consider national culture
R o ) L as moderator. Culture is defined as “the collective programming of
National Culture (individualism, masculinity) UTAUT 3 M ) ; L N

the mind which distinguishes the members of one human group
from another” (Hofstede, 1991, p. 5). Culture can influence
individuals’ social behaviors (Dinev et al.,, 2009) " (Blut et al. 2022, p.
15).

"Despite the maturity of technology acceptance research, many
studies have not considered the effects of technology types (Im, Kim,
& Han, 2008). As proposed by Venkatesh et al. (2016), technology
Technology (mobile, online, transcation) UTAUT 3 M type is a dimension of context that can be applied to UTAUT
research. UTAUT was developed during a time when the Internet
was still growing and not as widely used as it is today" (Blut et al.
2022, p.21).

Used as dummy variables to distinguesh between student and non-
student samples. "Student samples tend to be more homogeneous
than non-student samples (Pan & Zinkhan, 2006)" (Blut et al. 2022,
p. 29).

Controls (study year, sampling) UTAUT 3 M

Source: Own illustration based on (Blut et al., 2022; Venkatesh et al., 2012; Venkatesh & Bala, 2008)

Figure 28 shows the three main relationships between the

determinants/constructs in technology acceptance models: direct effects, indirect
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effects (mediators) and moderators (influences on the relationship between two
variables; (Henseler & Fassott, 2010, p. 715):

Figure 28: Relationships between the variables

Direct causal relationship

X > Y

Indirect (mediated) causal relationship

X Y

Moderated causal relationship

X 5 Y

M

Source: Own illustration based on (Henseler & Fassott, 2010, p. 715)

3.3.1 Mapping: Assignment of the determinants of Wicki et al. to the

determinants of the technology acceptance models

As described above, the first step in identifying the research gap is to try to
assign the determinants of Wicki et al. to the determinants of the technology
acceptance models. Both individual determinants and entire categories are
assigned to the determinants and constructs of the technology acceptance models.
Unassigned determinants will be used in the further course of this chapter for an
adaptation and extension of the designated technology acceptance model. This will
ultimately ensure that all determinants identified by Wicki et al. are used in a

holistic research model. The procedure in this chapter is first to present the
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categories defined by Wicki et al. and the determinants they contain. This is
followed by a discussion of whether the category and/or determinant can be

assigned to the determinants of the technology acceptance models.

The first category identified by Wicki et al. through their research, "technical
determinants", contains the determinants of motor power, driving range, reliability

and charging time (Wicki et al., 2022, pp. 70-71), as shown below in Table 11:

Table 11: Technical determinants

Determinant category Determinant

Motor power

Driving range
Reliability

Technical determinants

Charging time

Source: Own illustration based on (Wicki et al., 2022, pp. 70-71)

Engine power refers to various concepts typically associated with
performance. These include top speed, engine power and acceleration time (Larson
et al., 2015; Mabit & Fosgerau, 2011; She et al., 2017; Ziegler, 2012).

The maximum distance a BEV can travel on a single full charge is defined as
its range (Carley et al., 2013; Egbue & Long, 2012; Hackbarth & Madlener, 2013;
Hidrue et al., 2011; Kempton, 2016).

The assessment and evaluation of electric drive technology by an individual

in terms of quality and stability is referred to as reliability.

The total time required to charge an electric car, depending on battery
capacity and charging power, is defined as charging time (Bockarjova & Steg, 2014;
Hackbarth & Madlener, 2013; Helveston et al., 2015; Hidrue et al., 2011; Mabit &
Fosgerau, 2011).

Taking into account the determinants presented, it becomes clear that the

"technology" determinant from the UTAUT 3 shows the greatest correspondence
with the "technical determinants" category from Wicki et al. and the determinants
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contained therein. The technology determinants represent the dimension of
technology in a context and can thus be applied to the UTAUT research in order to
consider and compare the effects of different types of technology (Blut et al., 2022,
p. 34; Im et al., 2008; Venkatesh, Thong, et al., 2016). Due to the context dependency
of the category of "technology determinants", it is attributed a moderating role and
should be used in the model according to its moderating influence of UTAUT 3
(Blut et al., 2022, p. 70). Whether individual variables are adapted or removed from
the "Technical determinants" category is discussed in the next but one chapter.
The second category defined by Wicki et al is context-related determinants.
These are the determinants of market availability, charging availability,
environmental impact, and policy incentives (Wicki et al., 2022, pp. 71-73), as

shown in Table 12 below:

Table 12: Contextual determinants

Determinant category Determinant

Market availability

Charging availability

Contextual determinants
Environmental impact

Policy & incentives

Source: Own illustration based on (Wicki et al., 2022, pp. 71-73)

Market availability describes the availability and number of EV models that
are available to consumers on the market. The higher the number of models with

an electric drive, the more likely consumers are to choose one of these models
(Chorus et al., 2013; Hoen & Koetse, 2014).

Charging availability is one of the most important criteria, and many studies
have proven the significance of the positive influence of charging options.
Conversely, an inadequate charging infrastructure is often cited as one of the
biggest obstacles to purchasing a new car. Charging facilities at home or at work
also play a key role in this. Greater expansion of the charging infrastructure should
help alleviate range anxiety and drive forward electric car adoption (Axsen et al.,
2016; Egbue & Long, 2012; Graham-Rowe et al., 2012; Skippon & Garwood, 2011).
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The environmental impact is a widely discussed topic in relation to EVs. On
the one hand, studies generally show that consumers consider EVs a good
alternative to vehicles with combustion engines, aiming to avoid harmful
greenhouse gases. On the other hand, some studies also consider the reservations
of consumers if or precisely because the electricity required is primarily generated
from the combustion of fossil fuels. The majority of studies agree that EVs can
fundamentally help to avoid harmful greenhouse gases and have a reduced
environmental impact, which in turn supports the acceptance of EVs (Bockarjova
& Steg, 2014; Choi et al., 2018; Hoekstra, 2019; Jensen et al., 2013; Kormos et al.,
2019; Moro & Lonza, 2018; Peters & Diitschke, 2014; Rangaraju et al., 2015; Woo et
al., 2017).

Numerous studies have analysed the effects of political framework
conditions and incentives on the acceptance of EVs. These include not only
government support in the form of lower vehicle prices but also measures to
expand the public charging infrastructure. However, in addition to these direct
effects, facilitating conditions for the use of EVs, such as separate lanes or special
parking and charging facilities, are also important, especially in cities with high
traffic volumes (Briickmann & Bernauer, 2020; Coffman et al. (Briickmann &
Bernauer, 2020; Coffman et al., 2017; Egbue & Long, 2012; R. A. Huber & Wicki,
2021; S. Wang et al., 2018; Wicki et al., 2019).

Based on the explanations of Blut et al., there is no category within the
technology acceptance models to which context-based determinants can be
assigned. Accordingly, Blut et al. propose a context-dependent extension of the
respective technology acceptance model (Blut et al., 2022). Chapter 5 explains how
the context-based determinants complement the selected technology acceptance

model.

The third category, defined by Wicki et al., deals with the costs associated
with purchasing and operating an EV. The four determinants are purchase price,
operation costs, fuel efficiency and resale value (Wicki et al.,, 2022, pp. 73-74), as
shown in Table 13:
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Table 13: Cost determinants

Determinant category Determinant

Purchase price

. Operational costs
Cost determinants

Fuel efficiency

Resale value

Source: Own illustration based on (Wicki et al., 2022, pp. 73-74)

As with charging availability, the purchase price is also a very elementary
determinant regarding the acceptance of EVs and indicates whether consumers are
prepared to pay for this new technology. In particular, people who mostly buy used
vehicles react very sensitively to costs. However, it has also been shown that
income does not necessarily have a significant influence on the purchase price, but
on the size of the vehicle (Hoen & Koetse, 2014; Jensen et al., 2013).

Regarding operational costs, the situation is very similar to the purchase
price. However, it is less clear in parts, as the study designs differ. The studies use
the energy costs to make the operational costs measurable. Energy costs are applied
differently in each case, with some studies expressing them in terms of distance,
efficiency, or in relation to the price of petrol. Some studies also include
maintenance costs in the operational costs. It was found that operational costs have
a negative impact on the acceptance of EVs. This leads to the conclusion that the
higher the operational costs, the more negative the influence on the acceptance of
EVs (Andor et al, 2020; Hess et al., 2012; Mabit & Fosgerau, 2011, Musti &
Kockelman, 2011).

Compared to other determinants, the determinant fuel efficiency has been
researched very little. However, it is also considered to be of great importance, as
additional taxes may be levied on vehicle emissions in the future, and EVs can
differentiate themselves favourably from vehicles with combustion engines in this

respect in particular (Beck et al., 2011).

A higher resale value can serve as a way to compensate for the higher

purchase prices and act as an incentive for consumers to buy. This has also been
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investigated in some studies, and a correlation has been found between the
expected higher sales price and consumer acceptance of EVs (Jensen et al., 2013;
Wicki et al., 2022, p. 81).

Examining the determinants of technology acceptance models reveals that
the "price value" determinant from UTAUT 2 overlaps with the two determinants:
purchase price and resale value. The Price value construct is defined as follows:
"Refers to the individual's cognitive tradeoff between the perceived benefits of the
applications and the monetary cost for using them" (Dodds et al., 1991). Based on
the above explanations, not only the interaction between the supposedly higher
purchase price of EVs compared to vehicles with combustion engines can be found
in this construct, but also the expected correlation between higher purchase price
and comparatively higher resale value compared to vehicles with combustion
engines, which is assumed by consumers as explained above (Venkatesh et al.,
2012, p. 30 ff.).

On the other hand, the "costs" determinant from UTAUT 3 the determinants
of operation costs and fuel efficiency identified by Wicki et al. The costs construct
is defined as "the extent to which a user perceives that using a technology is costly"
(L. Zhang et al., 2012). According to the above explanations, this classification is
appropriate because, as the definition already describes, the perceived costs are put
into relation by the user. In the case of the comparison between vehicles with an
internal combustion engine and those with an electric drive (Blut et al., 2022, pp.
44-47).

The fourth category, as defined by Wicki et al., includes sociodemographic
determinants. The four determinants of income, education, gender and age (Wicki
et al., 2022, pp. 74-76) are shown in Table 14 below:
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Table 14: Sociodemographic determinants
Determinant category Determinant
Income
Sociodemographic Education
determinants Gender
Age

Source: Own illustration based on (Wicki et al., 2022, pp. 74-76)

The determinant income and associated research indicate that consumers
with an income higher than the average in their country tend to accept EVs more
readily than other consumers. Other studies emphasise this statement, as
consumers with an above-average income are less price-sensitive. However, other
studies show that a higher income can actually have the opposite effect, and
consumers exhibit less electric vehicle-oriented purchasing behaviour (Hackbarth
& Madlener, 2013; Hess et al., 2012; Mabit & Fosgerau, 2011; Trommer et al., 2015).

The situation is similar to the determinant of education. Here, again studies
have shown that consumers with a higher level of education tend to be more
considerate of the environment, which in turn promotes acceptance of the purchase
of an EV (Carley et al., 2013; Hackbarth & Madlener, 2013; Hidrue et al., 2011;
Sovacool, 2017; Sovacool et al., 2018).

The determinant of gender and the associated research results are not clear.
On the one hand, only binary genders are assumed, while on the other hand, the
influence of binary genders on opposite-sex consumers has not yet been
investigated in connection with EV acceptance. However, the study results show
that women tend to be more sceptical and less accepting of EVs. Studies have also
shown that there are four ways in which gender can influence the acceptance of
EVs: travel behaviour, the values perceived for the environment, the important
preferences when choosing a vehicle, and the dependent role perception that comes

with a gender. Furthermore, women seem to be more sceptical about EVs, as the
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lack of infrastructure, such as charging facilities, and the reliability of EVs do not
seem mature enough to them (Berkeley et al., 2018; Sovacool et al., 2018).

Similar to the age determinant described above, there are mixed results
across the various studies. The studies conducted show an increased tendency for
the acceptance of EVs to come predominantly from middle-aged men (Hidrue et
al., 2011; Tran et al., 2013; Trommer et al., 2015).

Examining the determinants of technology acceptance models reveals that
similar determinants were employed as moderator variables in UTAUT 2 and
UTAUT 3, in particular (Blut et al., 2022; Venkatesh et al., 2012). However, UTAUT
3 also offers a greater overlap here, as it contains the determinants that represent
the demographic individuality of consumers and are defined as moderators for the
determinants of behavioural intention and usage behaviour that have a direct
influence. In UTAUT 3, this is a moderator group Ilabelled "individual
characteristics." In the model postulated by Blut et al. (2022, p. 70), this includes the
previously presented determinants age and gender. Accordingly, the conclusion
suggests that this should be expanded to include the determinants of income and
education, which is supported by the research of Sovacool et al. (Carley et al., 2013;
Hackbarth & Madlener, 2013; Hess et al., 2012; Sovacool et al., 2018; Trommer et al.,
2015). However, the latter extension is not in line with the postulated UTAUT 3, as
Blut et al. have defined education as a directly influencing determinant (Blut et al.,
2022, p. 51 ff.). However, previous research and studies published in parallel to the
meta-study by Blut et al. suggest an opposing possibility, namely using the
determinant of education as a moderator in the UTAUT. Due to the solution of
using education as a moderator variable in the present research context, which is
applied successfully in practice, education is included in the determinant group of
individual characteristics as suggested above and is not used as an independent
determinant in the research model (Buhmann & Criado, 2023; Chattopadhyay
Mukherjee & Ryan, 2020; Hidrue et al., 2011; C. Lee et al., 2020; Mehdizadeh et al.,
2023; Sovacool et al., 2018).

The fifth category established by Wicki et al. contains the attitudinal and
behavioural determinants, namely travel demand, number of vehicles in the
household, environmental attitudes, and technology affinity (Wicki et al., 2022, pp.
76-77), as shown in Table 15 below:
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Table 15: Determinants of individual attitudes and behaviour

Determinant category Determinant

Travel demand

Determinants of individual| Vehicles per household

attitudes and behavior Environmental attitudes

Technology affinity

Source: Own illustration based on (Wicki et al., 2022, pp. 76-77)

Studies have confirmed that a higher need for travelling or driving leads to
less acceptance of electric cars. This effect is further interpreted as suggesting that
people with low annual mileage assign less importance to the characteristic of a
high vehicle range (Hoen & Koetse, 2014). (Hoen & Koetse, 2014).

The number of vehicles available in the household has a positive effect on
any range anxiety (Jakobsson et al., 2016; Karlsson, 2017; Tamor & Milaci¢, 2015).
This applies to households with more than one vehicle and in particular when
vehicles with an internal combustion engine or hybrid drive co-exist alongside
purely electric cars (Axsen et al., 2016; Hidrue et al., 2011; Javid & Nejat, 2017;
Jensen et al., 2013; J. H. Lee et al., 2019; Nazari et al., 2018; Priessner et al., 2018).

Regarding individual attitudes, two concepts are at play: first, the affinity for
new technologies, and second, the importance of environmental and climate
protection to a person. Both determinants are seen as having a positive correlation
with EVs (Carley et al., 2013; Hidrue et al., 2011; Jensen et al., 2013; Wicki et al.,
2022, pp. 76-77).

Examining the determinants identified by Wicki et al. regarding attitude and
behaviour, it becomes clear that these cannot be directly attributed to any
determinants of the technology acceptance models. This means further discussion

and examination in the next but one chapter.

The sixth category established by Wicki et al. contains the BEV-specific
determinants of knowledge and familiarity (Wicki et al., 2022, pp. 77-78), as shown
in Table 16:
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Table 16: Determinants of BEV-specific experience

Determinant category Determinant
Determinants of BEV- Knowledge
specific experience Familiarity

Source: Own illustration based on (Wicki et al., 2022, pp. 77-78)

The concept of knowledge encompasses how much people know about the
advantages of EVs and how they differ from other vehicles. Studies have found
that a higher level of knowledge leads to a higher level of acceptance (S. Wang et
al., 2018). On the other hand, it has been confirmed that ignorance of the advantages
of EVs leads to a negative attitude towards this technology and makes adaptation
less likely (Krause et al., 2013; Y. Zhang et al., 2011).

Experience with EVs, whether as an owner or just as a driver, is explained by
the concept of familiarity, which is closely related to the concept of experience.
Studies have found that people with experience and familiarity with the drive
technology of EVs are willing to pay more for them than for conventional vehicles
with combustion engines. Furthermore, this result is not limited to EVs, but can
also be transferred to the experience with HEVs (Carley et al., 2013; Hidrue et al.,
2011; Larson et al., 2015). Studies with direct experience have shown that after a
period of three months, test persons travelled twice the range with their EV than at
the beginning of the test period. This also appears to be due to the fact that although
the development and expansion of the charging infrastructure has made significant
progress, awareness and knowledge of charging points is not always transparent
for users, which in turn inhibits the acceptance of EVs (Bailey et al., 2015; K.
Dudenhoffer, 2015; Franke & Krems, 2013; Jensen et al., 2013).

As can be seen above, numerous studies have found that knowledge and
familiarity are responsible for interest in EVs, so that the two determinants of
"knowledge" and "familiarity" can be assigned to the construct "Experience" from
the TAM 2 accordingly (Biihler et al., 2014; Burgess et al., 2013; Egbue & Long, 2012;
Graham-Rowe et al., 2012; Jensen et al., 2013; Peters & Diitschke, 2014; Plotz et al.,
2014; Schmalfuf et al., 2017). The construct of "experience" is defined by Meuter et
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al. as follows: "A user's prior experience using technology in general" (Meuter et
al., 2005). Alias constructs such as familiarity and past use are also included in the

experience construct.

The seventh and final category identified by Wicki et al. is social
determinants. This category contains the determinants of social and personal
norms, neighbourhood effect and word-of-mouth effect (Wicki et al., 2022, pp. 78—
79), as shown in Table 17 below:

Table 17: Social determinants
Determinant category Determinant
Norms
Social determinants Neighbourhood
Word-of-mouth

Source: Own illustration based on (Wicki et al., 2022, pp. 78-79)

Numerous studies have shown that the three determinants in the social
determinants category generally have a positive influence on the acceptance of EVs.
A distinction can be made between a direct effect, such as word-of-mouth, and an
indirect effect, such as many owners in my neighbourhood own an EV and thus
create social pressure on other individuals to also buy an EV (Wicki et al., 2022, p.
79).

In the context of social norms, studies have shown that society's perceived
expectations of a person can lead them to accept and ultimately purchase an EV.
Furthermore, the purchase can also be justified by the fact that the public sees the
buyer as intelligent and responsible as well as an environmentalist and supporter
of the nation (Axsen & Kurani, 2013; M. Barth et al., 2016).

As can be seen from the above, social determinants are primarily about fitting
into the social fabric in the best possible way (Kotler & Keller, 2016, pp. 181-183).
This leads to the conclusion that not only the three determinants, but the entire

category "social determinants" can be assigned to the construct "social influence"
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from UTAUT 1. Social influence is defined as "the degree to which the user
perceives that important others believe he or she should use the technology"”
(Venkatesh et al., 2003). The expectations of peers, expected social conformity and
norms also play an important role in the construct of social influence (Axsen &
Kurani, 2013; M. Barth et al., 2016).

3.3.2 Select: The UTAUT 3 as a starting model for further research

The previous chapter has justified the selection of the most appropriate
technology acceptance model by mapping directly assignable determinants or
determinant categories from Wicki et al. to the determinants and/or determinant
categories of the existing TAM and UTAUT models.

Table 18 summarises the status of this assignment. On the one hand, it is clear
that a considerable proportion of the determinants and/or categories can be
assigned to UTAUT 3. On the other hand, it can be seen that further analysis and
adaptation are required to map all determinants and determinant categories in the

final research model.
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Table 18: Status of sorting after initial mapping

. 5 ) Mapped to which original
Determinant category Determinant Mapping to
TAM or UTAUT model?
Motor power . . . s UTAUT 3
Overall category of "Technical determinants"” was
Driving range linked to moderating type "Technology" of UTAUT 3. UTAUT 3
Technical determinants Individual determinants will be checked later if they be
Reliability kept within the category or have to be adapted and will UTAUT 3
extend the chosen model.
Charging time UTAUT 3
Market availability TBD
Neither the overall category of "Contextual
. Charging availability determinants” nor any of the individual determinants TBD
Contextual determinants 1d be linked t £ the technol "
Environmental impact could be linked to any of the technology acceptance TBD
models determinants or categories directly.
Policy & incentives TBD
Purchase price Mapped to "Price value", first used in UTAUT 2. UTAUT 2
Operational costs Mapped to "Costs", first used in UTAUT 3. UTAUT 3
Cost determinants
Fuel efficiency Mapped to "Costs", first used in UTAUT 3. UTAUT 3
Resale value Mapped to "Price value", first used in UTAUT 2. UTAUT 2
Income Overall category was linked to the proposed UTAUT 3
moderating type of "Individual Characteristic" of
Sociodemographic Education UTAUT 3. UTAUT3
determinants Gender Individual determinants will be checked later if they be UTAUT 3
kept within the category or have to be adapted and will
Age extend the chosen model. UTAUT 3
Travel demand . . TBD
Neither the overall category of "Determinants of
i individual attitudes and behavior" nor any of the
Determinants of individual | ¥ €hicles per household . ! . ?Vl " ! u V! . Y TBD
ttitad dbehavi individual determinants could be linked to any of the
attitudes and behavior . .
Environmental attitudes technology acceptance models determinants or TBD
categories directly.
Technology affinity TBD
Determinants of BEV- Knowledge Mapped to "Experience”, first used in TAM 2. TAM?2
specific experience Familiarity Mapped to "Experience”, first used in TAM 2. TAM 2
Norms Mapped to "Social influence", first used in UTAUT 1. UTAUT 1
Social determinants Neighbourhood Mapped to "Social influence”, first used in UTAUT 1. UTAUT 1
Word-of-mouth Mapped to "Social influence”, first used in UTAUT 1. UTAUT 1

Source: Own illustration??

2 TBD means “to be defined”. The further analysis and adaptation in the
following chapter is required to map all determinants and determinant
categories in the final research model.
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Based on the above table and the current status of the mapping, it is
recommended that the UTAUT 3 model be used as a justification for the research.
This can be further justified by the fact that UTAUT 3 represents the latest major
extension in the context of technology acceptance research (Blut et al., 2022). As
also explained above, every new research model in the context of technology
acceptance claims to represent the latest scientific status and thus the most suitable
model for this research at present (Fazel, 2014, p. 145). In addition to these general
arguments in favour of using the UTAUT 3 as a starting model for further research
and although a context-specific adaptation seems necessary, the conclusion and call
by Wicki et al. for the development of a generally valid research model for the
context of EVs is also supported. This is accompanied by a review of whether the
determinants identified by Wicki et al. actually influence the acceptance of EVs
(Wicki et al., 2022, p. 82).

Like the study by Wicki et al., this research work will also focus on EVs and,
as explained above, establish a generally valid research model based on the
identified variables and assigned determinants, using UTAUT 3 as the framework.
Accordingly, this work closes the gap of a holistic approach from a theoretical

derivation to an empirical examination (Fazel, 2014, p. 150).

Previous empirical studies have used a wide variety of theoretical models as
the basis of their research work to analyse acceptance and adaptation intentions.
Studies beyond the original field of application of information and communication
technology have been tested and it has been confirmed that the TAM can be used
for a wide variety of fields of application (Benbasat & Barki, 2007, p. 216; F. D.
Davis, 1989, p. 335; Y. Lee et al., 2003, p. 766; Morton et al., 2011, p. 10 {.; Ozaki &
Dodgson, 2010, p. 311; Venkatesh, 2000, p. 200; Venkatesh et al., 2003, p. 470).

In the context of electromobility, the TRA (Adnan et al., 2017, 2018), the TPB
(Alzahrani et al., 2019), the TAM (K. Dudenhoffer, 2015; Fazel, 2014, Wolff &
Madlener, 2019) or the UTAUT (Kumar Jain et al., 2022; Kurniawan & Gabriel, 2022;
Manutworakit & Choocharukul, 2022; Mashahadi et al., 2023) have already been
used to analyse the adaptation intention and acceptance of consumers in a context-

specific and empirical manner.

As mentioned in the previous chapter on the theoretical background, the

UTAUT represents the integration and refinement of existing models related to
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technology acceptance. Accordingly, in the context of technology acceptance, the
UTAUT is not seen as a stand-alone model, but as a further development and
harmonisation of the branching strands of research (Venkatesh et al., 2003, p. 467,
2012, p. 158). The UTAUT was developed from eight individual models to provide
a holistic approach to explaining the intention to use a new technology through
defined influencing variables (Venkatesh et al., 2003, p. 425 f.). The key variables
influencing acceptance and technology use include "performance expectancy",
"effort expectancy", "social influence" and "facilitating conditions". This model is
supplemented by the moderating variables of "gender", "age", "experience" and
"voluntariness of use", which moderate the above four key variables (Venkatesh et

al., 2003, p. 447).

UTAUT 1 was developed to evaluate the intention to use a new technology
within an organisation. As this does not offer sufficient explanatory power for the
requirements of a consumer study, Venkatesh et al. developed UTAUT 2 in 2012.

non

The UTAUT was supplemented by the variables of "hedonic motivation", "price
value" and "habit", which offer additional explanatory power, particularly for the
consumer context (Venkatesh et al., 2012, p. 7 ff.). (Venkatesh et al., 2012, p. 157 ff.).
Except for the moderator of "voluntariness of use", the moderators from UTAUT 1
were retained. According to Venkatesh et al. (2012, p. 162), voluntariness of use has
no explanatory relevance for the use of a technology in consumer markets, as

voluntariness of use is assumed to be a prerequisite here.

UTAUT 1 and UTAUT 2 are considered to be models that produce a complex
overall structure due to a large number of variables and moderators. To reduce
complexity, UTAUT models are often used without moderators (Fazel, 2014, p. 140
f.). Despite all the criticism levelled at the UTAUT models, they must be credited
with having the highest variance explanation of all standard technology acceptance
models. UTAUT 1 explains 56% of the variance in "behavioural intention" and 40%
of the variance in "actual use" of the technology. In comparison, UTAUT 2 even
manages to explain 74% of the "behavioural intention" and 52% of the "actual use"
of a technology (Venkatesh et al., 2012, p. 157). In addition to this high explanatory
power, the UTAUT models also provide a useful overview of which factors of a
new technology hold increased relevance for the end customer (Venkatesh et al.,
2012, p. 170 £t.).
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The most recent major expansion of the UTAUT model in which Venkatesh
was involved took place in 2022 in the form of a meta-analysis. For this, 25,619
influencing variables from 1,935 independent samples were analysed, in which a
total of 737,112 users participated. The aim was to enhance the variance clarification
provided by UTAUT1 and UTAUT2. The new model should also be applicable to
both corporate and consumer contexts (Blut et al., 2022, p. 13).

Compared to the UTAUT 2, four new predictors of "compatibility",
"education”, "personal innovativeness" and "costs" as well as four moderator
categories were added. The first moderator category contains individual
characteristics about the respondent, which are already known from UTAUT 2
(Blut et al., 2022, p. 26 £.). The second category deals with whether the national
culture is individualistic or collectivistic, as this can have an influence on the
answers of the respondents, especially when country comparisons are made (Blut
et al., 2022, p. 28 f.; Hofstede, 2001). The third moderator category asks which
technology characteristics are relevant from the respondents' point of view and
how respondents assess various technology types. Blut et al. (2022, p. 34 f.)
identified three different technology types for the research context of the internet,
namely transactional and non-transactional technologies, internet and non-internet
technologies, and mobile and non-mobile technologies. The fourth moderator
category was used as a control or dummy variable within the meta-study and
provided information about the study year and sample size (Blut et al., 2022, p. 42).

As before, UTAUT 3 must also face criticism for being a complex model due
to its large number of predictors and moderators. However, this is offset by the
advantages that not only is a country comparison and/or cultural comparison
possible, but also various moderating technological aspects and their influence on
the predictors can be considered (Blut et al., 2022, p. 64 {f.).

Figure 29 below shows UTAUT 3, as a result of the meta-analysis and

synthesis of various extensions within the UTAUT research:
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Figure 29: UTAUT
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3.3.3 Adapt: Final adjustment and supplementation of UTAUT 3 with the

missing determinants from Wicki et al.

Based on the explanations in the two previous chapters and the selection of
UTAUT 3 as the research model on which further research is based, the final
adjustments and additions to the still open assignments of the determinants from

the research by Wicki et al. are made in this chapter.

As proposed by Venkatesh et al. 2016, the determinant category of technical
determinants (motor power, driving range, reliability and charging time)
determined by Wicki et al. is incorporated into the research model as a dimension
of the context of the "electromobility" technology as the moderating category of
"technology characteristics" with the electric vehicle-specific variables of motor
power, driving range and charging time (Meuter et al., 2005; Venkatesh, Thong, et
al., 2016; Wicki et al., 2022). The "Technology" category is included in accordance
with the definition in UTAUT 3 (Blut et al., 2022, p. 34 ff.).

The determinant "Reliability" is not included in the "technology" category, as
it is not yet a context-based variable based on the above explanations, but
represents a fundamental requirement for a vehicle as a key influencing factor
(Jensen et al., 2013; She et al., 2017). Reliability is defined as "the degree to which
the system is dependable over time" (B. Kim & Han, 2011).

Based on existing research, reliability can be used as a directly influencing
variable of intention to use (Berkeley et al., 2018; Egbue & Long, 2012; Hackbarth
& Madlener, 2013; Hilale & Chakor, 2024; Mabit & Fosgerau, 2011; She et al., 2017).
The influence of moderating categories is explained in the next chapter.

Based on the statements by Venkatesh et al. that more context-based effects
should be used in the UTAUT, the category of contextual determinants (market
availability, charging availability, environmental impact and policy and
incentives), as already named by Wicki et al., is included in the research model as
a supplementary moderating category (Borrero et al., 2014; Venkatesh, Thong, et
al., 2016; Wicki et al., 2022). The effects on the independent variables are assumed
to be analogous to those of the "technology" category (Blut et al., 2022, p. 60 ff.; Im
et al., 2008).
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The determinant category of cost determinants (purchase price, operational
costs, fuel efficiency and resale value) determined by Wicki et al. is assigned to the
two variables of "price value" from UTAUT 2 and "costs" from UTAUT 3 following
the allocation already explained (Blut et al., 2022; Venkatesh et al., 2012; Wicki et
al., 2022).

Not only individual determinants (demographic), but also situational
determinants (sociographic) from the personal living environment of the
respondents have a moderating influence on the independent variables of the
UTAUT 3 model (Blut et al., 2022; Kotler & Keller, 2016, pp. 179-187; Venkatesh,
Thong, et al., 2016). Based on this consideration, the determinant categories, as
determined by Wicki et al., and the determinants of income, education, age, and
gender, as well as the two determinants of travel demand and vehicles per
household from the attitudinal and behavioural determinants category, will be
assigned to two new moderating categories. One category will focus on individual
or person-related determinants, whereas the other moderating category will focus
on situational determinants from the respondents' personal living environment
(Calmbach et al., 2024; Calmbach & Hecht, 2024; Kotler & Keller, 2016, p. 179 ff.;
Rutschmann, 2019). The determinants of age, gender, daily travel demand in km,
occupation/job and education can then be assigned to the category of individual
characteristics. It should be mentioned here that the determinants of occupation/job
and EV driving experience are newly included in this category based on existing
research. As explained in the previous chapter, the education determinant is used
as a moderating variable, not as an independent variable, as postulated in the
UTAUT 3 model by Blut et al. Additionally, the travel demand is also attributed to
the individual determinant category. In addition, the category of situational
determinants includes the following determinants: household size, household
income, vehicles per household, types of vehicles in the household, and available
charging opportunities. The latter four determinants were supplemented with
existing research to obtain a better understanding of the living conditions of the
test subjects. The influence of both categories is assumed according to the
moderation defined by Blut et al. from UTAUT 3 (Blut et al.,, 2022, p. 51 ff.;
Buhmann & Criado, 2023; Carley et al., 2013; Chattopadhyay Mukherjee & Ryan,
2020; Hackbarth & Madlener, 2013; Hess et al., 2012; Hidrue et al., 2011; C. Lee et
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al., 2020; Mehdizadeh et al., 2023; Sovacool et al., 2018; Trommer et al., 2015; Wicki
et al., 2022).

The remaining two determinants of environmental attitudes and technology
affinity from the attitudinal and behavioural determinants category can be
understood as attitude variables. In this specific case, this means the attitude
towards the environment and technology in the context of electromobility. Ajzen
and Fishbein defined the attitude variable in the TRA as early as 1975 as “an
individual's positive or negative feelings (evaluative affect) about performing the
targeted behaviour" (Fishbein & Ajzen, 1975). Accordingly, a positive attitude
towards EVs is assumed to result in an increased willingness to buy (Carley et al.,
2013; Hidrue et al., 2011; Jensen et al.,, 2013; Wicki et al., 2022, pp. 76-77).
Accordingly, the variable is included as a determinant in the research model under
the name of "attitude towards environment and technology" (F. Davis, 1989; Walter
& Abendroth, 2020; N. Wang et al., 2022).

The determinants of knowledge and familiarity of the BEV-specific
experience category are assigned to the experience variable from TAM 2 in
accordance with the above explanation. Furthermore, experience is used as a
moderating determinant category in the further research model, to which the two
original determinants of knowledge and familiarity are still inherent (Biihler et al.,
2014; Burgess et al., 2013; Egbue & Long, 2012; Graham-Rowe et al., 2012; Jensen et
al., 2013; Meuter et al., 2005; Peters & Diitschke, 2014; P16tz et al., 2014; Schmalfuf3
et al., 2017; Wicki et al., 2022). The moderating influences on the independent
variables are adopted according to UTAUT 2, and an adjustment to the research
model is made for UTAUT 3 in the next chapter (Blut et al., 2022; K. Dudenhoffer,
2015; Fazel, 2014; Venkatesh et al., 2012; Venkatesh & Davis, 2000).

Finally, the determinant category of social determinants (Norms,
Neighbourhood and Word-of-mouth) determined by Wicki et al. is assigned to the
Social influence variable from UTAUT 1 in accordance with the assignment already
explained and thus included in the model (Axsen & Kurani, 2013; M. Barth et al.,
2016; Blut et al., 2022; Kotler & Keller, 2016, pp. 181-183; Venkatesh et al., 2003;
Wicki et al., 2022).
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Table 19 summarises the previously explained assignments and final

adaptations concerning use in the research model; specific extensions of the

determinants identified by Wicki et al. can be found at the end of the table:

Table 19: Status of sorting after final adaptation

To be used as
Determinant category Determinant Final mapping and adaption (if necessary) Variable (V)/
Moderator (M)
Motor power Will be kept in moderating category "Technology" of UTAUT 3. M
Driving range Will be kept in moderating category "Technology" of UTAUT 3. M
Technical determinants Reliabilit Is detached from the moderating category "Technology" and assigned v
elial
by to the construct Reliability as a directly influencing variable.
Charging time Will be kept in moderating category "Technology" of UTAUT 3. M
Market availability M
R Charging availability A new category called "Contextual determinants" is created to group M
Contextual determinants - - . . .
Environmental impact the four determinants into a moderating category. M
Policy & incentives M
Purchase price Mapped to "Price value", first used in UTAUT 2. \4
. Operational costs Mapped to "Costs", first used in UTAUT 3. \4
Cost determinants — - - -
Fuel efficiency Mapped to "Costs", first used in UTAUT 3. \4
Resale value Mapped to "Price value', first used in UTAUT 2. \4
This variable is transferred to the moderating category of
Income . . : B M
X i "Situational determinants" as "Household income".
Sociodemographic -
K Education . . . . M
determinants Gond These variables are kept as moderating determinats in the category Iv;
naer
enee "Individual Characteristics".
Age M
The determinant "Travel demand" is transferred to the category of
Travel demand "Individual Characteristics” and will be named "Daily travel demand M
in km".
. o A new moderating category "Situational determinants" is created to
Determinants of individual . ? h i
. R . reflect important situational factors of the respondents around life &
attitudes and behavior Vehicles per household . K X . A . M
household situation. The determinant "Vehicles per household" is
added as "Number of vehicles per household".
Environmental attitudes The variable "attitude” will be added to the model as following \4
Technology affinity "Attitude towards Environment & Technology". \4
Determinants of BEV- Knowledge . . . o . M
» i — Mapped to moderating construct of "Experience", first used in TAM 2.
specific experience Familiarity M
Norms Mapped to "Social influence”, first used in UTAUT 1. \4
Social determinants Neighbourhood Mapped to "Social influence”, first used in UTAUT 1. \4
Word-of-mouth Mapped to "Social influence", first used in UTAUT 1. \4
. Added as moderating determant to the category of "Individual
Occupation/ Job o M
Characteristics".
. Added as moderating determant to the category of "Situational
Household size M
determinants" as "Household size".
. - . Added as moderating determant to the category of "Individual
Model-extending EV driving experience - M
. Characteristics".
Determinants - - - o -
Types of vehicles in Added as moderating determant to the category of "Situational M
household determinants” as "Types of vehicles in household".
Available charging . . .
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3.3.3.1 Trust as driver of acceptance?!

Passenger cars are currently widespread and one of the most widely used
means of personal transport. To achieve the specified climate targets and mitigate
harmful greenhouse gas emissions, EVs are considered a proven solution,
particularly in reducing local greenhouse gas emissions. The number of new EV
registrations in Germany reached its highest level to date in 2023. Nevertheless, the
registration figures for BEVs in 2024 also slumped just as sharply, or, from a
different perspective, consumers made a paradigm shift and bought more HEVs
and HPEVs again, rather than an above-average number of BEVs, as in the previous
year (see Chapter 2.1.2.3). It can be deduced from this that the situation in Germany
is not safe enough for customers to want to rely fully on an EV for their individual
transport needs. The reasons for this may be manifold: the discontinuation of state
subsidies, accompanied by higher entry prices for electric mobility; the lower range
of EVs in some cases; or the lack of a charging network in Germany, including
charging speed (see Chapter 2.1.2.4). If this approach is taken further, it can be
recognised that trust in a technology can help to resolve the complexity that

consumers face in the purchasing decision process.

In their research on UTAUT 3, Blut et al. investigated trust as an influencing
determinant of behavioural intention and usage. However, unlike McKnight et al.
2009 or Hilale & Chakor 2024, Blut et al. did not conclude that trust in a technology
is a valid concept if the associated dependent and related characteristics
allow/justify it (Blut et al., 2022; Hilale & Chakor, 2024, p. 2; H. McKnight et al.,
2009).

Trust in a technology is defined as "a willingness to depend on the specific
technology in a given situation in which negative consequences are possible" (H.
McKnight et al., 2009, p. 5). Trust is created through mutual dependencies and
risks. Dependencies are characterised by the fact that one party cannot achieve its
interests and goals without having to rely on another party (Rousseau et al., 1998).
On the other hand, there are the risks that arise for the user-provider if the user
does not ensure trustworthy behaviour in connection with use (H. McKnight et al.,
2009; Rousseau et al., 1998).

In research, there are two ways in which trust can be conceptualised. On the

one hand, trust has been integrated as an independent variable in the established
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TRA, TAM, UTAUT 1 and UTAUT 2 models. Most research has proven the positive
significant influence of trust on the dependent variables (Al-Sabaawi et al., 2023;
Al-Saedi et al., 2020; Arora et al., 2023; Chen et al., 2021; de Blanes Sebastian et al.,
2023; Jena, 2023; Merhi et al., 2019; Mohd Thas Thaker et al., 2023; Musyaffi et al.,
2021; Nur & Panggabean, 2021; Patil et al., 2020; Rousseau et al., 1998; Subasinghe
et al., 2020; Sudirjo et al., 2023; Tomic¢ et al., 2023; Zaid Kilani et al., 2023).

On the other hand, trust can also be introduced into acceptance research
through a more complex approach that involves an interplay of several constructs.
The existing literature favours the latter approach as it provides more practical
insights into which constructs influence trust in a technology (Ashrafi et al., 2022;
Chakraborty et al., 2022; Franque et al., 2023; Lian & Li, 2021; X. Lin et al., 2022;
Lisana & Handarkho, 2023; Nangin et al., 2020; Shao et al., 2019; Stewart & Jiirjens,
2018; Talwar et al., 2020; W. Zhang et al., 2023).

McKnight et al. also follow the second approach and state that the distinction
between trusting intentions and trusting beliefs follows the defined typology of
Ajzen & Fishbein, which divides the constructs into beliefs, attitudes, intentions
and behaviours (Fishbein & Ajzen, 1975; D. H. McKnight et al., 1998). Following
this approach, further research focuses on the influence of the cognitive aspects of
trust on actual behaviour (Hilale & Chakor, 2024, p. 3).

According to the research by McKnight et al., trust intentions are influenced
by trusting beliefs and institutional trust in technology. In this context, it is
necessary to mention that the focus of this research is on trust in technology
(specifically electromobility). In this context, McKnight et al. have identified three
key constructs for trust in certain technologies: helpfulness, functionality
(capability) and reliability (H. McKnight et al., 2009). Figure 30 shows the
relationships between technology-related constructs of trust:
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Figure 30: Trusting intentions
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Source: Own illustration based on (H. McKnight et al., 2009)

The constructs named in Figure 30 are defined as follows:
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Table 20: Concept and construct definitions of trust in technology

Construct Definition

The belief that the specific technology will consistently operate
Reliability
properly (D. McKnight & Chervany, 2002).

The belief that the specific technology has the capability,
Functionality functionality, or features to do for one what one needs to be

done (Mayer et al., 1995; D. McKnight & Chervany, 2002).

The belief that the specific technology provides adequate and
Helpfulness responsive help for users (Mayer et al., 1995; D. McKnight &
Chervany, 2002).

A willingness to depend on the specific technology in a given
Trusting intention situation in which negative consequences are possible (Mayer

et al., 1995; D. H. McKnight et al., 1998).

The belief that success with the specific technology is likely
because one feels comfortable or favourable when one uses the
Situational normality
general type of technology of which this specific technology is

an instance (D. H. McKnight et al., 1998).

The belief that success with the specific technology is likely
because, regardless of the characteristics of the specific
technology, one believes structural conditions like guarantees,
Structural assurances
contracts, support, or other safeguards exist in the general type

of technology that make success likely (D. H. McKnight et al.,
1998).

Source: Own illustration based on (H. McKnight et al., 2009)
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Many of the studies cited above have attempted to include individual
constructs of trust in their research. Among other things, attempts were made to
incentivise the use of a technology through cost reductions or promotional
measures (Lisana & Handarkho, 2023; Shao et al., 2019; Stewart & Jiirjens, 2018).
However, none of the studies simultaneously examined all three key constructs in
a technology (reliability, functionality, helpfulness) and the two constructs in
institutional trust (situational normality, structural assurances) together (Hilale &
Chakor, 2024, p. 8). However, based on Lewis and Weigert's explanations, these
constructs are inextricably linked, and the omission or exclusion of one aspect can
lead to misunderstandings and misinterpretations, so that trust in a technology is
confused with belief or prediction (Lewis & Weigert, 1985, p. 972).

The integration of the aforementioned constructs of trust is based on the
model proposal by Hilale & Chakor (2024). On the one hand, existing constructs of
UTAUT 2 were harmonised with the constructs of trust or constructs were added
to the model.

First, the trusting intention in electromobility construct is added as a
dependent construct to the previously presented trust constructs (reliability,
functionality, helpfulness, situational normality and structural assurances) of this
research work. This is justified by the fact that consumers are prepared to take a
risk if they have sufficient trust in a technology to adopt it. This means that trust in
a technology reduces the perceived risk and has a positive influence on consumers'
behavioural intention (Merhi et al., 2019). In other words, a lack of trust leads to an
increased perceived risk, and consumers opt for a safer technology alternative with

which they are familiar (Nur & Panggabean, 2021).

In addition, numerous studies have investigated the influence of trust on
behavioural intention (Arora et al., 2023; Hammouri et al., 2023; Jena, 2023; X. Lin
et al., 2022; Mohd Thas Thaker et al., 2023; Nur & Panggabean, 2021; Sudirjo et al.,
2023; Tomic¢ et al., 2023)as well as on the actual utilisation (Al-Sabaawi et al., 2023;
Chakraborty et al., 2022; Lian & Li, 2021; Zaid Kilani et al.,, 2023)so that this

influence is also assumed in this research.

Based on the assumption that performance expectancy reflects the benefits
and features that the customer needs when using an EV, this corresponds to the

concept and definition of the construct of functionality, trust in a particular
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technology. Accordingly, it can be deduced that the higher the expected
performance expectancy of a technology, the greater the willingness to trust it
(Hilale & Chakor, 2024, pp. 10-11; H. McKnight et al., 2009). The above derivation
also applies to the construct of effort expectancy. The performance of a technology
is measured by how easy it is to use. It is therefore deduced that the belief in the
capabilities of a technology can be measured by effort expectancy and performance
expectancy (Hilale & Chakor, 2024, p. 12). Accordingly, the construct of
functionality, comprising performance expectancy and effort expectancy,

influences trusting intention in electromobility.

Facilitating conditions describes how helpful a technology can be to
consumers in satisfying their needs. Accordingly, it can be assumed that trust in a
technology increases if it is perceived as helpful by the consumer (Hilale & Chakor,
2024, p. 12; H. McKnight et al., 2009). Accordingly, the facilitating conditions can
be considered synonymous with the previously defined construct helpfulness.

Accordingly, the helpfulness construct affects trusting intention in electromobility.

The previously mentioned construct of reliability is described as a feeling
that conveys reliability and consistency to the user in connection with the use of a
technology. To analyse not only the reliability of the technology, but also the
reliability of the various stakeholders associated with it, is also examined. It
becomes clear that the two definitions of the construct of reliability used are
congruently defined (B. Kim & Han, 2011; D. McKnight & Chervany, 2002).
Previous studies have focused on the reliability of the various stakeholders, but not
on the reliability of the technology. As a result of the above, the need to investigate
not only the effect of reliability on trusting intention in electromobility, but also on
the intention to use electromobility becomes clear (Berkeley et al., 2018; Egbue &
Long, 2012; Hackbarth & Madlener, 2013; Hilale & Chakor, 2024; Mabit & Fosgerau,
2011; She et al., 2017).

The construct situational normality refers to the feeling that something new
in a similar situation can also be trusted if the situation appears normal, orderly, or
favourable (H. McKnight et al., 2009). Confirming this, Gefen et al. (2003, p. 51 ff.)
argue that people are more willing to trust if they perceive an interaction as typical
or expectable.
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The construct familiarity is not dissimilar to the construct situational
normality. However, the latter differs from situational normality in that it measures
the degree of knowledge the consumer has about the specific type of vehicle they
drive (Gefen, 2000; D. J. Kim et al., 2008).

A closer look at the context of electromobility reveals that the transition
between situational normality and familiarity is a fluid one. In electromobility, a
clear distinction can be made between a positive feeling that things are going well
when the consumer buys an EV or participates in individual passenger transport
in an EV (situational normality) and a good understanding of electromobility
(familiarity). The reason for this is that EVs do not work in the same way; they
differ in terms of design, drive power or individual functions. With regard to
electromobility, the focus is not on a specific type of EV, but on the general drive
options available on the market. If a consumer is already familiar with EVs, this
means they have already familiarised themselves with the electrified drive, which
works in the same way in other EVs. Its use can be regarded as universal. Based on
the above, it is proposed that the two constructs (situational normality and
familiarity) be summarised in the construct of contextual acquaintance. This
construct is thus able to measure the extent to which consumers feel comfortable
when driving EVs, as they can recognise a situation perceived as normal that has
arisen through familiarity and experience in using EVs. When a consumer feels
comfortable and perceives a situation as normal, this reflects a combination of
familiarity and situational normality (Hilale & Chakor, 2024, p. 13). Finally, it is
worth noting that the construct of contextual acquaintance differs from that of
consumer awareness, as consumer awareness only examines the general
knowledge of consumers about a technology at the beginning of innovation
diffusion (Rogers, 2003). Contextual acquaintance, on the other hand, refers to an
advanced stage of technology diffusion in which some consumers have already had
direct experience with electromobility (Hilale & Chakor, 2024, p. 13). Accordingly,
it can be assumed that the higher the contextual acquaintance of electromobility,

the stronger the intention to use and willingness to adopt electromobility.

The second component of institution-based trust in technology is the
structural assurance construct. This construct refers to the consumer's belief that

adequate support, in terms of infrastructure and other supporting technology, is



168 STEFFEN BERG

available to ensure successful utilisation of the technology, in this case electric
mobility (H. McKnight et al., 2009).

The construct operates at both a legal level (e.g., vehicle tax exemption until
2030) and a physical level (e.g., free charging facilities, charging point coverage,
etc.). Structural security yields benefits for consumers through technology-
dependent mechanisms that facilitate adaptation and/or protect them from harm
(Hilale & Chakor, 2024, p. 13). Various legal measures have been introduced by the
German federal government to support the adoption of EVs (cf. Chapter 2.2.6). A
central component of structural safety is the formation of trust (X. Lin et al., 2022;
R. Wu et al,, 2021). Furthermore, there is also the synonymous use of consumer

perception of security and reliability of institutional structures (T. Zhou, 2011).

The influences and determinants of trust explained above are included and
integrated into the research model as supplementary determinants. The additions
are possible without any problems, as the initial constructs of the UTAUT, already
defined by Hilale and Chakor, were also used in UTAUT 3 by Blut et al. (Hilale &
Chakor, 2024, p. 12).

3.34 Set-up: Setting up the research model, formulating hypotheses and
summarising the research project

Figure 31 presents the adapted research model for investigating the
acceptance of EVs. The research model is essentially based on UTAUT 3 and was
expanded using the determinants identified by Wicki et al. 2022 (Blut et al., 2022;
Wicki et al., 2022). In addition, this work will investigate the construct of trusting
intention in electromobility, along with the associated influencing determinants for
the use of this technology (Hilale & Chakor, 2024; H. McKnight et al., 2009). The
thickly marked arrows emphasise additional influencing mechanisms in
comparison to UTAUT 3.
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Figure 31: Research model
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3.3.4.1 Model variables

The individual model components are explained below and the
corresponding hypotheses are formulated. Although the model parameters have
already been explained in previous chapters, they are briefly presented again here
to emphasise their specific relation to electric mobility technology in the context of

this research.
Performance expectancy

Performance expectancy (PE) is a concept that describes the extent to which
a person believes that a particular technology or system will improve work
performance or efficiency. It is one of the components of the UTAUT model,
indicating the perceived advantages or benefits of a technology for the user. High-
performance expectancy means that the technology enables the user to work on a
task more efficiently, faster or better. Studies on technology acceptance have shown
that PE is one of the strongest predictors of the intention to use a technology
(Adnan et al., 2017; Kapser & Abdelrahman, 2020; Patil et al., 2020; Venkatesh et
al., 2003). This allows the following hypothesis to be formulated:

H1: Performance expectancy has a positive influence on behavioural

intention (BI) to use EVs.

In the present research model, performance expectancy further defines the
expectation of users that the electromobility technology will effectively fulfil their
requirements and needs. From the perspective of the Trusting Intentions in
Electromobility construct, this implies that users' trust level is higher when they are
certain that EVs are powerful and beneficial (Hilale & Chakor, 2024, p. 10 £.; Mayer
etal., 1995; D. McKnight & Chervany, 2002; H. McKnight et al., 2009). The following

hypothesis can be formulated:

H2: Performance expectancy has a positive influence on the trusting intention
in electric mobility (TI) to use EVs.

Effort expectancy

Effort expectancy is the degree of ease with which a person believes they can
use a particular technology product or system. It is a central construct in the
UTAUT model, describing the user experience of how easy it is to access and use

the technology. In essence, "simplicity" is the definition of effort expectancy and
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refers to how the user experience and offering of a system or technology is intuitive
and easy to understand or use. Effort expectancy has also emerged as an important
predictor in the early stages of technology adoption, particularly for new systems
or less tech-savvy audiences when analysing technology usage (Kumar Jain et al.,
2022, p. 3; Venkatesh et al., 2003, p. 450). The following hypothesis can therefore be

formulated:

H3: Effort expectancy has a positive influence on the behavioural intention
(BI) to use EVs.

Effort expectancy, like performance expectancy, has an influence on the
trusting intention in Electromobility. Easy-to-use and intuitive user experiences
strengthen users' trust in electromobility technology. The perception that EVs and
the associated charging infrastructure are user-friendly and easy to use promotes
users' willingness to trust the system (Hilale & Chakor, 2024, p. 10 £.; Mayer et al.,
1995; D. McKnight & Chervany, 2002; H. McKnight et al., 2009). The following
hypothesis can therefore be formulated:

H4: Effort expectancy has a positive influence on the trusting intention in

electromobility (TT) to use EVs.
Social influence

Social influence refers to the effect of the social environment on a person's
decisions and behaviour. This environment includes family, friends, colleagues or
social opinion leaders. In technology acceptance research, social influence refers to
the extent to which a person's general or personal social environment expects or
recommends that they use a system (Venkatesh et al., 2003, p. 451). For example,
social influence on the acceptance of electromobility means that potential users are
more likely to use EVs if members of their circle approve of or are receptive to such
vehicles. This will also increase interest and acceptance if the users' social
environment uses EVs themselves or at least approves of their use (Almansour,
2022; Fedorko et al., 2021; Hardman et al., 2018; Kapser & Abdelrahman, 2020;
Kumar Jain et al., 2022; Patil et al., 2020; Tsu Wei et al., 2009). The following
hypothesis is put forward:

HS5: Social influence has a positive influence on behavioural intention (BI) to
use EVs.
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Price value

Price value refers to the perceived benefit of a technology relative to the cost
of acquiring and utilising it. It is a balance between the perceived value or benefit
and the price paid for it. A positive price value occurs when users feel that the value
of the technology or benefit justifies the financial outlay (Dodds et al., 1991;
Goldsmith et al., 2005; Venkatesh et al., 2003). In the case of electromobility, price
value refers to whether potential users perceive the electric car as justified in terms
of price. They might proceed with the technology if the purchase is actually
cheaper, among other benefits such as environmental friendliness and lower
energy costs, or if it is a long-term investment. Users often buy when the perceived
benefits justify a higher price (Adnan et al., 2017; Goularte & Zilber, 2019; Han et
al., 2017; Venkatesh et al., 2012). The following hypothesis can be formulated:

Hé: Price value has a positive influence on behavioural intention (BI) to use
EVs.

Hedonic motivation

Specifically, hedonic motivation categorises the joy or pleasure experienced
while using a technology. It describes the emotional benefit or positive experience
that people experience when using a technology, regardless of functional or
practical benefits (Venkatesh et al., 2012). In the case of electromobility, this concept
could be applied if driving is perceived as exciting, modern or enjoyable. Silent
driving, acceleration dynamics or the feeling of making a green choice involves
hedonic motivation and could therefore increase the willingness to buy and regular
use of EVs (Han et al., 2017; Kapser & Abdelrahman, 2020; M. Zhou et al., 2021).
The following hypothesis is put forward:

H7: Hedonic motivation has a positive influence on behavioural intention
(BI) to use EVs.

Facilitating conditions

Facilitating conditions are external factors that encourage, facilitate and
enable the use and adoption of a technology. These factors, such as resources and
technological enablers, allow the user to utilise certain technologies without
difficulty (Venkatesh et al., 2012). Examples of facilitating conditions in the field of
electromobility include charging stations, financial support, and providing

information and advice to users. If the relevant conditions are met, the acceptance
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and user share of EVs increases (Azman Ong et al., 2023; Dhinakaran et al., 2021;
Goularte & Zilber, 2019). The following hypotheses can be formulated:

HS: Facilitating conditions have a positive influence on the behavioural

intention (BI) to use EVs.

H9: Facilitating conditions have a direct positive influence on the use
behaviour (UB) of EVs.

Facilitating conditions, i.e., the supporting framework conditions such as
charging infrastructure, access to technical information, and the availability of
support systems, have a positive effect on the trusting intention in electric mobility.
Users build trust in a new technology if they perceive that the necessary conditions
have been created for its successful utilisation (Mayer et al., 1995; D. McKnight &
Chervany, 2002; H. McKnight et al., 2009). In the case of electric mobility, this
means that factors such as a well-developed charging infrastructure, technical
support and relevant resources (e.g. information on range and charging
technology) can increase confidence in the technology. People feel more willing to
switch to EVs if they can be sure that barriers to use are minimised and support is
available when needed. Easier conditions reduce uncertainty and increase
acceptance by strengthening the perception that EVs are a reliable alternative to
conventional drives (Hilale & Chakor, 2024). The following hypothesis is put

forward:

H10: Facilitating conditions have a positive influence on the trusting
intention in electromobility (TI) to use EVs.

Habit

Habits are the tendency of a person to perform certain actions automatically
and without much conscious thought, based on repeated experience. Habits are
formed by regularly performing a behaviour in a stable environment so that it
becomes routine. This means that when a certain behaviour becomes established,
it becomes a habitual response to specific stimuli and is less dependent on a
conscious decision (Venkatesh et al., 2012). In relation to electric mobility, habit
refers to the extent to which users perceive driving or charging an EV as a natural
part of their daily lives. A strong habit of using an EV could be maintained through
repeated use, regular charging routines and an overall positive user experience.

Habits are crucial for the long-term success of electric mobility as they reduce
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uncertainty and the need for conscious decision-making (Azman Ong et al., 2023;
Goularte & Zilber, 2019; M. Zhou et al., 2021).

H11: Habit has a positive influence on the behavioural intention (BI) to use
EVs.

H12: Habit has a direct positive influence on the use behaviour (UB) for the
use of EVs.

Compatibility

In the field of technology acceptance research, the term "compatibility" refers
to the extent to which a new technology can be harmonised with the values, needs
and previous experiences of users. A technology is considered compatible if the
level can be integrated into the lifestyle of service users without forcing them to
change their behaviour significantly. The higher the compatibility, the more likely
users are to adopt and use a technology (Blut et al. (Blut et al., 2022; Jansson, 2011;
Meuter et al., 2005; G. C. Moore & Benbasat, 1991). In the context of EVs,
"compatibility" refers to how well EVs integrate into consumers' daily routines and
values. Factors such as the number of chargers, the charging speed, the distance
travelled, and the environmental friendliness of a car all influence perceived
compatibility. For example, if driving style and infrastructure adoption are
oriented towards the features offered by an electric car, the technology should be
appropriate. A high degree of compatibility can significantly increase the
likelihood of purchasing an electric car (Chong et al., 2012).

H13: Compatibility has a positive influence on the behavioural intention (BI)

to use EVs.

H14: Compatibility has a direct positive influence on the use behaviour (UB)
for the use of EVs.

Attitude towards the environment and technology

Attitude towards the environment and technology is the fundamental, often
stable personal attitude of a person towards the environment and technological
developments. It contains positive or negative judgements about the
reasonableness of technological solutions such as EVs, the perceived
environmental friendliness of their use and their compatibility with a person's

value system. This attitude influences the perception of whether new technologies
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should be viewed as tools for a sustainable future (Fishbein & Ajzen, 1975). In the
field of electromobility, attitudes towards the environment and technology are
decisive for the acceptance and intention to use EVs. People with a positive attitude
towards environmentally friendly technologies develop purchase or usage
intentions to recognise EVs as a contribution to environmental protection. They
often view driving as one of the ways to reduce large amounts of carbon footprint
and actively impact the environment. On the contrary, a negative attitude towards
technological innovations or scepticism about the environmental benefits of EVs
could reduce the acceptance of these vehicles. Therefore, attitudes towards
environmental and technological issues are an important variable in models of
technology acceptance to explain trust and behaviour in relation to their use(Carley
et al., 2013; Hidrue et al.,, 2011; Jensen et al., 2013; Wicki et al., 2022, p. 76 £.). The
following hypothesis is put forward:

H15: A positive technological and environmental attitude significantly

increases the behavioural intention (BI) to use EVs.
Personal innovativeness

Personal innovativeness refers to an individual's tendency to adopt and try
out new technologies and innovations at an early stage. It is a person's willingness
to take risks and embrace even less established technologies. People who
demonstrate a high degree of personal innovativeness show curiosity, a willingness
to experiment and openness towards new technologies (Agarwal & Karahanna,
2000; Blut et al., 2022; Jansson, 2011; Parasuraman, 2000). In terms of
electromobility, this means that people with a high level of innovativeness are more
willing to accept and use EVs as an alternative to combustion engines. They
showed curiosity about the benefits and fields of application, including
environmentally friendly mobility and access to modern features such as
autonomous driving and charging infrastructure. As EVs still cause concerns,
including range and charging time, high personal innovativeness positively
influences adoption. Individuals with high personal innovativeness could
therefore play a pioneering role during the transition to electric mobility and
increase indirect acceptance through their experiences (Agarwal & Prasad, 1998;
Fazel, 2014, p. 155 £.; Kuo & Yen, 2009; Kwon et al., 2007). The following hypotheses

are put forward:
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H16: A high level of personal innovativeness has a positive influence on the
behavioural intention (BI) to use EVs.

H17: A high level of personal innovativeness has a direct positive influence
on the use behaviour (UB) for the use of EVs.

Costs

In technology acceptance, costs are defined as the perceived financial and
non-financial costs associated with the need to pay for the purchase, use, and
maintenance of a technology. These include direct financial costs, such as the
purchase price and operating costs, as well as indirect costs, including the time,
effort, and learning process involved in using the new technology. It is generally
assumed that higher perceived costs result in lower acceptance and willingness to
use the technology (Blut et al., 2022; L. Zhang et al., 2012). In the field of
electromobility, costs are a crucial factor in determining technology acceptance.
Accordingly, costs determine the economic attractiveness of the technology. The
perception of high costs acts as a deterrent to potential buyers. On the contrary, if
the costs are lower or offset by subsidies, electric cars are accepted (Y.-F. Liu et al.,
2018; Shuhaiber & Mashal, 2019; Tsu Wei et al., 2009; R. Wang et al., 2021; S. Wang
et al.,, 2017; J.-H. Wu & Wang, 2005). The following hypotheses are formulated:

H18: Perceived high costs have a negative influence on the behavioural

intention (BI) to use EVs.

H19: Perceived high costs have a direct negative influence on the actual use
behaviour (UB) to use EVs.

Reliability

In technology acceptance research, the term reliability is used to describe the
extent to which a technology is consistent, error-free, and functions as expected by
the user. A technology is said to be reliable if it is always available and consistently
delivers its results in a wide variety of environments and usage variants. Reliability
is also a factor in user acceptance; users trust reliable technology and tend to avoid
unreliable ones. Reliability of their performance is ultimately an important feature
that users can rely on (Blut et al., 2022; D. McKnight & Chervany, 2002). In
electromobility, reliability is the factor that positively influences acceptance.
Electromobility users must trust that their EV and charging are reliable (B. Kim &
Han, 2011; Wixom & Todd, 2005). The following hypothesis is formulated:
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H20: A high perceived reliability has a positive influence on the behavioural
intention (BI) to use EVs.

The influence of reliability on the trusting intention in electric mobility is
direct and positive. The perceived reliability of EVs and the associated
infrastructure increases user trust in the technology. It therefore has a positive
effect on user acceptance and willingness. As reliability is relevant to the study, it
is included in the regression analysis using the hypothesis path mentioned above.
Reliability strengthens the trusting intention in electromobility by increasing user
confidence and giving them the certainty that EVs will function reliably. Low
uncertainty leads to a positive attitude towards the use of the technology, which
ultimately fuels its rise and the high level of electromobility (Berkeley et al., 2018;
Egbue & Long, 2012; Hackbarth & Madlener, 2013; Hilale & Chakor, 2024; Mabit &
Fosgerau, 2011; She et al., 2017). The following hypothesis can be formulated:

H21: High perceived reliability has a positive influence on the trusting
intention in electromobility (TI) to use EVs.

Contextual acquaintance

Contextual acquaintance refers to a person's knowledge and familiarity with
a particular technology, particularly in terms of its usage situation and the
circumstances surrounding it. In the case of the electric car, it refers to the
knowledge inherent in the use of an EV, including the charging infrastructure,
costs, functionality, and range. The higher the contextual acquaintance, the higher
the likelihood that a person will develop a behavioural intention to use an electric
car. People who have a high level and quality of information about the use of
electric cars are less insecure and more willing to include electric cars in their
everyday lives (Gefen, 2000; D. J. Kim et al., 2008; D. H. McKnight et al., 1998). This

results in the following hypothesis:

H22: A high level of contextual acquaintance has a positive influence on the

behavioural intention (BI) to use EVs.

Trusting intention in electromobility is also positively influenced by
contextual acquaintance because if users have the relevant knowledge about how
electromobility works and the framework conditions, their uncertainty is reduced
and, in turn, their trust in the underlying processes is strengthened. Users trust the

technology and its safety more if they know and can assess their own specific
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circumstances and challenges. Contextual awareness supports users' expectations
of being more realistic and better prepared, thereby reducing the likelihood of
unexpected challenges (Hilale & Chakor, 2024; H. McKnight et al., 2009; Rogers,
2003). The following hypothesis is formulated:

H23: A high level of contextual acquaintance has a positive influence on the
trusting intention in electromobility (TI) towards EVs.

Structural assurance

Structural assurance refers to trust in the external safety, regulatory and
support systems of a technology. It describes the trust in institutional, legal and
infrastructural framework conditions that aim to ensure the safe and reliable use of
the technology. This includes measures such as a stable charging infrastructure,
government funding programmes, regulatory safety standards and a network of
maintenance and service centres. These external measures enable and empower the
technology and reduce the risk of utilisation (D. H. McKnight et al., 1998; H.
McKnight et al., 2009). Regarding electromobility, structural assurance positively
influences the intention to trust. This is because users' trust in the technology
increases when they know that there are assurance mechanisms such as a well-
developed charging infrastructure and government support in the area. In
addition, knowing that the government regulates EVs and meet important
technological standards, users can better understand the risks and decide that the
technology is safe to use (Hilale & Chakor, 2024; X. Lin et al., 2022; R. Wu et al.,,
2021; T. Zhou, 2011). The following hypothesis can be formulated:

H24: A high level of structural assurance has a positive influence on the

trusting intention in electromobility (TT) towards EVs.
Trusting intention in electromobility

Trusting intention refers to the extent to which a person trusts a technology
(in this case electromobility) and regards it as safe, reliable and beneficial (Mayer
et al., 1995; D. H. McKnight et al., 1998). In relation to electric mobility, the trusting
intention describes people's confidence in the safety, reliability, and long-term
benefits of the electric car and its infrastructure, i.e., the vehicles themselves, the
charging infrastructure, and the maintenance systems. When the trust intention is
high, people believe that electric cars will fulfil their mobility needs and will not
cause unexpected risks or problems. Trust intention can have a strong effect on
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behavioural intention and actual behaviour. When people trust a technology such
as electromobility, they are much more likely to accept it, use it and integrate it
more easily into their everyday lives (Al-Sabaawi et al., 2023; Arora et al., 2023;
Azman Ong et al., 2023; Chakraborty et al., 2022; Hammouri et al., 2023; Jena, 2023;
Lian & Li, 2021; X. Lin et al., 2022; Merhi et al., 2019; Nur & Panggabean, 2021;
Sudirjo et al., 2023; Tomic et al., 2023; Zaid Kilani et al.,, 2023). The following

hypotheses can therefore be formulated:

H25: A high trusting intention in electromobility has a positive influence on

the behavioural intention (BI) to use EVs.

H26: A high trusting intention in electromobility has a positive influence on
the actual use behaviour (UB) of EVs.

Behavioural intention

"Behavioural intention implies a person's intention to perform a certain
action. Therefore, Behavioural Intention is an important indicator of how likely it
is that one's interest in actual usage will or will not be realised. It is an important
factor for actual behaviour and usually a powerful predictor of use behaviour (F.
D. Davis, 1989; Fishbein & Ajzen, 1975; Venkatesh et al., 2003). In the case of
electromobility, this is the use or purchase of an EV. For electromobility,
"behavioural intention" refers to the willingness to use or own an EV. A high
behavioural intention means that a person is determined to purchase EVs and use
them in their everyday life. Behavioural intention is a key predictor of actual use
and records whether a person is interested in using their own vehicle (Adnan et al,,
2017; Azman Ong et al., 2023; Han et al., 2017; Kumar Jain et al., 2022; M. Zhou et
al., 2021). The following hypothesis is formulated:

H27: A high behavioural intention has a positive influence on the actual use
behaviour (UB) of EVs.

3.3.4.2 Moderator variables

As can be seen in the research model above, the model contains various
constructs that influence behavioural intention (BI), use behaviour (UB) and
trusting intention in electromobility (TI) as direct or mediating variables. The
mediating effects are only moderated in the first half of the mediation, i.e. from the

independent variable to the dependent variable. The second half of the mediation
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is not moderated, as the model is based on theoretical considerations from
acceptance research, in which moderator variables are typically used to explain
differences in the influence of exogenous constructs on intentional or cognitive
intermediate variables, whereby the moderation takes place exclusively in the first
half of the mediation. In contrast, the second half of the mediation, i.e. the path
from the mediator to the dependent final variables such as "use behaviour" or
"trusting intention", remains unmoderated (Blut et al., 2022; Venkatesh et al., 2003).
In addition, according to McKnight et al. (2009) and Hilale et al. (2024), these
relationships are considered to be comparatively stable and less context-sensitive.
Furthermore, selective moderation also serves methodological requirements. It
prevents the model from being overloaded while maintaining the interpretability
of the results (Hilale & Chakor, 2024; H. McKnight et al., 2009).

Furthermore, there are six groups of moderators whose influence on these

constructs and the dependent variables will be analysed.

Based on the concept of Blut et al. 2022 to form moderator groups and to
adapt and supplement these to the research context based on UTAUT 3, six groups
of moderators were identified for this research. These six groups influence the
relationship between the research model's constructs and provide a detailed
picture of the external and internal factors that can impact the acceptance and use
of electromobility (Blut et al., 2022, p. 74). Each individual moderator can contribute
to weakening or strengthening the acceptance in the respective context of the users.
Based on this holistic, exploratory, and comprehensive modelling study,
hypotheses are formulated for each group to identify possible influences in a
context without excluding certain constructs beforehand (Creswell & Guetterman,
2018; Venkatesh et al., 2013; Venkatesh, Brown, et al., 2016).

The following section discusses the reasons why it may be reasonable to
assume that the constructs affecting behavioural intention, use behaviour and
trusting intention in electromobility are moderated by all moderator groups and
the variables they contain, and what points should be taken into account when

considering this:

= If the hypotheses can be considered exploratory and the model is
intended to account for the influence of an extremely wide range of

possible individual differences, the holistic approach is important.
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* Previous research has demonstrated that some of these moderators
have a proven impact on certain constructs. This assumption could be
followed up by formulating appropriate hypotheses and focusing on

known influences.

* The number of hypotheses that follow from the above consideration
cannot be dismissed out of hand. There is a risk of over-modelling the
data, where the analysis contains too many potentially misleading
interactions. The probability of multicollinearity may increase due to

the model's complexity.

* Another aspect, similar to the second consideration, highlights the
risk of false-positive results. Due to the number of hypotheses tested,
these can statistically lead to effects being shown as significant, even

though they are not in reality.

* Another point to consider is practicability, which is determined by the
number of moderators, the necessary sample size, and the resulting
availability of data. If too many assumptions are made in the
aforementioned considerations, this can lead to inconsistent data and
less precise results. Accordingly, it may make sense to limit the
number of hypotheses by formulating them at moderator group level

rather than at individual moderator level.

This study aims to identify the influencing moderators as comprehensively
and exploratively as possible. Accordingly, it is plausible that all moderators are
analysed concerning a moderating effect. This also makes sense in light of the use
of the UTAUT and the large number of moderators identified, as there are few or
no previous studies and the present study is the first comprehensive investigation
(J. F. Hair et al., 2017, p. 36 ff.; Henseler & Fassott, 2010; Sarstedt et al., 2021, p. 22
tf.; Weiber & Sarstedt, 2021, p. 314 ff.).

The six groups of moderators and the specific moderators assigned to each

are briefly explained below and the hypotheses are formulated:
Individual characteristics (IC)

This group contains the demographic factors that can influence the variables
in the model. IC takes into account different user characteristics that influence their

attitude and trust towards EVs. The following moderators are summarised in the
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IC group: age, gender, education, daily travel demand in km, EV driving
experience and occupation/job (Blut et al., 2022; Kotler & Keller, 2016, p. 179 ff.;
Venkatesh, Thong, et al., 2016).

Influence on behavioural intention (BI)

Various demographic characteristics can cause respondents to react
differently to the aforementioned constructs. These include technology affinity,
ease of use, social influence and financial conditions. For example, younger users
may be more likely to respond to performance claims, and income level has a
stronger influence on cost perception (Berkeley et al., 2018; Carley et al., 2013;
Hidrue et al., 2011; Hoen & Koetse, 2014; Sovacool, 2017).

H28: The individual characteristics (age, gender, education, income, daily
distance travelled, EV driving experience, occupation) moderate the influence of

the following constructs on the behavioural intention (BI) to use EVs:

a) Performance expectancy

b) Effort expectancy

¢) Social influence

d) Price value

e) Hedonic motivation

f) Facilitating conditions

g) Habit

h) Compatibility

i) Attitude towards the environment and technology

j) Personal innovativeness

k) Costs

1) Contextual acquaintance

m) Reliability

The hypothesis is confirmed if at least one moderating aspect of the

individual characteristics, e.g. gender, shows a significant moderator effect.

Influence on trusting intention in electromobility (TT)
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Trust in technology could also vary on this basis. Older people are likely to
place more value on trust in technology and structural security, and income level
is positively correlated. Moreover, gender might hold particular interest as it is
respected as a moderator of social influence on trust (Chattopadhyay Mukherjee &
Ryan, 2020; Hilale & Chakor, 2024; Krause et al., 2013; Trommer et al., 2015).

H29: The individual characteristics (age, gender, education, income, daily distance
travelled, EV driving experience, occupation) moderate the influence of the

following constructs on the trusting intention in electromobility (TI) when using
EVs:

a) Performance expectancy
b) Effort expectancy

c) Facilitating conditions
d) Reliability

e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the
individual characteristics, e.g. gender, shows a significant moderator effect.

Influence on use behaviour (UB)

The actual level of use is also linked to various demographic characteristics.
Younger people may be more willing to act on their intentions. People with a higher
level of education may be more willing to expand usage due to their knowledge.
People with higher incomes are more likely to encounter fewer barriers to usage.
People with longer daily transport times may have higher demands for consumer
options (Buhmann & Criado, 2023; C. Lee et al., 2020; Mehdizadeh et al., 2023;
Sovacool et al., 2018).

H30: The individual characteristics (age, gender, education, income, daily
distance travelled, EV driving experience, occupation) moderate the influence of

the following constructs on the actual use behaviour (UB) of EVs:
a) Facilitating conditions
b) Habit
c) Compatibility
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d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of the

individual characteristics, e.g. gender, shows a significant moderator effect.
Situational determinants (SD)

This group describes the personal situation of users, particularly in relation
to their household situation and the infrastructure available there. It is expected to
have an influence on the practicability and willingness to use an EV. The SD group
contains the following moderators: household size, household income, number of
vehicles in household, types of vehicles in household and charging opportunity
(Blut et al., 2022; Kotler & Keller, 2016, pp. 179-187; Sovacool et al., 2018; Venkatesh,
Thong, et al., 2016).

Influence on behavioural intention (BI)

The life situations and personal environments in which users find themselves
may have different influences on the aforementioned constructs. For example, it
can be assumed that someone who already has several vehicles in their household
is more willing to test an electric car as an additional vehicle (Calmbach & Hecht,
2024; Jakobsson et al., 2016; Karlsson, 2017; Rutschmann, 2019).

H31: The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the behavioural intention (BI)

to use EVs:
a) Performance expectancy
b) Effort expectancy
¢) Social influence
d) Price value
e) Hedonic motivation
f) Facilitating conditions
g) Habit
h) Compatibility

i) Attitude towards the environment and technology
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j) Personal innovativeness
k) Costs
1) Contextual acquaintance
m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the
situational determinants, e.g. household size, shows a significant moderator effect.

Influence on trusting intention in electromobility (TI)

Trust in electromobility can vary depending on situational characteristics.
For example, the ability to charge, e.g. at home or at work, influences confidence in
the practicality of use (Axsen et al., 2016; Hilale & Chakor, 2024; Javid & Nejat, 2017;
J. H. Lee et al., 2019; Nazari et al., 2018; Tamor & Milaci¢, 2015).

H32: The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the trusting intention in

electromobility (TT) when using EVs:
a) Performance expectancy
b) Effort expectancy
c) Facilitating conditions
d) Reliability
e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the
situational determinants, e.g. household size, shows a significant moderator effect.

Influence on use behaviour (UB)

Actual usage behaviour can vary depending on situational characteristics.
For example, people with the ability to charge at home are more willing to realise
their behavioural purpose, while people without this option may have more
barriers. It also opens up the possibility that people with higher incomes will switch
to EVs more quickly, as the financial barriers are less important (Hackbarth &
Madlener, 2013; Hess et al., 2012; Mabit & Fosgerau, 2011; Priessner et al., 2018;
Trommer et al., 2015).
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H33: The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the actual use behaviour (UB)
of EVs:

a) Facilitating conditions
b) Habit

c) Compatibility

d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of the
situational determinants, e.g. household size, shows a significant moderator effect.

National culture (NC)

The NC moderator group examines cultural attitudes in various countries

and analyses the differences and their impact on EVs. The moderators of this group
are individualism and masculinity (Blut et al., 2022, p. 28 ff.; Hofstede, 1980).

Influence on behavioural intention (BI)

The reactions of people in different cultures to the aforementioned constructs
may vary. As the influence is much stronger in collectivist cultures, personal
expectations such as performance expectancy and personal innovativeness may
play a more significant role in individualistic cultures. Similarly, men in male-
centred societies may be more achievement-oriented and more successful in

response to performance xpectancy (Triandis, 2004, p. 90 f.).

H34: National culture (individualism, masculinity) moderates the influence of the

following constructs on the behavioural intention (BI) to use EVs:
a) Performance expectancy
b) Effort expectancy
¢) Social influence
d) Price value
e) Hedonic motivation
f) Facilitating conditions

g) Habit
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h) Compatibility

i) Attitude towards the environment and technology

j) Personal innovativeness

k) Costs

) Contextual acquaintance

m) Reliability

The hypothesis is confirmed if at least one moderating aspect of national

culture, e.g. individualism, shows a significant moderator effect.

Influence on trusting intention in electromobility (TT)

Users in collectivist cultures can only develop a high level of trust in
technologies through positive experiences and recommendations from social
groups. In individualistic cultures, on the other hand, the trust process centres on
reliability and the ability of the technology to satisfy individualistic needs. In
addition, the cultural characterisation in terms of masculinity could influence the
weighting of performance aspects and structural safeguards (Hilale & Chakor,
2024; H. McKnight et al., 2009; Triandis & Gelfand, 1998).

H35: National culture (individualism, masculinity) moderates the influence of the
following constructs on the trusting intention in electromobility (TI) when using
EVs:

a) Performance expectancy
b) Effort expectancy

c) Facilitating conditions
d) Reliability

e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of national

culture, e.g. individualism, shows a significant moderator effect.

Influence on use behaviour (UB)

In collectivist cultures, the trusting intention in electromobility could
contribute more strongly to actual use, as in such cultures, the group dynamics

embedded in individual action and the behavioural intention are positively
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correlated with it. In individualistic cultures, for example, the conversion of
behavioural intention into actual behaviour is more dependent on personal
conviction and the actual desire to use ABFs, depending on the assessment of their
performance and reliability. In male-dominated cultures, such influence is more
likely to be evident in actual behaviour (Hofstede, 1980; Triandis, 1995; Y. Zhang et
al., 2018).

H36: National culture (individualism, masculinity) moderates the influence of the

following constructs on the actual use behaviour (UB) of EVs:
a) Facilitating conditions
b) Habit
c) Compatibility
d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of national

culture, e.g. individualism, shows a significant moderator effect.
Technical determinants (T)

This group of technical determinants contains the moderators with technical
characteristics of EVs and should help to determine how well technical moderators
can fulfil the needs of users and thus influence the acceptance of EVs. This group
includes the moderators of motor power, driving range and charging time (Blut et
al,, 2022, p. 34 ff.; Im et al., 2008; Meuter et al., 2005; Venkatesh, Thong, et al., 2016;
Wicki et al., 2022, pp. 71-72).

Influence on behavioural intention (BI)

Depending on the nature of the technological features of electric cars, such as
motor power and range, users may react differently to the aforementioned
constructs. For example, high motor power may strengthen performance
expectancy and increase behavioural intention, especially fans of performance and
driving enjoyment. On the other hand, a high range would likely strengthen the
influence on facilitating conditions, as users need to worry less about the number
of charging sessions (Larson et al., 2015; Mabit & Fosgerau, 2011; She et al., 2017;
Ziegler, 2012).
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H37: The technical determinants (motor power, range, charging time)
moderate the influence of the following constructs on the behavioural intention (BI)
to use EVs:

a) Performance expectancy

b) Effort expectancy

c) Social influence

d) Price value

e) Hedonic motivation

f) Facilitating conditions

g) Habit

h) Compatibility

i) Attitude towards the environment and technology

j) Personal innovativeness

k) Costs

) Contextual acquaintance

m) Reliability

The hypothesis is confirmed if at least one moderating aspect of the technical

determinants, e.g. motor power, shows a significant moderator effect.

Influence on trusting intention in electromobility (T1)

Some features of the technology could also strengthen trust in electromobility
as a technology. This is particularly the case if the distance to be travelled is long.
For example, a long range could increase both the confidence in the use and the
level of trust in the practicability of EVs. Charging the vehicles could also relativise
the reliability and facilitating conditions. If the charging time is short, this could
also strengthen confidence in EVs (Carley et al., 2013; Egbue & Long, 2012;
Hackbarth & Madlener, 2013; Hilale & Chakor, 2024).

H38: The technical determinants (motor power, range, charging time) moderate the
influence of the following constructs on the trusting intention in electromobility
(TT) when using EVs:

a) Performance expectancy
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b) Effort expectancy

c) Facilitating conditions
d) Reliability

e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the technical

determinants, e.g. motor power, shows a significant moderator effect.

Influence on use behaviour (UB)

Two technical moderators that are assumed to influence the transition from
behavioural intention to actual use are range and charging times. A longer range
could facilitate actual usage behaviour, as users will need to undertake fewer
charging cycles in practice. In addition, a short charging cycle can help to lower the
hurdle towards actual utilisation (Bockarjova & Steg, 2014; Hidrue et al,, 2011;
Kempton, 2016).

H39: The technical determinants (motor power, range, charging time)
moderate the influence of the following constructs on the actual use behaviour (UB)
of EVs:

a) Facilitating conditions
b) Habit

c) Compatibility

d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of the technical

determinants, e.g. motor power, shows a significant moderator effect.
Contextual determinants (CD)

This group encompasses framework conditions, such as market availability
or political conditions, that can either support or hinder the acceptance of EVs.
They thus influence how attractive EVs are for consumers. The CD group includes
the following moderators: market availability, charging availability, environmental
impact and policy and incentives (Blut et al., 2022, p. 60 ff.; Borrero et al., 2014;
Venkatesh, Thong, et al., 2016; Wicki et al., 2022, pp. 71-73).
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Influence on behavioural intention (BI)

Depending on moderators of the context, such as charging availability or
political decisions and incentives, users could react differently to these constructs.
If charging availability is high, then effort expectancy has a weaker influence on
behavioural intention, as the perceived ease of use increases. Government
incentives could reduce the influence on costs, which in turn leads to a
strengthening of behavioural intention (Axsen et al., 2016; Briickmann & Bernauer,
2020; Egbue & Long, 2012).

H40: The contextual determinants (market availability, charging availability,
environmental impact, politics and incentives) moderate the influence of the

following constructs on the behavioural intention (BI) to use EVs:
a) Performance expectancy
b) Effort expectancy
c) Social influence
d) Price value
e) Hedonic motivation
f) Facilitating conditions
g) Habit
h) Compatibility
i) Attitude towards the environment and technology
j) Personal innovativeness
k) Costs
) Contextual acquaintance
m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the

contextual determinants, e.g. market availability, shows a significant moderator
effect.

Influence on trusting intention in electromobility (T1)

Charging availability and environmental impacts under the contextual
conditions could affect trust in EMOB. Facilitating conditions and structural

assurance could be improved by a well-developed charging infrastructure, which
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would strengthen the perception of reliability and support, thereby increasing trust
in the technology. Political decisions and incentives in favour of electromobility
would also have a positive effect on the confidence of users, as they would feel
understood and supported by politicians to embark on the path towards a new
drive technology (Coffman et al., 2017; Graham-Rowe et al., 2012; Hilale & Chakor,
2024; S. Wang et al., 2018).

H41: The contextual determinants (market availability, charging availability,
environmental impact, politics and incentives) moderate the influence of the
following constructs on the trusting intention in electromobility (TI) when using
EVs:

a) Performance expectancy
b) Effort expectancy

c) Facilitating conditions
d) Reliability

e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the
contextual determinants, e.g. market availability, shows a significant moderator
effect.

Influence on use behaviour (UB)

Politics and incentives and market availability are contextual moderators and
can influence the transition from the intention to use to actual use. For example,
behavioural intention could be supported by government subsidies or tax
incentives by reducing financial barriers. High market availability is another key
variable that could have a supportive effect by supporting consumers in their
purchasing decisions, provided that a sufficient number of suppliers and model
diversity are available on the market (Chorus et al., 2013; Hoen & Koetse, 2014; R.
A. Huber & Wicki, 2021; Wicki et al., 2019).

H42: The contextual determinants (market availability, charging availability,
environmental impact, politics & incentives) moderate the influence of the

following constructs on the actual use behaviour (UB) of EVs:

a) Facilitating conditions
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b) Habit

c) Compatibility

d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of the

contextual determinants, e.g. market availability, has a significant moderator effect.
Experience

This moderator group comprises the variables of the user's experience
(knowledge, familiarity) with or about EVs. Experience is a relevant factor that
contributes to the decision of whether users accept and use EVs (Blut et al., 2022;
K. Dudenhoffer, 2015; Venkatesh et al., 2012; Venkatesh & Davis, 2000).

Influence on behavioural intention (BI)

Users with greater knowledge and familiarity with electric mobility
technology may react to the aforementioned constructs in different ways. For
example, familiarity with the user operation could reduce the influence of effort
expectancy, as more experienced users find the operation less demanding.
knowledge about the technology could also increase the influence of performance
expectancy by making the perceived benefits clearer and thus strengthening the
behavioural intention (Carley et al., 2013; Y. Zhang et al., 2011).

H43: The experience group (knowledge and familiarity) moderates the influence of

the following constructs on the behavioural intention (BI) to use EVs:
a) Performance expectancy
b) Effort expectancy
¢) Social influence
d) Price value
e) Hedonic motivation
f) Facilitating conditions
g) Habit
h) Compatibility

i) Attitude towards the environment and technology
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j) Personal innovativeness
k) Costs
1) Contextual acquaintance
m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the
experience group, e.g. knowledge, shows a significant moderator effect.

Influence on trusting intention in electromobility (T1)

Users who have further knowledge about electromobility may have a higher
trusting intention. Knowledge and familiarity may increase the influence of
structural assurance by strengthening users' perceptions of how government
subsidies or institutional assurances will work. Similarly, higher knowledge could
alter the influence of reliability on trust intention, as informed users are better able
to judge the technical benefits and risks (Hidrue et al., 2011; Hilale & Chakor, 2024;
Larson et al., 2015).

H44: The experience group (knowledge and familiarity) moderates the influence of
the following constructs on the trusting intention in electromobility (TI) when

using EVs:

a) Performance expectancy
b) Effort expectancy

c) Facilitating conditions
d) Reliability

e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the
experience group, e.g. knowledge, shows a significant moderator effect.

Influence on use behaviour (UB)

Experience with electric mobility can also facilitate the perception of use from
behavioural intention to actual use. Users who are familiar with EVs may tend to
strengthen their intention, as there are fewer uncertainties and concerns associated

with them. In addition, knowledge can increase the influence of trust intention on
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usage behaviour, as the user's technical knowledge gives them the feeling of

knowing and being able to use the technology (Biihler et al., 2014; Burgess et al.,
2013; Globisch et al., 2018; Schmalfufs et al., 2017).

H45: Experience (knowledge and familiarity) moderates the influence of the

following constructs on the actual use behaviour (UB) of EVs:

a) Facilitating conditions
b) Habit

c) Compatibility

d) Personal innovativeness

e) Costs

The hypothesis is confirmed if at least one moderating aspect of the

experience group, e.g. knowledge, has a significant moderator effect.

3.3.4.3 Hypothesis summary

Table 21 lists the 45 research hypotheses identified:

Table 21: Conclusion of research hypothesises

Basic hypotheses based on the constructs of the research model that can be directly influenced.

H1 Performance expectancy has a positive influence on the behavioural intention (BI) to
use EVs.

H2 Performance expectancy has a positive influence on the trusting intention in electric
mobility (TI) to use EVs.

H3 Effort expectancy has a positive influence on the behavioural intention (BI) to use
EVs.

H4 Effort expectancy has a positive influence on the trusting intention in electromobility
(TI) to use EVs.

H5 Social influence has a positive influence on behavioural intention (BI) to use EVs.

Heé Price value has a positive influence on the behavioural intention (BI) to use EVs.

H7

Hedonic motivation has a positive influence on the behavioural intention (BI) to use

EVs.
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HS8 Facilitating conditions have a positive influence on the behavioural intention (BI) to
use EVs.

H9 Facilitating conditions have a direct positive influence on the use behaviour (UB) of
EVs.

H10 | Facilitating conditions have a positive influence on the trusting intention in

electromobility (TT) to use EVs.

H11 | Habit has a positive influence on the use behaviour (UB) to use EVs.

H12 Habit has a direct positive influence on the use behaviour (UB) for the use of EVs.

H13 Compeatibility has a positive influence on the behavioural intention (BI) to use EVs.

H14 Compeatibility has a direct positive influence on the use behaviour (UB) for the use of

EVs.

H15 A positive technological and environmental attitude significantly increases the

behavioural intention (BI) to use EVs.

H16 A high level of personal innovativeness has a positive influence on behavioural

intention (BI) to use EVs.

H17 A high level of personal innovativeness has a direct positive influence on the use

behaviour (UB) for the use of EVs.

H18 | Perceived high costs have a negative influence on the behavioural intention (BI) to

use EVs.

H19 Perceived high costs have a direct negative influence on the actual use behaviour

(UB) to use EVs.

H20 A high perceived reliability has a positive influence on the behavioural intention (BI)

to use EVs.

H21 | High perceived reliability has a positive influence on the trusting intention in

electromobility (TI) to use EVs.

H22 | A high level of contextual awareness has a positive influence on behavioural

intention (BI) to use EVs.

H23 A high level of contextual acquaintance has a positive influence on the trusting

intention in electromobility (TI) towards EVs.

H24 | Ahigh level of structural assurance has a positive influence on the trusting intention

in electromobility (TT) towards EVs.
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H25 | A high trusting intention in electromobility has a positive influence on the
behavioural intention (BI) to use EVs.

H26 | A high trusting intention in electromobility has a positive influence on the actual use
behaviour (UB) of EVs.

H27

A high behavioural intention has a positive influence on the actual use behaviour

(UB) of EVs.

Additional hypotheses based on the moderating groups and the variables they contain.

The individual characteristics (age, gender, education, daily distance travelled, EV
driving experience, occupation) moderate the influence of the following constructs

on the behavioural intention (BI) to use EVs:

a) Performance expectancy
b) Effort expectancy
) Social influence
d) Price value
e) Hedonic motivation
H28 f) Facilitating conditions
g) Habit
h) Compatibility
i) Attitude towards the environment and technology
7) Personal innovativeness
k) Costs
1) Contextual acquaintance
m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the individual
characteristics, e.g. gender, shows a significant moderator effect.
The individual characteristics (age, gender, education, daily distance travelled, EV
driving experience, occupation) moderate the influence of the following constructs
on the trusting intention in electromobility (TI) when using EVs:
a) Performance expectancy
H29
b) Effort expectancy
C) Facilitating conditions

d) Reliability

e) Contextual acquaintance
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f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the individual

characteristics, e.g. gender, shows a significant moderator effect.

The individual characteristics (age, gender, education, daily distance travelled, EV
driving experience, occupation) moderate the influence of the following constructs

on the actual use behaviour (UB) of EVs:

a) Facilitating conditions
H30 b) Habit

) Compeatibility

d) Personal innovativeness

e) Costs
The hypothesis is confirmed if at least one moderating aspect of the individual
characteristics, e.g. gender, shows a significant moderator effect.
The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the behavioural intention (BI)
to use EVs:

a) Performance expectancy

b) Effort expectancy

) Social influence

d) Price value

e) Hedonic motivation

H31 f) Facilitating conditions

g) Habit

h) Compatibility

i) Attitude towards the environment and technology

j) Personal innovativeness

k) Costs

1) Contextual acquaintance

m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the situational

determinants, e.g. household size, shows a significant moderator effect.
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The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the trusting intention in

electromobility (TI) when using EVs:

a) Performance expectancy
H32 b) Effort expectancy
) Facilitating conditions
d) Reliability
e) Contextual acquaintance
f) Structural assurance
The hypothesis is confirmed if at least one moderating aspect of the situational
determinants, e.g. household size, shows a significant moderator effect.
The situational determinants (household size, household income, number of
vehicles in the household, vehicle types in the household, possibility of charging)
moderate the influence of the following constructs on the actual use behaviour (UB)
of EVs:
a) Facilitating conditions
H33 b) Habit
) Compatibility
d) Personal innovativeness
e) Costs
The hypothesis is confirmed if at least one moderating aspect of the situational
determinants, e.g. household size, shows a significant moderator effect.
National culture (individualism, masculinity) moderates the influence of the
following constructs on the behavioural intention (BI) to use EVs:
a) Performance expectancy
b) Effort expectancy
) Social influence
H34 d) Price value
e) Hedonic motivation
f) Facilitating conditions
g) Habit

h) Compatibility

i) Attitude towards the environment and technology
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i) Personal innovativeness
k) Costs
1) Contextual acquaintance

m) Reliability
The hypothesis is confirmed if at least one moderating aspect of national culture, e.g.

individualism, shows a significant moderator effect.

National culture (individualism, masculinity) moderates the influence of the

following constructs on the trusting intention in electromobility (TI) when using

EVs:
a) Performance expectancy
b) Effort expectancy
H35 ) Facilitating conditions

d) Reliability
e) Contextual acquaintance
f) Structural assurance
The hypothesis is confirmed if at least one moderating aspect of national culture, e.g.

individualism, shows a significant moderator effect.

National culture (individualism, masculinity) moderates the influence of the

following constructs on the actual use behaviour (UB) of EVs:

a) Facilitating conditions
b) Habit

H36 ) Compatibility
d) Personal innovativeness
e) Costs

The hypothesis is confirmed if at least one moderating aspect of national culture, e.g.

individualism, shows a significant moderator effect.

The technical determinants (motor power, range, charging time) moderate the

influence of the following constructs on the behavioural intention (BI) to use EVs:

a) Performance expectancy
H37 b) Effort expectancy

) Social influence

d) Price value

e) Hedonic motivation

f) Facilitating conditions
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g) Habit

h) Compatibility

i) Attitude towards the environment and technology
i) Personal innovativeness

k) Costs

1) Contextual acquaintance

m) Reliability

The hypothesis is confirmed if at least one moderating aspect of the technical

determinants, e.g. motor power, shows a significant moderator effect.

The technical determinants (motor power, range, charging time) moderate the
influence of the following constructs on the trusting intention in electromobility (TT)

when using EVs:

a) Performance expectancy
b) Effort expectancy
H38 ) Facilitating conditions
d) Reliability
e) Contextual acquaintance
f) Structural assurance
The hypothesis is confirmed if at least one moderating aspect of the technical
determinants, e.g. motor power, shows a significant moderator effect.
The technical determinants (motor power, range, charging time) moderate the
influence of the following constructs on the actual use behaviour (UB) of EVs:
a) Facilitating conditions
b) Habit
H39 ) Compatibility
d) Personal innovativeness
e) Costs
The hypothesis is confirmed if at least one moderating aspect of the technical
determinants, e.g. motor Power, shows a significant moderator effect.
The contextual determinants (market availability, charging availability,
environmental impact, politics & incentives) moderate the influence of the following
H40

constructs on the behavioural intention (BI) to use EVs:
a) Performance expectancy

b) Effort expectancy
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) Social influence

d) Price value

e) Hedonic motivation

f) Facilitating conditions
g) Habit

h) Compeatibility

i) Attitude towards the environment and technology
)] Personal innovativeness
k) Costs

1) Contextual acquaintance
m) Reliability

The hypothesis is confirmed if at least one moderating aspect of the contextual

determinants, e.g. market availability, shows a significant moderator effect.

The contextual determinants (market availability, charging availability,
environmental impact, politics & incentives) moderate the influence of the following

constructs on the trusting intention in electromobility (TI) when using EVs:

a) Performance expectancy
b) Effort expectancy

H41 ) Facilitating conditions
d) Reliability
e) Contextual acquaintance
f) Structural assurance

The hypothesis is confirmed if at least one moderating aspect of the contextual

determinants, e.g. market availability, shows a significant moderator effect.

The Contextual Determinants (market availability, charging availability,
environmental impact, politics & incentives) moderate the influence of the following

constructs on the actual use behaviour (UB) of EVs:

a) Facilitating conditions
H42 b) Habit

) Compatibility

d) Personal innovativeness

e) Costs

The hypothesis is confirmed if at least one moderating aspect of the contextual

determinants, e.g. market availability, has a significant moderator effect.
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The experience group (knowledge and familiarity) moderates the influence of the

following constructs on the behavioural intention (BI) to use EVs:

a) Performance expectancy
b) Effort expectancy
) Social influence
d) Price value
e) Hedonic motivation
f) Facilitating conditions
H43 g) Habit
h) Compeatibility
i) Attitude towards the environment and technology
j) Personal innovativeness
k) Costs
1) Contextual acquaintance
m) Reliability
The hypothesis is confirmed if at least one moderating aspect of the experience
group, e.g. knowledge, shows a significant moderator effect.
The experience group (knowledge and familiarity) moderates the influence of the
following constructs on the trusting intention in electromobility (TI) when using
EVs:
a) Performance expectancy
b) Effort expectancy
H44 ) Facilitating conditions
d) Reliability
e) Contextual acquaintance
f) Structural assurance
The hypothesis is confirmed if at least one moderating aspect of the experience
group, e.g. knowledge, shows a significant moderator effect.
Experience (knowledge and familiarity) moderates the influence of the following
construct on the actual use behaviour (UB) of EVs:
H45 a) Facilitating conditions
b) Habit
) Compatibility

d) Personal innovativeness
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e) Costs

The hypothesis is confirmed if at least one moderating aspect of the experience

group, e.g. knowledge, has a significant moderator effect.

Source: Own illustration
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IV METHODOLOGY

The aim of Chapter 4 is to present the methodological approach for
empirically testing the research model developed. To this end, the structural
equation modelling procedure is first explained, including the model structure,
estimation procedure and interaction effects. This is followed by the detailed
operationalisation of the model variables, including scaling, indicator selection and
questionnaire development. In addition, the study design is described, including
data collection, sample description and the use of a market research institute.
Chapter 4 thus lays the methodological foundation for the subsequent evaluation
and validation of the model, ensuring that the empirical analysis is based on a

valid, reliable, and theory-driven foundation.

4.1 PRELIMINARY CONSIDERATIONS FOR THE METHODOLOGY CHAPTER

Based on the research model described and the hypotheses derived, a study
design based on quantitative methods is proposed. This design will be used to
comprehensively analyse the moderating and direct influences on the acceptance
and use of EVs. The quantitative survey is the key method for testing the derived
hypotheses. It makes it possible to measure and statistically test the moderating
effects of the various determinants and constructs in the research model (Chin,
1998, p. 306; Raithel, 2008, p. 14 ff.).

= Sample: The sample should include as large and representative a
number of participants as possible, covering different demographic
groups in terms of age, gender, income and cultural contexts such as
different countries or regions. There should be enough participants to
test the effects of the moderators in a statistically plausible way (Gade
& Schermelleh-Engel, 2023, p. 935).

* Questionnaire: The questionnaire should cover all relevant variables
of the model. The relevant constructs are performance expectancy,
effort expectancy, trusting intention, behavioural intention, use

intention and moderators such as individual characteristics,
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situational characteristics, national culture and experience. The
questionnaire should be administered using a Likert scale, for
example, from 1 to 7, to measure the study participants' opinion
statements (Biihner, 2006; Moosbrugger & Kelava, 2020).

Survey method: The method could be online to have a wider reach
and accessibility for different groups. Face-to-face aspects could also
be useful, for example, with older people or in rural areas, to achieve
a more balanced distribution of different groups across the samples
(Eichhorn, 2004; Lippold, 2015b; Stein, 2022).

Analysis plan:

Structural equation modelling (SEM): This enables the examination of
direct and indirect paths between the constructs in the model. In this
case, SEM is suitable for testing the relationships between PE, trusting
intention, behavioural intention and use behaviour (Backhaus et al.,
2021; Chin, 1998, p. 297; ]. F. Hair et al., 2006, p. 711; Kornmeier, 2009a,
p. 167).

Moderation analysis: A hierarchical regression analysis with separate
integration of the relevant moderator within the SEM is used to
explore the moderating effects for IC, SC, NC, and Experience (Kohl,
2021).

The strengths and weaknesses of this survey method will be discussed and

evaluated below. This will begin with a consideration of the advantages of

structural equation modelling:

Objectivity and generalisability

A quantitative survey is characterised by the ability to collect
objective and quantifiable data. This leads to a statistical analysis that
is less susceptible to the subjective biases that often occur in
qualitative work (Homburg & Klarmann, 2006, p. 11; Schmidt, 2009,
p. 246).

With a sufficiently large sample and a representative population
group, the survey can also be transferred to the general public. This is

particularly evident when determining the acceptance and behaviour
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of EVs in the population as a whole (Backhaus et al., 2016; Weiber &
Miihlhaus, 2014, p. 65).

Statistical validation of the hypotheses

The electromobility model contains a complex set of hypotheses that
can be tested quantitatively. Quantitatively collected information is
ideal for validating these hypotheses with structural equation
modelling and moderation analyses, which explain the direct and
indirect effects and interactions between the constructs (Globisch et
al., 2018).

Furthermore, it is an excellent method for determining causal
relationships, especially since the model encompasses numerous
constructs and moderator variables. However, due to the cross-
sectional research design, a sufficient causal validation of identified
influences is not given, regardless of the complexity of the SEM
(Ashrafi et al., 2022; L. Zhang et al., 2012).

Efficiency of data collection

A quantitative survey enables the collection of data quickly through
an online survey. This makes it a cost-effective and time-efficient
method for collecting a large amount of information from a relatively

small number of resources (Hecht et al., 2024).

A large sample size also enables studies that include subgroup
analyses, allowing for more specific results to be obtained (Cornesse
et al., 2020).

Moderators and control variables

The quantitative survey enables the systematic recording of
numerous moderators and control variables, allowing for the
statistical examination of their respective influence on behavioural
intention and use behaviour. Factors such as age, gender, charging
availability, or political incentives can be relevant to the acceptance of
EVs (Foscht et al., 2017; Janzik, 2022).
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In addition to the aforementioned advantages of a quantitative survey, there

are also some potential disadvantages associated with it, particularly in relation to

data collection and analysis.

Limited in-depth information:

A purely quantitative survey does not provide detailed information
about why respondents have certain reasons and motivations.
Qualitative methods, such as interviews or focus groups, could help
gain deeper insights into why certain factors are important or

perceived, for example (Blatter et al., 2018).

These are missing in a purely quantitative approach. Potentially
subtle and context-specific influences, such as personal concerns or
cultural characteristics, cannot be fully captured (Lippold, 2019, p. 8;
Sauer & Ringbeck, 2024, p. 5).

Dependence on self-reporting:

A quantitative survey is based on participants' self-reporting, which
can lead to socially desirable behaviour and personal bias.
Respondents may tend to embellish their attitudes towards electric
mobility, especially with regard to the environmental aspect (Gordon
& Nelke, 2017; Konigstorfer, 2008).

A standardised questionnaire also offers less flexibility to respond to

individual differences in the respondent's understanding or
background (Schlipphak & Isani, 2020, p. 353 ff.; Schnapp et al., 2006,

p. 21).

Complexity of the model and data analysis:

The research model, with a large number of variables and moderators,
is complex and requires an elaborate data analysis. The
implementation of structural equation modelling requires extensive
knowledge of statistics as well as very clean data collection in order
to obtain valid and trustworthy results (Blut et al., 2022).

There is also a risk of multicollinearity if many thresholds are
analysed simultaneously. This could affect the robust results,
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especially if the sample is not sufficiently large (Eid & Schmidt, 2014;
Homburg & Klarmann, 2006).

As a result, it can be stated that the choice to use only a quantitative survey
as the primary method is a sensible and efficient decision if the aim is to conduct a
generalisable, objective, and statistically valid analysis of the acceptance of EVs
(Fazel, 2014). It will be helpful to quantify the hypotheses and test the moderators,
as this will enable a statistically reliable statement to be made regarding which
factors have the strongest influence on behavioural intention and actual usage
behaviour (Kasperk et al., 2024; Sauer & Ringbeck, 2024; Stumpp et al., 2021).
Furthermore, the quantitative analysis enables the identification of differences
between various demographic and situational moderator groups. However, it is
necessary to consider the potential limitations. Without a qualitative component, it
is not possible to gain deeper insights into users' motivations. In addition, subtle
contextual differences could be overlooked (Blatter et al., 2018). It is therefore
essential to acknowledge these limitations in the interpretation of the results and
to recognise potential biases resulting from self-reporting and social desirability.
To counter these disadvantages, it is necessary to deepen the findings from the
quantitative survey through a further qualitative study, if necessary. It can be
stated that the quantitative study can serve as a starting point for further research
work (Gordon & Nelke, 2017; Konigstorfer, 2008).

In conclusion, it should be noted that the quantitative survey represents an
efficient, objective and generalisable way of analysing the research model and the
hypotheses. However, it does not provide fully detailed insights into the
motivations of the respondents. This could be achieved through a complementary

qualitative method in a further phase (Tausendpfund, 2018).

4.2 STRUCTURAL EQUATION MODELLING

421  Structural equation modelling to test theoretical cause-and-effect

relationships

The previous chapter has made it clear that SEM is the method of choice for
investigating the theoretical research model. The structural equation modelling
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method is a causal analysis. SEM allows empirical testing and validation of
theoretically derived statements about causal relationships. Structural equation
modelling is one of the multivariate analysis methods. Multivariate analysis
methods are characterised by the fact that several statistical variables can be
examined in parallel. In comparison, univariate analysis methods only allow one
variable to be analysed (Backhaus et al., 2018; Chin, 1998, p. 297).

The basic mode of operation of SEM is that they test theoretically assumed
relationships, which is why SEM have a theory-testing (confirmatory) character.
There are numerous fields of application, for example in psychology, social
sciences, economics and, last but not least, in technology research. A combination
of theory-testing and theory-building (explorative) approaches is often used. This
is because the theoretical relationship has not necessarily been fully proven in all
application situations and certain (additional) model specifications may be
required. This can also include the present research model, which is based on an
existing research model (UTAUT3) but has been extended with additional variables
and hypotheses to best reflect the research objective (J. F. Hair et al., 2006, p. 711;
Kornmeier, 2009b, p. 167).

Before the actual structural equation analysis can be started, modelling must
first have taken place. This means that a theoretical derivation of the hypotheses
about the relationship structures of the variables has taken place. In the further
course, the theoretically derived causal relationships are checked by means of path
analysis. The results are visualised in a path diagram so that the dependency
relationships are shown and the model structure is made comprehensible
(Herrmann et al., 2006, p. 35; Hildebrandt & Gorz, 1997, p. 2 £.).

At the core of structural equation analysis is the examination of latent
variables, i.e. constructs in the structural equation model that cannot be measured
directly. The latent variables are identified via manifest indicators (observable
items). The expression of a latent variable is based on a weighted linear
combination of the indicators and a residual error (Bortz & Doring, 2023; Eichhorn,
2004, p. 14 f.; Homburg & Klarmann, 2006, p. 728). This means that the structural
equation models combine multivariate analysis methods such as regression or
factor analysis. Factor loadings (also known as "weights") determine the

relationship between indicators and latent variables. A distinction can be made
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between two types of measurement models: reflective and formative measurement
models. Reflective measurement models enable the testing of a causal effect of a
latent variable on one or more indicators, whereas formative measurement models
assess the causal effects of items on a factor. The factor loadings provide
information about the variance distribution between items and latent variables
(Henseler, 2005, p. 74; Herrmann et al., 2006, p. 37). In order to make the latent
variables measurable, the indicators must be described and operationalised. This
means that the indicators must explain the constructs (latent variables) in the most

effective way possible (Zinnbauer & Eberl, 2005, p. 4).

In terms of significance and prevalence, structural equation models are
generally recognised as suitable for depicting complex cause-and-effect
relationships (interdependencies). A combination of econometric methods and the
concept of latent variables is possible here. Structural equation modelling was
introduced by Bagozzi in 1980 and has since become widely adopted worldwide.
In addition to Bagozzi, Fornell and Larcker (1981) and Joreskog and Wold (1982)
have also contributed significantly to this with their further developments. (R. P.
Bagozzi, 1980; Baumgartner & Homburg, 1996, p. 139; Eberl, 2004, p. 11; Fornell &
Larcker, 1981; K. G. Joreskog & Wold, 1982).

Today, structural equation models have established themselves as a quasi-
standard in empirical research, as they are ideal for analysing causal relationships.
In addition to their original field of application in innovation and marketing
research, they are now widely used in social and market research. The importance
of SEM for analysing observable and latent variables should be particularly
emphasised here (Baumgartner & Homburg, 1996, p. 140 £.; J. F. Hair et al., 2017;
Hildebrandt & Gorz, 1997).

In order to correctly classify the significance of SEM, it is worth taking a look
at the past: the first generation of data analysis methods was based on regression
analyses, with which the effect of independent variables on dependent variables
could be investigated. In contrast, structural equation modelling, which is widely
used today, represents the second generation of data analysis methods. These allow
the modelling of complex interdependency structures, including the consideration
of reciprocal relationships and chains of effects between independent variables.

Accordingly, further research questions can also be investigated, as SEM can
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extend beyond a simple 1-to-1 relationship (Gefen, 2000, p. 3 £.; Zinnbauer & Eber],
2005, p. 2).

Another advantage of SEM over regression analyses is the modelling of
complex processes and interdependencies. As a result, SEMs make a greater
contribution to the theoretical and practical gain in knowledge (Gefen, 2000, p. 4
f.). Additionally, the exploratory investigation of causal relationships enables the
empirical testing of theoretical hypotheses. Due to these advantages, structural
equation modelling has identified new problem areas in recent years and triggered
research activities. As a result, the methodology has also been continuously
developed (Frein et al., 2007, p. 2; Hildebrandt & Gorz, 1997, pp. 1, 7).

This development has also led to improvements in statistical programmes
that enable the calculation of relationships between independent and dependent
variables as well as the evaluation and estimation of latent constructs in a single
calculation operation. In the past, this was achieved using tedious individual
calculations in programmes such as SPSS. Today, programmes such as Lisrel,
MPlus, SmartPLS or Amos are used, which also offer predominantly user-friendly
interfaces, which in turn enables access to structural equation modelling and has
increased acceptance in the research community (Albers & Hildebrandt, 2006, p. 5;
Gefen et al., 2000, p. 3 ff.; Hildebrandt & Gorz, 1997, p. 1; Urban & Mayerl, 2006, p.
15).

4.2.2  Structure of structural equation models

Structural equation models combine factor and path analysis in their basic
principle. The dependency relationships between the latent variables are estimated
based on the variances and covariances between model indicators. A structural
equation model can be divided into the exogenous measurement model, the
endogenous measurement model and the structural model (Hildebrandt & Gorz,
1997, p. 2 {.; Zinnbauer & Eberl, 2005, p. 2), as shown in Figure 32:



CHAPTER IV - METHODOLOGY 215

Figure 32: Structure of structural equation models
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Source: Own illustration based on (Hildebrandt & Gorz, 1997, p. 2 f.)

The structural model, also known as the inner model, specifies the
dependencies of the latent, not directly measurable variables. The path coefficients
are measured using directed correlations (regression). The path coefficients are also
referred to as partial standardised regression weights and can assume values
ranging from +1 to -1. The path coefficients describe the effect of the change that a
latent independent variable has on a latent dependent variable. For example, a
value of +1 means that an increase in the independent variable by one standard
deviation leads to an increase in the dependent variable by one standard deviation
(Biihner, 2006, p. 237 f.; Herrmann et al., 2006, p. 36; Jahn, 2016; Zinnbauer & Eberl,
2005, p. 2).

The measurement model, on the other hand, describes the relationships
between the manifest indicators (x,y) and the latent variables. The measurement
model consists of the exogenous measurement model and the endogenous
measurement model. The exogenous measurement model contains the
independent latent variables (€1, £2), and the endogenous measurement model
contains the dependent latent variable (n1). In practice, the complete explanation
of the latent variables is rarely successful; accordingly, the residual variance(cn) is
used to explain variance that has not been fully captured (Herrmann et al., 2006, p.
36).
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Measurement errors (so-called residuals or residual measurement errors) are
used to counter and take into account the errors of the indicators or constructs that
occur during measurement. These measurement errors are labelled with dn and en.
By taking measurement errors into account, a further advantage of SEM becomes
clear: in addition to analysing the structural and measurement model, the
measurement error is also evaluated and included as unexplained model variance
of the structural model and the observable indicators of the measurement
model(Gefen et al., 2000, p. 5; Herrmann et al., 2006, p. 36).

4.2.3 Measurement of model constructs

Latent variables can be operationalised using reflective and formative
measurement models. The difference lies in the direction of the effect relationship
between the construct and the associated indicators/items (Albers, 2010, p. 409 ff.).

The two options are explained in the following.
Reflective measurement models:

In reflective measurement models, the latent wvariable causes the
characteristics of the assigned indicators (Eberl, 2004, p. 4, Edwards & Bagozzi,
2000, p. 157; Henseler & Fassott, 2010), as shown in Figure 33:

Figure 33: Structure of reflective measurement models

o011 — Indicator x11
r12
Exogenous
012 — [r13 Indicator x12 construct
23 ¢l
013 — Indicator x13

Source: Own illustration based on (Fassott & Eggert, 2005, p. 37).

A fundamental characteristic of measurement models is that a change in the
latent variable results in a corresponding change in all indicators. If the indicators
are fully correlated with each other, they can be exchanged flexibly. Accordingly,

the random measurement error dn (exogenous residuals) or en (endogenous
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residuals) to be taken into account always leads to a correlation of less than 1
(Herrmann et al., 2006, p. 36; Jarvis et al., 2003, p. 200).

Indicators that show no or only a low correlation r with other indicators point
to a different construct. These other constructs are either located elsewhere or not
included in the research model at all. They are therefore not suitable for measuring
the latent variable being analysed and must be removed. The adjustment of the
indicators is based on statistical quality criteria (Churchill, 1979, p. 64 f.; Rossiter,
2002, p. 313; Zinnbauer & Eberl, 2005, p. 4).

Formative measurement models:

In formative measurement models, on the other hand, the indicators shape
the latent variable, which means that a reversal of the effect relationship between
construct and indicators is assumed (Albers, 2010, p. 409 ff.; Eberl, 2004, p. 5).

Figure 34: Structure of formative measurement models

Indicator x21 A21

Exogenous
Indicator x22 construct
E2
Indicator x23 A23
02
Source: Own illustration based on (Fassott & Eggert, 2005, p. 37).

The most significant difference between reflective measurement models and
formative measurement models is that the indicators in a formative measurement
model do not need to correlate with each other, as only a causal relationship
between the indicator and the latent variable is required. This also means that a
change in the indicator also causes a change in the construct. It is also not possible
to remove an indicator, as this would also result in a change to the construct or an
incomplete construct. It is therefore not possible to subsequently remove one or
more indicators. Analogue to the procedure for reflective measurement models, an
error term On must also be included in formative measurement models, which

indicates deviations between indicators and the actually measured construct value
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(Diamantopoulos & Winklhofer, 2001, p. 271; Herrmann et al., 2006, p. 36; Jarvis et
al,, 2003, p. 201; Zinnbauer & Eberl, 2005, p. 4 f.).

Determination of the specification parameters

In conclusion, it can be stated that reflective models are the dominant
approach in the literature. It has also been established that many constructs can be
specified both reflectively and formatively (Eberl, 2004, p. 15; Fassott & Eggert,
2005, p. 42 ff.; Jarvis et al., 2003, p. 205 ff.; Rossiter, 2002, p. 317). It has also been
found that misspecification often occurs in about 30-35% of scientific

misspecifications (Fassott, 2006, p. 67).

Based on these findings, the literature recommends using predominantly
reflective indicators and only using formatively specified indicators selectively.
The type of specification should be adapted to the theoretical background and the
object of research (Diamantopoulos & Winklhofer, 2001, p. 271; Eberl, 2004, p. 15;
Homburg & Klarmann, 2006, p. 731; Jarvis et al., 2003, p. 203).

Based on these references from the research literature, the primary aim of this
study is to develop a reflective model specification.

424  Different estimation methods for structural equation models

Structural equation models can be estimated using two main methods. One
is the covariance-based method and the other is the variance-based method (J. F.
Hair et al., 2017, p. 13). This chapter will first discuss the different characteristics of
the two methods before concluding with the justification of the method used in this
thesis.

Covariance-based method

The aim of the covariance-based method (CB-SEM) is to obtain the most
accurate estimate of the model parameters, considering all the information
contained in the covariance matrix. The model parameters are estimated for this
purpose. This is achieved by reproducing the empirically collected data as closely
as possible, based on the covariance matrix of all indicators. For this reason, this is
also referred to as a parameter-oriented approach, as the difference between the

empirical and theoretical covariance matrix is minimised. For example, the
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maximum likelihood method or the generalised least squares method can be used
for this purpose (Herrmann et al., 2006, p. 34 ff.; Sosik et al., 2009, p. 16).

The prerequisite for a covariance-based method is a strong theoretical basis
and a proven research model. For this reason, the covariance-based method is
usually used for confirmatory research projects, such as the validation of an
existing theory. The theoretical basis is used to create the hypothetical covariance
matrix, which is then used as a reference to the covariance matrix of the collected
data (A. Fuchs, 2011, p. 38; Gefen, 2000, p. 27,41). The quality assessment is usually
based on one or more global model criteria (so-called global model fits). This allows
different model specifications to be compared with each other, and the model that
best matches the collected data can be identified (Biithner, 2006, p. 252 ff.; Sosik et
al., 2009, p. 16; Tenenhaus et al., 2005, p. 173).

In principle, covariance-based methods can depict both reflective and
formative measurement models, although formative models require a higher level
of specification effort. In addition, it should be noted that at least two paths lead
from each formative construct to reflective operationalising constructs and that the
researcher must also map a higher evaluation effort (Albers & Hildebrandt, 2006,
p. 29; Eberl, 2004, p. 23 f.; A. Fuchs, 2011, p. 38; Herrmann et al., 2006, p. 55). In
addition, latent variables cannot be calculated directly as concrete factor or index
values (so-called latent variable scores) (Chin, 2010, p. 667; Hoyle, 1999, p. 311). The
minimum sample size for covariance-based methods is specified as approximately.
200 test subjects (Herrmann et al., 2006, p. 44; Nitzl, 2010, p. 20).

Variance-based methods

Compared to covariance-based methods, variance-based methods aim to
explain the variance in a dataset. This is achieved by maximising the covariance
between exogenous and endogenous latent variables, thereby offering the best
possible reproduction of the initial data matrix. The information from the
covariance matrix is not used in full, but only in blocks. Although this leads to less
accurate estimates, it is consciously accepted (Herrmann et al., 2006, p. 37; Sosik et
al., 2009, p. 16).

Basically, variance-based methods are forecast-oriented, and their aim is to
minimise the variance of the error terms in the measurement model (on, en) and

the structural model (cn). This is done using iterative estimation procedures (least
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squares) so that the quadratic deviations between the model and the observed data
points are minimised and thus optimally approximated(Herrmann et al., 2006, p.
37 f.). In the practice of using the least squares method, this means that a
corresponding curve (a model in the case of SEM) is sought for each existing data
point in the data point cloud. The aim is for the curve to be as close as possible to
the data points. The required parameters are determined through iterative
estimation, aiming to minimise the sum of the quadratic deviations (residuals)
between the model and the observed data points. This should enable the collected
data to be predicted by the model in the most accurate way possible (Bithner &
Kiichenhoff, 2008, p. 3; A. Fuchs, 2011, p. 38).

Accordingly, variance-based methods are ideal for investigating new or
modified models, as they focus on an exploratory approach (Albers & Hildebrandt,
2006, p. 29; Sosik et al., 2009, p. 16). For this reason, partial least squares (PLS)
methods are also categorised as exploratory methods (Gefen, 2000, p. 27). The
quality of the model is measured using the coefficient of determination (R?). This
provides information on the proportion of the total variance that can be explained
by the model (Biithner, 2006, p. 255 ff.).

Variance-based methods are suitable for both reflective and formative
constructs, as the PLS methods can both depict and calculate them (Herrmann et
al., 2006, p. 44; Wetzels et al., 2009, p. 190). Another advantage is that variance-
based methods can also analyse small samples (=30) (Nitzl, 2010, p. 20).

Table 22 provides a final overview of the two methods presented above and

their main differences:
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Table 22: Comparison of covariance- and variance-based structural equation approaches based on key criteria

Criteria Covariance-based methods Variance-based methods
Best possible replication of the | Best possible prediction and
covariance structure of the | explanation of the empirical

Focus
initial data matrix (parameter- | data ~ matrix  (prognosis-
oriented) oriented)

Minimisation of the distance
Iterative and non-iterative

Estimation principle

between model-theoretic and

empirical covariance

least squares estimation

Relatively ~ large samples | Small sample sizes also
Applicable sample size
necessary (= 200) possible (= 30)
Normal distribution necessary
Distribution assumptions (exception ULS: no | None
restrictions)
Models with very high
Small to medium complexity
Model complexity complexity can also be
(£ 100 indicators)
mapped
Not determined Variance-
Values of latent variables Explicitly estimated
based approach
Examination of moderating
variables and conducting Not possible Possible

multi-group analyses

Applicable quality criterion

Global quality criteria

Only partial quality criteria
can be used to predict the data

matrix

Consideration of formative

construct operationalisation

Only possible under certain
conditions and using a special

procedure

Possible without difficulty
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Theoretical basis available,
Investigation of established | but specific relationships
Theoretical basis theories (theory-testing, | between constructs still need
confirmatory) to be verified (theory-

building, exploratory)

SmartPLS, PLSGraph, LVPLS,
Software LISREL, AMOS, M-PLUS, EQS
PLS-SEM

Source: Own illustration based on (A. Fuchs, 2011; |. F. Hair et al., 2011; Herrmann et al., 2006; Nitzl, 2010)

425 Choice of procedure for the present work

Based on the research model presented in Chapter 3, a variance-based

method using partial least square structural equation modelling is proposed.

This is due to the fact that the research model contains many constructs
whose relationships and effects are to be analysed. The focus here is on variance
explanation (or the explanation of the final variables of "behavourial intention and
use behaviour"). In addition, variance-based methods are particularly suitable
when new models are to be tested: the research model is based on UTAUT 3, was
considerably extended by means of the determinants of trust and adapted to the
research context of electromobility in a context-specific manner (J. F. Hair et al.,
2011, p. 144). This contrasts with covariance-based methods, which require a strong
theoretical basis and are primarily used to validate the theory, but this is not the
main objective here. The complexity of the research model becomes clear when
considering the seventeen latent constructs, the 27 direct relationships, and the 162
effect relationships of the moderators. Compared to other structural equation
models, this is a complex SEM (Henseler et al., 2009, p. 296; Ringle et al., 2012, p. 6;
Zinnbauer & Eberl, 2005, p. 2).

Furthermore, it becomes clear that the research model primarily contains
reflective constructs (e.g., performance expectancy, hedonic motivation) and only
a few, if any, formatively specified constructs (e.g., costs or contextual
acquaintance). Here, the PLS method proves to be more flexible than covariance-
based methods, as it simultaneously allows the modelling of reflective and
formative constructs without elaborate specification (Chin, 2010, p. 661). This also
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avoids the misspecification of the formative constructs when choosing the
covariance-based method (Albers & Hildebrandt, 2006, p. 29; Eberl, 2004, p. 23 f.;
A. Fuchs, 2011, p. 38; Herrmann et al., 2006, p. 55).

The choice in favour of an exploratory method also seems straightforward
regarding the sample size, as variance-based methods already yield robust results
with small samples (= 30). This means that a comprehensive empirical study can
already be carried out with a small or medium sample size and analysed using the
PLS method. In contrast, the covariance-based method requires a larger sample of
200 or more (Herrmann et al., 2006, p. 44; Nitzl, 2010, p. 20).

The model aims to determine the explanatory power of behavioural intention
and use behaviour through the latent constructs. As the PLS procedure maximises
the explanatory power of these final variables, it provides robust results for the
path coefficients and effect sizes. Covariance-based methods, on the other hand,
focus on reproducing the covariance matrix and achieving global model fits. As a
result, this method is not suitable for the exploratory approach of this study (Albers
& Hildebrandt, 2006, p. 29; Biihner, 2006, p. 252 ff.; A. Fuchs, 2011, p. 38; Gefen,
2000, pp. 27, 41; Homburg & Klarmann, 2006, p. 739; Nitzl, 2010, p. 42; Sosik et al.,
2009, p. 16). A variance-based method should be employed, particularly in light of
the research model and the associated research question, as these generate well-
founded index values for the constructs or latent variables as part of the model
estimation using the collected data. Following the procedure, the index values can
be interpreted directly and used for subsequent analyses if necessary. As this
research project aims to determine the barriers to the acceptance of electromobility,
the PLS method should be used (J. F. Hair et al., 2011, p. 144).

In terms of practicability and ease of use, it can be said that PLS methods are
more user-friendly, as they enable iterative estimation procedures that require
faster and simpler analysis steps. Furthermore, there are software programmes
such as SmartPLS or PLS-SEM that offer intuitive user interfaces and generate
robust tools for PLS models. With regard to the analysis of covariance-based
methods, AMOS or LISREL are suitable for analysis, although both programmes
require complex and extensive model validation steps (Albers & Hildebrandt, 2006,
p- 29; Eberl, 2004, p. 23 f.; A. Fuchs, 2011, p. 38; J. F. Hair et al., 2011, p. 144;
Herrmann et al., 2006, pp. 44, 55; Wetzels et al., 2009, p. 190).
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To summarise, the variance-based method via PLS-SEM is the better choice
for this model because:

* it can deal more flexibly with reflective and formatively specified

constructs;

* it is also considered robust with small samples with high testing

strength;
* it aims to clarify the variance, i.e. it works exploratively; and

* itis more practical and faster to use.

4.2.6 Estimation procedure in the PLS algorithm

The PLS algorithm aims to check the theoretically assumed causal
relationships between exogenous and endogenous latent variables. An iterative
estimation procedure is employed, which generates approximate values for the

latent variables. This process is illustrated in Figure 35:

Figure 35: PLS estimation procedure

Outer Inner Repeat the
approximation approximation external
o estimate

Determining
the path
coefficients
and factor
loadings

a) Random selection of the  a) Estimation of the inner a)  The construct values Iterative procedure Estimation of the loads
outer weights weights determined in step 2 until convergence is  between latent variables and

b) Calculation of the outer  b) Calculation of the inner serve as t‘hg basis for achieved 1nd1cgtors as vyell as the Path
estimates for the latent estimates for the latent redetermining the outer coefficients using regression
variables variables weights analysis

b) Recalculation of the
outer estimates

Source: Own illustration based on (Henseler et al., 2009, pp. 287-288)

It can be observed that the PLS estimation process comprises five steps.

In the first step (the outer estimation), initial construct values are estimated
for the exogenously and endogenously measured latent variables. These are the
expected values of the indicator variables, which are used as the starting point for
the weights. Depending on the measurement model, different calculation methods
are used. If it is a reflective construct, the weights are determined by the simple
regression coefficients. If, on the other hand, the construct is formative, multiple

regression coefficients are used as weights. As a result of this external estimation
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(expected values), initial construct values are available for the latent variables (J. F.
Hair et al., 2011, p. 142, 2012, p. 423; Henseler et al., 2009, p. 287; Herrmann et al.,
2006, p. 37).

In the following second step, the inner estimation is carried out. Here, the
internal weights are estimated based on hypothetically assumed causal
relationships between endogenous and exogenous latent variables. This generates
improved values for the endogenous constructs on the basis of the exogenous
constructs (J. F. Hair et al., 2011, p. 142, 2012, p. 426; Henseler et al., 2009, p. 287;
Herrmann et al., 2006, p. 38).

In the third step, the construct values improved from step two are used for a
new external estimation. The weights and the associated construct values of the
latent exogenous variables are redetermined. In the further course - step 4 - the
procedure described above (repetition of the outer and inner estimation) is
repeated until convergence between the newly generated values of the latent
variables and the previously generated values is achieved and there are therefore
no more significant changes in the construct values (Henseler et al., 2009, p. 288).

In the final fifth step, the factor loadings between the latent variables and the
indicators are determined. Furthermore, the path coefficients are also estimated in
the structural model (Henseler et al., 2009, p. 288; Herrmann et al., 2006, p. 38).

With the PLS method, it should be noted that the estimated values are
inconsistent between the measurement model and the structural model (Fornell &
Cha, 1994, p. 66).

The measurement model describes the relationship between the latent
variables (or constructs) and their corresponding indicators (or observable
variables). Due to the PLS procedure, the strength of the link between the latent
variables and the indicators is estimated higher in the measurement model than it
actually is. The reason for this overestimation lies in the variance-based estimation
procedure. This optimises the variance elucidation of the latent variables, whereby
the correlation between indicators and constructs can be artificially strengthened.
The resulting measurement errors (residuals) in the indicators are not completely
filtered out and therefore contribute to overestimation. As a result, the
measurement models appear more robust than they actually are, although this has
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no direct influence on the predictive power of the overall model (Lohméller, 1989,
p. 28 £.).

An underestimation of the structural model offsets the overestimation of the
measurement model. The structural model describes the causal relationship
between the latent variables. The underestimation is due to the fact that the PLS
method estimates the strength of the links between the latent variables to be lower
than they actually are. Conversely, this means that the PLS procedure maximises
the variance explained by the latent variables and thus leaves less room for variance
explanation in the structural model. This means that the strength of the causal
relationships (the path coefficients) between the latent variables is underestimated
(Herrmann et al., 2006, p. 38).

Nevertheless, the predictive power of the research model remains stable, as
the overestimation in the measurement model (resulting from the stronger
weighting of the indicators) and the underestimation in the structural model
(resulting from the weaker weighting of the path relationships) have a balancing
effect. Studies also show that the consistency of the correlation between indicators
and latent variables remains stable, ensuring the overall quality of the results (Chin
& Newsted, 1999, p. 329; Herrmann et al., 2006, p. 41). Thus, the PLS method is
considered suitable for theory-building research and is valued for its predictive
qualities, as the effect size is maintained despite overestimation in the
measurement model and underestimation in the structural model (Chin &
Newsted, 1999, p. 329; Fornell & Cha, 1994, p. 67; Herrmann et al., 2006, p. 41; K.
Joreskog, 1978, p. 445 ff.; Lohmoller, 1989, p. 211 ff.).

In conclusion, the quality of the estimation procedure increases with a larger
sample and a higher number of indicators, known as the consistency-at-large effect
(Chin & Newsted, 1999, p. 328; Fornell & Cha, 1994, p. 67; Lohmoller, 1989, p. 212;
Ringle et al., 2012, p. vii). The consequence of fulfilling both conditions is that the
consistency and thus the quality of the estimate increases with variance-based
methods, as the expected values generated by the modelling approach the true
values (Babakus et al., 1987, p. 197; Gefen, 2000, p. 197; Qureshi & Compeau, 2009,
p- 197). (Babakus et al., 1987, p. 227; Gefen, 2000, p. 20; Qureshi & Compeau, 2009,
p- 197).
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4.2.7 Investigation of the interaction effects

The investigation of moderator and control variables plays a central role
alongside the consideration of direct causal relationships. Not considering
interaction effects is no longer considered up-to-date in business research and is
therefore inadequate. Due to the selected research model (UTAUT 3) and its
associated extensions and additions, it is necessary to explain the influence of
moderator and control variables (which are assigned to the interaction effects) and
provide a brief overview of possible interaction effects. Two types of interaction
effects can be distinguished, namely the mediator effect and the moderator effect
(Nitzl, 2010, p. 41). Figure 36 illustrates this:

Figure 36: Overview interaction effects
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Independent Dependent Independent a Dependent
variable X variable Y variable X variable Y
b
Mediator
variable ME
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Source: Own illustration based on (Henseler & Chin, 2010, p. 85; Nitzl, 2010, p. 40)

A mediator effect (ME) exists when a mediator variable mediates the
relationship between the independent variable (X) and the dependent variable (Y).
The mediator effect is formed via the path coefficients b and ¢, which in turn means
that the path coefficient a (X = Y) is weakened (Nitzl & Schloderer, 2011, p. 433).
A distinction can be made between two types of mediation: partial mediation and
total mediation. In partial mediation, the direct effect a remains, whereas in total
mediation the effect a disappears completely (Nitzl & Schloderer, 2011, p. 432). The
mediator effect is measured by the z-test (Sobel, 1982, p. 298 f.).

The moderator effect occurs when the moderator variable (MO) influences
the strength and/or the direction of the relationship (a) between the independent
variable X and the dependent variable Y. The path coefficient expresses the strength

of the influence. The path coefficient expresses the strength of the influence (Baron
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& Kenny, 1986, p. 1174). Figure 37 illustrates the formal formation and

measurement of the moderation effect:
Figure 37: Creation of an interaction term to measure the moderator effect

Creation of an interaction term
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Source: Own illustration based on (Baron & Kenny, 1986, p. 1174)

The measurement of the moderating effect b on the direct link a between
independent variable X and dependent variable Y is carried out by forming an
auxiliary variable of a so-called interaction term (X-MO) (Henseler & Chin, 2010, p.
84 f.; Herrmann et al., 2006, p. 85). This interaction term encompasses all pairwise
product combinations of the indicators for X and MO, and formally represents a
latent variable. If a significant influence (c) by the interaction term X-MO on the
dependent variable Y is determined in the analysis, the moderating effect of MO is
thereby also proven (Henseler & Chin, 2010, p. 105). Additionally, the direct effect
(b) of the moderator variable on the dependent variable can be determined (Langer,
2002, p. 15). This direct effect can be used to determine the extent to which the
expression of the dependent variable Y is influenced by the moderator variable
MO. This means that the dependent variable Y is controlled by the moderator
variable MO, which is why MO is also referred to as a control variable. Control
variables can be used to avoid distortions and clarify additional variance (Liang et
al., 2007, p. 65).
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4.3 OPERATIONALISATION OF THE MODEL VARIABLES

43.1 Operationalisation process

The operationalisation of constructs comprises the development of constructs
using several indicators (items). Furthermore, it is intended that statements be
made about the constructs, and then the individual degree of agreement be asked
of the participants in the study. The basic approach is to use existing, validated
items from the literature, ideally those that have demonstrated high reliability in
previous research. However, there is no general rule on how items are identified,
developed and formulated (Boflow-Thies & Gansser, 2022, p. 14; Schnell et al., 2023;
Tausendpfund, 2018, p. 108). Nevertheless, the general procedure for developing
the items involves using suitable indicators from the literature to derive a catalogue
of questions for the research work. Ideally, reflective items that have already been
tried and tested are used; however, formative items can also be employed. The
factor loadings of the items and the average variance extracted (AVE) calculated
from them can be used to determine the validity of the reflective construct. Validity
refers to the extent to which the items accurately represent the entire construct in
terms of content. Reliability, on the other hand, refers to the extent to which the
items within a construct correlate with each other. This can be expressed either via
Cronbach's alpha(a) or alternatively via the composite reliability (CR)(Henseler,
2005, p. 74; Herrmann et al., 2006, p. 37).

In principle, the operationalisation process of Homburg and Giering is used
as a guide (Backhaus et al., 2016, p. 169; Herrmann et al., 2006, p. 47, Homburg &
Giering, 1998, p. 127). This provides for the identified items to be first checked for
comprehensibility and relevance of content through a pre-test. The pre-test is used
as a preliminary test before the actual data collection in order to improve the quality
of the survey (DeVellis, 2017, p. 79 {.; C. Fuchs & Diamantopoulos, 2009, p. 200 ff.).
This procedure for operationalising the model constructs is shown in Figure 38 and

described below:
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Figqure 38: Procedure for operationalising the model constructs
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Source: Own illustration based on (C. Fuchs & Diamantopoulos, 2009, Homburg & Giering, 1998)

In the literature research phase, potential constructs were taken from existing
TAM and UTAUT research, as well as constructs from the Marketing Scales
Handbook. Through this collection of possible constructs, including their
measurement model specification, the construct specification (reflective or
formative), and their indicators, an initial set of possible indicators can be identified
(Bruner II, 2023).

After compiling this comprehensive list of possible indicators, the collected
indicators were analysed for relevance and their possible explanatory contribution
and redundant items were eliminated. Furthermore, items that had not yet been
customised were adapted to the research background of electromobility (Churchill,
1979, p. 69; Gerbing & Anderson, 1988, p. 189).

The preliminary questionnaire was then finalised. The preliminary

questionnaire contained indicators for testing all model constructs and variables.

A pre-test was also carried out. The questionnaire contains both reflective
and formative constructs. For the formatively specified constructs in particular, it

is very important to obtain a statement as to whether the items are comprehensible,
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unambiguous and lead to coverage of the construct or whether further items need
to be added or changed. For this purpose, the questionnaire was sent via e-mail to
fifteen individuals, including three experts in the field of electromobility. The
primary objective of the pre-test was to assess the questionnaire's content
completeness and linguistic comprehensibility using a small sample of the target
group, and to provide any necessary suggestions for changes. Following the pre-
test, feedback was obtained from each participant via e-mail or in individual
meetings. In each case, a detailed telephone or video call (via Zoom) was conducted
with the experts. As the questionnaire was based exclusively on existing constructs
and therefore predominantly tried-and-tested indicators, only minor changes were
made to the questionnaire based on the feedback received (Anderson & Gerbing,
1988, p. 412 ff.; Chin, 1998; Homburg & Giering, 1998, p. 127; Weichbold, 2022, p.
443 ff.).

4.3.2 Single- vs. multi-item measurement

There is no clear recommendation in the literature on the optimal number of
indicators per construct. However, it should be noted that constructs should be
measured with more than one item. Multi-item measurement is therefore
recommended. This has the advantage that measurement errors are avoided and

content-related aspects are better mapped (Nitzl, 2010, p. 14).

No clear statement can be drawn from the literature regarding a minimum
number of items per construct either. According to Drolet and Morrison (2001), at
least two items per construct should ensure sufficient content coverage, but far
more frequently the recommendation is made to use three to four items per latent
variable and according to Ringle et al (2012), an average of 3.5 indicators should be
used per reflective construct (Morrison, 2001, p. 6; Nitzl, 2010, p. 14; Ringle et al.,
2012, p. 6; Schiele & Wink, 2008, p. 31; Schimmelpfennig, 2011, p. 86).

The advantages of multi-item constructs include the minimisation of
measurement errors that can arise from misunderstandings in single-item
measurements. Multi-items depict different facets of a construct. This results in
greater precision and differentiation of abstract constructs, for example,e for

analysing psychological attitudes. The "consistency-at-large effect" paradigm is
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followed, which states that a higher consistency of model quality is achieved
through more indicators (C. Fuchs & Diamantopoulos, 2009, p. 205).

However, the use of single-item constructs can be useful under certain
circumstances: first, when general constructs such as satisfaction are being
investigated, and second, for asking about moderator and control variables (e.g.,
age, income, or number of vehicles in the household). The advantage of a single-
item measurement is that the respondents feel less the need to answer redundant
questions on a latent variable and/or become tired less quickly due to fewer items
and there is a risk that the respondents will lose the desire to answer the questions
seriously (Fassott, 2006, p. 73 f.; C. Fuchs & Diamantopoulos, 2009, p. 204 f.;
Morrison, 2001, p. 197). However, the use of single-item measurements also has
disadvantages. For example, single items make differentiated measurement more
difficult due to their one-dimensionality. There is a risk that participants will have
to summarise all aspects of a construct in a single answer. This reduces the validity
and resilience of the results (Churchill, 1979, p. 45 ff.; DeVellis, 2017, p. 150 ff.;
Ringle et al., 2012, p. 6).

It can be said that, in practice, both single-item constructs and multi-item
constructs are commonly used in surveys. Finally, a warning is issued against
multi-item abuse. The danger of multi-item abuse is that too many identical items
can create a feeling of redundancy and repetition in the respondent, thereby tiring
them out. This can also lead to artificially inflated constructs that offer little or no
scientific added value (Fassott, 2006, p. 76; Morrison, 2001, p. 197; Ringle et al., 2012,
p- 6).

The final recommendation from the literature is that multi-item constructs
should be used in particular for the central constructs of the research work. This is
justified by the fact that single-item measurements are too risky for core constructs,
as important sub-aspects of a latent variable cannot be adequately represented by
one item. However, this can be guaranteed by multi-item constructs, as these
produce reliable results through differentiated items (C. Fuchs & Diamantopoulos,
2009, p. 205). As a result, multi-item measurement is used for the central constructs
in this research work. The reasons for this are that technology acceptance requires
a precise measurement of the psychological attitudes of the test subjects, so that the

measurement inaccuracy when using single-item constructs is avoided. Constructs
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that have not yet been sufficiently tested or adapted are measured
mutlidimensionally. A valid result can be expected via the number of items, thus
utilising the consistency-at-large effect (DeVellis, 2017, p. 148 ff.; C. Fuchs &
Diamantopoulos, 2009, p. 205; Ringle et al., 2012, p. 6).

4.3.3  Scaling of indicators

Another point in the operationalisation process is the scaling of the
indicators. The scaling refers to the answer options provided to survey participants
for answering individual questions. The scaling is defined by the response format,
which in turn offers either digital response options or can be depicted using a rating
scale or absolute values. In addition, scaling plays an important role. The scaling
specifies which behaviour is assigned to which number. In other words, this means
how the number and quality of the scaling is used for differentiation and which
method is used to measure characteristics, traits or abilities (Bithner, 2006, p. 73;
Schendera, 2015, p. 39 ff.).

Five different scale levels can be distinguished (Schnell et al., 2023, p. 124 ff.):

* Nominal scales: These include qualitative categories such as gender

or nationality.

* Ordinal scales: These depict rankings without absolute distances,

such as rankings.

* Interval scales: Have equal intervals but also have no natural zero

point (an example of this is the temperature in °C).

* Ratio scales: Have a natural zero point and can be used to determine

height or income.

= Absolute scales: Have a natural unit of measurement and cannot be

transformed; this can be used, for example, to determine the
frequency (number of vehicles in the household)

Table 23 shows the five scale levels once again. It is important to note that the

higher scale levels always contain the characteristics of the lower scale levels as
well (Bithner, 2006, p. 73 £.):
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Table 23: Characteristics and features of different scale levels
Scale Description Example
Fundamental difference,
Nominal scale classification =~ of  qualitative | Gender, Nationality

Non-metric

Interval scale

without natural zero

characteristics
scales
Ranking of
Ordinal scale Formation of rank values participants in a car
race
Scale with identical sections, but | Temperature

(degrees Celsius)

Temperature
Scale with identical sections, with P .
. . . (degrees Kelvin),
Metric scales Rational scale natural zero, but without natural | | .
. income (EUR), height
unit
(cm)
Scale with identical sections, with
Absolute scale natural zero point and natural | Number

unit of measurement
Source: Own illustration based on (Biihner, 2006, p. 73 f.; Schnell et al., 2023, pp. 124-126)

As the focus of this research project is on examining individual factors related
to attitudes towards technology acceptance of electromobility, a multi-level
interval scaling method is used to measure the associated characteristics of the
individual indicators. The interval scaling can be traced back to the social scientist
Rensis Likert (1932) (Likert, 1932). The Likert scale measures agreement or
disagreement with statements using several response categories, such as "strongly
agree" or "disagree" (Zinnbauer & Eberl, 2005, p. 3). By definition, it is an ordinal
scale, but in research it is often treated as a "quasi-metric" scale. The Likert scale
allows statistical procedures due to its property of assumed equal distances
between the scale points (equidistance) (Eichhorn, 2004, p. 16; Homburg, 2017, p.
314).

When using Likert scales, it is first necessary to clarify whether even or odd
scaling will be used for the number of response options. Odd-numbered scaling
enables a neutral centre category. This is particularly suitable when analysing
comparatively new, possibly little or untested technologies (see electromobility).
This contrasts with even-numbered scaling, which demands a directional tendency

from the respondents. Here, there is a risk of an arbitrary answer due to an unclear
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opinion and the compulsion to decide in one direction (Klarmann, 2008, p. 49). Five
or seven-point Likert scales are mainly used in research. The recommendation is to
use at least five and ideally even seven levels. An excessively high number of scale
levels, in turn, offers the possibility of further differentiation; however, the high
number can also negatively influence the judgement of the test participants (R. P.
Bagozzi, 1980, p. 200; Bortz & Doring, 2023, p. 269 ff.; Klarmann, 2008, p. 56).

In accordance with the above explanations, a seven-point Likert scale is used
in this research work to measure all constructs of the latent model constructs. The
agreement scale ranges from 1 ("strongly disagree") to 7 ("strongly agree").
Nominal, ordinal and rational scales are also used for the moderator variables from
the individual characteristics and situational determinants groups. For the
remaining groups (national culture, technical determinants, contextual
determinants and experience), a seven-point Likert scale is used for the defined

items.

Table 24: Overview of the scaling of moderator variables that are not examined using a Likert scale

Type of Scale Construct
= Gender
= Occupation/Job

Nominal scale = EV driving experience

= Types of vehicles in household
* Charging opportunity

= Household income per month in EUR (net)

Ordinal scale * Education
* Daily travel demand in km

= Age
Ratio scale = Household size
= Number of vehicles per household

Source: Own illustration

43.4 Poling of indicators

The polarity of the items plays a crucial role in operationalisation. Polarity
refers to the use of both positive and negative formulations for items, aiming to
influence the response qualities. There is no consensus in the literature on the
preferred formulation of the items. It is noted that negatively worded items should
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be used to avoid response patterns and thereby promote cognitive control over
responses (Hinkin, 1995, p. 967; Idaszak & Drasgow, 1987, p. 69). However,
negatively worded items also increase the probability of measurement errors, as
participants may be overwhelmed by the double negation and find it disturbing if
the item wording is otherwise positive. This results in the recommendation to use
negatively worded items only to a limited extent and in a targeted manner (Bortz
& Doring, 2023, p. 271; Felser, 2015, p. 307; Harvey et al., 1985, p. 461; Motl &
DiStefano, 2002, p. 562; Schmitt & Stults, 1986, p. 1 ff.; Tausendpfund, 2018, p. 150).

In addition to negatively and positively worded items, reverse-coded (or
inverted) items can also be created. The difference between negative and inverted
items is that the negatively worded items have a negative formulation. Whereas
inverted items can consist of both a positive and a negative statement and. With
reverse-coded items, the scaling is reversed. The aim here is similar to that of
negatively worded items: yes-say tendencies (so-called acquiescence tendencies)
are to be avoided, thereby testing the respondents' attention and avoiding
misjudgements. The use of reverse-coded items is only recommended to a limited
extent, similar to negatively worded items. A proportion of 10-30% reverse-coded
items is considered sufficient (Doring & Bortz, 2016, p. 507; Moosbrugger & Kelava,
2020, p. 83 f.; Weiber & Sarstedt, 2021, p. 130).

In conclusion, it can be stated that a negatively polarised item can be reverse-
coded, although a reverse-coded item does not have to be negative. The latter also
depends on the questionnaire structure and the measurement's aim (Bortz &
Doring, 2023, p. 271; Felser, 2015, p. 307). Table 25 summarises the statements made

above:
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Table 25: Comparison of negative and reverse-coded items

Main differences Negative polarity Reverse-coded item

The statement is negatively | The scaling of the item is

Formulation of the item
formulated. reversed

Balanced statements (positive .
(P This helps to prevent response

Aim VS. negative) in the . .
. . tendencies (e.g. yes-saying).
questionnaire.
Original: I find EVs helpful.’
Example ‘I don't find EVs helpful.’
Reverse: ‘I find EVs unhelpful.’
The answer is  directly | The answer must be

How to evaluate

interpreted. mathematically reversed.
Source: Own illustration based on (Diring & Bortz, 2016, p. 271; Moosbrugger & Kelava, 2020, p. 83 f.; Schnell
et al., 2023, p. 165 f.)

The procedure in this study assumes that negatively polarised and/or
reverse-coded items are used sparingly. The reasons for this are, on the one hand,
that already validated constructs and indicators are taken from the literature.
Secondly, the risk of measurement errors is minimised by the fact that item
validation has already taken place in preliminary studies (Schnell et al., 2023, p. 165
f.).

4.3.5 Concept operationalisation for investigating the acceptance of EVs

In this chapter, the constructs of the structural model are operationalised.
This means that indicators are added to the constructs to obtain the endogenous
and exogenous measurement models. In some cases, moderators are also measured
using operationalised constructs via items. Other directly measured variables that
act as moderators (e.g. age) do not have to be operationalised. These variables and
their response options can be found in the next chapter (Hildebrandt & Gorz, 1997,
p- 2 f.; Zinnbauer & Eberl, 2005, p. 2).

The following operationalisation initially includes the constructs from the
structural model: performance expectancy, effort expectancy, social influence, price
value, hedonic motivation, facilitating conditions, habit, compatibility, attitude
towards environment & technology, personal innovativeness, costs, reliability,

contextual acquaintance, structural assurance, trusting intention in electromobility,
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behavioural intention and use behaviour. Item formulations marked with an "*"

were formulated as reverse-coded items, see for example PE3 or EEL.

The performance expectancy (PE) construct is consistent with existing TAM
and UTAUT research and reflects the general usefulness, efficiency and
productivity aspects of an EV. In addition to the adaptation to the research object,
an integration based on the research of McKnight et al. also took place. As a result,
the aspects of functionality and capability were taken into account, so that these
were also taken into account against the background of the research model (Kapser
& Abdelrahman, 2020; Kumar Jain et al., 2022; H. McKnight et al., 2009; Venkatesh
et al., 2012).

Table 26: Operationalisation of the performance expectancy construct

Construct Item# Item Source

I'find an EV useful in my daily
life because it offers the
functions that support me in

achieving my personal goals. Venkatesh et al. 2012
Performance Kapser & Abdelraham

i lectri hel
Expectancy PE2 ESI:egaI?:ee;thlCe:Zn:lPSOI;IES? 2020; Kumar et al. 2022;
yP & McKnight et al. 2009

and values.

PE1

For me, using an electric car

PE
3 has no practical added value.*

Source: Own illustration

The effort expectancy (EE) construct is also taken from the literature,
operationalised and adapted to the research context of electromobility:

Table 27: Operationalisation of the effort expectancy construct

Construct Item# Item Source

FE1 I am having a hard time
learning how to operate an EV.* | Venkatesh et al. 2012
Effort Kapser & Abdelraham 2020;

Expectancy EE2 The operation of an EV is clear Kumar et al. 2022; McKnight
and understandable to me. ot al. 2009

EE3 I find electric cars easy to use.

Source: Own illustration

Below is the operationalised social influence (SI) construct, which is also an

integral part of UTAUT research. In addition to the obligatory adaptation to the
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object of research, existing items are adapted and new items are added due to the
assignment of the variables "norms", "neighbourhood" and "word-of-mouth" from
the research by Wicki et al. (Almansour, 2022; Fedorko et al., 2021; Kumar Jain et

al., 2022; Tsu Wei et al., 2009; Venkatesh et al., 2012; Wicki et al., 2022).

Table 28: Operationalisation of the social influence construct

Construct Item# Item Source

People whose opinion matters

SIl to me are influenced by my
use of an EV. Tsu Wei et al 2009
Social Influence S Friends and family influence | Venkatesh et al. 2012;

my decision to use an EV. Kumar et al. 2022; Fedorko
et al. 2021; Almansour 2022

Media (e.g., TV, newspapers,
SI3 social media platforms) affect
my decision to use an EV.

Source: Own illustration

Furthermore, the price value (PV) construct is operationalised and adapted
to the research context. It should also be mentioned that the assigned variables
purchase price and resale value from Wicki et al. (2022) are taken into account
accordingly (Bockarjova & Steg, 2014; Dodds et al., 1991; Goldsmith et al., 2005;
Han et al., 2017; Jaiswal, Deshmukh, et al., 2022; Kapser & Abdelrahman, 2020;
Venkatesh et al., 2012; Wicki et al., 2022).

Table 29: Operationalisation of the price value construct

Construct Item# Item Source
V1 The costs of EVs are | Han et al. 2017; Venkatesh et
disproportionate to their benefits.* | al. 2012; Adnan et al. 2017;
. . .| Wicki et al. 2022; Goldsmith et
Price value PV2 I believe that the price of EVs is al. 2005; Kapser & Abdelraham
reasonable. 2020; Kumar et al. 2022, Dodds
I think EVs offer good value for | et al. 1991; Bockarjova & Steg
PV3
money. 2014

Source: Own illustration

The following is the operationalisation of the hedonic motivation (HM)
construct, whereby the item formulations are very close to the original
formulations and merely adapted to the research context (Azman Ong et al., 2023;
Han et al., 2017; Venkatesh et al., 2012; M. Zhou et al., 2021).
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Table 30: Operationalisation of the hedonic motivation construct

Construct Item# Item Source
. HMI I feel joy when using an EV. Venkatesh et al. 2012; Zhou M.
Hedonic
Motivation HM?2 Driving an electric car is | et al. 2021; Han et al. 2017; Ong
comfortable and enjoyable. et al. 2023

Source: Own illustration

This is followed by the operationalisation of the facilitating conditions (FC)
construct and adaptation to the research context. It should be mentioned here that
FC3 was adapted to include a supplementary example of the use of compatible
technologies. In addition, FC4 was adapted against the background of the research
model and the extension by McKnight et al. (Azman Ong et al., 2023; Kumar Jain
et al.,, 2022; D. McKnight & Chervany, 2002; H. McKnight et al., 2009; Venkatesh et
al,, 2012).

Table 31: Operationalisation of the facilitating conditions construct

Construct Item# Item Source

I have the necessary technical
FC1 and financial resources to use
an EV.

An electric car is compatible
FC2 with other technologies that I | Venkatesh etal. 2012; Kumar
use (e.g. a photovoltaic system). | et al. 2022; Ong et al. 2023;
McKnight et al. 2002/2009

Facilitating
Conditions

I can easily access help or
support, whether from others or
FC3 EV manufacturers, when I
encounter difficulties using an
EV.

Source: Own illustration

In the following, the habit (Ha) construct is operationalised and adapted to
the research context; it should be noted that both users and non-users can answer
the questions in the item formulation (Azman Ong et al., 2023; Venkatesh et al.,
2012; M. Zhou et al., 2021).
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Table 32: Operationalisation of the habit construct

Construct Item# Item Source

Using an EV is/would be a

Hal
2 regular part of my daily routine.
Habit Venkatesh et al. 2012, Ong et
abt Hao I could easily manage without | al. 2023; Zhou M. et al. 2021
§ using an EV.*
Ha3 Using an electric car will quickly

become a routine habit for me.

Source: Own illustration

The operationalised items of the compatibility (Com) construct, adapted to
the research context, can also be found below (Blut et al., 2022; Jansson, 2011;
Meuter et al., 2005; G. C. Moore & Benbasat, 1991).

Table 33: Operationalisation of the compatibility construct

Construct Item# Item Source

Coml An EV is compatible with my
daily requirements. Moore & Benbasat 1991;

Compatibility ) ) ) ) Jansson 2011; Meuter et al.
Com? Using an EV is compatible with 2005; Blut et al, 2022

my lifestyle.

Source: Own illustration

The operationalised attitude towards the environment and technology
(AtET) construct refers to the general attitude of an individual towards
technological innovations and their application in the field of electromobility to
promote/achieve environmental goals. It should be mentioned here that the items
are fundamentally based on the construct of attitude towards using a technology
by Davis (1989), but were adapted against the research background as well as
through the assignment of the determinants of "environmental attitudes" and
"technology affinity" by Wicki et al. (2022; (F. D. Davis, 1989; J. Liu et al., 2024;
Walter & Abendroth, 2020; N. Wang et al., 2022; R. Wang et al., 2021; R. Wu et al.,
2021).
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Table 34: Operationalisation of the attitude towards the environment and technology construct

Construct Item# Item Source

Promoting the use of EVs is
essential for green travel and our
AtET1 responsibility ~ toward  the

Attitud environ.ment and future Liu et al. 2024; Wang R. et al.
towa‘r; tehe generations. 2021; Wu et al. 2021; Wang
. I'have a positive attitude toward | N. et al. 2022; Davis F.D.
environment .
AtET2 EV technology and support its | 1989; Walter & Abendroth
and technology

promotion and application. 2020

I am not sure if EV technology
AtET3 will gain widespread public

acceptance.”

Source: Own illustration

In the following, the personal innovativeness (PI) construct is operationalised
and adapted to the research context (Agarwal & Karahanna, 2000; Agarwal &
Prasad, 1998; Blut et al., 2022; Jansson, 2011; Kuo & Yen, 2009; Kwon et al., 2007;
Meuter et al., 2005; Parasuraman, 2000; M. Zhou et al., 2021).

Table 35: Operationalisation of the personal innovativeness construct

Construct Item# Item Source

If T heard about a new vehicle
drive technology (i.e. EVs), 1

Pini would look for ways to experiment Parasuraman (2000); Prasad,

with it. Agarwal (1997); Kwon et al.

. (2007); Kuo, Yen (2009);

Personal In general, I am open to trying out Jansson (2011); Agarwal &
innovativeness PIn2 | new vehicle drive technologies !

Karahanna (2000); Blut et al.
(2022); Yi et al. 2006; Zhou et

I enjoy  exploring  and | 4], 2021; Meuter et al. 2005
PIn3 | experimenting with new vehicle

drive technologies (i.e. EVs).

(i.e. EVs).

Source: Own illustration

Furthermore, the costs (Co) construct is operationalised and adapted to the
research context. It should also be mentioned that the assigned variables of
operational costs and fuel efficiency from Wicki et al. (2022) are taken into account
accordingly by the item formulations (Blut et al., 2022; Han et al., 2017; Y.-F. Liu et
al., 2018; Shuhaiber & Mashal, 2019; Tsu Wei et al., 2009; R. Wang et al., 2021; Wicki
et al., 2022; I.-L. Wu & Wu, 2005; L. Zhang et al., 2012).
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Table 36: Operationalisation of the costs construct

Construct Item# Item Source
The purchase price of an EV is too
Col | high compared to traditional
vehicles.*
The charging and maintenance .
Co2 | costs of EVs are higher than those Wu, Wang 2005; Tsu Wie et al.
of traditional vehicles.* 2009; Zhang et al. 2012; Blut et
Costs Usin BV hel al. 2022; Wang R. et al. 2021;
g an €lpS Me Save On | ghyhaiber & Mashal 2019; Liu
Co3 traYel costs, including fuel and et al. 2018; Wicki et al. 2022;
maintenance expenses, compared Wang Z. et al. 2017
to traditional vehicles.
The total cost of owning an EV,
Co4 including charging, maintenance,
and insurance, is reasonable.

Source: Own illustration

This is followed by the operationalisation of the reliability (Re) construct and
its adaptation to the research context. The construct itself was assigned to the
research model by the research of Wicki et al. (2022) and subsequently Re3 and Re4
were formulated and adapted against the background of the research model and
the extension of McKnight et al. (Gefen et al., 2003; B. Kim & Han, 2011; H.
McKnight et al., 2009; Wicki et al., 2022; Wixom & Todd, 2005).

Table 37: Operationalisation of the reliability construct

Construct Item# Item Source
Rel I think EVs will work reliably. Kim & Han 2011: Wixom &
. 1eys Todd 2005; McKnight et al.
Reliability Re2 | EVs won't let me down.

2009; Gefen et al. 2003; Wicki et

I'have doubts that EVs will always | a1. 2022

Re3
€ work as expected.*

Source: Own illustration

The next operationalised construct adapted to the research context is
contextual acquaintance (CA), which was included according to the extension by
the constructs of familiarity (trust) by McKnight et al. (2009; (Gefen et al., 2003; D.
McKnight et al., 2002; D. McKnight & Chervany, 2002; H. McKnight et al., 2009).
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Table 38: Operationalisation of the contextual acquaintance construct

Construct Item# Item Source

I feel safe and confident using EVs
CAl because I am convinced of their
reliable operation.

Contextual I trust that EVs integrate | McKnight et al. 2009; Gefen et
acquaintance CA2 seamlessly into my daily routine | al. 2003; McKnight et al. 2002;
and meet my expectations. McKnight & Chervany 2002
Using EVs feels as natural and
CA3 intuitive as wusing traditional
vehicles.

Source: Own illustration

Furthermore, the operationalisation and adaptation to the research context of
the structural assurance (SA) construct follows. This construct was included in the
research model according to the model of McKnight et al. (2009) (Gefen et al., 2003;
D. McKnight et al., 2002; D. McKnight & Chervany, 2002; H. McKnight et al., 2009).

Table 39: Operationalisation of the structural assurance construct

Construct Item# Item Source

I feel confident using EVs because
they are supported by vendor

Al
S protections and product
guarantees.
I feel assured that the | McKnight et al. 2009; Gefen et
Structural . .
infrastructure for EVs (e.g., | al. 2003; McKnight et al. 2002;
assurance SA2

charging stations) is well- | McKnight & Chervany 2002
developed and dependable.

Favourable legal structures and
SA3 | consumer protection laws make

me feel secure in using EVs.

Source: Own illustration

This is followed by the final expanded construct from McKnight et al. (2009),
termed as trust in technology or, in this specific case, "trust in electromobility" (TI).
This construct was also operationalised and adapted to the research context (Gefen
et al., 2003; D. McKnight et al., 2002; D. McKnight & Chervany, 2002; H. McKnight
et al., 2009).
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Table 40: Operationalisation of the trusting intention in electromobility construct

Construct Item# Item Source

I trust that EVs will get me to

TI1
important appointments on time.

Trusting McKnight et al. 2009; Gefen et

intention in T2 | eto my destination reliably. al. 2003; McKnight et al. 2002;

electromobility McKnight & Chervany 2002
I trust that EVs will get me to my

TI3 destination reliably, especially

I am unsure whether EVs will get

when it matters.

Source: Own illustration

This is followed by the operationalisation and adaptation to the research
context of the behavioural intention (BI) construct, as one of the most important
constructs in the research model (Azman Ong et al., 2023; Blut et al., 2022; F. Davis,
1989; F. D. Davis et al., 1992; Venkatesh, 2000; Venkatesh et al., 2012; M. Zhou et al.,
2021).

Table 41: Operationalisation of the behavioural intention construct

Construct Item# Item Source
I plan to use an EV for my daily
BIl journeys. Davis et al. (1989); Davis et al.
) (1992); Venkatesh (2000); Ong
Beh 1 If1 I prefi E
chavioural | g, | 161buy o cap [ preferan BV overa | o) 5055, 70 M. etal 2021,
entio tonal veeee. Venkatesh et al. 2012; Blut et
I am committed to adopt an EV in | 41 2022
BI3 :
the future.

Source: Own illustration

Finally, the operationalised construct of use behaviour (UB) follows, which
was also adapted to the research context and is the most important construct within
the research model (Adnan et al., 2017; Azman Ong et al., 2023; Blut et al., 2022; F.
Davis, 1989; F. D. Davis et al., 1992; M. Zhou et al., 2021).
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Table 42: Operationalisation of the use behaviour construct

Construct Item# Item Source
UB1 I use an EV for most of my daily
Journeys. Adnan et al. 2017; Blut et al.
et | U | U e sl | 20 B .
UB3 An EV is my primary choice for etal. 1992

commuting and errands.

Source: Own illustration

The following constructs from the area of moderators are also

operationalised: individualism, masculinity, motor power, driving range, charging

time, market availability, charging availability, environmental impact, policy and

incentives, knowledge and familiarity.

From the moderator group of national culture, the constructs of

individualism (In) and masculinity (Ma) are operationalised and adapted to the
research context (Ayyash et al., 2022; Blut et al.,, 2022; Goularte & Zilber, 2019;
Yuniaristanto et al., 2024).

Table 43: Operationalisation of the individualism construct

Construct Item# Item Source
I prefer making decisions about
Inl adopting EVs independently,
without relying on others'
opinions. Blut et al. 2022; Yuniaristanto
. . . . et al. 2024; Goularte & Zilber
Individualism L;if;f;fg;alaz‘e:;if ezf EVS | 2019; Srite & Karahanna 2006;
Y £ Ayyash et al. 2022
My decision to adopt an EVs is
In3 primarily influenced by my

individual preferences and goals.

Source: Own illustration
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Table 44: Operationalisation of the masculinity construct

Construct Item# Item Source

I associate owning an EV with
Mal | personal success and technological | Blut et al. 2022; Yuniaristanto
leadership. et al. 2024; Goularte & Zilber
I value the competitive advantage | 2019; Srite & Karahanna 2006;
Ma2 | EVs offer in terms of innovation | Ayyash etal. 2022

and efficiency.

Masculinity

Source: Own illustration

From the moderator group of "technical determinants”, the constructs of
motor power (MP), driving range (DR) and charging time (CT) are operationalised
and adapted to the research context. These constructs were assigned from the
research by Wicki et al. and used as moderators (AutoScout24, 2024; Blut et al.,
2022; Bockarjova & Steg, 2014; Chang & Tung, 2008; Erick Ayapana, 2023; Fazel,
2014; Hackbarth & Madlener, 2013; Hidrue et al., 2011; Roca et al., 2006; Schmalfuf3
et al.,, 2017; Shin, 2009; R. Wang et al., 2021; Z. Wang et al., 2017; Wicki et al., 2022).

Table 45: Operationalisation of the motor power construct

Construct [tem# Item Source
The motor power of an EV is
MP1 . .. .
insufficient for my daily needs.*
I believe EVs provide comparable
MP2 performance to conventional | Roca et al. 2006; Chang &
Motor power vehicles, especially with their | Tung 2008; Shin 2009; Fazel

instant and sporty acceleration. 2014; Schmalfufs et al. 2017

The quick and smooth acceleration
MP3 of EVs enhances my overall
driving experience.

Source: Own illustration
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Table 46: Operationalisation of the driving range construct

Construct Item# Item Source

DR1 The range of a EV is sufficient for Wang R. et al. 2021; Wang Z.

my daily mobility needs. et al. 2017; Roca et al. 2006;
Drivine ranee DR2 I feel restricted in my freedom due | Chang & Tung 2008; Shin
5rang to the limited range of an EV.* 2009; Fazel 2014; Bockarjova &
I can accept the cruising range of | Steg 2014; Schmalfufs et al.
DR3 . 2017
EVs for my application.
Source: Own illustration
Table 47: Operationalisation of the charging time construct
Construct Item# Item Source

I can integrate the charging
CT1 | process of an EV into my daily life Hackbarth & Madlener 2013;
without any problems. Hidrue et al. 2011; Bockarjova

& Steg 2014; Roca et al. 2006;
Chang & Tung 2008;
Autoscout24 2024; Ayapana

Fast charging (5-80% within 20 | 5023; Schmalfu et al. 2017;
CT3 | minutes) makes EVs convenient | gazel 2014

Sierhos B T2 Shorter recharging times would
encourage me to use an EV.

for me.

Source: Own illustration

From the moderator group of "contextual determinants", the constructs of
market availability (MAv), charging avaiability (CAv), environmental impact (EI)
and policy and incentives (PI) are operationalised and adapted to the research
context. These constructs were assigned from the research by Wicki et al. and used
as moderators (Bockarjova & Steg, 2014; Butt & Singh, 2023; Dhinakaran et al., 2021;
Fazel, 2014; Hasan, 2021; Kautish et al., 2024; Nguyen et al., 2024; Quy Nguyen-
Phuoc et al., 2022; She et al., 2017; R. Wang et al., 2021; S. Wang et al., 2019, 2017;
Wicki et al., 2022).
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Table 48: Operationalisation of the market availability construct

Construct Item# Item

Source

The availability of nearby dealers
MAvV1 | influences my decision to adopt an
EV.

A wide variety of EV models

Market MAv2 | makes adoption more attractive to Kautish ‘et al. 2024; Hasan
v. v
Availability p 2021; Wicki et al.
me.
The availability of EV models from
MAV3 | reputable manufacturers

encourages me to adopt one.

Source: Own illustration

Table 49: Operationalisation of the charging availability construct

Construct Item# Item Source

There are sufficient charging
CAvl | facilites near my home or
workplace to support using an EV.

The current lack of public charging
CAv2 | stations limits my decision to
adopt an EV.*

Charging
availability

I am concerned that public
CAv3 | charging stations might not always
be available when needed.*

Wang R. et al. 2021; Wang S. et
al. 2019; Wang Z. et al. 2017;
Bockarjova & Steg 2014; She et
al. 2017

Source: Own illustration

Table 50: Operationalisation of the policy and incentives construct

Construct Item# Item

Source

Priority parking for EVs in urban

PI1 areas would encourage me to
adoptan EV.
Policy & A government direct subsidy
Incentives P12 policy would be attractive to me to
adopt an EV.

The government should provide

PI3 : . .
more incentives for using EVs.

Kautish et al. 2024; Kumar et
al. 2021; Wang S. et al. 2017;
Bockarjova & Steg 2014

Source: Own illustration
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Table 51: Operationalisation of the environmental impact construct
Construct Item# Item Source
EVs can reduce emissions, but
Ell battery production and disposal
remain challenges.
EV: have littl i 1
Ve oy o il ol | g . el 202 ot o
Environmental EI2 P . P . 2019; Nguyen M. et al. 2024;
. sustainable or battery production
impact is environmentallv harmful * Nguyen-Phouc et al. 2022; Butt
Y : & Singh 2023; Fazel 2014
The environmental benefits of EVs
I3 are considerable, but their limited
range and long charging times are
among the drawbacks.

Source: Own illustration

From the moderator group of "experience"”, the constructs of knowledge (Kn)

and familiarity (Fa) are operationalised and adapted to the research context. These

constructs were assigned from the research by Wicki et al. and used as moderators
(Bennett & Vijaygopal, 2018; Blut et al., 2022; Jiang, 2023; Kalmbach et al., 2011;
Meuter et al., 2005; Schmalfuf et al., 2017; R. Wang et al., 2021; S. Wang et al., 2019).

Table 52: Operationalisation of the knowledge construct

Construct Item# Item Source
Knl I understand how EVs work, but
there are still details I could learn.
I know the advantages of EVs over Schmalfuf§ et al. 2017; Jiang
conventional vehicles, but I am 2023; Wang R. et al. 2021,
Kn2 : . Wang S. et al. 2019; Meuter et
Knowledge wondering how big the actual ’
difference is in practice. al., 2005; Blut et al. 2022;
I don't know exactly how the FE.I.ZGI 2;)14; Bennet &
Kn3 charging process for EVs works, Vijaygopal 2018

and I'm unsure whether I
understand all the steps correctly.*

Source: Own illustration
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Table 53: Operationalisation of the familiarity construct

Construct Item# Item Source

I'have a clear understanding of the | Schmalfufl et al. 2017; Jiang
Fal practical requirements of owning | 2023; Wang R. et al. 2021,
and operating an EV. Wang S. et al. 2019; Meuter et

Familiarity al., 2005; Blut et al. 2022;
Fa2 I feel confident in my knowledge of Fazel 2014; Bennet &

how to use an EV. Vijaygopal 2018

Source: Own illustration

4.3.6 Summary and overview of the final questionnaire

The operationalisation of the constructs resulted in nineteen reflective
constructs being operationalised in the structural model and nine formatively
specified constructs, with eight of the formatively specified constructs acting as
moderators. In summary, this means that 28 constructs with 81 indicators were
operationalised. The cover letter of the questionnaire can be found in Appendix 8.
It should also be emphasised that there are fifteen negatively worded items, which
are also reverse-coded items. As described, these serve as control variables and are
intended to ensure balanced responses and avoid response tendencies (Doring &
Bortz, 2016, p. 271; Moosbrugger & Kelava, 2020, p. 83 £.; Schnell et al., 2023, p. 165
f.).

In addition, the constructs and items were grouped to provide a structured
questionnaire and to facilitate respondents' understanding of the thematic changes
more easily. As a result, six groups were defined for the 28 constructs
(Moosbrugger & Kelava, 2020, p. 59 f.). Table 54 provides an overview of the

groupings in the questionnaire:
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Table 54: Grouping of constructs

Cluster Cluster description Constructs contained Nu‘mber o
items
Performance expectancy
Use, user-friendliness Effort expectancy
1 iy e oo 11
and compatibility Compeatibility
Facilitating conditions
Social influence
Hedonic motivation
Personal attitudes and Attitude towards the
2 social influences environment and technology 13
Individualism
Masculinity
Price value
. Costs
3 Costs and technical Motor power 16
features Driving range
Charging time
Charging availability
Infrastructure, support Market availability
4 and environmental Policy and incentives 15
aspects Structural assurance
Environmental impact
Reliability
. Trusting intention
5 Trust, behaviour and Behavioural intention 15
Context Use behaviour
Knowledge
Habit
6 Habits and personal Contextual acquaintance 1
innovation Familiarity
Personal innovativeness

Source: Own illustration

Regarding the quality assurance of the indicators used, Table 55 provides

information on the validity and reliability of the reflectively specified constructs

from the questionnaire. In addition to the factor loadings, the AVE and the

composite reliability (CR) are also given. The factor loadings represent the strength

of the correlation between an observable indicator and the underlying construct (or

variable). This coefficient shows how strongly an indicator correlates with a latent

variable. The values typically range from -1 to +1. The higher a factor loading, the

better the item represents the latent variable, whereby a factor loading greater than

0.7 is considered very good. An AVE greater than 0.5 indicates that, on average, the
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majority of the indicator variance is explained by the construct. Thus, the AVE
should be greater than 0.50 to ensure sufficient convergence validity. In turn, the
CR should be >0.70 to be acceptable, and values >0.80 are considered good (R. P.
Bagozzi & Yi, 1988; Fornell & Larcker, 1981; J. F. Hair et al., 2019; Henseler, 2005, p.
74; Herrmann et al., 2006, p. 37).

Based on the assumption that the formatively specified items influence the
constructs and that the constructs take into account specific facets of electric
mobility (for example, range), it can be determined whether these different factors
influence the acceptance of EVs (Blalock Jr, 1985). As the validity and reliability of
the formatively specified constructs cannot be determined using the traditional
quality criteria for measuring validity and reliability, several steps were taken to
ensure that these are nevertheless as good as possible (Bollen, 1989, p. 65;
Diamantopoulos, 2006, p. 7 ff.). During the literature research, care was taken to
ensure that the item formulations originated from frequently cited sources and that
the facets to be considered in the items had already been identified as relevant
factors for electromobility (see Wicki et al. 2022). Furthermore, the items were
checked and validated by means of a pre-test. This pre-test demonstrated that the
formatively formulated items effectively cover the constructs and yield a good level
of understanding among the test subjects. In addition, subject matter experts were
also involved in the pre-test, who assessed the questionnaire from their position as
experts. It was confirmed that the formatively designed items capture the research
focus well and that the items cover all relevant facets of the constructs well
(Rossiter, 2002; Weichbold, 2022, p. 443 ff.).
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Table 55: Validity and reliability of the questionnaire constructs (part 1 of 2)

Average
Variance Composite
Specification of . . X Factorloading -omp
Construct Item # Polarity of the item Reverse coded items ¥ Extracted  [Reliability (CR)
the Construct of the item o st
(AVE) Validity | Reliability Test
Test
PE1 Positive No 0,87
Perfromance Expectancy PE2 reflective Positive No 0,85 0,7273 0,8841
PE3 Negative Yes, reverse coded 0,82
EE1 Negative Yes, reverse coded 0,78
Effort Expectancy EE2 reflective Positive No 0,82 0,6436 0,8392
EE3 Positive No 0,82
S11 Positive No 0,8
Social Influence SI12 reflective Positive No 0,77 0,5726 0,8036
SI3 Positive No 0,69
PV1 Negative Yes, reverse coded 0,88
Price Value PVv2 reflective Positive No 0,7 0,5669 0,8159
PV3 Positive No 0,73
HM1 Positive No 0,85
Hedonic Motivation reflective 0,6881 0,8108
HM2 Positive No 0,81
FC1 Positive No 0,8
Facilitating Conditions FC2 reflective Positive No 0,82 0,6861 0,8654
FC3 Positive No 0,85
Hal Positive No 0,84
Habit Ha2 reflective Negative Yes, reverse coded 0,82 0,6877 0,8691
Ha3 Positive No 0,83
Comt1 Positive No 0,86
C p i reflective 0,7313 0,8461
Com2 Positive No 0,85
AtET1 Positive No 0,81
Attitude towards
Environment & AtET2 reflective Positive No 0,84 0,7176 0,8972
T
AtET3 Negative Yes, reverse coded 0,89
PIn1 Positive No 0,76
Personal Innovativeness PIn2 reflective Positive No 0,56 0,5051 0,7497
PIn3 Positive No 0,79
Col Negative Yes, reverse coded
Co2 Negative Yes, reverse coded
Costs formative n/a n/a n/a
Co3 Positive No
Co4 Positive No
Rel Positive No 0,95
Reliability Re2 reflective Positive No 0,95 0,9025 0,9744
Re3 Negative Yes, reverse coded 0,95
cal Positive No 0,94
Contextual Acquaintance | CA2 reflective Positive No 0,95 0,7815 0,9337
CA3 Positive No 0,78
SAl Positive No 0,9
Structural Assurance SA2 reflective Positive No 0,94 0,8359 0,9539
SA3 Positive No 0,89

Source: Own illustration
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Table 56: Validity and reliability of the questionnaire constructs (part 2 of 2)

Average
Construct Item # Specification of Polarity of the item Reverse coded items Facwrlo.ading ";::::::; Rel(i::]:'ll}:!o;l(téll)
the Construct of theitem (AVE) Validity |Reliability Test
Test
TI1 Positive No 0,85
Trusting ion in .
Electromobility hiv) reflective Negative Yes, reverse coded 0,84 0.7402 09175
TI3 Positive No 0,88
BI1 Positive No 0,92
Behavioural Intention BI2 reflective Positive No 0,9 0,8283 0,9591
BI3 Positive No 0,91
UB1 Positive No 0,93
Use Behaviour UB2 reflective Positive No 0,92 0,8569 0,97
UB3 Positive No 0,94
Inl Positive No
Individualism In2 formative Positive No n/a n/a n/a
n3 Positive No
Mal Positive No
Masculinity formative n/a n/a n/a
Ma2 Positive No
MP1 Negative Yes, reverse coded
Motor Power MP2 formative Positive No n/a n/a n/a
MP3 Positive No
DR1 Positive No
Driving range DR2 formative Negative Yes, reverse coded n/a n/a n/a
DR3 Positive No
CT1 Positive No
Charging Time CT2 formative Positive No n/a n/a n/a
CT3 Positive No
MAv1 Positive No
Market Availability MAvV2 formative Positive No n/a n/a n/a
MAvV3 Positive No
CAvl Positive No
Charging Availability | CAv2 formative Negative Yes, reverse coded n/a n/a n/a
CAv3 Negative Yes, reverse coded
PI1 Positive No
Policy & Incentives P12 formative Positive No n/a n/a n/a
P13 Positive No
EIl Positive No 0,88
Environmental Impact EI2 reflective Negative Yes, reverse coded 0,88 0,6995 0,8853
EI3 Positive No 0,76
Kn1 Positive No 0,92
Knowledge Kn2 reflective Positive No 0,8 0,645 0,8648
Kn3 Negative Yes, reverse coded 0,73
Fal Positive No 0,8
Familiarity reflective 0,6128 0,7586
Fa2 Positive No 0,76

*Reverse coded.

Source: Own illustration
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The other variables in the model are the moderators of age, gender,
education, daily travel demand in km, occupation/job, EV driving experience,
household size, household income, number of vehicles in household, types of
vehicles in household and charging opportunity, which are listed with their direct
response options. As each variable is asked directly, no operationalisation was
carried out (Schnell et al., 2023, p. 165 £.).

Table 57 shows the variables of the individual characteristics moderator
group, whose response options were prepared based on existing research (Adnan
et al.,, 2018; Blut et al., 2022; Chong et al., 2012; Kapser & Abdelrahman, 2020;
Shuhaiber & Mashal, 2019; Sovacool et al., 2018):
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Table 57: Questionnaire contents for individual characteristics

Construct Item # Item Answer options Source
18-24 years [¢]
25-34 years (0]
35-44 years (0]
How old are you?
A, IC1 ’ 5- S
&2 (Please select only one answer.) 45-54 years o
55-64 years o
65-74 years O
>75 years o
Female [©]
Gend 2 Please indicate your gender:
ender
(Please select only one answer.)
Male (e]
No school-leaving certificate (e]
Secondary school certificate (e]
Secondary school leaving certificate, intermediate school o
leaving certificate or equivalent
Completed apprenticeship [©]
What is the highest level of education you Vocational baccalaureate diploma, entrance qualification o
Education IC3 have completed? for studies at a university of applied sciences
(Please select only one answer.) . j .
A levels, university entrance qualification (¢) Blut et al. 2022;
hmician' | I Adnan et al. 2017;
Technician's or master's certificate ¢} Han et al. 2017;
Degree from a university of applied sciences or o Kapser & Abdelraham
university 2020; Sovacool et al.
Doctorate/postdoctoral qualification (e] 2018; Chong et al.
2012; Shuhaiber &
Other qualification, please specify: Mashal 2019
<10 km ¢}
10-20 km ¢}
Daily travel How many kilometres do you drive on 21-50 km [e)
1C4 average each day?
d din km
emandin (Please select only one answer.) 51-80 km O
81-100 km o)
>100 km O
Employed (¢]
Pensioner O
Job/ K R .
Occupation 15 What is your current occupation or Job? Pupil, trainee, student or similar o
(Please select only one answer.) Family carer o
Currently unemployed [©]
Others, please specify:
Yes O
EV drivin Do you have any driving experience with
. 8 1C6 electric vehicles? No (@]
experience
P (Please select only one answer.)
Tam not certain [¢]

Source: Own illustration

Furthermore, the variables of the situational determinants moderator group

are listed, whose answer options were prepared based on existing research (Egbue
& Long, 2012; Helveston et al., 2015; Herndler, 2024; Sovacool et al., 2018):
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Table 58: Questionnaire contents for situational determinants

nor at my employer's premises nor in the area around
my employer's premises.

Construct Item # Item Answer options Source
1 [©]
2 o
H le live i household?
Household size| SD1 oW many people live In your ROUSeno 3 (e]
(Please select only one answer.)
4 (¢]
>5 ¢}
>5.000 EUR le)
3.501 - 5.000 EUR [e]
Household What is your hf)uschold s monthly net 2.501 - 3.500 EUR o)
. SD2 income?
income
(Please select only one answer.) 2.001 - 2.500 EUR (o]
1.251-2.000 EUR [©]
<1.250 EUR [©]
0 (e]
i X 1 0] Helveston et al. 2015;
Number of How many vehicles do you have in your
hiclesin | SD3 household? 2 o Egbue und Long
‘}lle 1c . - ect ) l . 2012; Sovacool et al.
ousehol (Please select only one answer.) 5 o 2018; Herndler 2024
>4 (¢]
Car with combustion engine O
Type of What type of vehicles do you have in your Car with hybrid drive o)
vehicles in SD4 household?
household (Multiple selection possible.) pure electric vehicle (o]
No car [©]
T'have the option of charging my electric vehicle at o
home.
Thave the option of charging my electric vehicle within o
5 minutes’ walking distance of my home.
I harge my electric vehicl loyer's
. What charging options are available for an can charge my electric V_e icle at my employer's (o]
EV Charging R . premises.
ibilit SD5 electric vehicle? I h loctric vehicle within 3 minutes
ossibili 3
B v (Multiple selection possible.) can ¢ 'arge .my clectric vehicle within mlinu s (o)
walking distance of my employer's premises.
No charging option for my electric vehicle — neither at
my home nor in the area around my home/apartment, o

Source: Own illustration

4.4 DATA AND SAMPLE DESCRIPTION // STUDY DESIGN

The following chapter describes the preparation of the empirical study.

Important aspects here include the definition of the selection procedure and the

target quotas, as well as the determination of the sample size, the survey procedure,

and the implementation of the survey. Figure 39 visualises this process:
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Figure 39: Procedure for defining the study design

Determining Dctcrmln}ng Determining Selecting the Conduction of
the survey the selection : survey
o the sample size the survey
variant procedure procedure 7

Source: Own illustration based on (Béhler, 2004, p. 30)

Definition of the survey variant

The aim of the survey is to obtain a picture of the German population with
regard to the characteristics of the model and acceptance behaviour towards
electromobility. A distinction can be made between two survey methods
(Diekmann, 2020, p. 390 ff.). On the one hand, there is the full survey (all elements
are analysed), and on the other hand, there is the partial survey (only a part of the
population is analysed, referred to as the sample). A sample is defined as follows:
A sample consists of a selection of "'n" elements of the population of all elements
"N. The aim of the sample is to represent the population and to allow
generalisation. This is referred to as a representational inference, which attempts to
replicate the population in the most accurate way possible to investigate
hypotheses and research questions (Friedrichs, 1990, p. 125; Homburg, 2017, p.
299).

For the present research project, a partial survey was chosen due to time and
cost constraints. In the partial survey, only selected survey and study units are
included in the survey as representatives of the population (Stein, 2022, p. 155; Weis
& Steinmetz, 2005, p. 30). Survey units are defined as elements of the population
on which the survey is based (e.g. companies, families). On the other hand,
elements on which the actual measurement is carried out (e.g. employees, family
members) are defined as survey units. It is essential that the units of investigation
and survey units align, allowing for the investigation of individual acceptance
behaviour regarding electromobility through surveys of individuals (Friedrichs,
1990, p. 127).

Determining the selection procedure

In addition to the survey variant, the selection of sample elements also plays
a crucial role. When selecting sample elements, a distinction can be made between
probability-based selection and deliberate selection. With simple probability

selection, each element has the same probability of being drawn. In a deliberate
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selection, the elements are defined in advance on the basis of selected characteristic
values. The so-called quota method is used to achieve a representative sample that
reflects the population. The quota method involves setting target quotas for some
moderator variables, which are to be achieved with the survey. This procedure is
intended to ensure that a representative cross-section of the German population is
reached (Bortz & Doring, 2023, p. 307; Boflow-Thies & Gansser, 2022, pp. 16-17;
Schnell et al., 2023, p. 243 ff.; Tausendpfund, 2018, p. 221).

The statistical basis for the ratios of gender, age and household income is the
publications of the Federal Statistical Office (Statistisches Bundesamt, 2024b, 2024a,
2024c). Figure 40 shows the target distributions determined:
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Figure 40: Target values for the distributions of the moderator variables of gender, age and monthly net
household income

Gender Age structure

m 18-24 years m 25-34 years m 35-44 years

m 45-54 years m 55-64 years m 65-74 years

m male = female m >75 years

Monthly household's net
income

18%

m<1.250 € m 1.251-2.000 € m 2.001 - 2.500 €

m 2,501 - 3.500 € m 3.501 - 5.000 € m >5.000 €

Source: Own illustration

In addition to the relative target rates, two additional requirements are placed
on the sample. First, a minimum sample size of the study population for the
subgroup "EV driving experience" of n 2150 should be achieved (Kish, 1965, p. 78;
Kumar et al., 2019, p. 242 ff.; Sudman, 1976, p. 30). This should help to achieve the
best empirical reliability of this subgroup for significant analyses and evaluate the
respective subgroups separately (Moosbrugger & Kelava, 2020, p. 62; Schnell et al.,
2023, p. 410 ff.). Among other things, the survey participants must be natural

persons, have their main place of residence in Germany and be at least 18 years old.
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These criteria are important as this is the only way to conduct a population-
representative survey of the Federal Republic of Germany for all adults according
to the law (Przyborski & Wohlrab-Sahr, 2014, p. 127).

Sample size

The next step is to determine the sample size. The aim here is to determine a
representative sample size with which generalisable results and a significant level
of significance for the research can be achieved. In contrast to covariance-based
methods, the variance-based PLS method also allows the use of small samples,
enabling even small study sizes to be equalised and transferred into supposedly
representative results, although this is not recommended (G. Marcoulides &
Saunders, 2006, p. 8).

Several meta-analyses have examined approaches to determining the optimal
sample size for a research project. For studies in the field of acceptance research,
some researchers suggest using samples with sizes ranging from 25 to 2500
participants, with an average of 290 people. Others recommend a minimum sample
size of 200 participants (Boomsma, 1982, p. 171; Boomsma & Hoogland, 2001, p. 139
ff.; Legris et al., 2003, p. 193). There are also different approaches concerning the
rules for determining an appropriate sample size for PLS procedures: Chin (2000),
for example, recommends either a) ten times the maximum number of indicators
of a formative construct or b) ten times the number of path links converging to an
endogenous variable (Chin, 2000b). Kline (2010) also recommends at least five
times, and preferably ten times, the number of model variables (R. B. Kline, 2023,
p. 309). As the majority of reflective constructs are analysed in this study, the first
option mentioned is not an option. To determine an appropriate sample size in the
context of PLS-SEM, Chin (2000) recommends using ten times the maximum
number of structural paths directed towards an endogenous variable as a lower
limit. In the model developed here, the endogenous variable "Behavioural
Intention" (BI) has the highest load with fourteen incoming path connections. This
results in a recommended minimum sample size of 140 participants (10 x 14).
Applying this rule to the total number of all paths in the model (27) would not be
methodologically correct, as it contradicts the original recommendations of Chin
(2000) (Chin, 2000a, p. 94; Chin & Newsted, 1999, p. 301 ff.). Costello and Osborne

(2005) concluded in their meta-analysis that the sample size can be determined by
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the ratio of participants to indicators. Either a ratio of 2:1 or 5:1 is suggested. With
92 items, this results in a sample size range of 184 to 540 (Costello & Osborne, 2005,
p. 4; Osborne, 2014, p. 46 ff.).

The final decision for the present study was based on the upper third of
Costello and Osborne's range, resulting in a target sample size of N = 450. This
guideline value is also based on the average number of test subjects reported in
earlier studies in the field of acceptance research, which is approximately 300
(Costello & Osborne, 2005, p. 8). The selected sample size has the advantage of
allowing for a reduction in sampling error and greater generalizability. Against the
research background of investigating the factors influencing the acceptance of
electromobility, a high degree of generalizability of the work should be achieved.
This was to be guaranteed by the sample size of N =450 and the risk of limiting the
validity of the research results due to a sample size that was too small was to be
largely avoided (Legris et al., 2003, p. 194). It should be noted that the postulated
moderation hypotheses H28 to H45 are tested by means of a separate estimation of
the base model I (27 paths), in which one moderator (e.g. age) is integrated in each
case in a dichotomous variant (0 vs. 1). Therefore, instead of estimating one large
model with the addition of all relevant moderators, a separate model is estimated
for each moderation, consisting of 27 paths and 27 interaction effects between the
moderator and the respective constructs. This results in a moderation model with
27x2 (0 vs. 1) = 52 paths. Taking into account the guideline of at least ten
observations per pathway, as frequently used in the literature (Chin, 2000a, p. 94;
J. F. Hair et al., 2017, p. 24), results in a recommended sample size of 520 people.
The sample size of N =450 planned here falls slightly short of this target value, but
is well above the minimum value of 260 people (52 x 5) when applying the more
conservative threshold of five respondents per path. Against this background, the
targeted sample size is assessed as appropriate and robust for the planned
moderation analyses within the framework of the PLS approach (J. F. Hair et al.,
2017, p. 24; R. B. Kline, 2023, p. 419 ff.).

In addition, the selection of a sufficiently large sample is based on the central
limit theorem (CLT). This states that the distribution of sample mean values
approaches the normal distribution as the sample size increases, regardless of the

distribution of characteristics of the population. This is particularly relevant for
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inferential statistical methods, as it means that the requirements for many
parametric tests are approximately fulfilled even if the characteristics in the
population are not normally distributed. With a target sample size of N = 450, a
sufficient approximation to the normal distribution can therefore be assumed,
which additionally increases the robustness of the analysis (Biemann, 2009, p. 208;
Bortz & Schuster, 2010, p. 85 ff.; Moosbrugger & Kelava, 2020, p. 625).

Selection of the survey method

Regarding the choice of survey method, a distinction can be made between
an oral and a written survey. The oral survey has the advantage of interaction with
the respondents and therefore offers the opportunity to clarify any queries. In
contrast, the written survey does not allow direct interaction, so clear formulations
are necessary. Nevertheless, the decision was made in favour of the written survey
method, even if this has the disadvantage that no questions can be answered. This
is mitigated or even compensated for by suitable measures. On the one hand,
suitable definitions of terms are used at the relevant points. On the other hand,
attention is paid to the clear formulation of items and the avoidance of overly long
and complex questions. The pre-test and a final revision of unclear items ensure
this. In addition, there is an introductory text for the study participants, which
introduces them to the research topic and emphasises the importance of their
participation (Eichhorn, 2004, p. 7; Schnell et al., 2023, p. 295 f.; Weichbold, 2022, p.
443 ff.).

Carrving out the survey

The online survey was conducted over a period of one month (03/04/2025 to
03/05/2025). The data basis is an online questionnaire. This is constructed using the
LimeSurvey programme and sent via a link (Schnell et al., 2023, p. 345 f.). The
LimeSurvey programme is specially designed for scientific surveys (LimeSurvey
GmbH, 2025). To achieve a reliable statement and generalizability of the results, a
sample must be drawn using the quota method, which reflects certain
characteristics of the population. For this reason, the widespread snowball method
is not suitable, as sampling is arbitrary in this method and depends on the
respondents forwarding the survey to their social contacts. Depending on the
survey method, this can be distributed by forwarding the internet link via various

social media channels such as Facebook, Twitter, Instagram, Xing, LinkedIn, as
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well as by e-mail and WhatsApp. This is a non-probabilistic random sample
(Doring & Bortz, 2016, pp. 465-469; Goodman, 1961, p. 148 ff.; Schnell et al., 2023,
p. 276).

The advantages of an online survey are that the participants can be reached
quickly and the survey data is then available directly in digital form. One of the
challenges of online surveys is selecting a representative sample. Participation is
based on voluntary participation, so that no coercive measures are used, unlike in
government-ordered censuses, for example. To achieve voluntary participation, a
convincing process or, in the case of an online survey, a compelling presentation or

text is required to persuade respondents to participate.

In addition, an online survey carries the risk of a distorted and therefore
unrepresentative sample composition. The use of the market research institute
Lightspeed Research? ensures that representative distributions of the previously
defined quotas of age, gender and household income are achieved. As the market
research service provider offers access to 4.3 million registered people in Germany,
it can be ensured that the total sample size of N = 450 is achieved (Kantar Group,
2023, p. 14). This means that a minimum sample size of 150 or more can be achieved
for test subjects with experience with EVs. To ensure that the test subjects fulfil the
further defined characteristics: Main residence in Germany and possession of a
class B driving licence, confirmation should be obtained from the test persons at
the beginning of the survey via a so-called screener questionnaire that they meet
this requirement (BofSow-Thies & Gansser, 2022, p. 16; Lightspeed Research, 2024,
p- 39). Furthermore, the survey should be conducted until the necessary quotas in

the categories have been achieved. If necessary, the market research institute can

3 Lightspeed was originally a separate company specialising in market research
and data collection. However, it was acquired by Kantar, a global market
research and consulting firm, in 2008. Kantar is part of WPP, one of the largest
communications and marketing services companies in the world. Lightspeed
continues to specialise in surveys and market research as part of Kantar,
providing data collection and analysis solutions. Kantar offers a wide range
of market research services, and Lightspeed is one of the brands within this
portfolio.
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address the questionnaire again specifically to one or more groups of respondents.
Categories that have been reached are closed, so further participation is no longer
possible (Wisbert & Knappe, 2021, p. 60).

With regard to quality assurance, the response behaviour of the participants
is analysed. This means that, among other things, uniform answers, i.e., items with
a positive or negative polarity, all of which are answered with the same answer
option (so-called flat linings), can be excluded from further investigation.
Furthermore, participants who answered faster than a third of the median value of
the length of interview (LOI) were also excluded from the study. To obtain a
representative sample, 10% of each category was added to the specified quotas,
ensuring a total sample of at least N = 495. This allows non-qualified responses to
be excluded as invalid at the end of the survey period, after data export and
analysis, without risking a loss in the overall sample size (Bofsow-Thies & Gansser,
2022, pp. 16-17; Lightspeed Research, 2024, p. 39).



V - RESULTS
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V RESULTS

This chapter aims to empirically analyse the theoretically postulated research
model and present the results based on the data collected. Initially, an overview is
provided of all the steps involved in preparing the data using the R analysis
software. A short overview chapter then outlines the further course of the empirical
analysis. Building on this, the model constructs are tested at the measurement
model level, and then the overall model is validated at the structural model level,
concerning the overall model quality. In addition, the effect of the moderator
variables is analysed. A final summary summarises the key findings and leads to a
discussion, interpretation, and deduction of implications in the following chapter.
While Chapter 5 thus concentrates on the methodological implementation and
presentation of results, Chapter 6 deals with the discussion of the content.

5.1 DATA PREPARATION

5.1.1 Preparatory work and preparation of the data in "R"

In empirical studies, it is necessary to process the available raw data once
data collection has been completed (Bortz & Schuster, 2010, p. 47, Weiber &
Sarstedt, 2021, pp. 190-191). The analysis software "R" is used for data preparation
(e.g. creating new variables) and data cleansing (e.g. filtering implausible values or

coding the items appropriately;(J. F. Hair et al., 2021, p. 3 ff.).

The reasons for this can be (depending on the type of data collection):

* incomplete questionnaires;

*  questions were not thoroughly read and understood and a random
answer was selected;

*  knowingly / accidentally false information was given (Boflow-Thies
& Gansser, 2022, pp. 17-18).

The recommended procedure for data cleansing is described below:
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The first step is to determine which data are available and how they were
described and measured. To do this, an overview of the variable structure must

first be obtained in order to determine:

*  which scalings (nominal, ordinal, metric) are present;

*  which data types (logical, numerical, character or factor) were used;

*  which of the scale levels used require which type of statistical
evaluation;

*  which inspection functions are used to check the statistical key
figures (BofSfow-Thies & Gansser, 2022, p. 18).

It is also necessary to create a codebook. With online survey platforms such
as LimeSurvey, this codebook is already built into the system, or the codes are
generated automatically when the question catalogue is created in LimeSurvey.
This means that no additional effort is required in the data preparation step
(Boflow-Thies & Gansser, 2022, p. 18; LimeSurvey GmbH, 2025; Netscher &
Katsanidou, 2018, p. 5; Wicki et al., 2022, p. 67).

Data preparation also includes:

* Imputation of missing values

* Identification of cases with conspicuous response behaviour (flat
linings) or with conspicuously fast response behaviour (speeders)

* Inconsistent answers

* Recoding of variables, which means that inverted queried variables
must be recoded

* Data transposition from a wide to a long format (necessary for
experimental designs)

*  Check whether variables can be summarised into superordinate
factors (Gothlich, 2009, p. 119 £f.; J. F. Hair et al., 2017; Leiner, 2019,
p. 229 ff.; Stoetzer, 2020, p. 297 ff.)

In addition to imputing missing values (see the following chapter), the
sample (n = 548) was examined for conspicuous response patterns to ensure data

quality. Two criteria were applied:

*  Flatlining: Uniform response behaviour was classified as flatlining if
more than 80% of the items on a scale were answered with the same

value.
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*  Speeding: Cases were defined as speeding if the processing time was
less than 3.55 minutes (this corresponds to the empirically
determined threshold value based on the time distribution; median =
10.77 minutes).

A total of 63 cases were identified as flatliners or feeders and were excluded
from the dataset. The final, adjusted sample thus comprises n = 485 valid cases
(Gothlich, 2009, p. 119 ff.; ]. F. Hair et al., 2017; Leiner, 2019, p. 229 ff.; Stoetzer, 2020,
p- 297 ff.).

Furthermore, all items in R are reverse-coded to the content-related polarity
of the items in the respective construct block to ensure that the numerical scales
have the same directional polarity. This is relevant for the subsequent
determination of construct values and the subsequent integration into structural

equation modelling (Boflow-Thies & Gansser, 2022, p. 18).

5.1.2 Imputation of missing values

The imputation of missing values refers to the handling of missing data
points (data omissions) to avoid analysis bias, so-called non-response bias
(Armstrong & Overton, 1977, p. 396). The aim is to ensure that missing values are

used to complete the data matrix through plausible substitution.

This counteracts the problem of the elimination method, as this method
simply removes data records with missing values. However, the disadvantages of
this method include strong distortion in cases with many missing values, a high
loss of information, and a reduction in the significance of the analysis. The
alternative is mean value imputation. Here, missing values are replaced by the
arithmetic mean of the existing values of a variable. The advantages of this are that
no complete elimination of cases is necessary, the loss of information is minimised
and there is a neutral influence on the evaluation, i.e. no distortion (Fazel, 2014, pp.
234-235; Gothlich, 2009, p. 119 ff.; Leiner, 2019, p. 229 ff.; Rohrbach-Schmidt &
Alda, 2011, p. 7 £.).

The need to impute missing values is only relevant for one variable, namely
the moderator and quota variable of "available monthly net household income". At

the beginning of the fieldwork, the market research institute conducted a pilot
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study with approximately 10% of the target sample (n = 450). In addition to the
answer options presented above, the questionnaire also contained the answer
option of "no response", whereby four people selected this answer option. Based
on the assumption that four missing values from the total sample size (n = 45)
represent a high number due to the simulated scaling by a factor of 10 (40 out of
450 cases) and would have to be added using mean imputation, the answer option
"No response” was removed from the questionnaire after the pilot. As a result, all
other respondents in this survey are forced to select the category of their monthly
household income that applies to them or to cancel the survey. All questions in the
survey are defined as mandatory questions, which ensures that all questions are
answered in full or that respondents can withdraw from the survey during the
course of the survey, which in turn is recognised by LimeSurvey as an incomplete
data set (Lightspeed Research, 2024; LimeSurvey GmbH, 2025; Stoetzer, 2020, p.
297 ff.).

The imputation of missing values is therefore only necessary for a subset of
respondents. In order to supplement four missing pieces of information on
monthly net household income, a mean value imputation was carried out in
accordance with Temme (2006). The distribution was not strictly proportional to
the target quota, but rather focused on underrepresented categories (€2,001-€ 2,500
and €3,501-€ 5,000) to achieve an approximation to the defined sample structure.
This is implemented in the data matrix in Microsoft Excel before the data is
processed in R and subsequently analysed at the measurement model level in
SmartPLS (Temme et al., 2006, p. 7). Table 59 shows the final number and final
ratios after imputation of the four missing values for monthly net household

income:
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Table 59: Final number and odds after input of missing values*

Minimum target Number achieved |Actual quota achieved

Categorie Sub-Categroie |Quota| sample size of Nu{:nber Q‘,wta after inputting 4 after inputting 4

n=450 achieved achieved missing values missing values
<1.250 € 13,0% 59 64 13,3% 64 13,2%
1.251-2.000€ |18,0% 81 87 18,1% 87 17,9%
Monhtly net| 2.001-2.500€ |13,0% 59 61 12,7% 63 13,0%
household 2.501-3.500€ [19,0% 86 93 19,3% 93 19,2%
income 3.501-5.000€ |19,0% 86 89 18,5% 91 18,8%
>5.000 € 18,0% 81 87 18,1% 87 17,9%

sample size 452 481 485

Source: Own illustration

5.1.3 Representativeness of the database

Once the data processing was complete, 485 data records were available.
Before analysing the empirical survey, a comparison of the target and actual rates
of the control variables—gender, age, and net household income — as well as the
additional requirement for the test subjects that at least 150 participants in the study
already have experience with EVs, should be carried out. Table 60 provides an

overview:

24 Due to rounding to whole numbers, the target minimum sample size is N = 452.
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Table 60: Final number and odds after input of missing valuess®
Required Minimum target Required -
1T 1T 0
Categorie Sub-Categorie R sample size of Number achieved Quota achieved i E_ o
Quota E fulfilled
n=
male 49% 221 238 49% Yes
Gender female 51% 230 247 51% Yes
sample size 451 485
18-24 years 9% 40 41 8% (Yes)
25-34 years 15% 68 69 14% (Yes)
35-44 years 16% 71 74 15% (Yes)
A 45-54 years 15% 68 74 15% Yes
e
B 55-64 years 19% 85 94 19% Yes
65-74 years 14% 61 68 14% Yes
>75 years 13% 59 65 13% Yes
sample size 452 485
<1.250€ 13% 59 64 13% Yes
1.251-2.000 € 18% 81 87 18% Yes
Monhtly net 2.001-2.500 € 13% 59 63 13% Yes
household 2.501 - 3.500 € 19% 86 93 19% Yes
income 3.501 - 5.000 € 19% 86 91 19% Yes
>5.000 € 18% 81 87 18% Yes
sample size 452 485
Experience
ith Electri n/a 33% n>150 166 34% Yes
wil ectric
vehicles
sample size 450 485

Source: Own illustration

The quota specifications related to the characteristics of gender, age, monthly

net household income, and experience with EVs were based on distributions

representative of the population (see Chapter 4.4).

The gender distribution was exactly as specified, with 49% male and

51% female participants.

In the age range, seven categories between 18 and over 75 years were

covered. The quotas were consistently achieved or were within the

acceptable range with a maximum of -1 percentage point.

The income distribution also met the specifications with an even

coverage of the six specified income classes.

The required sample size of > 150 participants with experience with

EVs was also achieved with n=166.

This means that all quotas were successfully met, providing a solid basis for

the planned hypothesis-testing analyses.

% Due to rounding to whole numbers, the target minimum sample size varies
between n=450 and n=452.
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Despite careful recruitment, it was not possible to fulfil the target quotas
exactly in all cases in the field (see age). Minor deviations occurred, particularly
due to non-response, hard-to-reach target groups, and practical limitations in the
recruitment process. To maintain a balance between sample quality and feasibility,
a tolerance limit of +5 percentage points per quota characteristic was accepted. This
form of tolerance is common practice in empirical social research and is considered
acceptable by standard methodological works and market and social research
guidelines (e.g. through weighting) (ADM Arbeitskreis & Deutscher Markt- und
Sozialforschungsinstitute e.V., 2023, p. 23; Hill, 2024, p. 349 ff.; Kromrey et al., 2016,
p- 271 ff.; Porst, 2014, pp. 31, 74; Schnell et al., 2023, p. 279 ff.).

In conclusion, it can be said that the available database allows a

representative conclusion to be drawn about the German population.

To summarise, it can be said that electromobility in Germany is currently in
the early adopter phase,? so that individual dependencies within the research
model have changed or will change compared to past and future research (Peters
et al., 2011; Peters & Diitschke, 2014). As the study took place in Germany, the
results are not easily transferable to other contexts. However, due to the starting
point of a holistic research model, the same study can be carried out in other
countries, which allows investigating other markets with different customer needs
and/or other legal decisions (subsidies or emission regulations). In addition to
exploring the status quo of the acceptance of electric mobility, this study also
examines the 25 factors influencing the acceptance of EVs identified by Wicki et al.
(2022).

514  Quality of the database

In contrast to covariance-based methods, structural equation modelling
using variance-based methods does not require any strict distribution assumptions.
However, a normal distribution of the data is recommended when using them
(Biihner, 2006, p. 80). The normal distribution is determined by the skewness and
kurtosis of the individual items (Bortz & Schuster, 2010, p. 72 £.).

2 See Appendix 6 and Chapter 2.3.2.
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The skewness describes the degree of symmetry of the data distribution. A
skewness that is > 0 is left-skewed and a skewness that is < 0 is right-skewed (G.
Held, 2009, p. 162 f.). A skewness = 0 is given with a perfect normal distribution.
According to Kline (2010), the limit values at which an extreme deviation can be
spoken of are >+ 3 or <- 3 (R. B. Kline, 2016, p. 74).

Kurtosis, in turn, describes the steepness or curvature of the distribution of
the data (G. Held, 2009, p. 162 f.). If the distribution is normal, the kurtosis is 3.
Excess kurtosis refers to the deviation from the normal distribution value. A
distinction is made between positive excess kurtosis (leptokurtic) and negative
excess kurtosis (platykurtic). Positive excess kurtosis is characterised by a more
acute distribution with a greater concentration of individual values around the
mean value. On the other hand, a negative excess kurtosis describes a flatter, more
widely scattered distribution (Biithner, 2006, p. 88 f.). According to Kline (2010),
values of excess kurtosis of +8 are considered the upper limit for many statistical

methods as a guideline for acceptable deviations (R. B. Kline, 2023, p. 59).

Based on the empirical data collection, it was possible to calculate both the
skewness and the kurtosis of the 81 indicators, which were recorded using a Likert
scale. The calculations were carried out using the statistical software "R". The

results can be seen in Table 61:
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Table 61: Skewness and kurtosis of the indicators
Construct Item Skewness +3 Kurtosis +8 Construct Ttem Skewness +3 Kurtosis 8
PE1 -0.03 -1.29 MAv1 0.25 -1.25
Performance Market
PE2 0.1 -123 o MAv2 0.03 -1.32
Expectancy Availability
PE3 0.29 -1.22 MAv3 0.15 -1.31
- EE1 -0.79 -0.6 . CAvl 0.25 -1.28
ort EE2 -0.64 063 Charging CAv2 047 09
Expectancy Availability
EE3 -0.53 -0.68 CAv3 0.65 -0.55
o FC1 0.13 -1.34 o Pl -0.06 -1.26
Facilitating FC2 0.44 115 Policy & PR 023 113
Conditions Incentives
FC3 0.1 -1.01 PI3 -0.54 -0.86
o Coml 02 -1.21 El -1.04 0.44
Compatibility Environmental
Com2 -0.13 -1.22 E2 0.71 -0.21
Impact
SIi 0.5 -1.06 EI3 -0.67 -0.11
Social Influence SI2 0.63 -0.92 SA1 -0.14 -1.05
Structural
SI3 0.52 -0.97 SA2 0.16 -1.18
Assurance
Hedonic HM1 0.05 -1.23 SA3 0.01 -1.0
Motivation HM2 -0.23 -1.02 Rel -041 -0.72
Attitude AtET1 038 2093 Reliablity Re2 0.14 209
towards AtET2 -0.25 -1.15 Re3 0.16 -1.03
Environment &
ey AtET3 0.38 -0.74 Trusting T -0.31 -0.85
Inl -0.81 -0.03 Intention in T2 0.01 -1.11
Individualism In2 0.0 -0.91 Electromobility TI3 -0.32 -0.82
In3 -0.65 -0.37 BIl 0.31 -1.34
Behavioural
Mal 0.36 -1.15 . BI2 0.2 -1.35
Masculinity Intention
Ma2 0.08 -1.19 BI3 0.16 -1.36
PV1 0.48 -0.76 UB1 0.7 -1.04
Price Value PV2 0.55 -0.77 Use Behaviour UB2 0.76 -0.95
PV3 0.41 -0.94 UB3 0.55 -1.22
Col 1.0 0.31 Knl -0.42 -0.71
Cost: Co2 0.27 -0.79 Knowledge Kn2 -0.36 -0.61
osts
Co3 0.09 -1.0 Kn3 -0.14 -1.07
Co4 0.18 -0.83 Hal 0.1 -1.45
MP1 -0.29 -1.08 Habit Ha2 0.87 -0.34
Motor Power MP2 -0.26 -0.79 Ha3 -0.14 -1.26
MP3 -0.26 -0.69 CA1 -0.06 -1.16
Contextual
DR1 -04 -0.86 . CA2 -0.2 -1.19
Acquaintance
Driving Range DR2 0.22 -1.22 CA3 -0.22 -1.16
DR3 -0.25 -0.98 Fal -0.32 -0.94
Familiarity
CT1 -0.03 -1.17 Fa2 -0.25 -0.93
Charging Time CT2 -0.35 -0.96 PInl -0.05 -1.16
Personal
CT3 -043 -0.76 . PIn2 -043 -0.84
Innovativeness
PIn3 -0.07 -1.14

Source: Own illustration

None of the recorded items exceeds the critical limits for skewness (+3) or

kurtosis (+8), which are considered robust tolerance thresholds for normal

distribution assumptions in the literature (R. B. Kline, 2023, p. 59). In fact, all values

for skewness and kurtosis are below +2, which indicates a small deviation from the
normal distribution (Byrne, 2010, p. 103; J. F. Hair et al., 2017, pp. 52-53; West et al.,
1995). A graphical overview of the item distributions can be found in Appendix 9.

The histograms shown illustrate that most of the items do not show any significant

deviation from the normal distribution.
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Given the sample size of n =485, the CLT can also be used. This states that for
sufficiently large samples, the distribution of the sample mean values
approximates the normal distribution, regardless of the initial distribution of the
characteristics. Overall, the application of inferential statistical procedures within
the framework of the following structural equation models based on the classical
normal distribution assumption is therefore methodologically unobjectionable. The
CLT ensures that the (conditional) mean values of arbitrarily distributed test
characteristics always approximate the symmetrical Gaussian distribution in
probability for large sample sizes (Biemann, 2009, p. 208; Bortz & Schuster, 2010, p.
85 ff.). Simulation studies indicate that this convergence is typically achieved with
n > 30 (Moosbrugger & Kelava, 2020, p. 625).

In addition to checking the normal distribution, the existence of a common
bias method must also be investigated (G. Held, 2009, p. 163; Spector, 2006, p. 221;
Straub, 2009, p. 225). This analysis determines the proportion of variance that is
attributable to measurement instruments, rather than to the actual construct
(Temme et al., 2009, p. 123). There is always a risk of method bias if the respondent
serves as a source for exogenous and endogenous variables and draws conclusions
about the underlying hypotheses based on the context of the question, thereby
adjusting their response behaviour (Jarvis et al., 2003, p. 199 ff.).

The relevance of checking for method bias is addressed inconsistently in the
literature, leading Spector (2006) to argue that the misinterpretation of data caused
by method bias is negligible (Spector, 2006, p. 221). In contrast, however, Podsakoff
et al. (2003) and Sharma (2009) are in favour of their explicit review, so that the
review for a method bias is also carried out in this work (Podsakoff et al., 2003, p.
879 ff.; Sharma et al., 2009, p. 473 ff.).

The test is performed using Harman's single-factor test, which aims to check
whether one factor explains more than 50% of the total variance of the model. If
this is the case, it can be assumed that there is a common method bias. The
investigation is carried out using exploratory factor analysis (PCA) and examines
the extent to which the characteristics (covariances) of the indicators can be
attributed to the presence of a single factor (G. Held, 2009, p. 163; Podsakoff et al.,
2003, p. 889; Podsakoff & Organ, 1986, p. 536; Sharma et al., 2009, p. 473).
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The Harman single-factor test is also carried out using the statistical software
"R". According to Held (2009), an exploratory principal component analysis
(Harman's single-factor test) is conducted without rotation on all Likert indicators
(G. Held, 2009, p. 183). The results can be seen in Tablee 62:

Table 62: Result of Harman's single-factor test
Factor Declared variance (%) Declared cumulative variance (%)
1 41% 41%
2 7% 48%
3 6% 54%
4 3% 57%
5 2% 59%
Source: Own illustration

The analysis shows that the first factor extracted explains only 41% of the
total variance (G. Held, 2009, p. 163; Kaiser & Dickmann, 1959, p. 425). This value
is below the critical threshold of 50 % and therefore does not indicate the presence
of a dominant common factor (Podsakoff et al., 2003, p. 879 ff.). The other extracted
components (factors 2-5) were reported to illustrate the decreasing variance
explanation, but are not relevant for assessing the CMB, as the assessment relates

exclusively to the first factor.

Overall, based on the available results, it can be assumed that there is no
significant common method bias. The distribution of variance across several
factors, along with the moderate proportion of the first factor, supports this
assessment. Thus, there are no concerns regarding methodologically distorted
response patterns (G. Held, 2009, p. 184).

5.2 PROCEDURE OF THE EMPIRICAL ANALYSIS

In this chapter, the theoretically derived structural equation models are
estimated using the PLS approach in SmartPLS and evaluated concerning construct
reliability, path relationships and global model quality (Fornell & Cha, 1994;
Lohmoller, 1989; SmartPLS GmbH, 2025).
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The PLS approach determines the statistical relationships between the latent
constructs and the target variables using partial linear least squares regressions
(PLS) and is characterised by the fact that complex model relationships can be
estimated plausibly and with high test power even with small to moderate sample
sizes. Furthermore, estimation using PLS enables a quantitative prediction of the
dependent target variables as a function of the regressed construct values and is
therefore suitable for predictive questions. In addition, the quality of the prediction
can be precisely determined and compared using measures such as the (adjusted)
R? (Reinartz et al., 2009; SmartPLS GmbH, 2025).

A basic model without moderator effects (Model I) is first presented for the
step-by-step assessment of the model quality and the relevant path relationships.
This is followed by an extension to a complete model with theory-based
moderators (Model II) to test the influences of moderation (J. Hair et al., 2022, p.
165 ff.; Henseler et al., 2009, p. 277 ff., 2014, p. 105 ff.).

Figure 41 illustrates Model I in relation to the included constructs and paths
of explanation and prediction.
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41: Model I - Analysis Scope
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Model II, which depicts the complete research model, is shown in Figure 42.
In contrast to Model I, Model II also includes the theoretically postulated

moderator variables and their interaction effects with selected predictors.

It can be seen that all constructs and paths contained in Model I were retained
and expanded to include the moderation effects. The moderator variables have

been highlighted in colour (red) in the figure to make them easier to understand.



283

CHAPTER V — RESULTS

is Scope

S

re 42: Model 11 - Analy

Figur

-duaLIdXd ‘SJUBUTULIdNIP [ENIXJUO0D “ASo[outa)

‘INJ[ND [EUOTBU ‘SJUBUTULIIJP [EUOHEN}IS ‘SONSLIdORIEYD
[enpratpur £q pajerapow st (1) uonuaju] Sunsniy uo Paya g

-aouaLIRdXa ‘SjueUTULIDIOP [ENIXRIU0D ‘AS0[oUNa)

‘2IN[ND [EUOTIEU ‘SJURUTULIDISP [EUOHENYIS ‘SONSHIARIRYD
[enpratput £q pajesapowt st (g) notaeyag 3 U0 PIPE T

-aouaLIRdX? ‘SjUeUTULIDIOP [eN)XRIU0D ‘ABo[ouNa)

‘5IN)[ND [EUOTIEU ‘SJUBUTULIDIOP [EUOHENITS ‘SONSHIARIEYD

:S3)0N

(&rrenrure § 23pajmoury)
souarradxyg

“Aunqepreae Surdrey ‘Ayiqe|reae 1as1elN)
SPURUIULIDOP [ENIXIPUOD)

(ouy Surdrey) ‘e8uer Surar ‘Tamod 10104
SJURUIULIDIOP [EITULD9],

(&rurnosepy ‘wstenpiatpu)
Q1IN [euoneN

\\\\\\\ (Kyumioddo SuiSreqy “plogasnoy
ur sap1yaa Jo sad£ ], ‘pjoyasnoy ur sapyaa
JO IdqUINN] ‘OWOdUT P[OYISNOL] ‘DZIS PIOYISNOF])
SJURUTULIdIDP [EUOeN}Ig

“uny ur puewsp [paex} A[1e( ‘uonedNpy ‘I2puds) ‘28y)
SoUSLIRORIRYD) [ENPIAIPU]

(an) .
Inoraeyayg asn LcH

A3111901404303] U1 JSNAL, PaSVQ-UOYNFISUT
£AOUBINSSY ¢@oueUrenboy
[empnng [enyxauo)
PCH 8TH

tCH

(1)
Amqowonoarg ut \

uoruauy unsniy, l(

ZH

9H

(19) uonuayuy

“ E
\.‘ <
»\?
\
Va E

crATIqerRy

2151800

Z1SSauLARAOUU]
[euosIDJ

(AZojouydag,
29 JudWIUOIIAUY
SpIEMO)} SPNIINY

ifpquedwo)

oI1qeH

¢71SUORIPUOD
Suneype,

ssounf
-djopy

{UOLRALIOI
JTUOPSF]

[9N[eA DI J

|9duAN[IU] [e100g

[ernoraeyag -

o £ouepadxy
+0334

V4

o fouepadxy
DULULIONId ]

7z

Appqudyd

Source: Own illustration



284 STEFFEN BERG

In line with the procedure described above, Model I without moderator
effects is analysed first in Sections 5.4 and 5.5. The analysis of the extended Model
I, which also includes the postulated moderators, follows in Chapter 5.6. Chapter
5.6 also provides a systematic comparison of both model variants to identify

differences in explanatory power and potential moderation effects.

Chapter 5.7 provides an overall assessment of the postulated research model
(Model II) and the hypothesis test.

5.3 SETTINGS OF THE VARIANCE ANALYSIS SOFTWARE "SMARTPLS"

In addition to the statistical software R, the variance analysis and structural
equation software SmartPLS was also used for the empirical evaluation of the
present research work (SmartPLS GmbH, 2025). SmartPLS is a powerful
programme for variance-based structural equation models and includes all
relevant calculation logarithms. It also offers individual setting options for all

model parameters (Temme et al., 2006, p. 19).

Regarding the parameter settings of SmartPLS, there is no uniform
recommendation in the literature; therefore, the types of calculations used in this
research work are briefly described below. SmartPLS uses the PLS algorithm to
carry out the estimation procedure to determine the model parameters of the
structural equation model. Among other things, the level of the loadings and path
coefficients is determined. In addition, the factor reliability (composite reliability),
the average recorded variance and the Fornell-Larcker criterion are calculated
(Gotz & Liehr-Gobbers, 2004, p. 714 ff.; Henseler & Chin, 2010, p. 82 ff.; Ringle et
al.,, 2006, p. 81 ff.; Tenenhaus et al., 2005, p. 166 ff.).

The bootstrapping method checks the significance of path connections by
iteratively drawing samples and uses this to calculate the test statistic (Albers et al.,
2009, p. 250; Backhaus et al., 2021, p. 73).

The blindfolding procedure analyses the predictive validity of the
measurement instruments. A part of the data matrix is gradually suppressed and
simultaneously reconstructed using estimated parameters. The predictive validity
can be determined by comparing the actual data with the estimated data (J. F. Hair
et al.,, 2012, p. 424; Schleer, 2014, p. 125).
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Table 63 shows the parameter settings for the three SmartPLS calculation
methods:

Table 63: Selected parameter settings of the SmartPLS variance analysis software

Category Parameter Selected setting
PLS Algorithm Weighting scheme Path weighting
Data metric Mean 0, variance 1
Maximum iterations 3,000
Abort criterion 107
Initial weights 1
Bootstrapping Method Sign changes No sign change
Cases 485
Samples 5,000
Confidence interval Percentile method
Blindfolding Procedure Omission distance 7

Source: Own illustration based on (SmartPLS GmbH, 2025)

The "path weighting scheme" was selected for the PLS algorithm, as this
correctly takes into account the direction of the hypotheses in the model. The
default setting for the data metric was retained, with a mean of 0 and a variance of
1 (i.e., an average of 0 with a variance of 1). The maximum number of repetitions
for the estimation algorithm is increased to 3000. The valuel-7is used as the
cancellation criterion for the iteration procedure. This means that no further
iteration takes place if the 7th decimal place of the weights or loadings no longer
changes. The weights of the indicators initially set for the first step of the estimation
procedure (outer estimation) are left at the programme's default setting of 1. The
empirical bootstrap is based on B = 5,000 replication samples, which is sufficient for
a precise approximation of the unknown probability distribution of the
corresponding standard errors and test statistics and for the determination of
confidence intervals. Parameter estimates with changing signs (sign changes) are
included in the determination of the distribution of the coefficients and test
statistics, as excluding such bootstrap replications can lead to distorted and
implausible model results. To determine the predictive quality of the model, the

blindfolding procedure with an omission distance of 7 is selected, which
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corresponds to a prediction of the seventh data point by the predetermined model
parameters of the (partial) OLS regressions (Preacher & Hayes, 2008, p. 879 ff.).

54 QUALITY ASSESSMENT OF THE MEASUREMENT MODEL (MODEL I)

5.4.1 Overview of relevant quality criteria

The aim of quality assessment of measurement models is to verify whether
the constructs are measured accurately. The focus here is on the local quality
criteria of objectivity, reliability and validity (Fazel, 2014, p. 245).

Objectivity is defined as the independence of the measurement from the
person using the measurement instrument. Further subcategories can be

distinguished here.

* Implementation objectivity, which stands for the same test
conditions during implementation.

*  Evaluation objectivity, which means that the same results are
achieved regardless of the evaluator.

*  Objectivity of interpretation, which means that the same conclusions

are drawn from the same evaluation.

The central question when examining objectivity is whether different
analyses lead to different results. Since in the present case the data collection and
analysis were carried out by the author himself, objectivity can be considered to be
fulfilled (Biihner, 2006, p. 34; Ebster & Stalzer, 2017, p. 171).

Reliability measures how reliably an instrument measures a characteristic,
regardless of its accuracy. Random measurement errors are considered here, but
not systematic ones. The central question to be answered by testing reliability is
whether the instrument yields identical results when administered repeatedly. If
the random measurement error is 0, complete reliability is given (Bithner, 2006, p.
35; Carmines & Zeller, 1979, p. 29; Ebster & Stalzer, 2017, p. 170).

On the other hand, validity measures whether the instrument actually
measures what it is supposed to measure. Systematic measurement errors

(consistent and recurring) are considered here. If the systematic measurement error
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is 0, complete validity is given (Carmines & Zeller, 1979, p. 11; Ebster & Stalzer,
2017, p. 169).

Reliability is a necessary but not a sufficient prerequisite for validity. Both
reliability and validity must be fulfilled for a correct measurement. This means that
reliability is used to verify whether the measurement is accurate, and validity is
used to ensure that the correct thing is being measured (Ebster & Stalzer, 2017, p.
172).

In the literature, various approaches exist for assessing local quality criteria
of structural equation models using the PLS approach. Table 64 provides an
overview of the types of quality criteria analysed as part of the validation of the
measurement models and the quality measures used for this purpose (Krafft et al.,
2005, p. 71 ff.; Nitzl, 2010, p. 21 ff.; Zinnbauer & Eberl, 2005, p. 6 ff.):
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Table 64: Quality types and quality measures for validating the measurement models

Quality type | Quality measure | Relation Setpoint Source
Factor loading A >0,7 (Biihner, 2006)
Commonality h? >0,4 (Baumgartner &

Homburg, 1996)
Indicator
reliability | t-statistics for t >1,65 (Homburg &
C.alCIjll'atiI’lg the (resp. 1,96) Giering, 1998)
significance level
Item—to—.total ITC >04 (Churchill, 1979)
correlation
Cronbachs’s a >0,7 (Cronbach, 1951)
Alpha
Qc 20,7 (R.  P. Bagozzi,
Composite 1994; R. P. Bagozzi
Construct | Reliability & Yi, 1988; ]J. E.
reliability Hair et al., 2011)
Average recorded _ (R. P. Bagozzi,
variance AVE (&) 205 1994; R. P. Bagozzi
& Yi, 1988)
Content Explorative factor EFA Unidimensionality | (Krafft et al., 2005)
validity analysis
Fornell-Larcker - DEV (&) = gj? (Fornell & Larcker,
criterion 1981)
Construct
validity Correlation r <109|
between latent (Klarmann, 2008)
variables

Source: Own illustration based on (R. P. Bagozzi, 1994; R. P. Bagozzi & Yi, 1988, p. 82; Baumgartner &
Homburg, 1996, p. 170; Biihner, 2006, p. 179 ff.; Churchill, 1979, p. 68; Cronbach, 1951, p. 299; Fornell
& Larcker, 1981, p. 46; |. F. Hair et al., 2011, p. 139 ff.;, Homburg & Giering, 1998, p. 119; Klarmann,
2008, p. 192; Krafft et al., 2005, p. 73)

Indicator and construct reliability are closely linked conceptually, but are

methodologically assessed separately at the construct level. On the other hand,
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content and validity are evaluated in the context of the overall research model and

used for the overarching assessment of measurement quality.

Following the general presentation of the evaluation criteria for the quality
of the theoretical measurement models, the characteristic values for Model 1
without specified moderations are presented below. The presentation begins with
an analysis of the measurement model, based on item-specific factor loadings, and
a qualitative classification based on the defined threshold values for the individual

criteria.

Model Iis then evaluated at the construct level in terms of construct reliability
using Cronbach's alpha, composite reliability and the average proportion of
explained variance (AVE). This is followed by a categorisation of content validity
using exploratory factor analysis (EFA) and finally the presentation of construct

validity using the Fornell-Larcker criterion.

Building on this, the structural model is evaluated, taking into account the
regression paths and significance. The model evaluation concludes with a
presentation of the general model fit using standardised root mean square residual
(SRMR) and the proportion of explained variance (R?) in the respective target
constructs. The evaluation of the model concludes with a determination of the

specific predictive validity using the Stone-Geisser criterion Q2.

To determine the quality of the measurement model, the latent reflective
constructs are presented in tabular form using Cronbach's alpha, composite
reliability (CR) and the average proportion of explained indicator variance (AVE).
Composite reliability (CR) is preferable to Cronbach's alpha for assessing construct
reliability, as this reliability measure does not assume equal item loadings on the
common construct, but uses the actual loading structures to estimate reliability
(Peterson & Kim, 2013, p. 194 ff.).

5.4.2 Indicator reliability

Indicator reliability indicates the proportion of the variance of an indicator
that is explained by the assigned factor in the total variance. It provides information
on how well an indicator (item) measures the underlying factor (construct) (G.
Held, 2009, p. 168). The validation is carried out through factor loading, which
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describes the correlation between an item and the construct (Zinnbauer & Eber],
2005, p. 7). Commonality expresses the proportion of the total variance explained
and is calculated as the square of the factor loading (Baumgartner & Homburg,
1996, p. 170). The minimum requirement for factor loading is that more than 50%
of the variance of an indicator must be explained by the underlying factor
(Carmines & Zeller, 1979, p. 27). This means that the factor loading should be more
than 0.707 (since 0.7072~ 0.5). Accordingly, indicators with a factor loading of <
0.707 should be successively eliminated from the measurement models(R. P.
Bagozzi & Baumgartner, 1994, p. 402; Krafft et al., 2005, p. 73).

Various authors also suggest other factor loadings that may be acceptable

under certain circumstances:

*  Huber et al. (2007) suggest factor loadings of 0.6, provided that a
significance level of at least 5% is reached (this corresponds to 1.645
for a one-sided t-test) (F. Huber et al., 2007, p. 86 f.).

*  Hulland (1999) notes that lower factor loadings are to be expected
for new constructs, and thus he recommends a cut-off value of 0.4
(Hulland, 1999, p. 198).

* Bagozzi and Baumgartner (1994) and Peter (1997) require a
minimum factor loading of 0.4 and an associated minimum
commonality of 0.16 (R. P. Bagozzi & Baumgartner, 1994, p. 402;
Peter, 1999, p. 197 f.).

A threshold value of 0.6 is selected for this study and additional t-values are

used to test the significance level.

An additional test that is carried out is the item-to-total correlation. This
measures the correlation of an indicator variable with the sum of all indicators of a
construct (Homburg & Giering, 1998, p. 119). The higher the correlation, the greater
the contribution to reliability (Nunnally & Bernstein, 1978, p. 279). This also enables
ranking the indicators by construct according to their quality. This serves to
identify and eliminate weak indicators, and improve the quality criteria at the
construct level (e.g., Cronbach's alpha). According to Churchill, a minimum

requirement for an item-to-total correlation = 0.5 (Churchill, 1979, p. 68).

Table 65 shows the results of the analyses of indicator reliability:
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Table 65: Results of the validation of indicator reliability

Factor

Commo-

Construct Indicator | loading > | nality > tvalue= tem-to-Total-
1,64 Correlation 2 0,4
0,6 0,4
Attitude towards AtET1 0.91 0.84 74.57 0.61
R AtET2 0.94 0.88 112.36 0.61
Environment & Technology
AtET3 0.28 0.08 Mrz 37 0.11
BI1 0.93 0.86 103.85 0.83
Behavioural Intention BI2 0.91 0.83 73.49 0.81
BI3 0.94 0.89 161.66 0.87
CA1 0.93 0.86 111.56 0.83
Contextual Acquaintance CA2 0.93 0.87 120.44 0.83
CA3 0.89 0.79 57.74 0.77
Col 0.58 0.34 Nov 87 0.41
Co2 0.52 0.27 Aug 99 0.38
Costs

Co3 0.86 0.74 47.95 0.57
Cod 0.88 0.78 74.46 0.61
Compatibility Com1 0.95 0.90 114.44 0.82
Com?2 0.96 0.92 206.94 0.82
EE1 0.37 0.13 Mrz 22 0.44
Effort Expectancy EE2 0.95 0.90 54.57 0.75
EE3 0.96 0.92 73.39 0.71
FC1 0.87 0.75 52.73 0.68
Facilitating Conditions FC2 0.80 0.64 30.78 0.60
FC3 0.87 0.76 64.72 0.65
Hal 0.94 0.88 142.69 0.82
Habit Ha2 0.39 0.15 Mai 84 0.82
Ha3 0.91 0.83 79.86 0.69
Hedonic Motivation HM1 0.96 0.92 227.80 0.22
HM?2 0.95 0.90 133.58 0.62
PE1 0.94 0.88 127.20 0.72
Performance Expectancy PE2 0.94 0.88 137.32 0.73
PE3 0.55 0.30 Sep 58 0.35
PInl 0.89 0.80 73.59 0.76
Personal Innovativeness PIn2 0.90 0.80 75.19 0.78
PIn3 0.92 0.85 107.37 0.81
PV1 0.57 0.32 Okt 64 0.36
Price Value PV2 0.94 0.88 110.99 0.73
PV3 0.95 0.90 156.68 0.77
Rel 0.91 0.83 79.93 0.69
Reliability Re2 0.92 0.85 99.34 0.73
Re3 0.66 0.43 13.98 0.46
SAl 0.90 0.82 73.57 0.76
Structural Assurance SA2 0.87 0.75 52.52 0.73
SA3 0.93 0.86 117.44 0.82
SI1 0.93 0.86 95.96 0.82
Social Influence S12 0.93 0.86 101.22 0.83
SI3 0.87 0.75 50.45 0.71
Trusting Intention in TI1 0.94 0.88 132.54 0.74
Electromobility T2 0.60 0.36 Okt 90 0.44
TI3 0.93 0.86 82.02 0.69
UB1 0.95 0.89 121.90 0.88
Use Behaviour UB2 0.95 0.90 124.23 0.89
UB3 0.94 0.87 114.68 0.85

Source: Own

illustration
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As can be seen from the analysis, a total of five indicators (AtET3, Co2, EEI,
PE3, PV1) do not fulfil the specified limit values with regard to the required factor
loading of > 0.6 and the associated commonality of > 0.4. In addition, only two of
these five indicators (Co2 and EE1) fulfil the minimum requirement for the quality
criterion of item-to-total correlation > 0.4. Indicator reliability therefore cannot be
regarded as given for these five variables. In accordance with the Churchill (1979)
procedure and taking into account the recommendations of Bagozzi and
Baumgartner (1994) and Peter (1997), these items were eliminated in the further
course and no longer included in the subsequent analyses (R. P. Bagozzi &
Baumgartner, 1994, p. 402; Churchill, 1979, p. 68; Peter, 1999, p. 197 £.).

In addition, five further indicators (Col, Ha2, HM1, Re3, TI2) were identified
whose values are borderline or do not completely fulfil individual criteria. These
items were retained for the time being, as they either have high t-values or
sufficient item-to-total correlations and can therefore theoretically remain in the
model structure. However, their further inclusion should be critically considered

as part of the model validation.

As a result of the elimination, the number of indicators used for construct
measurement was reduced from the original 50 to 45. As the excluded items
(AtET3, Co2, EE1, PE3, PV1) were negatively formulated (reverse-coded items) and
did not fulfil the defined quality criteria, it can be assumed that there is a reverse
item bias or a measurement artefact. This effect indicates a systematic bias in
response behaviour, as described in the literature in connection with misresponse
to reversed items (Barnette, 2000, p. 361 ff.; Sonderen et al., 2013; Swain et al., 2008,
p. 116 ff.; Weijters et al., 2013, p. 320 ff.; X. Zhang et al., 2016).

5.4.3 Construct reliability

Construct reliability, also known as factor reliability, measures the suitability
of your construct to explain the variance of its indicators. The prerequisite for this
is a strong correlation between the indicators. A low correlation, on the other hand,
leads to a high overall variance, which in turn cannot explain the construct (Krafft
et al., 2005, p. 74 f.; Ringle & Spreen, 2007, p. 212). The three options for assessing

construct reliability are briefly presented below.
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A popular criterion for testing construct reliability is Cronbach's alpha ()
(Cronbach, 1951, p. 299). This measures the average correlation between the
indicators, adjusted for their number (Homburg & Giering, 1998, p. 119). The value
range is between 0 and 1, where a high value indicates high reliability. The
minimum value of « is defined as 0.7, which is also used in this paper (Nunnally &
Bernstein, 1978, p. 245; Peter, 1999, p. 180; Zinnbauer & Eberl, 2005, p. 6). If the
alpha value is undercut, a gradual elimination of the indicators with the lowest
item-to-total correlation (a-maximisation) is required (Churchill, 1979, p. 68).
However, it should not be forgotten that the number of indicators positively
influences the alpha value and that no inferential statistical evaluation is possible.
Despite criticism, Cronbach's alpha is a widely used criterion for determining
construct reliability (Homburg & Giering, 1998, pp. 119-120; Ringle et al., 2006, p.
87).

A more suitable criterion for assessing construct reliability in confirmatory
measurement models (especially in PLS-SEM) is the quality measure of composite
reliability (CR; (Gotz & Liehr-Gobbers, 2004, p. 727). This is a more suitable
criterion than Cronbach's alpha, as weighted factor loadings are taken into account
and there is no equal distribution of indicator contributions. Similar to Cronbach's
alpha, the value range for CR is between 0 and 1; the higher the value, the higher
the reliability of the construct (Ringle et al., 2006, p. 20). A CR of 1 describes the
perfect measurement without error (Homburg & Giering, 1998, p. 122). Nunnally
& Bernstein (1978), Peterson & Kim (2013) and Bagozzi & Yi (1988) define minimum
values for CR as 0.7 and > 0.6, respectively, as a minimum measure (R. P. Bagozzi
& Yi, 1988, p. 82; Nunnally & Bernstein, 1978, p. 245; Peterson & Kim, 2013, p. 194
ff.). In this paper, the threshold value is defined as 0.7. If the value falls below the
set limit, items with a factor loading that is too low or with a high measurement
error can be eliminated. This is done in an iterative process until the limit value is
reached (Fassott & Eggert, 2005, p. 33). Composite reliability is used because it

offers two major advantages over Cronbach's alpha:

1. Itis independent of the number of items, so that short scales are not
penalised.
2. The inclusion of the actual loading weights increases the validity of

the quality measure and enables a more precise assessment of the
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measurement quality at construct level (R. P. Bagozzi & Yi, 1988, p.
82).

In addition to Cronbach's alpha and the composite reliability, AVE measures
how well a construct is explained by its indicators, i.e. the explained indicator
variance by the construct (G. Held, 2009, p. 168; Ringle et al., 2006, p. 19 f.). The
minimum value here is 0.5, i.e. at least 50% of the indicator variance must be
explained by the construct. Compared to composite reliability, AVE is considered
a stricter quality criterion. While acceptable values can sometimes be achieved for
composite reliability, even though a considerable proportion of the variance is
attributable to measurement errors, AVE requires direct evidence of sufficient
explained variance of the indicators (Homburg & Giering, 1998, p. 130). Therefore,
the AVE is a central criterion of convergent validity, especially for new constructs
or reflective measurement models, and was included in the present analysis
accordingly (Nitzl, 2010, p. 26).

Table 66 shows the results of the analyses of construct reliability:
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Table 66: Results of the validation of construct reliability
Construct | Cronbach’s Alpha | Composite Reliability (Rho_C) AVE (%)
AtET 0.87 0.94 88.3%
BI 0.92 0.95 86.0%
CA 0.91 0.94 84.2%
Co 0.70 0.83 63.3%
Com 0.90 0.95 91.1%
EE 0.91 0.96 91.4%
FC 0.80 0.88 71.4%
HM 0.90 0.95 90.8%
Ha 0.66 0.82 62.2%
PE 0.92 0.96 92.8%
Pin 0.89 0.93 81.6%
PV 0.94 0.97 93.9%
Re 0.79 0.87 70.3%
SA 0.88 0.93 80.9%
SI 0.89 0.93 82.3%
TI 0.78 0.87 69.8%
UB 0.94 0.96 89.1%
Source: Own illustration

With Cronbach's alpha values ranging from 0.70 to 0.94, all constructs
demonstrate consistently satisfactory to excellent internal consistency. With
Cronbach's alphas ranging from a = .70 to a = .94, all constructs demonstrate
satisfactory to very good measurement accuracy regarding the manifest indicators
that operationalise the respective constructs. Only the construct "Ha", with a value
of 0.66, is slightly below the accepted threshold value, but remains acceptable in an
exploratory context. The average alpha across all constructs is @(x) ~ .86 and thus
within the range of good measurement accuracy (Homburg & Giering, 1998, pp.
119-120; Ringle et al., 2006, p. 87). The theoretically more plausible composite
reliability for the constructs is between gc = .83 and oc = .97 and thus in the range
of good to very good measurement accuracy (G. Held, 2009, p. 168; Ringle et al.,
2006, p. 19 f.). The average proportion of explained variance (AVE) is between



296 STEFFEN BERG

62.2% and 93.9% and thus consistently above the usual threshold value of good
variance explanation of at least 50% (Homburg & Giering, 1998, p. 130). This
confirms that there is sufficient convergence validity for all constructs, as more than
50% of the indicator variance is explained by the underlying construct in each case
(Fornell & Larcker, 1981, p. 39 ff.).

5.4.4 Content validity

Content validity refers to the extent to which the meaning of a construct is
accurately represented by its indicators. The basis for this is the correlation of the
indicators and their clear assignment to constructs. The criterion of content validity
is considered to be fulfilled if the factor loadings of an indicator on the associated
construct are high and the loadings on other constructs are significantly lower. In

this case, we speak of unidimensionality or simple structure (Biithner, 2006, p. 185).

In addition to a qualitative assessment of the items to be included, the test is
usually carried out using an EFA (Biihner, 2006, p. 179; Krafft et al., 2005, p. 73).
This was carried out in this work with the statistical programme "R" (R. P. Bagozzi
& Phillips, 1982, p. 465; J. F. Hair et al., 2021, p. 3; Rigdon et al., 2019, p. 772 {f.).

Principal component analysis is used to perform the factor extraction, which
aims to fully explain the indicator variance by hypothesised factors (Backhaus et
al. (Backhaus et al., 2021, p. 413; F. Huber et al., 2007, p. 93). The Varimax method
is used as a rotation method, which serves to enhance the interpretability of
assigning indicators to factors. The adjusted data matrix (see Section 5.4.2) with the
41 indicators is used as the data basis.

A minimum factor loading of 0.6 is required, analogous to the indicator

reliability test. The results can be seen in Table 67.
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Table 67: Results of exploratory factor analysis to verify unidimensionality

Item | 1 [ 2 |3 | 4|5 (6(7 (8|9 |10|11|12|13| 14|15 (16| 17
AtET1|.07(.22].14].09 | .09 (.10(.19(.07 | .05|.05|-.02|.72].23| .03 | .06 [.40( .09
AtET2|.04(.18].17|.12| .23 (.18(.24( .04 | .03 |.14| .06 |.63|.35| .10 | .07 .32 .05
BIl [.25].25]|.05|.10(.58.18(.34|.00|.12|.17|.04|.18|.27| .07 | .04 |.25(-.06
BI2 |.32].27|.08(.03]|.47|.21|.23|-.05| .05 [.06| .03 [.18.28( .20 | .22 |.33]-.08
BI3 (.29].30|.10(.08 (.49 .23(.35|.03|.08|.03| .03 |.18|.27| .15 | .08 |.32(-.08
CAl |.24(.14|.15|.10| .27 (.14(.29( .04 |-.04|.13] .08 |.27].20| .20 | .22 .53 .14
CA2 |.26(.13].12| .14 .32|.13(.29| .11 | .05(.13| .08 |.15|.24| .07 [ .19 |.59( .14
CA3 | 46(.13].20|-.01| .18 (.04(.24|.15|.05|.08] .08 |.13|.17| .09 | .11 .57 .21
Col |.02].12|-.08(.10(.19|.24|.07] .03 | .14 |.04| .89 (.01|.08 .10 | .04 |.03| .01
Co3 | .06].28(.07|.04].26|.34|.15| .11 (.00 |.13| .00 |.16{.23| .16 | .10 |.30| .59
Co4 |.17|.26|.14|.07|.25|.57|.14]-.08| .03 [.19| .11 .15(.09( .02 | .13 |.29]| .34
Com1(.07|.24|.20|.13 (.16 |.07(.25| .00 | .02 [.36| .02 |.06|.60| .10 | .02 |.33( .12
Com2|.11(.27].16|.07 | .22(.11{.25(.04 | .07 |.33] .06 |.21|.59]| .12 | .03 |.32{ .07
EE2 |.04]|.05(.90(.03|.07|.06].11] .09 |-.03|.11|-.05(.06(.14( .01 |.02|.17|-.01
EE3 |.04]|.07|.90(.04]|.11).05|.13]|.03|-.01|.11|-.02(.09(.10( .04 | .04 |.18] .06
FC1 |.01|.16(.27|.03|.31|.10|.16| .24 | .06 |.70( .02 |.10{.18|.01|.02|.17| .10
FC2 (.05]|.30|.17(-.01|.24|.12(.09| .80 | .04 [.22]| .04 .07|.14| .01 | .05 |.12( .05
FC3 | .12|.29(.34|.04|.17|.21|.12| .17 (.05 |.48( .10 |.06|.26| .09 | .24 |.26|-.03
Hal |.36.21(.14].09|.44|.20|.26| .05 [ .09 |.06(-.01|.07|.36| .03 | .04 |.40| .07
Ha2 |.02|.10(-.05|.08|.14.10|.03| .03 [ .95 |.04 .13 |.04|.06| .09 | .04 |.02] .00
Ha3 |.35|.15|.18(.15|.29].18|.36| .14 | .03 |.11|-.06(.10(.33 .00 |-.06|.47| .03
HMI1 |.16].28|.25|.00 | .36(.20(.27| .08 | .12 .04| .08 |.28|.48| .03 | .03 .27 .13
HM2 |.12].20|.33|.02|.27.16(.30(.15] .01 |.00| .06 |.20|.45| .04 |-.01(.38| .22
PE1 |.07|.23(.14|.06|.28.19|.15| .14 | .03 |.06( .07 |.20{.69]| .10 | .11 |.33] .02
PE2 |-.03|.33(.16|.05].31|.20|.19| .12 (.07 |.03| .09 |.22|.58| .07 | .21 |.27| .04
PIn1 |-.01(.19].10|.07|.32(.20(.68( .10 | .06 |.07|-.03].13|.18]|-.02| .19 |.27|-.05
PIn2 |.13(.14|.19|-.01|.12(.08(.73(.00| .00 |.10| .08 |.16|.21| .11 | .03 .36 .07
PIn3 |.05(.23].16].00|.32(.15(.69(.08|.02|.11|.10|.11|.18| .06 | .08 [.25( .15
Pv2 |.02].25|.06(.01(.31].76|.15] .12 .07 |.05]| .17 |.07|.19( .06 | .08 |.20] .05
PV3 |.03].28|.06(.02(.32].71|.18] .11 | .12 (.07| .20 [.10|.16| .04 | .10 |.24] .02
Rel |.09(.16(.14].01|.15(.18|.21| .01 [-.04|.14|-.05].21|.17| .21 | .00 |.73|-.01
Re2 (-.03].16|.13|.00(.21.22(.13|.10].02|.12|.00|.18].15| .32 | .03 |.72(-.05
Re3 |.05(-.09(.04].31|.07|.06/.09]|.00(.13|.02(.12|.06|.14|.80|.04|.29| .08
SAl1 |.03(.19].13].02(.31(.16|.31|.02| .04 |.14|.01|.19(.27]| .07 | .32 (.49 .14
SA2 (.07(.23].04].02(.30(.32(.25[.09|.10|.11].15].05|.15| .01 | .52 (.37 .10
SA3 [.06(.24].14|.07 | .31(.27(.27|.04| .04 |.06]| .01 |.14|.15| .12 | .47 (.48| .07
SI1 |.09(.80(.03]|.01]|.24(.15|.16(.10|.01].09(.07|.09(.19]-.03| .18 [.13] .03
SI2 [.08].82].05(-.01|.18(.19(.16(.15].05].09].02|.05|.18|-.05| .10 |.14| .06
SI3 |-.04(.73|.12]-.05| .25(.19|.12( .06 | .11 .08 .09 |.19|.16| .01 |-.11{.15] .11
TI1 [.06].10|.14|.23(.17(.09(.13|.02|-.02].03] .01 |.09|.17|-.01| .03 (.83 .02
TI2 [.03]-.04|.06| .87 (-.02].03(.03(-.01] .09 |.04]|.10|.10|.10| .24 | .02 (.30( .02
TI3 (-.03]|.07|.11|.15(.18|.11|.14|.04|.09|.04| .08 |.06|.15|-.01| .11 (.82 .12
UB1 |-.06|.16|.08 (-.01|.85|.18|.14|.10| .05 (.11| .09 |.03|.13|.02|.05|.19] .06
UB2 |.00|.17|.11(-.02| .83 |.18|.14| .07 | .09 |.11| .11 |.04|.14| .01 | .08 |.21] .12
UB3 |.14|.22|.09 (-.01| .77 |.15|.15| .15| .04 |.11| .08 [.12|.15| .06 | .09 |.24]| .07

Source: Own illustration
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After excluding five indicators (AtET3, Co2, EE1, PE3, PV1) due to
insufficient indicator reliability, a principal component analysis with Varimax
rotation was performed. The analysis is based on seventeen extracted factors and

45 remaining items.

The factor loading matrix shows that eleven of seventeen constructs
(including AtET, BI, CA, EE, HM, PE, PIn, PV, SI, UB) have a clear and high main
loading (> 0.60) of their assigned items on a common component in each case. This
speaks in favour of a clear unidimensionality and supports the content validity of

these constructs.

For the remaining constructs (e.g. Co, Re, TI, Ha, SA), there are inconsistent
or split loading patterns, which may indicate possible multidimensionality or
semantic ambiguity of the associated items. These findings should be conceptually
reflected upon in the further course and, if necessary, discussed on a theoretically

sound basis.

Overall, the factor analysis confirms the expected content homogeneity for
the majority of the constructs, although the examination of content validity should
not only be carried out statistically, but also on the basis of the content-related item
formulations (Fornell & Larcker, 1981, p. 39 ff.;]. Hair et al., 2022, p. 190 ff.; Henseler
etal., 2009, p. 277 ft.)

5.4.5 Construct validity

Construct validity describes the quality of the measurement of a construct.
This involves establishing an internal relationship between indicators and the
construct, while simultaneously differentiating it from other constructs (Homburg
& Giering, 1998, p. 117). In this measurement, it must be ensured that exactly what
is to be measured is measured without being influenced by external constructs or
measurement errors (Weiber & Miihlhaus, 2014, p. 159). Construct validity
comprises three sub-aspects: nomological validity, convergent validity, and
discriminant validity (Ahlert et al., 2007, p. 33; A. Fuchs, 2011, p. 27).

Nomological validity examines whether the theoretically justified causal
relationships between the constructs within a so-called nomological network can

be empirically confirmed (R. P. Bagozzi, 1994, p. 25). For this purpose, the
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constructs are embedded in a superordinate model. The review is conducted using
a causal analysis, in which the strength of theoretically substantiated relationships
is measured (Bortz & Doring, 2023, p. 488; Weiber & Miihlhaus, 2014, p. 159). The
prerequisite for nomological validity is theoretical justification and empirical
confirmation. At the measurement model level, this relationship has already been
confirmed by the indicator and construct reliability (see Chapters 5.4.2 and 5.4.3).
Chapter 5.5 also illustrates that a significant portion of the causal relationships
derived from the theory and postulated in advance can be empirically confirmed

at the structural model level. Accordingly, nomological validity can be assumed.

Convergent validity measures the extent to which a construct is mapped
consistently by several indicators (R. P. Bagozzi, 1994, p. 20; Homburg & Giering,
1998, p. 117). In the context of economic and social sciences, an alternative survey
is rather difficult to implement (Bortz & Doring, 2023, p. 49 ff.; Weiber & Miihlhaus,
2014, p. 160) and thus Hair (2006) recommends the assessment of convergence
validity using composite reliability or AVE (J. F. Hair et al., 2006, p. 776). Both
measures were fulfilled in this study (see Chapter 5.4.3), so that the convergence

validity is confirmed.

The Fornell-Larcker criterion was used to ensure discriminant validity. This
requires that the average variance observed (AVE) of a construct is greater than its
squared correlation with all other latent variables in the model (Fornell & Larcker,
1981, p. 46; Hulland, 1999, p. 199; Ringle & Spreen, 2007, p. 213; Weiber &
Miihlhaus, 2014, p. 162). The results can be seen in Table 68.
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Table 68: Quadrated correlations between the constructs of the model

AtET| BI |CA | Co |Com| EE | FC ([HM| Ha | PE [PIn| PV | Re [ SA | SI |TI
AtET| 1
BI (046 1
CA | 0.52 [0.60| 1
Co (0.36 10.47|0.46| 1
Com | 0.50 {0.53]0.53{0.38( 1
EE | 0.17 |0.12]|0.19]|0.09|0.22| 1
FC | 0.31 {0.38]0.40|0.35(0.48 |0.28| 1
HM | 0.56 |0.60(0.59]0.45| 0.6 (0.27|0.44| 1
Ha | 0.44 |0.68|0.64|0.42(0.520.17| 0.4 |0.62| 1
PE | 0.53 [0.57(0.52(0.43]|0.62]0.16]0.43]0.64|0.55| 1
PIn | 0.43 (0.59]0.57(0.37|0.47|0.18(0.35|0.55(0.53|0.46( 1
PV | 0.28 |0.44(0.33]0.60| 0.28 {0.06]|0.32(0.39|0.38( 0.4 |0.34| 1
Re | 0.46 (0.45(0.62(0.35|0.42]0.15]|0.28]0.42]0.47]0.41]|0.39|0.27| 1
SA | 0.46 [0.62(0.66(0.52(0.46 |0.14|0.41|0.54|0.56|0.52|0.57]0.480.52| 1
SI | 0.29 (0.42(0.27(0.38(0.35|0.07|0.39| 0.4 |0.34|0.42|0.32] 0.4 |0.16]|0.37| 1
TI | 0.38 [0.36(0.60(0.29] 0.36 |0.14]|0.21]0.360.42]|0.33]|0.32| 0.2 |0.63]0.47|0.12| 1
UB | 0.25 (0.60(0.39(0.40( 0.31 |0.09]0.38]0.43]0.47]0.41|0.38{0.43|0.25|0.45|0.33|0.2

Source: Own illustration

Based on these squared correlations between the latent constructs, the
Fornell-Larcker criterion is empirically tested for each construct in Table 69. The
criterion is fulfilled if the average explained variance (AVE) of the construct is
always higher than all squared correlations of the construct with all other
constructs.
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Table 69: Results of the review of the Fornell-Larcker criteria

Largest
Construct| AVE quadratic | Value (r?) | AVE 2 1r??
correlation

AtET 0.88 HM 0.56 Yes
BI 0.86 Ha 0.68 Yes
CA 0.84 SA 0.66 Yes
Co 0.63 PV 0.60 Yes
Com 0.91 PE 0.62 Yes
EE 0.91 FC 0.28 Yes
FC 0.71 Com 0.48 Yes
HM 0.91 Ha 0.64 Yes
Ha 0.62 BI 0.68 No
PE 0.93 HM 0.64 Yes
PIn 0.82 BI 0.59 Yes
PV 0.94 Co 0.60 Yes
Re 0.70 TI 0.63 Yes
SA 0.81 CA 0.66 Yes
SI 0.82 BI/ PE 0.42 Yes
TI 0.70 Re 0.63 Yes
UB 0.89 BI 0.60 Yes

Source: Own illustration

After determining the highest squared correlation of each construct with
another construct and comparing it with the AVE, the Fornell-Larcker criterion is
fulfilled for all constructs except "Ha", as the own AVE is always greater than the
highest squared correlation with an external construct (cf. Table 70) (Fornell &
Larcker, 1981).

Multicollinearity between the included constructs is used as a further
criterion of construct validity (Klarmann, 2008, p. 192). Multicollinearity is present
when two constructs show very high pairwise correlations with each other and are
considered to be given according to a common rule of thumb with a value of 0.9
or greater (Backhaus et al. (Backhaus et al.,, 2021, p. 121). It is therefore checked

whether pairwise correlations between constructs > 0.9 can be observed. The
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squaring of the pairwise correlations in Table 69 above results in a critical threshold

of >~0.80, since V0.80 corresponds to approximately 0.90 (Klarmann, 2008, p. 192).

Overall, the fulfilment of the Fornell-Larcker criteria and the exclusion of

multicollinearity demonstrate a high level of discriminant validity in the model.

5.5 QUALITY ASSESSMENT OF THE STRUCTURAL MODEL (MODEL I)

The analysis is conducted after validating the measurement model at the
structural model level, where global quality criteria are used to assess the model's
quality. Furthermore, the postulated path relationships between constructs and
dependent variables are presented using standardised regression weights () to test
the empirical plausibility of the research hypotheses. The SRMR, as a measure of
model fit, and the R? values of all explained or predicted constructs are used to
assess the overall model quality. The empirical bootstrap with B = 5000 replication
samples is used to derive inference statistics (standard errors, p-values, 95%
confidence intervals). Based on the 5000 bootstrap samples, the (unknown)
probability distribution of the model parameters can be approximated and
estimated. The determination of the respective 95% confidence intervals is based
on the percentile method (Albers et al., 2009; Efron & Tibshirani, 1993; Weiber &
Miihlhaus, 2014, p. 326).

Table 70 provides an overview of the quality types and measures used to
assess the quality of the structural model, which are discussed in more detail in the

following chapters.



CHAPTER V — RESULTS 303

Table 70: Quality types and quality measures for validating the structural model

Type: of Quality measure | Designation | Setpoint Source

quality
Sign of the path (Backhaus
coefficients B Positive / > |01 | et al., 2021)

Sign, magnitude negative

and significance

of the estimation

procedure t-test for calculating 21,65 (Homburg
the significance t (resp. 2 1,96) & Giering,
level 1998)

Goodness of fit .

of the estimation | Cocffdent - of R? >0,33 (Chin, 1998)
determination

procedure

Substantial

explanatory Effect size 2 >0,02 (Chin, 1998)

contribution

. . (Geisser,
Predictive Stone-Geisser
validity criterion Q2 >0 1974; Stone,
1974)
Source: Own illustration based on (Backhaus et al., 2021, p. 85 ff.; Chin, 1998, p. 320 ff.; Geisser, 1974, p. 101
ff.; Henseler et al., 2009, p. 303; Homburg & Giering, 1998, p. 131; Stone, 1974, p. 111 ff.)

5.5.1 Sign, magnitude and significance of the path coefficients

To determine whether the research hypotheses can be confirmed or rejected,
the sign, extent, and significance of the path coefficients must be analysed. This is
accomplished using SmartPLS and its bootstrapping method (see Section 5.3).

Path coefficients correspond to standardised regression coefficients, allowing
for the interpretation of corresponding causal relationships in a manner analogous
to regression analyses. In order to prove a causal relationship between two
constructs, the path coefficient should exceed a value of 0.1 (F. Huber et al., 2007,
p. 104). In addition, the sign should correspond to the theoretically postulated
hypothesis (Chin, 1998, p. 324; F. Huber et al., 2007, p. 104; Lohmoller, 1989, p. 60).

In addition, a significance test must be performed to validate the statistical
relevance of the effect relationships (Biihner, 2006, p. 117; J. F. Hair et al., 2011, p.
145). Significance stands for probability and uses a predefined probability to test
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whether the relationship between two variables is random or actual (Backhaus et
al,, 2021, p. 36 ff.; Urban & Mayerl, 2006, p. 6 ff.).

A distinction is made between two types of hypotheses: the null hypothesis
(HO) states that there is no significant influence of the exogenous variable on the
endogenous variable, whereas the alternative hypothesis (H1) states that there is a
significant influence of the exogenous variable on the endogenous variable(Biihner,
2006, p. 117).

In addition to the hypothesis test, an a error (error of the first kind) must be
defined for the significance test. This defines the significance level, or the
probability of error, and describes the probability that HO is incorrectly rejected
when it is true. On the other hand, there is the {3 error (error of the second kind),
which describes the probability that HO is retained although H1 is true (Backhaus
et al.,, 2021, p. 36 ff.; Bithner, 2006, p. 117). In this research model, a significance
level of at least a = 5% is required. This means that a path coefficient with less than
5% probability of error is considered statistically significant (J. F. Hair et al., 2011,
p. 145). Significance is tested using the t-test. The t-value is calculated from the
mean value of the parameter estimates divided by the standard deviation (Ringle
& Spreen, 2007, p. 213). The limit value for the significance level of 5% is t > 1.96.
Higher significance levels can result depending on the height of the t-value, e.g. t >
2.33 = 2% significance level, t > 2.58> 0.1% significance level or t > 3.29 2 0.1%
significance level (Herrmann et al., 2006, p. 61). The signs, magnitudes and
significances of the path connections determined are shown in Table 71:
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Table 71: Results of the review of the path coefficients and the significance of the path connections for Model I
Path Weight () tvalue Significance Crite‘rion
level fulfilled
AtET -> BI +0.01 +0.28 n.s. No
BI -> UB +0.59 +9.20 o Yes
CA ->BI +0.12 +2.05 * Yes
CA->TI +0.38 +6.32 o Yes
Co > BI +0.02 +0.31 n.s. No
Co->UB +0.16 +3.43 e Yes
Com -> BI +0.07 +1.45 n.s. No
Com -> UB -0.19 +3.49 ok Yes
EE -> BI -0.07 +2.10 * Yes (weak)
EE -> TI +0.05 +1.27 n.s. No
FC -> BI -0.04 +0.91 n.s. No
FC ->TI -0.11 +2.77 i Yes
FC > UB +0.24 +6.14 o Yes
Ha -> BI +0.32 +6.09 o Yes
Ha -> UB +0.13 +1.75 n.s. Yes
HM -> BI +0.07 +1.08 n.s. No
PE -> BI +0.08 +1.49 n.s. No
PE ->TI -0.02 +0.41 n.s. No
PIn -> BI +0.20 +4.58 o Yes
PIn -> UB +0.00 +0.09 n.s. No
PV > BI +0.09 +1.68 n.s. Yes (weak)
Re > BI +0.07 +1.50 n.s. No
Re > TI +0.47 +9.56 . Yes
SA->TI +0.10 +2.05 * Yes
S1->BI +0.10 +2.55 * Yes
TI -> BI -0.05 +0.97 n.s No
11 ->UB -0.08 +2.05 * Yes (weak)

Significance level (two-sided): * 5%; ** 1%; ** 0.1%; n.s. = not significant

Source: Own illustration

Based on the partial OLS regressions, both the criteria of a sufficiently large

path weight (8> 0.10) and a sufficiently large T-value (It| > 1.65) are completely
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tulfilled for the following path relationships, meaning that these path relationships
can be interpreted as systematic and significant relationships for the population:

= BI-> UB, CA - BI, CA-> Tl Co-> UB, Com - UB, FC = TI, FC >
UB, Ha - BI, PIn = BI, Re = TI, SA - TI, SI - BI

The path connections EE - BI, PV - Bl and TI > UB only fulfil the criterion
regarding significance or a sufficiently large t-value, but do not show a substantial
effect size, as 3 <0.10.

5.5.2 Goodness of fit of the estimation procedure

The examination of the goodness of fit of the estimation procedure to the
empirical data (so-called goodness of fit) provides insights into how precisely a
latent endogenous variable is measured in the research model by the latent
exogenous variables acting on it (Ringle & Spreen, 2007, p. 214). This test is
performed in addition to the significance test of the path coefficients by measuring
the coefficient of determination R?. The coefficient of determination R? captures the
proportion of the variance of a construct that is explained by upstream latent
variables(F. Huber et al., 2007, p. 107).

The R? values are between 0 and 1, whereby the higher the value, the higher
the explained variance proportion. R? = 1 means that the exogenous influencing
variables fully explain the variance of an endogenous variable. There are various
statements in the literature regarding the requirement of the coefficient of
determination. Chin (1998), for example, gives the following breakdown: R? > 0.67
substantial, R? > 0.33 moderate and R?>0.19 weak (Chin, 1998, p. 320 ff.). In contrast,
Falk and Miller (1992) state that a coefficient of determination of R?>0.1 can already
be regarded as sufficient (Falk & Miller, 1992, p. 80). Hulland (1999), Huber et al.
(2007) and Henseler et al. (2009) state that the R? should be at least 0.3. In the present
study, the minimum value for R?is set at 0.3 (Henseler et al., 2009, p. 303; F. Huber
et al., 2007, p. 107; Hulland, 1999, p. 202).

The endogenous constructs to be assessed are behavioural intention, use
behaviour and trusting intention in electromobility. Table 72 shows the coefficient

of determination R2:
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Table 72: Variance explanation of the dependent target variables

Declared construct R? (adjusted) 95%-Confidence Interval
Behavioural intention (BI) 78.3% [0.756 ; 0.828]
Trusting intention in
68,89 0.638 ;0.745
electromobility (TT) & [ |
Use behaviour (UB) 65,1% [0.596 ; 0.714]
Source: Own illustration

The results show that the adjusted coefficient of determination with values
between 0.783 and 0.651 is both far above the value of 0.19 required by Chin and
well above the stricter limit value of 0.3 according to Hulland, Huber et al. and
Henseler et al. (Chin, 1998; Falk & Miller, 1992; Henseler et al., 2009; F. Huber et al.,
2007; Hulland, 1999).

All three endogenous constructs exhibit at least a moderate degree of
variance explanation with an R? > 0.50, whereby the construct of behavioural
intention (BI) in particular with R?> = 0.783 and the construct of trust in
electromobility with R?=0.688 even induced a substantial degree of determination
by the exogenous predictors following Chin (1998). The difference between Bl and
UB (behavioural intention vs. actual behaviour) suggests that intentional and
behavioural constructs are not completely congruent, reflecting a typical finding in
acceptance research that is relevant for further discussion (J. Hair et al., 2022, p. 257;
Henseler et al., 2009, p. 277 ff.).

Given the scope (45 indicators, seventeen constructs) and the complexity of
the research model's content, these are excellent values, some of which are
significantly higher than those of comparable studies that used the structural
equation modelling method. In addition to the minimum requirements for the level
of the coefficient of determination applicable to structural equation models, an
above-average value can also be determined in a direct and model-specific
comparison. According to the meta-analysis by Venkatesh et al. (2003), comparable
TAM research contributions typically have a coefficient of determination of 0.4,
which is in some cases significantly exceeded by the values achieved in the present
Model I (Venkatesh et al., 2003, p. 425 ff.).
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In summary, it can be stated that the theoretical research model has a high to
very high explanatory power concerning all modelled latent endogenous variables

and can therefore be rated as particularly powerful.

In addition to the assessment of the local quality measure using the coefficient
of determination R?, which measures the explained variance of an individual
endogenous construct, SRMR is used to assess the global model quality. SRMR
measures the average difference between empirically observed and model-based
correlation values. It is an absolute fit measure: the smaller the value, the better the
fit of the model to the data. The SRMR evaluates the model fit independently of
model structure and complexity(J. Hair et al., 2022, p. 194 ff.).

According to Hu and Bentler (1999), the following threshold values apply for
the investigation of the SRMR: An SRMR < 0.08 stands for an acceptable model
quality, an SRMR < 0.05 stands for a good model quality and an SRMR of > 0.10
stands for an inadequate model quality (Henseler et al., 2014, p. 182 ff.; Hu &
Bentler, 1999, p. 27 f.).

The SRMR is particularly suitable for PLS-SEM as it can be interpreted
independently of the model and is easy to understand. This becomes particularly
clear as R? only considers the local explanatory quality of individual constructs,
whereas SRMR considers the global fit of the model to the empirical data. Good R?
values can conceal the global error adjustment, but the SRMR recognises this.
Therefore, in addition to the R? value for the explanatory quality, the SRMR for the
adjustment quality is also presented in this analysis(Henseler et al., 2016, p. 9).
Table 73 shows the SRMR for Model I:

Table 73: General model quality of Model I

SRMR (95%-
Model SRMR (Sample) SRMR (Average) Confidence interval)
Modell I 0.059 0.038 [ ; 0.042]
Source: Own illustration

Based on the SRMR value of the sample (0.059), the general model quality of
SEM Model I can be categorised as acceptable. The SRMR is thus below the
recommended threshold value of 0.08 (Hu & Bentler, 1999, p. 27 £.), which indicates

a satisfactory model fit to the actual data structure.
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The average SRMR value for all 5,000 randomly drawn bootstrap samples is
0.038, indicating a stable and above-average model fit (Henseler et al., 2014, p. 182
ff.). The 95% confidence interval (upper limit = 0.042) also confirms that there is no
systematic model misfit under uncertainty. This emphasises the robustness of the

model specification and the reliability of the structural estimates.

Overall, Model I is therefore an empirically plausible and methodologically
sound model for the systematic description of the correlation structures in the
research sample analysed concerning the general model fit. In conjunction with the
previously tested R? values, Model I provides a substantively viable and
theoretically consistent basis for analysing the causal relationships (Henseler et al.,
2016, p. 9).

5.5.3 Predictive validity

The predictive validity (predictive relevance) is a further quality criterion for
validating the structural model and is determined using the Stone-Geisser criterion
Q2. Q2 shows how well the model can estimate the value of the data matrix on the
basis of the model parameters (Geisser, 1974, p. 101 ff.; Stone, 1974, p. 111 ff.). The
blindfolding procedure (cf. Chapter 5.3) is used for the calculation, which aims to
determine the quality with which the collected database is mapped by the
estimated model (Fornell & Cha, 1994, p. 72 f.; Herrmann et al., 2006, p. 58). The
procedure is a two-step process. In the first step, individual data points are
deliberately omitted from the raw data matrix and assumed to be missing (Ringle
& Spreen, 2007, p. 215). In the second step, the missing data points are then
estimated based on the research model and the PLS parameters (Krafft et al., 2005,
p- 85). The predictive relevance is calculated by comparing the estimated values
with the actual values. In the literature, a Q2 value of >0 is regarded as an indication
of sufficient predictive validity (Herrmann et al., 2006, p. 61; Ringle & Spreen, 2007,
p. 215). The results of the analysis for Model I can be seen in Table 74.
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Table 74: Predictive validity of the latent endogenous variables Model I
Predictive validity Predictive validity Q>>0
BI 0.77
TI 0.68
UB 0.57
Source: Own illustration

As can be seen from the results, all the predictive validities of the latent
endogenous variables are significantly greater than 0, meaning that the quality
criterion of predictive validity can be considered fully met (Geisser, 1974, p. 101 ff.;
Stone, 1974, p. 111 ff.). This is due to the high coefficient of determination R2. As
this is relatively high for all latent variables, a significant portion of the variance
can be explained by research model I (J. Hair et al., 2022, p. 217). This in turn means
that the model parameters can provide a correspondingly "good" estimate of the
data if individual data points are omitted as part of the blindfolding procedure
(Herrmann et al., 2006, p. 61; Ringle & Spreen, 2007, p. 215).

After presenting all essential quality criteria and path connections within
Model I without moderation effects, the following chapters examine the influence
of the theoretically established moderator variables on the relationships between
exogenous predictors and endogenous target constructs (BI, UB and TI).

5.6 INFLUENCE OF MODERATOR AND CONTROL VARIABLES (MODEL II)

In order to test the postulated hypotheses (H28-H45) about moderating
influences on the central path connections in Model I, the interaction effects of the
respective moderator (e.g. age) on the 27 previously determined paths from Model

I are determined and presented in a table.

As part of the research project, a separate SEM is estimated for each sub-
aspect of a group of content-relevant moderators (e.g., individual characteristics)
with this moderator. This results in a separate model estimate for each moderation
hypothesis. This is due to the complexity of the interaction terms to be tested (see
Chapter 4.4) (J. Hair et al., 2022, p. 151).

A systematic representation and mapping of all potentially moderating sub-
aspects (for example,e in the area of education) within a group is carried out with
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the aid of the 27 path connections. For this purpose, a linear interaction term
between the moderator and path variable is modelled (West et al., 1995, p. 56 ff.).
In the present study, a simultaneous integration of the relevant moderators into a
common SEM is not possible, as this model estimation requires an extremely large
sample, which is not available in this study. Furthermore, the moderators included
are dichotomised, i.e. they are divided into exactly two contrasting comparison
groups. This serves to avoid problems with model estimation such as
multicollinearity or unstable model matrices (Chin, 2000a, p. 94; J. F. Hair et al.,
2017, p. 24). These problems arise due to the unfavourable ratio of the number of
paths to the available sample size (n=485;(MacCallum et al., 1996, p. 130 ff.).

The metric scales, which are based on multiple Likert-type items
(individualism, masculinity, motor performance, range, charging time, market
availability, charging availability, environmental impact, policy and incentives,
knowledge, familiarity), are divided into two comparison groups using a median
split (< median vs. > median). The categorical aspects are also divided into two
groups based on content-related considerations. Table 75 illustrates the selected
cut-off values for all moderators of the specific structural equation models that
were used in the context of testing the respective moderator hypotheses (J. F. Hair
etal., 2017, p. 21 ff.; R. B. Kline, 2023, p. 419 ff.).
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Table 75: Selected cut-off values for all moderators

studies at a
applied sciences;

university of

A levels;
university entrance

qualification

Moderator M=0 M=1
Age 18 -54 years 55 years or older
Gender Male Female
No school-leaving certificate;
Secondary school certificate;
Secondary  school leaving
certificate;
intermediate school leaving . .
e . Technician's or master's
certificate or equivalent; i
. . certificate; Degree from a
Completed apprenticeship; . . . .
. . university of applied sciences
Education vocational baccalaureate .
i or university,
diploma;
. Doctorate/postdoctoral
entrance  qualification  for

qualification

Daily travel demand

Up to 50 km

51 km or more

Occupation/Job

Pensioner;

Currently unemployed

Employed;
Pupil, trainee, student or
similar;

Family carer

EV driving expereince

No

Yes, I am not certain

Household size

Up to 2 persons

More than 2 persons

Household income

Up to 2500 EUR

More than 2500 EUR

Number of vehicles in

household Uptol car 2 or more cars
Types of vehciles in No car or vehicle with Hybrid vehicle or battery
household combustion engine only electric vehicle
Charging Opportunity Neither at home nor at work Either at work or a home
Individualism <4.0 >4.00
Masculinity <3.5 > 3,50
Motor Power <4.33 >4.33
Driving Range <4.33 >4.33
Charging Time <4.33 >4.33
Market Availability <4.33 >4.33
Charging Availability <4.33 >4.33
Environmental Impact <4.33 >4.33
Policy & Incentives <4.33 >4.33
Knowledge <4.33 >4.33
Familiarity <4.50 >4.50

Source: Own illustration




CHAPTER V — RESULTS 313

Table 76 shows examples of the moderating effects of the age characteristic
(coded as 0 ="younger" [18-54 years] and 1 = "older" [> 55 years]) on the respective

path relationships in the structural equation model.

The column "M = 0" indicates the regression coefficient (3 for the reference
group (younger respondents). The "Difference M = 1" column shows the difference
in the effect between the groups, i.e. the extent to which the regression path changes
for the older reference group. The "Significance" column indicates whether this
difference effect is statistically significant and thus whether there is a moderating

influence of the age characteristic.
The "Effect” column interprets the direction of the moderating effect.

* A positive value in the difference column (+) indicates that the effect
in group 1 is stronger.

* Anegative value (-) indicates a weakening.

» If there is a significant change in the direction of the sign, this is
labelled with (+) (e.g. from positive to negative). This indicates an

inverted moderation effect.

In this table, a significant moderation effect can only be detected for the costs
(Co) = use behaviour (UB), a significant moderation effect by age can be detected
(p < .05). The effect is positive for younger people, but turns negative for older

people, resulting in a significant inverse moderation effect.
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Table 76: Moderating effects of the individual characteristic age

Moderating effects through Age

. Effect
M=0: Difference Significant (relevant
Path . for M=1 .
Weight (B) (Moderation) when
® significant)

AtET -> BI +0.00 +0.05 n.s.
CA > BI +0.18 -0.09 n.s.
CA->TI +0.45 -0.13 n.s.
Co > BI +0.05 -0.10 n.s.

Co > UB +0.22 -0.20 * €3]
Com -> BI +0.10 -0.04 n.s.
Com -> UB -0.20 +0.04 n.s.
EE -> BI -0.06 -0.01 n.s.
EE -> TI +0.07 -0.05 n.s.
FC -> BI -0.03 +0.01 n.s.
FC > TI -0.10 +0.02 n.s.
FC -> UB +0.29 -0.15 n.s.
Ha -> BI +0.33 -0.05 n.s.
Ha -> UB +0.10 +0.11 n.s.
HM -> BI -0.01 +0.15 n.s.
PE -> BI +0.10 -0.02 n.s.
PE ->TI -0.04 +0.06 n.s.
PIn -> BI +0.16 +0.02 n.s.
PIn -> UB +0.02 -0.05 n.s.
PV -> BI +0.02 +0.16 n.s.
Re -> BI +0.12 -0.08 n.s.
Re -> TI +0.48 -0.05 n.s.
SA->TI +0.05 +0.14 n.s.
SI->BI +0.08 +0.02 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect

Source: Own illustration
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The other moderation results can be found in the appendix. The hypothesis
test and discussion of the significant moderating effects are carried out in Chapter
5.7.3.

5.7 SUMMARY OF THE RESULTS

The research model was empirically examined in the previous chapters using
the structural equation modelling method. The theoretical causal relationships
between independent variables and dependent variables were analysed at two
levels for Model I. At the level of the measurement model, the reliability of the
indicators and constructs was first analysed and the content and construct validity
was checked. In this review, five out of 50 indicators were excluded as insufficiently
reliable. The further empirical investigation was continued with 45 indicators and
seventeen constructs. The measurement model study was followed by the
structural model test, which aims to confirm or reject the research hypotheses.
Figure 43 displays the validation results, including the corresponding significance
levels of the path connections and the coefficients of determination (R?) for the
latent endogenous variables.?” This is followed by the evaluation (confirmation or
rejection) of the research hypotheses based on the empirical validation in tabular
form, which relates to Model I. The following chapters provide an overall
assessment of the model fit and explanatory power of Model I as well as a

discussion of the effect relationships of the constructs in Model I.

27 As this is Model I, the results of the moderator variables are not shown here.
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Table 77: Confirmation or rejection of the research hypotheses of the empirical study for Model 1
Confirmation| Rejection
Hypothesis Independent variable Effect Dependent variable
Model I

H1 Perfromance Expectancy Positive Behavioural Intention
H2 Perfromance Expectancy Positive [Trusting Intention in Electromobility
H3 Effort Expectancy Positive Behavioural Intention
H4 Effort Expectancy Positive [Trusting Intention in Electromobility
H5 Social Influence Positive Behavioural Intention
He Price Value Positive Behavioural Intention
H7 Hedonic Motivation Positive Behavioural Intention
H8 Faciliating Conditions Positive Behavioural Intention
H9 Faciliating Conditions Positive Use Behaviour
H10 Faciliating Conditions Positive [Trusting Intention in Electromobility
Hi11 Habit Positive Behavioural Intention
H12 Habit Positive Use Behaviour
H13 Compatibility Positive Behavioural Intention
H14 Compatibility Positive Use Behaviour
H15 Attitude towards Environment & Technology | Positive Behavioural Intention
Hileé Personal Innovativeness Positive Behavioural Intention
H17 Personal Innovativeness Positive Use Behaviour
H18 Costs Negative Behavioural Intention
H19 Costs Negative Use Behaviour
H20 Reliability Positive Behavioural Intention
H21 Reliability Positive [Trusting Intention in Electromobility
H22 Contextual Acquaintance Positive Behavioural Intention
H23 Contextual Acquaintance Positive [Trusting Intention in Electromobility
H24 Structural Assurance Positive [Trusting Intention in Electromobility
H25 Trusting Intention in Electromobility Positive Behavioural Intention
H26 Trusting Intention in Electromobility Positive Use Behaviour
H27 Behavioural Intention Positive Use Behaviour
Confirmation of the hypothesis
Rejection of the hypothesis

Source: Own illustration

5.7.1 Model quality: Model fit and explanatory power of Model I

The assessment of the general model quality forms the basis for the further

interpretation of the hypothesis-testing and path analyses. The quality of the model

was assessed as part of the PLS-SEM using common indicators, such as the

coefficient of determination (R?), effect sizes (f2), and the significance and direction
of the path coefficients (3). In addition, the model fit was assessed using the SRMR.
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According to Henseler et al. (2014), an SRMR value of less than 0.08 is considered
an indicator of good model fit.

Regarding the explanatory power of the central target constructs, the model
demonstrates excellent overall explanatory power for the central dependent
variables. The adjusted coefficients of determination of the three central
endogenous constructs of use behaviour (UB), trusting intention in electromobility
(TT) and behavioural intention (BI) are all above the critical threshold ofR2= 0.50,
which corresponds to at least a moderate explanatory value (J. Hair et al., 2022, p.
190 ff.). BI (R?=0.783) and TI (R? = 0.688) in particular achieve a substantial degree
of explanation, which indicates a high predictive power of the exogenous
predictors. The actual behaviour (use behaviour) is also explained very reliably
with an R? of 0.651 (Chin, 1998; Henseler et al., 2009; F. Huber et al., 2007; Hulland,
1999). The predictive relevance of the model was also assessed using the Q? values
of the target constructs, which consistently yielded positive results. This is
supported by the assumption of substantial predictive relevance according to Hair
et al. (2022) (J. Hair et al., 2022, p. 190 ff.).

In this context, the high model complexity should be emphasised in
particular: The research model integrates seventeen constructs with a total of 50
manifest indicators. Despite the high complexity of the models, very good
explanatory values are achieved for all target constructs. This indicates a high
theoretical accuracy of fit and good empirical modelling. Compared to the results
of previous studies, this result can be rated as above-average. The frequently cited
meta-analysis by Venkatesh et al. (2003) shows that classic technology acceptance
models such as TAM or UTAUT typically achieve coefficients of determination in
the range of R?~0.40 (Venkatesh et al., 2003). The results of the meta-analysis by
Blut et al. (2022) are also clearly surpassed here. In view of this, the present model

exhibits significant explanatory power (Blut et al., 2022, p. 106).

Additionally, it was ensured that there was no problematic multicollinearity
among the predictors. The analysis showed that all values were below the
threshold value of 0.8 (Backhaus et al., 2021, p. 121; Klarmann, 2008, p. 192).

In addition to the coefficients of determination, the path coefficients of the

significant relationships also exhibit a high statistical robustness. It was found that
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a significant proportion of the evaluated paths are significant at the level of p <
0.001 or p <0.05 (Backhaus et al., 2021, p. 36 ff.; Bithner, 2006, p. 117).

The model fulfils the usual quality criteria in terms of explanatory content,
validity and relevance of central mechanisms of action and expands existing
acceptance models to include contextual and trust-based factors. In particular, the
inclusion of use behaviour as an actual behavioural variable, rather than just
intentions, represents a substantial further development of existing models (Ajzen
& Fishbein, 1980; Venkatesh et al., 2003).

In summary, it can be stated that Theoretical Model I both fulfils the
methodological requirements for structural equation models and exhibits above-
average explanatory power in empirical comparison. This statement applies to both
the established benchmarks of model quality (Chin, 1998; J. F. Hair et al., 2019) and
to comparisons with existing empirical studies on the acceptance of
electromobility. This illustrates the high relevance and theoretical foundation of the
selected model structure (Blut et al., 2022, p. 109; Chin, 1998; J. F. Hair et al., 2019;
Venkatesh et al., 2003, p. 446, 2012, p. 74 ft.).

5.7.2 Discussion of causal relationships and constructs

The path analysis of the extended acceptance model provides reliable
findings on key factors influencing the use and acceptance of EVs. Particular
attention should be drawn to the significant relationship between behavioural
intention (BI) and use behaviour (UB), which, with a path coefficient of $ =0.59, is
both theoretically consistent and statistically highly robust. This result confirms the
basic assumption of the UTAUT model that behavioural intentions play a central
role as a mediating variable between psychological constructs and actual behaviour
(Azman Ong et al., 2023, p. 2 £.; Venkatesh et al., 2003, p. 425 ff.; M. Zhou et al,,
2021, p. 137). The influence of BI on UB is considered one of the most robust
correlations in technology acceptance research and has been confirmed in
numerous empirical studies and meta-analyses (Blut et al., 2022, p. 109).

In addition, a significant, albeit weak, correlation between effort expectancy
(EE) and behavioural intention ((3<0.10) was shown. Although the path is
statistically significant, the effect strength according to Cohen (1988) can be
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categorised as low (Backhaus et al., 2021, p. 36 ff.; Bithner, 2006, p. 117; Cohen,
1988). The perceived ease of use of EVs is thus becoming a secondary influencing
criterion, as potential users are becoming increasingly familiar with this
technology. This development could lead to a kind of "baseline competence" in
which users implicitly expect simplicity and no longer actively evaluate it (F. D.
Davis, 1989; Fazel, 2014). Some exceptions with formally significant but weak effect
sizes(3<0.10) should be considered in a differentiated manner and further
investigated in future studies, as they may indicate context-specific characteristics
or latent moderation effects (Blut et al., 2022, p. 9; Cohen, 1988; A.-C. Teo et al,,
2015, p. 321 ff.).

In contrast, the influence of social norms is considered to be significantly
stronger. The present study concludes that there is a significant positive
relationship between social influence (SI) and behavioural intention (BI). This result
underpins the significance of social influences in the adoption process of new
technologies, as already presented in theoretical form by Ajzen (1991), Venkatesh
et al. (2003) or Kotler and Keller (2016) (Ajzen, 1991; Kotler & Keller, 2016;
Venkatesh et al.,, 2003). The relevance of social comparison processes and the
influence of the social environment on technological decisions is particularly
evident in the case of visible innovations such as EVs (Almansour, 2022; Fedorko
et al., 2021; Kumar Jain et al., 2022; Tsu Wei et al., 2009; Venkatesh et al., 2012).

Furthermore, the significant influence of personal innovativeness (PIn) on BI
becomes clear. This pair relationship captures the individual tendency to try out
new technologies at an early stage and has already proven to be a relevant predictor
of adoption decisions in previous studies (Agarwal & Prasad, 1998; Jansson, 2011;
Kuo & Yen, 2009; Kwon et al., 2007; Meuter et al., 2005; Parasuraman, 2000). This
study concludes that PIn makes a significant contribution to explaining BI. The lack
of significance of PE is striking, as this variable is one of the central predictors in
classic acceptance models such as UTAUT. One possible explanation lies in the
growing self-perception of technological benefits among user groups with a affinity
for technology. It can therefore be deduced that an affinity for technology in
individuals aligns a behavioural intention less with a rational benefit calculation

and more with their openness to technological innovations.
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The habit (Ha) construct shows a further significant result. The positive path
relationship with behavioural intention (BI) indicates that previous (usage)
experience with EVs promotes the intention to use them in the future. This result
confirms H11, which posits that habitual behavioural patterns are relevant
predictors of the acceptance of technological innovations (Azman Ong et al., 2023;
Venkatesh, Thong, et al., 2016, M. Zhou et al.,, 2021). However, Habit has no
significant effect on actual use behaviour (UB), so that H12 cannot be confirmed.
This could indicate that habit tends to generate motivation, but does not

automatically lead to behaviour (Limayem et al., 2007, p. 705 ff.)

While the construct of performance expectancy (PE) surprisingly shows no
relevance, contextual influencing factors emerge particularly clearly. The paths
from contextual acquaintance (CA) to both trusting intention (TI) and BI are
significant and convincing in their effect size (Gefen et al., 2003; D. McKnight &
Chervany, 2002; Sovacool et al., 2018, p. 86 ff.). It can be stated that positive
contextual experiences (such as test drives or exchanges with e-car users) play a
significant role in building trust and generating intentions. This empirical finding
confirms considerations by McKnight (2009), Sovacool et al. (2018), as well as the
research results of Dudenhoffer (2015), which emphasise the importance of
experience-related influencing factors in the adoption process (K. Dudenhoffer,
2015; H. McKnight et al., 2009; Sovacool et al., 2018).

The relationship between TI and the target constructs BI and UB shows an
interesting effect. The path from TI to BI is not significant, while there is a
significant effect on UB. This difference indicates a direct, non-cognitively
mediated influence of trust on behaviour. Following McKnight et al. (2009), trust
in a technology can reduce uncertainty and trigger immediate behaviour, even
without an explicit intention to act (Gefen et al., 2003; D. McKnight & Chervany,
2002; H. McKnight et al., 2009).

A significant result is shown for the construct of compatibility (Com). The
negative effect of Com on UB (8= -0.19, p< 0.001) contradicts the assumptions of
classical acceptance models. One possible explanation for this discrepancy could
be cognitive dissonance. It is assumed that users perceive EVs as compatible with
their values and goals in principle, but experience practical discrepancies in

everyday life, for example, when charging or planning routes. This can lead to a
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negative reaction at the behavioural level, even though the technology is
subjectively perceived as suitable. Alternatively, it could be a mediating or
moderating effect, which should be analysed in greater depth in further studies
(Venkatesh et al., 2003, p. 425 ff.).

The hypotheses regarding the paths from hedonic motivation (HM), PE and
AtET to BI were not confirmed. These results contradict the UTAUT2 logic
(Venkatesh et al., 2012), according to which pleasure-oriented and benefit-related
motives drive the user as central points of behavioural intention. One possible
interpretation is that consumers' adoption decisions in the field of electromobility
are increasingly rational and risk-based. This in turn means that trust and
contextual factors override affective and utilitarian motives, especially if the target
group is technologically experienced (Blut et al., 2022, p. 9; Cohen, 1988; Fazel, 2014,
p- 286; Han et al., 2017; Kapser & Abdelrahman, 2020; J. Liu et al., 2024; A.-C. Teo
et al., 2015, p. 321 ff.; Venkatesh et al., 2012).

One of the central predictors in the UTAUT literature is price value (PV).
Given that PV shows no significant effect on behavioural intention in this study,
this result is surprising in that price-performance considerations usually play an
important role for consumers in the purchase decision process. Possible reasons
could be that users perceive the prices of EVs differently from those of vehicles
with a combustion engine, or that consumers consider the perceived benefits of a
vehicle to be more important than its price. Furthermore, a subjectively perceived
cost neutrality status could compensate for a differentiation based on price
advantages (Adnan et al., 2017; Bockarjova & Steg, 2014; Dodds et al., 1991;
Goldsmith et al., 2005; Han et al., 2017; Kapser & Abdelrahman, 2020; Kumar Jain
et al., 2022).

A different picture emerges with regard to the effect of costs. While the path
of costs on BI remains insignificant, there is a significant influence on UB. This
finding suggests that cost aspects in the decision-making process become relevant
only in specific action situations, which is consistent with action theory models
(Heckhausen & Gollwitzer, 1987; Shuhaiber & Mashal, 2019; J.-H. Wu & Wang,
2005).

The following differentiation can be made regarding the facilitating

conditions (FC), whereby the paths to UB and TI are significant, whereas the
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influence on Bl is not. According to studies, supportive framework conditions, such
as charging infrastructure or service offerings, tend to promote actual use or trust
in the technology, but not necessarily the formation of an intention to use it. This
distinction is in line with earlier findings on the role of external framework factors
in UTAUT theory (Kumar Jain et al., 2022; D. McKnight & Chervany, 2002; H.
McKnight et al., 2009; Venkatesh et al., 2003).

Finally, the constructs of reliability and structural assurance, both
confidence-building dimensions, show a significantly positive influence on TIL
Reliability refers to perceived technical reliability, whereas structural assurance
manifests institutional trust, which is represented by guarantees or regulatory
standards, for example. This finding emphasises the multidimensionality of trust
in electromobility and underlines the need to fulfil both the technical and structural
safety expectations of customers (Gefen et al., 2003; Hilale & Chakor, 2024; B. Kim
& Han, 2011; H. McKnight et al., 2009; Wicki et al., 2022; Wixom & Todd, 2005).

Overall, the results of Model I show that trust, technological openness, social
influences and contextual experience are among the most important predictors for
the acceptance of electromobility. In contrast, classic benefit and fun components
lose explanatory power. This indicates a shift in the cognitive evaluation structure
of sustainable mobility solutions, with far-reaching implications for the design of
research-based innovation strategies, target group-specific communication and

effective funding policies in the field of sustainable mobility.

5.7.3 Discussion of moderator effects (Model II)

In this chapter, the significant effects of the postulated moderating influences
are discussed. Six moderator groups (individual characteristics, situational
determinants, national culture, technical determinants, contextual determinants,
and experience) were derived based on theory and corresponding hypotheses
formulated (cf. Chapter 3.3.4).

Moderating effects of individual characteristics

Hypotheses H28-H30 examine the moderating influences of individual
characteristics  (age, gender, education, daily = driving  needs,

occupation/employment and EV driving experience) on the central dependent
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constructs behavioural intention (BI), trusting intention (TI) and use behaviour

(UB). The result of the hypothesis test for the influences of the moderating group

of individual characteristics is illustrated in Table 78:

Table 78: Significant moderating effects of individual characteristics

Moderator Group Individual Confirmation| Rejection
Characteristics
D dent = 2=
Hypothesis Independent variable epe.n o Effect o g [2 E g o
variable ° g £ g3 2 o|E §
© 3 4
» £ g = 2|8 2|F 5 Model II
© [ 35 |FE|IS = &
a % o 22 )
Performance Expectancy moderated by x (+)
Effort Expectancy moderated by
Social Influence moderated by
Price Value moderated by
Hedonic Motivation moderated by
Facilitating Conditions moderated by
H28 Habit Behavi(?ural moderated by
Compatibility Intention moderated by
Attitude towards
moderated by
Environment & Technology
Personal Innovativeness moderated by
Costs moderated by
Contextual Acquaintance moderated by
Reliability moderated by x@) | x(#)
Performance Expectancy moderated by x(-) x ()
Effort Expectancy moderated by
Trusti
Facilitating Conditions rusting moderated by x (*)
H29 Intention in
Reliability - moderated by x ()
Electromobility
Contextual Acquaintance moderated by
Structural Assurance moderated by
Facilitating Conditions moderated by x(+) | x(+)
Habit moderated by x ()
H30 Compatibility Use Behaviour |moderated by
Personal Innovativeness moderated by
Costs moderated by | x (£)
X (+) Significant positive moderation effect
X (i) Significant change in direction (inverted effect)
X (-) Significant negative moderation effect
Confirmation of the hypothesis
Rejection of the hypothesis

Source: Own illustration

It is clear that a total of eleven moderating effects were identified across the

three latent constructs, although not every moderator variable (see gender) has a
moderating effect. This means that the three hypotheses H28, H29 and H30 can be

confirmed. For further details, see Appendix 10. The scientific interpretation of the
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effects and a discussion of their significance in the context of the research question

follow.

The effect of costs (Co) on use behaviour shows a significant moderation
effect due to age. The positive correlation between perceived costs and usage
behaviour is evident in younger people, although this correlation turns negative in
older people, resulting in a significant inverse moderation effect. This suggests that
younger users benefit more from more favourable usage costs, while older users
may be more likely to face hidden or unexpected costs. The implication is that cost
arguments should be prepared for specific target groups, as older target groups in
particular require transparent and reliable cost information (Shuhaiber & Mashal,
2019; Sovacool et al., 2018; Z. Wang et al., 2017; J.-H. Wu & Wang, 2005).

The effect of habit on use behaviour is significantly moderated by the level of
education. While people with a lower level of education tend to use electromobility
more out of habit, this correlation is weaker or even negative for more highly
educated users. This suggests that more highly educated people make more
reflective decisions and rely less on routine behaviour. It can be implied that
intervention strategies to promote electromobility via habitual use should be
prioritised for target groups that are less educated (Azman Ong et al., 2023;
Sovacool et al., 2018; M. Zhou et al., 2021).

There is a significant moderating effect on the path from facilitating
conditions to trusting intention, depending on the daily driving requirement. Users
with a higher daily driving requirement perceive a supportive infrastructure (e.g.
charging infrastructure) as more conducive to trust than users with a lower driving
requirement. This allows the implication that trust in electromobility can be
sustainably strengthened, especially among frequent drivers, by expanding the
infrastructure (Kumar Jain et al., 2022; H. McKnight et al., 2009; Sovacool et al.,
2018; Venkatesh et al., 2012).

The moderating role of the need to travel is also evident in the path from
performance expectancy to behavioural intention. Perceived performance has a
significant influence on the intention to use a car, particularly for individuals with
high daily mobility requirements. This implies that frequent travellers focus on

functional added value. This should be taken into account accordingly in the
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communication design (Kapser & Abdelrahman, 2020; Kumar Jain et al., 2022;
Sovacool et al., 2018; Venkatesh et al., 2003).

The daily driving requirement also moderates the relationship between
performance expectancy and trusting intention. While the expectation of functional
benefits plays no role for drivers with low mobility needs, it has a negative effect
on trust among frequent drivers. This can be interpreted as meaning that users with
high expectations of performance are more susceptible to disappointment during
intensive use. The implication is that effective expectation management is essential
to ensure the long-term trust of frequent users (D. McKnight et al., 2002; Sovacool
et al., 2018; Venkatesh et al., 2012).

The path from facilitating conditions to use behaviour is significantly
moderated by employment status. This means that employed users react more
strongly to structural support measures than non-employed users. This implies
that the expansion of charging infrastructure close to the workplace or targeted
information services for commuters could significantly increase the use of EVs
(Azman Ong et al., 2023; Kumar Jain et al., 2022; H. McKnight et al., 2009; Sovacool
et al., 2018).

The path relationship between reliability and behavioural intention is also
significantly moderated by employment status. For employed persons, the
perceived reliability of the vehicle is a much stronger influencing factor on the
intention to use the vehicle than for non-employed persons. This leads to the
implication that the reliability of EVs should be explicitly communicated and
advertised for working people, for example, through (mobility) guarantees or
reliability tests (B. Kim & Han, 2011; H. McKnight et al., 2009; Wixom & Todd,
2005).

A further significant influence can be observed for "reliability" on
"behavioural intention" at the different levels of experience with EVs. The effect
varies significantly between the two groups, so that people with more experience
rate technical reliability more critically. The implication is that for this group,
communication regarding quality should be more data-driven, transparent, and
fact-oriented (Blut et al., 2022; B. Kim & Han, 2011; Wicki et al., 2022).

The influence of reliability on trusting intention varies in intensity among

user groups with varying experience in EV driving. Without personal experience
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with EVs, the perceived reliability has a stronger trust-promoting effect, but this
effect is relativised for people with EV driving experience. It can be implied that
trust is particularly sensitive among newcomers, which is why they represent a
central target group for quality seals or test drive programmes (Gefen et al., 2003;
D. McKnight & Chervany, 2002; Wixom & Todd, 2005).

The path relationship from performance expectancy to trusting intention is
also significantly moderated by EV driving experience. The effect is negative
without driving experience, but it reverses to positive with more experienced users,
representing a significant inverse moderation effect. One interpretation could be
that people without personal experience may perceive high-performance
expectations as critical or exaggerated, while experienced users confirm them and
have a corresponding level of confidence. The implication is that trust in the
performance characteristics of EVs can be strengthened through testimonials, test
drives, and experience reports for individuals with little or no prior experience
(Kapser & Abdelrahman, 2020; H. McKnight et al., 2009; Venkatesh et al., 2012).

An equally significant moderation effect can be seen in the path between the
facilitating conditions and the use behaviour, which is moderated by the driving
experience with EVs. Users with experience in EVs react much more sensitively to
perceived facilitating conditions than those without such experience. It can be
deduced from this that practical experience with the use of EVs appears to heighten
sensitivity to infrastructural and organisational support. This implies that positive
charging and usage experiences should be actively communicated in order to
reduce uncertainty among those who are not yet users (Azman Ong et al., 2023;
Kumar Jain et al., 2022; H. McKnight et al., 2009; Sovacool et al., 2018; Venkatesh et
al., 2012).

Moderating effects of situational determinants

Hypotheses H31-H33 examine the moderating influences of situational
determinants (household size, household income, number of vehicles per
household, types of vehicles in the household, charging opportunity) on the central
dependent constructs of behavioural intention (BI), trusting intention (TI), and use
behaviour (UB). The result of the hypothesis test for the influences of the

moderating group of situational determinants is illustrated in Table 79:
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Table 79: Significant moderating effects of situational determinants

Confirmati Rejecti
Moderator Group Situational determinants onfirmation eJection
o
d £ Z -
Dependent o c] @
Hypothesis | Independent variable 12 Effect e S | 3 2 w 2
variable = g [ £ 3 ;o 5: =1
S| = |58 | g% [BE Model 1T
S El 5 B < 2 s S
@ = ) © &
3 9 = o 2 S &
o ] s 8 o o
T ] = E
= b4 =
Performance Expectancy moderated by
Effort Expectancy moderated by
Social Influence moderated by x (&) x (&)
Price Value moderated by
Hedonic Motivation moderated by x (+) x ()
Facilitating Conditions moderated by
Habit Behavioural |moderated by x () x ()
H31 Compatibility Intention moderated by
Attitude t d:
fudetowards moderated by
Environment &
Personal Innovativeness moderated by x (+)
Costs moderated by
Contextual Acquaintance moderated by
Reliability moderated by X (+)
Performance Expectancy moderated by
Effort Expectancy moderated by
Facilitating Conditi Trusting derated b
acilitating Conditions moderate
H32 _g — Intention in y
Reliability Electromobility moderated by x (£)
Contextual Acquaintance moderated by
Structural Assurance moderated by
Facilitating Conditions moderated by x (+)
Habit moderated by
H33 Compatibility Use Behaviour [moderated by X (&)
Personal Innovativeness moderated by x (&)
Costs moderated by | x (+) X (&)

X (+) Significant positive moderation effect

X (i) Significant change in direction (inverted effe
X (-) Significant negative moderation effect

Confirmation of the hypothesis

Rejection of the hypothesis

Source: Own illustration

A total of fourteen moderating effects were identified across the three latent
constructs, although not every moderator variable (see household income) has a
moderating effect. This means that the three hypotheses H31, H32 and H33 can be
confirmed. For further details, see Appendix 11. The scientific interpretation of the
effects and a discussion of their significance in the context of the research question

follow.
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A significant positive moderation effect is evident in the path from costs to
usage behaviour, which is dependent on household size. This means that the larger
the household, the stronger the impact of cost perception on actual usage
behaviour. This implies that cost effects due to shared journeys or budgets play a
central role in multi-person households, making costs particularly relevant for
family-oriented mobility solutions (Y.-F. Liu et al., 2018; R. Wang et al., 2021; Wicki
et al., 2022).

At the same time, the effect of costs on usage behaviour is significantly
moderated by the type of vehicles available in the household. This means that the
relative cost advantage of e-vehicles could be perceived differently or relativised
for certain vehicle types (e.g. combustion engine vs. hybrid). This leads to the
implication that the positioning of e-mobility should be more focused on fleet
combinations (Go6thlich, 2009; Shuhaiber & Mashal, 2019; S. Wang et al., 2017; J.-H.
Wu & Wang, 2005).

The relationship between compatibility and usage behaviour is significantly
reversed depending on the number of vehicles in the household. The
corresponding interpretation is: depending on the vehicle stock, e-mobility is
perceived as a break rather than an extension of the previous mobility logic. This
leads to the implication that counselling approaches should be tailored to the
technical and social suitability in the respective household (Jansson, 2011; Meuter
et al., 2005; G. C. Moore & Benbasat, 1991).

It is also clear that, depending on the type of vehicle in the household, there
is a significant inverse effect in the path from personal innovativeness to use
behaviour. This suggests that actual use is influenced by contextual factors, even in
the case of innovative individuals, who are aware of possible alternatives from the
EV market (Agarwal & Prasad, 1998; Parasuraman, 2000; M. Zhou et al., 2021).

In addition, there is a highly significant positive moderation effect in the
relationship between the facilitating conditions and use behaviour, which is
influenced by the availability of charging facilities. This leads to the conclusion that
the availability of infrastructure is a critical factor for the actual use of e-vehicles
(Helveston et al., 2015; Herndler, 2024; Jaiswal, Kaushal, et al., 2022).

There is a significant inverse effect in the path from Reliability to Trusting

Intention. This can be interpreted as meaning that the influence of reliability on
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trust is relativised when charging options are available, as the reality of use
becomes more tangible. This means that trust is based more on personal usage
experiences than on technical expectations (B. Kim & Han, 2011; H. McKnight et
al., 2009; Wixom & Todd, 2005).

Furthermore, there is a significant inverse moderation effect due to the
number of vehicles in the household for the influence of habit on behavioural
intention. This suggests that with multiple vehicles, habitual behaviour tends to be
influenced by selection decisions. This means that intervention logics on usage
behaviour are less effective in households with multiple vehicles (Azman Ong et
al., 2023; Venkatesh et al., 2012; M. Zhou et al., 2021).

Another inverse effect of habit on behavioural intention can be observed in
the variation of vehicle types within households. This implies that usage routines
are irritated or relativised by heterogeneity in the vehicle population (Egbue &
Long, 2012; Sovacool et al., 2018).

In households with several vehicles, hedonic motivation has a significantly
stronger effect on behavioural intention. This means that in more flexible mobility
environments, fun and driving pleasure play a greater role in the decision in favour
of electromobility (Azman Ong et al., 2023; Han et al., 2017; M. Zhou et al., 2021).

Depending on the vehicle mix, however, the direction of the effect of hedonic
motivation on behavioural intention is significantly reversed. It can be implied that
emotional motivations appear to be influenced by the perceived comparison with
conventional vehicles (Sovacool et al., 2018; Venkatesh et al., 2012).

If charging facilities are available, the effect of personal innovativeness on
behavioural intention is significantly stronger. This implies that innovative
individuals can be additionally activated by infrastructural conditions (Agarwal &
Karahanna, 2000; Kwon et al., 2007; Meuter et al., 2005).

A significant positive effect can be observed with certain vehicle
constellations in the household, indicating that reliability has a stronger impact on
behavioural intention. This implies that the importance of technical reliability is
growing in comparison to tried-and-tested, conventional vehicle types (Gefen et
al., 2003; B. Kim & Han, 2011; H. McKnight et al., 2009).

An inverse moderation effect can be seen in the influence of social norms on

behavioural intention when a certain number of vehicles are present in the
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household. This means that social influence loses its effect when households have
a high degree of autonomy and freedom of choice (Fedorko et al., 2021; Tsu Wei et
al., 2009; Venkatesh et al., 2003).

A significant change in direction can also be seen in the path of social
influence on behavioural intention, which is moderated by different vehicle types
in the household. This can be interpreted to mean that in technologically mixed
households, social comparison appears to be less relevant or even leads to the
opposite behavioural impulses (Almansour, 2022; Kumar Jain et al, 2022;
Venkatesh et al., 2012).

Moderating effects of national Culture

Hypotheses H34-H36 examine the moderating influences of national culture
(individualism, masculinity) on the central dependent constructs of behavioural
intention (BI), trusting intention (TI) and use behaviour (UB). The result of the
hypothesis test for the influences of the moderating group of national culture is
illustrated in Table 80:
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Table 80: Significant moderating effects of National Culture

Moderator Group |Confirmation| Rejection
National Culture
Hypothesis Independent variable Depe.ndent Effect g 2
variable = El
5 E Model II
Performance Expectancy moderated by x (¥)
Effort Expectancy moderated by
Social Influence moderated by
Price Value moderated by
Hedonic Motivation moderated by
Facilitating Conditions moderated by
H34 Habit Behavio}ural moderated by
Compatibility Intention | oderated by
A};:l‘t:iitrz‘;irzs moderated by
Personal Innovativeness moderated by x (+)
Costs moderated by
Contextual Acquaintance moderated by x ()
Reliability moderated by
Performance Expectancy moderated by
Effort Expectancy moderated by x(+)
Facilitating Conditions Trus.ting. moderated by
H35 — Intention in
Reliability Electromobility moderated by x (+)
Contextual Acquaintance moderated by x (*)
Structural Assurance moderated by
Facilitating Conditions moderated by | x(+) X (+)
Habit moderated by
H36 Compatibility Use Behaviour |[moderated by
Personal Innovativeness moderated by
Costs moderated by X (+)

X (+) Significant positive moderation effect

X (i) Significant change in direction (inverted effe
X (-) Significant negative moderation effect

Confirmation of the hypothesis

Rejection of the hypothesis

Source: Own illustration

A total of nine moderating effects were identified across the three latent
constructs. This means that the three hypotheses H34, H35 and H36 can be

confirmed. For further details, see Appendix 12. The scientific interpretation of the
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effects and a discussion of their significance in the context of the research question

follow.

Individualism shows a significant moderating effect in the facilitating
conditions path on use behaviour. According to this, people with a pronounced
individualism use EVs more if they perceive supportive conditions such as
infrastructure or technical support. This suggests that in contexts characterised by
individualism, a higher degree of personal responsibility for technology decisions
is expected when there are supporting measures. The implication is that political
measures or marketing strategies should specifically emphasise the self-efficacy
aspect and highlight functional framework conditions (Ayyash et al., 2022;
Goularte & Zilber, 2019; Srite & Karahanna, 2006; Yuniaristanto et al., 2024).

In contrast, numerous significant moderation effects were found for the
moderator variable masculinity. These emphasise the central importance of
performance-oriented, rational and status-related value patterns for the acceptance
of electromobility in Germany. A total of eight paths are significantly influenced
by masculinity:

The paths from contextual acquaintance to behavioural intention and from
contextual acquaintance to trusting intention each show an inverted effect. This
means that contextual awareness influences behaviour in masculine groups. The
effect of costs on usage behaviour is also significantly increased, so that more
favourable usage in masculine contexts appears to be particularly important as a
rational advantage. Similarly, facilitating conditions have a stronger effect on
actual usage behaviour in highly masculine contexts. The path from performance
expectancy to behavioural intention shows a significant reversal of direction. This
indicates a differentiated assessment of performance expectations, for example,
concerning the need for control or scepticism towards innovations. Personal
innovativeness also has a stronger effect on the behavioural intention of people
with pronounced masculinity, which suggests a higher status consciousness or
interest in technology. Finally, effort expectancy and reliability strengthen the
effect on trust in electromobility. These paths suggest that the summarising
implication is that electric mobility is more strongly accepted in masculine cultures
due to its functional, performance-oriented, and status-related characteristics. This

leads to the recommendation that communication strategies should therefore
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specifically emphasise value propositions, technical robustness and individual
benefits, while social or cooperative aspects are less central (Ayyash et al., 2022;
Blut et al., 2022; Goularte & Zilber, 2019; Srite & Karahanna, 2006; Yuniaristanto et
al., 2024).

Moderating effects of technical determinants

Hypotheses H37-H39 examine the moderating influences of technical
determinants (motor power, driving range and charging time) on the central
dependent constructs of behavioural intention (BI), trusting intention (TI) and use
behaviour (UB). The result of the hypothesis test for the influences of the

moderating group of technical determinants is illustrated in Table 81:
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Table 81: Significant moderating effects of Technical determinants

Moderator Group Confirmation| Rejection
Technical determinants
Dependent
Hypothesis Independent variable ¥ . Effect )
variable z . %” °
£ oo |
& § g |28 Model II
8 ES|E R
3 |”R%|S
=
Performance Expectancy moderated by
Effort Expectancy moderated by
Social Influence moderated by
Price Value moderated by
Hedonic Motivation moderated by X (¥)
Facilitating Conditions moderated by
H37 Habit Behavi?ural moderated by
Compatibili Intention
patibility moderated by
Attitude t d
Hudetowards moderated by
Environment &
Personal Innovativeness moderated by
Costs moderated by
Contextual Acquaintance moderated by
Reliability moderated by
Performance Expectancy moderated by [ x ()
Effort Expectancy . moderated by X (¥)
Facilitating Conditi Trusting derated b
acilitating Conditions moderate:
H38 Ag - Intention in Y
Reliability ..., |moderated by X (+)
Electromobility
Contextual Acquaintance moderated by x (-)
Structural Assurance moderated by
Facilitating Conditions moderated by X (+)
Habit moderated by
H39 Compeatibility Use Behaviour [moderated by
Personal Innovativeness moderated by
Costs moderated by

X (+) Significant positive moderation effect

X (i) Significant change in direction (inverted eff¢
X (-) Significant negative moderation effect

Confirmation of the hypothesis

Rejection of the hypothesis

Source: Own illustration

A total of six moderating effects were identified across the three latent
constructs. This means that the three hypotheses H37, H38 and H39 can be
confirmed. For further details, see Appendix 13. The scientific interpretation of the
effects and a discussion of their significance in the context of the research question

follow.



336 STEFFEN BERG

A significant inverted moderation effect is observed in the relationship
between performance expectancy and trusting intention, as a function of motor
performance. This can be interpreted as meaning that users with a low motor
performance orientation attach less importance to the performance of an EV in
terms of trust than performance-oriented people do in this context. The change of
sign indicates that high-performance requirements can even undermine trust, for
example, if the vehicles do not fulfil expectations. This implies that trust in e-
mobility can only be built among users with an affinity for performance if high-
performance promises are also fulfilled. Manufacturers and politicians should
therefore take care to communicate realistic performance levels (Chang & Tung,
2008; Roca et al., 2006; Schmalfufs et al., 2017; Shin, 2009).

A significant negative effect was found for the path of contextual
acquaintance on trusting intention. This suggests that individuals with a high reach
requirement place less emphasis on contextual references when establishing trust.
Apparently, mere familiarity with the technology is not enough if restrictions on
reach are feared. For users with high range requirements, this implies that
information campaigns are not sufficient to promote trust. What is needed instead
are concrete product experiences or technology-supported test drives (Bockarjova
& Steg, 2014; H. McKnight et al., 2009; Shin, 2009; R. Wang et al., 2021).

A significant positive effect shows that the range requirement increases the
influence of reliability on trust. This can be interpreted to mean that for people with
high range expectations, perceived reliability is central to trust. The implication of
this is that manufacturers and service providers should specifically emphasise
proof of technical stability (e.g. guarantees, test results) with this target group in
order to intensify trust (Chang & Tung, 2008; Gefen et al., 2003; D. H. McKnight et
al., 1998; Schmalfufs et al., 2017; Z. Wang et al., 2017).

In terms of charging time, there is a significant inverse effect on the path from
effort expectancy to trusting intention in electromobility. This shows that people
with a higher charging time expectation show more trust with a lower charging
time. This could indicate that their expectations are already so low that they
perceive small improvements as clearly positive. From this, it can be implied that
in segments with a particularly sceptical attitude towards loading times, even

moderate improvements can significantly increase trust. Expectation management
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thus becomes a strategic lever (Hackbarth & Madlener, 2013; Hidrue et al., 2011;
Kapser & Abdelrahman, 2020; Kumar Jain et al., 2022; H. McKnight et al., 2009).

There is also a significant positive effect on the facilitating conditions path on
actual usage behaviour. This leads to the interpretation that someone who expects
a shorter charging time reacts significantly more sensitively to facilitating
conditions such as a good infrastructure and high charging availability. This
implies that a high-quality charging infrastructure is a crucial factor in encouraging
actual use, especially among tech-savvy users with charging optimism. This also
emphasises the relevance of promoting public charging points (Azman Ong et al.,
2023; Erick Ayapana, 2023; Kumar Jain et al., 2022; Schmalfufs et al., 2017).

There is also a significant inverted moderation effect for the path from
hedonic motivation to behavioural intention. This can be interpreted to mean that
people with long loading times are more likely to be motivated by fun and
enjoyment, while this effect becomes less important for people with short loading
expectations, as the focus may be more on functional aspects. This leads to the
implication that for users who are sceptical about the loading time, communicative
measures should focus more on experience values and lifestyle elements to address
compensatory motives (Bockarjova & Steg, 2014; Han et al., 2017; Roca et al., 2006;
M. Zhou et al., 2021).

Moderating effects of contextual determinants

Hypotheses H40-H42 examine the moderating influences of contextual
determinants (market availability, charging availability, environmental impact and
policy and incentives) on the central dependent constructs of behavioural intention
(BI), trusting intention (TI) and use behaviour (UB). The result of the hypothesis
test for the influences of the moderating group of contextual determinants is
illustrated in Table 82:
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Table 82: Significant moderating effects of contextual determinants

Moderator Group Contextual |Confirmation| Rejection
determinants %]
Hypothesis Independent variable Depcfndent Effect 2 2 g @
variable k- .g 2|5 s|s ¢
x| P gégg Model 1T
FEISE|E7 =2
5
Performance Expectancy moderated by x ()
Effort Expectancy moderated by
Social Influence moderated by
Price Value moderated by
Hedonic Motivation moderated by
Facilitating Conditions moderated by
H40 Habit Behavi?ural moderated by
Compatibility Intention moderated by
Personal Innovativeness moderated by X (+)
Costs moderated by x ()
Contextual Acquaintance moderated by
Reliability moderated by X (+)
Performance Expectancy moderated by
Effort Expectancy moderated by x () x ()
Facilitating Conditions Trusting moderated by
Hat Reliability Intention m moderated by
- Electromobility
Contextual Acquaintance moderated by [ x(-) x () x (+)
Structural Assurance moderated by x(+)
Facilitating Conditions moderated by [ x (+) x (+) x(+)
Habit moderated by
H42 Compatibility Use Behaviour |moderated by
Personal Innovativeness moderated by
Costs moderated by x (+)
X (+) Significant positive moderation effect

X (£) Significant change in direction (inverted effec
X (-) Significant negative moderation effect

Confirmation of the hy pothesis
yp

Rejection of the hypothesis

Source: Own illustration

A total of fourteen moderating effects were identified across the three latent
constructs. This means that the three hypotheses H40, H41 and H42 can be
confirmed. For further details, see Appendix 14. The scientific interpretation of the
effects and a discussion of their significance in the context of the research question

follow.

The independent variable of contextual acquaintance has a weaker effect on

the dependent variable of trusting intention when market availability is low. This
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suggests that the significance of contextual acquaintance on trust in electromobility
decreases significantly when market availability is limited. This leads to the
implication that trust is not created by personal familiarity alone, but requires a
realistic market offering (Gefen et al., 2003; Hasan, 2021; Kautish et al., 2024; D.
McKnight & Chervany, 2002; Wicki et al., 2022).

Facilitating conditions influence use behaviour more strongly when market
availability is high. This means that facilitating conditions have a greater effect
when consumers assume a wide range of vehicles are available. This implies that
investments in user support should be accompanied by the actual availability of
EVs (Hasan, 2021; Kautish et al., 2024; Kumar Jain et al., 2022; Wicki et al., 2022).

Numerous significant moderation effects were found for the moderator
variable charging availability. These emphasise the central importance of this
moderator for the acceptance of electromobility in Germany. In total, the following

seven paths are significantly influenced by charging availability:

*  Contextual Acquaintance > Trusting Intention

*  Costs 2 Use Behaviour

* Facilitating Conditions = Use Behaviour

*  Personal Innovativeness = Behavioural Intention
*  Performance Expectancy = Behavioural Intention
*  Reliability - Behavioural Intention

»  Structural Assurance = Trusting Intention

When charging availability is limited, the key factors influencing the
acceptance and use of electromobility shift significantly. This means that hard facts
such as costs, reliability and supportive framework conditions become more
important, as users pay more attention to practical hurdles when charging
infrastructure is scarce. At the same time, soft facts such as contextual acquaintance
lose impact, as trust is no longer created through environmental experience, but
through structural assurance. The altered effect of performance expectancy on
behavioural intention is particularly critical: when charging availability is poor, the
expected benefit is reversed, so that users evaluate high-performance expectations
negatively. People with high personal innovativeness show stronger usage
intentions with good charging availability, which indicates a positive leverage

effect of infrastructural conditions on progressive target groups (Azman Ong et al.,
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2023; Kapser & Abdelrahman, 2020; She et al., 2017; R. Wang et al., 2021; I.-L. Wu
& Wu, 2005).

Charging availability is a central factor in the contextual determinants
moderator group, which can moderate both the strength and the direction of the
effect of central constructs. On the one hand, this results in the recommendation
that structural safety factors such as guarantees or clear service processes should
be emphasised and functional barriers removed in regions with poor charging
availability. Furthermore, formal credibility should be established in these regions,
and trust in electromobility should not be overstated. It should also be emphasised
that innovative target groups particularly benefit from good charging availability,
which is why infrastructure expansion is essential not only for the masses, but also
to appeal to progressive users. In conclusion, it should be noted that performance
expectancy clearly shows that high expectations of performance without functional
implementation conditions can even have a deterrent effect on users, so that
realistic expectation management is necessary here (Bockarjova & Steg, 2014; Han
etal., 2017; D. McKnight & Chervany, 2002; H. McKnight et al., 2009; S. Wang et al.,
2019).

Effort expectancy influences trusting and is inversely moderated by the
environmental impact variable, meaning that a high level of environmental
awareness weakens the significance of effort estimates for trust. The implication is
that communication focusing on the environmental benefits of EVs can override
the perceived effort involved in using an EV (Butt & Singh, 2023; Nguyen et al.,
2024; Quy Nguyen-Phuoc et al., 2022; R. Wang et al., 2021).

Policy and incentives have a significant positive influence on the path from
contextual acquaintance to trusting intention. This means that if political support
measures are perceived as significant, familiarity with the technology increases and
trust in electric mobility is also strengthened. The funding backdrop acts here as an
amplifier for existing contextual knowledge. This implies that support measures
should be accompanied by information campaigns that focus on building
awareness and experience. The interaction of policy and acquaintance can
effectively promote trust (D. McKnight & Chervany, 2002; H. McKnight et al., 2009;
Singh et al.,, 2021; S. Wang et al., 2017).
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The influence of costs on behavioural intention is significantly moderated by
policy and incentives. This means that financial support measures relativise the
significance of perceived costs for the intention to use, so that users tend to ignore
monetary hurdles when state support is present. This implies that the subsidy
policy acts as a psychological price buffer. The specific financial relief should
therefore be emphasised in communication and made easy to understand
(Bockarjova & Steg, 2014; Kautish et al., 2024; Y.-F. Liu et al., 2018; Venkatesh et al.,
2012; J.-H. Wu & Wang, 2005).

If there is a strong perception of policy and incentives, facilitating conditions
have a stronger influence on use behaviour. This means that facilitating conditions
exert their behavioural influence above all when they are perceived in harmony
with political measures. The political framework legitimises and reinforces their
effect. The interlocking of political funding logic with concrete support measures,
such as the provision of sufficient charging infrastructure or free counselling
services, is therefore crucial. The leverage effect can only unfold through
interaction (Adnan et al., 2017; Azman Ong et al., 2023; Singh et al., 2021; S. Wang
et al., 2017; M. Zhou et al., 2021).

Policy and incentives moderate the influence of effort expectancy on trusting
intention, significantly inverting the relationship. This suggests that the expected
effort is no longer perceived as being so burdensome due to considerable political
incentive systems, which in turn is beneficial for trust in electromobility. The
funding therefore acts as a catalyst for user-friendliness. The implication of this is
that support measures should not only be linked in monetary terms, but also with
simple and accessible applications for users. Intuitive use (e.g. through apps or
simple charging processes) strengthens trust, especially in the case of political
support (Bockarjova & Steg, 2014; Kapser & Abdelrahman, 2020; Kautish et al.,
2024; Kumar Jain et al., 2022; H. McKnight et al., 2009).

Moderating effects of experience

Hypotheses H43-H45 examine the moderating influences of experience
(knowledge, familiarity) on the central dependent constructs of behavioural
intention (BI), trusting intention (TI) and use behaviour (UB). The result of the
hypothesis test for the influences of the moderating group of experience is
illustrated in Table 83:
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Table 83: Significant moderating effects of experience

Moderator Group Confirmation| Rejection
Experience
Hypothesis| Independent variable Dependent Effect @ >
variable 2 ]
= = Model IT
Performance Expectancy moderated by
Effort Expectancy moderated by x (#)
Social Influence moderated by
Price Value moderated by
Hedonic Motivation moderated by
Facilitating Conditions moderated by
H40 Habit Behavioural | moderated by
Compatibility Intention moderated by
Personal Innovativeness moderated by x(+)
Costs moderated by
Contextual Acquaintance moderated by
Reliability moderated by
Performance Expectancy moderated by
Effort Expectancy . moderated by
Facilitating Conditions Trus'tmg' moderated by
H41 — Intention in
Reliability Hlectromobility moderated by
Contextual Acquaintance moderated by
Structural Assurance moderated by
Facilitating Conditions moderated by
Habit moderated by
H42 Compatibility Use Behaviour |moderated by
Personal Innovativeness moderated by
Costs moderated by x(+)
X (+) Significant positive moderation effect
X (i) Significant change in direction (inverted effeci
X (-) Significant negative moderation effect
Confirmation of the hypothesis
Rejection of the hypothesis

Source: Own illustration

A total of three moderating effects were identified across the three latent

constructs. This means that the three hypotheses H43 and H45 can be confirmed.

Hypothesis H44 must be rejected, as no moderating influence was identified here.

For further details, see Appendix 15. The scientific interpretation of the effects and

a discussion of their significance in the context of the research question follow.
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Knowledge moderates the influence of effort expectancy on behavioural
intention. In relation to users, this means that the less knowledge they have about
electromobility, the more important perceived effort expectancy is for their
intention to use it. This implies that low-threshold entry aids and user-friendly
offers should be provided especially for target groups with little prior knowledge
(Meuter et al., 2005; Schmalfufs et al., 2017; Venkatesh et al., 2003; R. Wang et al.,
2021).

If knowledge is high, this has a significant positive influence on the path from
costs to usage behaviour. This means that users who are well informed about
electromobility consider financial aspects to be important for their actual usage
behaviour. Furthermore, this implies that economic aspects (e.g. TCO calculators?)
should be specifically integrated into communication with informed target groups
(Bennett & Vijaygopal, 2018; Jiang, 2023; Y.-F. Liu et al., 2018; Shuhaiber & Mashal,
2019; R. Wang et al., 2021).

The path from Personal Innovativeness to Behavioural Intention is
significantly positively influenced by high familiarity. This means that when
familiarity with electric mobility is high, innovativeness has a stronger effect on the
intention to use. This implies that innovative target groups with practical EV
experience are particularly receptive to pioneering product features and should
therefore be addressed with innovative communication strategies (Jansson, 2011;
Meuter et al., 2005; Parasuraman, 2000; Schmalfuf et al., 2017; S. Wang et al., 2019).

Conclusion of moderating effects

Table 84 summarises the hypotheses on the moderating influences in general.
Seventeen out of eighteen hypotheses could be confirmed, which in turn
emphasises the high relevance of moderating influences on the acceptance and use
of electromobility. It can be deduced from this that the effect of classic acceptance

factors is not universal but influenced by moderators (Blut et al., 2022, p. 76).

2 TCO - total cost of ownership.
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Table 84: Overview of the confirmation or rejection of the moderating hypothesis
. . Confirmation| Rejection
Hypothesis Dependent variable Moderator Group
H28 Behavi i
ehavioural Intention Individual %]
H29 Trusting Intention in Electromobility L.
Characteristics
H30 Use Behaviour
H31 Behavioural Intention . .
Situational
H32 Trusting Intention in Electromobility .
determinants
H33 Use Behaviour
H34 Behavioural Intention
H35 Trusting Intention in Electromobility National Culture
H36 Use Behaviour
H37 Behavioural Intention .
Technical
H38 Trusting Intention in Electromobility .
determinants
H39 Use Behaviour
H40 Behavioural Intention
Contextual
H41 Trusting Intention in Electromobility .
determinants
H42 Use Behaviour
H43 Behavioural Intention
H44 Trusting Intention in Electromobility Experience
H45 Use Behaviour
Confirmation of the hypothesis
Rejection of the hypothesis

Source: Own illustration
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VI DISCUSSION AND CONCLUSIONS

This chapter summarises the key findings of this work and places them in an
overarching context. Firstly, the original scientific contribution is outlined (Section
6.1). The practical implications for politics, business and society are derived

(Section 6.2), and finally an outlook for further research is provided (Section 6.3).

6.1 RESEARCH CONTRIBUTION OF THIS WORK

The present study successfully closes a relevant research gap in the field of
electric car acceptance research through an integrative research model. In addition
to classic technology acceptance constructs, the model designed for this purpose
also includes trust-based factors and a series of demographic, situational, cultural
and technology-related moderators. This represents a novelty, as classic acceptance
models primarily examine cognitive-benefit-oriented influencing variables,
whereas this model incorporates behavioural, trust-based and context-based
determinants into electromobility research. Building on the meta-analysis by Wicki
et al. (2022) and the trust-based analyses by McKnight et al. (2009), the UTAUT 3
by Blut et al. (2022) was systematically expanded and an integrative research model
was created. This work provides an integrative framework that captures both
intention and actual usage behaviour, thereby closing the gap between
hypothetical intentions and real behaviour. The need for this study was also due to
the fact that previous studies on technology acceptance models usually only
consider the intention to use, but not the actual behaviour. By combining PLS-SEM
with validated scales for trust and moderators, causal relationships between trust,

intention to use and actual behaviour could be empirically proven for the first time.

Based on UTAUT 3 by Blut et al. (2022), the model was expanded to include
the trust-based influencing factors of contextual acquaintance, reliability and
structural assurance. The empirical validation using SmartPLS shows that these
have a significantly positive influence on the trusting intention in electromobility
(TI) and thus increase the explanatory power of the classic UTAUT variables. It

should also be emphasised that TI has a direct effect on user behaviour. This
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emphasises the importance of trust as an independent mediating determinant

above and beyond the intention level.

In contrast to previous studies, this research model also included the actual
use behaviour (UB) as an endogenous variable. With anR2of 0.651 for UB, the
model thus achieves above-average predictive power. Using contextual
acquaintance and facilitating conditions, experiences from test drives, knowledge
about the charging infrastructure, and supporting framework conditions (such as
electric car subsidies) were taken into account and included in the explanation of
acceptance. In contrast to previous research, these factors exhibited high effect sizes
on TI and UB, thereby surpassing traditional benefit and enjoyment determinants
as the primary drivers of acceptance explanations, such as performance expectancy
(PE), price value (PV), or hedonic motivation (HM). This demonstrates that trust
and contextual factors can predict not only intentions but also real behaviour. The
lack of confirmation of the hypotheses defined for PE, PV and HM can be explained
by the increasing familiarity of tech-savvy user groups, who prioritise rational and
trust-based motives over affective aspects of enjoyment. Concerning compatibility,
it can also be stated that subjective compatibility expectations in everyday life lead
to behavioural barriers due to practical discrepancies (be it the charging process or

route planning).

In addition to analysing direct effects, a comprehensive study of moderator
effects was also carried out. For this purpose, six moderator groups (individual
characteristics, situational determinants, national culture, technical determinants,
contextual determinants and experience) were derived based on theory and
empirically tested. For example, age has an inverse moderating effect on the path
from costs to use behaviour, the level of education moderates the path from habit
to use behaviour, and masculinity moderates both the effort expectancy and
reliability effects on TI. As a result, seventeen out of eighteen hypotheses in the area
of moderator effects were confirmed. These results also show that the mechanisms
of action of classic acceptance factors do not apply universally, but depend to a

large extent on the individual, social or cultural context.
With regard to the research questions formulated at the beginning and the
objective, the following answer can be given to the question concerning which

factors specifically influence or inhibit acceptance and how it can be increased:
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Significant influencing factors that affect the three endogenous
constructs (TI, BI and UB) are effort expectancy, social influence,
facilitating conditions, habit, personal innovativeness, costs,
reliability, contextual acquaintance and structural assurance.

High acquisition costs, range anxiety, long charging times and a lack
of experience were identified as the main factors inhibiting
acceptance.

To increase acceptance, the expansion and reliability of the charging
infrastructure, financial support measures, education and practical
experiences for potential users, transparent cost visualisation and

communication campaigns were identified.

Furthermore, the research question of whether trust is a suitable extension of
the initial model (UTAUT 3) can be answered as follows:

It can be said that trust and the associated constructs (reliability,
contextual acquaintance, and Structural Assurance) increase the
explanatory power of the model and show significant paths on

usage intention, as well as usage behaviour.

The question of whether demographic and cultural moderators such as age,

gender, individualism vs. collectivism) play a moderating role can also be

answered as follows:

The moderating influence of demographic but also cultural
moderators (especially masculinity) could be confirmed (see in
particular Section 5.7.3).

The question of other indirect factors that have a moderating influence on

intention and usage behaviour can also be answered:

Further indirect factors were postulated, empirically tested and
shown to have a significant influence on direct path connections.
These include political support and technical infrastructure, but also
factors such as market availability, charging options, number and
type of vehicles in the household and knowledge.

In comparison to existing research, it can be said that the variance
explanation achieved for BI (R?= 0.783) and TI (R?= 0.688) and UB (R?= 0.651) is

significantly higher than the average values of classic acceptance models (Blut et
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al., 2022; Venkatesh et al., 2003, 2012). As a result, the accuracy of the developed
model's fit can be confirmed both in terms of content and empirically, despite its
high complexity with seventeen constructs, 50 indicators, and 27 direct path
connections. As a result, this work represents one of the most comprehensive
empirical studies of user acceptance of EVs in an established market, which
manages to link the will to adopt more strongly to confidence-building and
experience factors than to benefit or fun motives. This allows closing the research
gap between purely technology-oriented acceptance models and multifactorial,
real-world influencing variables as psychological, technological, social and cultural

determinants and their interrelationships are taken into account.

Thus, this work not only contributes theoretically to the further development
of technology acceptance models, but also provides a reliable basis by establishing
trust and contextual influences as central components of acceptance models and

emphasising the importance of moderators.

In conclusion, the following limitations can be noted, which will be taken up
again in Chapter 6.3 on the need for further research. As only one measurement
point in time was considered for the model developed, the causal relationships can
be considered to be of limited reliability. Furthermore, an online survey always
harbours the risk of social desirability effects, whereby respondents may be
tempted to give answers that they assume are the desired responses to the
questions posed. Finally, the focus of the study is limited to Germany, which means
that it is not yet possible to derive any reliable, generalised results.

6.2 IMPLICATIONS FOR PRACTICE

The following recommendations for action can be derived from the empirical
findings. These are also attributed to one of the following addressees: Car
manufacturers/OEMs, infrastructure operators and energy suppliers, political
decision-makers and funding institutions, as well as mobility service providers and

fleet managers:

Promotion of trust

(Addressees: car manufacturers/OEMSs; political decision-makers and funding

organisations)
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First, the promotion of trust in electromobility could be focused on. As TI
exerts a direct influence on EMS, OEMs and politicians could utilise this and take
measures to make technical and institutional reliability visible, thereby
strengthening consumer confidence in electromobility. With regard to reliability,
technical guarantees (e.g. on battery life), quality seals or transparent test reports
could be communicated to users. In connection with variable structural assurance,
on the other hand, guarantee and insurance concepts, as well as regulatory
frameworks (e.g. EU standards or certified standards for the charging
infrastructure) could be communicated to users (Technischer Leitfaden
ELEKTROMOBILITAT LADEINFRASTRUKTUR - Version 4.1, 2023)) should be

emphasised to strengthen institutional trust.

Experience- and event-based marketing

(Addressees: car manufacturers/OEMs; mobility service providers)

In addition to strengthening trust, car manufacturers could also use
experience- and event-based marketing. This involves creating a positive user
context through test drives, trial periods, community events or user forums, for
example, which in turn can build trust in electromobility. Testimonials or
influencers can also be integrated here so that opinion leadership can be achieved

in homogeneous groups, and EVs can be made tangible for potential users.

Segmented user approach

(Addressees: car manufacturers/OEMs; mobility service providers)

A segmented user approach is also suitable, as a one-size-fits-all campaign
would not be effective for the different user groups. This becomes clear when
considering the moderating effects of age, education, experience, and culture, as
well as daily travel needs. Accordingly, clear, transparent cost information
supplemented by comprehensible operating instructions and an unobtrusive
customer approach are suitable for older users, for example. This contrasts with
tech-savvy and innovative users who have a clear focus on new mobility features
and networked systems and are therefore ideally suited to early adopter
programmes. Another example is the masculine cultural segments, for whom
arguments such as performance, status and technical robustness are suitable.

Emphasising environmental benefits would in turn have a negative impact on their
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adoption behaviour. On the other hand, there are young families for whom cost
benefits are important, and who should therefore be receptive to car-sharing offers
or leasing models, along with the associated higher environmental benefits. For this
purpose, a TCO calculator could be provided, which, for example, recommends the
best leasing tariff and shows the environmental benefits in addition to the cost
benefits. For frequent drivers, who are particularly sensitive to facilitating
conditions and performance expectations, a well-developed fast-charging network,

as well as safety and reliability messages, could be persuasive arguments.

Concerning the sinus-mileus, the effects identified provide the following
starting points for a targeted approach to specific target groups, for example
(Calmbach & Hecht, 2024):

*  Progressive performers with a high level of technology and
environmental orientation are interested in an emotional
presentation of sustainable mobility concepts, emphasising the latest
range and charging technologies as well as CO2 benefits.

*  The middle class is performance and order-oriented and therefore
focuses on reliability through quality seals and warranty bundles as
well as transparent service and maintenance packages.

* Adaptive pragmatists are price-benefit-oriented, which is why
interactive tools such as TCO calculators and combined mobility
concepts (e.g. electric car plus car-sharing) and the highlighting of
cost benefits are suitable.

*  Conservative-traditional customers tend to be risk-averse and status-
conscious, so insurance and warranty offers, as well as practical test
drives with a focus on simple operation and the presentation of

services, are suitable here.

As a recommendation for action, it can be concluded that the communication
channels should be adapted to address each milieu to maximise the relevance and
acceptance of the messages. Social media is suitable for addressing progressive
performers, whereas classic print or direct mailings should be used for the middle
class. The same also applies in terms of tonality and visualisation. For progressive
performers, the focus should be on terms relating to technology and innovation,
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whereas the middle class looks for terms such as reliability and down-to-earth
formulations (B. Barth et al., 2018; Calmbach et al., 2024).

Realistic performance promises

(Addressees: car manufacturers/OEMSs)

At the same time, it makes sense for manufacturers to make realistic
performance and range promises to avoid the risk of disappointment and loss of
trust. Realistic simulations and practical demonstrations (e.g. roadshows) could be
used to counter discrepancies between expectations and practice. In addition,
manufacturers should clearly highlight even small improvements, such as
reductions in charging time, to positively influence hedonic motivation and appeal

to sceptical user segments.

Political support programmes and infrastructure measures

(Addressees: political decision-makers and funding institutions; infrastructure

operators and energy suppliers)

In addition, political support programmes combined with information
campaigns are also suitable for convincing undecided users. This is due to the fact
that policy and incentives have a moderating effect on the costs, facilitating
conditions, and effort expectancy on the endogenous variables, trusting intention
in electromobility and actual user behaviour. For this reason, funding and
information campaigns, for example, could be combined to highlight the financial
incentives offered by electromobility and provide practical application tips.
Furthermore, political support programmes and investment measures should not
be limited to financial subsidies but should also promote the expansion of a
nationwide, reliable and easily accessible infrastructure and communicate this to
the public. Due to the not insignificant moderating influence of charging
availability on a whole series of correlations between performance expectancy,
costs, facilitating conditions, personal innovativeness, reliability and structural
assurance and the latent variables, test drive events could also be linked to the
opening of new charging parks. Particularly in regions where the charging
infrastructure is still underdeveloped, this could help to convince users who are
still undecided or unconvinced to switch to an EV. Of course, in areas with poorly
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developed electric mobility infrastructure, additional institutional anchors of trust,
such as government guarantees in a service network to ensure a reliable charging
infrastructure, would be necessary to counter user concerns about range anxiety
and increase motivation to purchase an EV. The latter is due to the fact that

reliability has a significant effect on TI and is inversely moderated by range.

Promotion of habits and the influence on fleet management

(Addressees: mobility service providers and fleet managers; infrastructure operators

and energy suppliers)

As habit has a significant impact on usage behaviour, a well-developed
charging infrastructure at the workplace could ensure that company car fleets are
converted to electrically powered vehicles more quickly, but also that employees
without company cars can charge at these charging points free of charge (e.g. free
charging vouchers). The installation of charging points at the workplace should be
accompanied by state-subsidised training courses as well as the subsidisation of

early adopter programmes to promote habitual use in the long term.

6.3 FURTHER RESEARCH DIRECTIONS

Despite the comprehensive model and the broad empirical basis, the
opportunities for future research projects arising from the present research work

are briefly discussed below.

Given that the postulated and empirically tested model provides only a
snapshot of the present cross-sectional study on the acceptance of EVs, it could
initially be confirmed through further empirical validation. On the one hand, the
same study could be conducted with a significantly larger sample (n=10,000) to
evaluate all moderators in a multi-group analysis and thus obtain a greater depth
of knowledge concerning measurement and structural variance, but also
concerning target group segmentation (F. Huber et al., 2007, p. 118; Steenkamp &
Baumgartner, 1998, p. 78 ff.). On the other hand, it would be interesting to
investigate how the acceptance factors and moderating influences change over time
due to technological progress in terms of range, charging speed or social trends.
Longitudinal studies, with surveys conducted every 12-24 months, could illustrate
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changes in trust, intention and behaviour after the introduction of new vehicle

models or infrastructure measures and strengthen causal conclusions.

As this study focuses on the German market, it would also be beneficial to
investigate whether the same mechanisms of action can be reproduced in other
established or emerging markets. International comparisons could show which
moderators have a universal influence and which are country-specific. Particularly
against the background of the two national culture moderators of individualism
and masculinity, it would be interesting to find out how these have a country-

specific effect to derive global, regional, or local strategies.

In addition to further quantitative studies, qualitative approaches are also
suitable for empirically testing the indirect impact paths and possible mediation or
moderation mechanisms such as the test experience on the trusting intention. Field
or laboratory experiments are suitable for this purpose. Against this background,
it could also be investigated whether the direct effect of TI on UB can be achieved
without mediation and whether trust is translated into behaviour independently,

rather than via intention formation.

This could also be accompanied by phase-related studies based on the
purchasing process, allowing for a comparison between pre- and post-adoption
phases and gaining insights into when emotional and environmental motives play
a role, particularly in different milieus (Calmbach & Hecht, 2024). The same also
applies to the findings of performance expectancy and price value on behavioural
intention, which were assessed as significant. Experimental study designs could
also be used to investigate the conditions under which benefit and price arguments

have a stronger effect on acceptance.

Interactions or influences of digital mobility services such as car-sharing,

micromobility or ride-pooling could also be analysed® or ride-pooling® on trust

2 Micromobility refers to the use of electrically powered micro-vehicles as an
alternative to conventional means of transport. Examples include electric
bicycles, e-scooters, and Segways.

% Ride pooling, also known as on-demand ridesharing, on-demand transport or
mobility on demand (MOD), is a public transport system that responds to
demand.
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and user behaviour. The idea here is that new mobility business models also
require a changed customer journey and consequently a separate acceptance

analysis.

Furthermore, it also makes sense to further supplement and refine the
analysed model. One possible line of investigation could be to further explore
environmental awareness in order to determine whether affective environmental
motives provide insight into green purchasing behaviour. In addition, the urban or
rural residential location could be included as a further situational moderator.
Other determinants that should be considered include the direction of data
protection and the question of electricity source transparency during the charging
process: Do drivers consciously choose to charge at charging stations whose

electricity comes from a sustainable source?
Recommended next steps and outlook:

* Aninternational panel design with annual surveys in at least five
countries should be established.
» Illustration of culture-comparative, milieu effects and
longitudinal effects to test generalisability.
> In addition, a longitudinal study offers the opportunity to
analyse trust and contextual effects over the long term in the
various phases of innovation diffusion.
* Conducting field experiments on trust-building measures
(reliability, structural assurance)
> Investigation of the effect of trust-building measures in a real
user context.
» Which causal impact paths of reliability and structural
assurance affect trust?
» Which paths of impact are suitable for supporting the

acceptance of electromobility and thus its spread?



VII - BIBLIOGRAPHICAL
REFERENCES



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 359

VII BIBLIOGRAPHICAL REFERENCES

Aaker, J. (1997). Dimensions of Brand Personality. Journal of Marketing Research,
34(3), 347-356. https://doi.org/https://doi.org/10.2307/3151897

Aaker, J., Benet, V., & Garolera, J. (2001). Consumption Symbols as Carriers of
Culture: A Study of Japanese and Spanish Brand Personality Constructs.
Journal ~ of  Personality — and  Social ~ Psychology, 81,  492-508.
https://doi.org/10.1037//0022-3514.81.3.492

Abele, J., & Mener, G. (1997). Der Tesla-Motor (2. Edition). Deutsches Museum.

Adams, D. A., Nelson, R. R., & Todd, P. A. (1992). Perceived Usefulness, Ease of
Use, and Usage of Information Technology: A Replication. MIS Q., 16, 227-
247. https://api.semanticscholar.org/CorpusID:12996460

Adelle, C., & Jordan, A. (2014). Policy coherence for development in the European
Union: do new producers unblock or simply reproduce old disagreements?
Journal of European Integration, 36(4), 375-391.
https://doi.org/https://doi.org/10.1080/07036337.2013.845180

ADM Arbeitskreis, & Deutscher Markt- und Sozialforschungsinstitute e.V. (2023).
Standards zur Qualititssicherung in der Markt- und Sozialforschung, Standards for
Quality  Assurance in Market and Social Research. https://www.adm-
ev.de/standards-richtlinien/#anker3

Adnan, N., Md Nordin, S., Hadi Amini, M., & Langove, N. (2018). What make
consumer sign up to PHEVs? Predicting Malaysian consumer behavior in
adoption of PHEVs. Transportation Research Part A: Policy and Practice, 113, 259—
278. https://doi.org/https://doi.org/10.1016/j.tra.2018.04.007

Adnan, N., Nordin, S. M., Rahman, I, & Rasli, A. M. (2017). A new era of
sustainable transport: An experimental examination on forecasting adoption
behavior of EVs among Malaysian consumer. Transportation Research Part A:
Policy and Practice, 103, 279-295.
https://doi.org/https://doi.org/10.1016/j.tra.2017.06.010

Agarwal, R.,, & Karahanna, E. (2000). Time Flies When You're Having Fun:
Cognitive Absorption and Beliefs about Information Technology Usage. MIS
Quarterly, 24, 665-694. https://doi.org/10.2307/3250951

Agarwal, R., & Prasad, J. (1998). A Conceptual and Operational Definition of
Personal Innovativeness in the Domain of Information Technology.
Information ~ Systems  Reserach,  9(2), 204-216. https://doi.org/1047-
70147/98/0902/0204$05.00

Ahlert, D., Heidebur, S., & Michaelis, M. (2007). Kaufverhaltensrelevante Effekte des
Konsumentenvertrauens im Internet - eine vergleichende Analyse von Online-
Hindlern.

Ajanovic, A., & Haas, R. (2016). Dissemination of electric vehicles in urban areas:

Major factors for success. Energy, 115, 1451-1458.
https://doi.org/https://doi.org/10.1016/j.energy.2016.05.040



360 STEFFEN BERG

Ajzen, 1. (1991). The Theory of Planned Behavior. Organizational Behavior and Human
Decision Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-
T

Ajzen, I, & Fishbein, M. (1980). Understanding Attitudes and Predicting Social Behavior
(3. Edition). Prentice-Hall.

Al-Sabaawi, M. Y. M., Alshaher, A. A., & Alsalem, M. A. (2023). User trends of
electronic payment systems adoption in developing countries: an empirical
analysis. Journal of Science and Technology Policy Management, 14(2), 246-270.
https://doi.org/10.1108/J]STPM-11-2020-0162

Al-Saedi, K., Al-Emran, M., Ramayah, T., & Abusham, E. (2020). Developing a
general extended UTAUT model for M-payment adoption. Technology in
Society, 62(June), 101293. https://doi.org/10.1016/j.techsoc.2020.101293

Albers, S. (2010). PLS and Success Factor Studies in Marketing. In V. Esposito Vinzi,
W. W. Chin, J. Henseler, & H. Wang (Eds.), Handbook of Partial Least Squares:
Concepts, Methods and Applications (pp. 409-425). Springer Berlin Heidelberg.
https://doi.org/10.1007/978-3-540-32827-8_19

Albers, S., & Hildebrandt, L. (2006). Methodische Probleme bei der
Erfolgsfaktorenforschung — Messfehler, formative versus reflektive
Indikatoren und die Wahl des Strukturgleichungs-Modells. Schmalenbachs
Zeitschrift Fiir Betriebswirtschaftliche Forschung, 58(1), 2-33.
https://doi.org/10.1007/bf03371642

Albers, S., Klapper, D., Konradt, U., Walter, A., & Wolf, J. (2009). Methodik der
empirischen Forschung (3.Edition). Gabler Verlag.
https://doi.org/https://doi.org/10.1007/978-3-322-96406-9

Allekotte, M., Heidt, C., Schneider, C., & Tonges-Schuller, N. (2023). Bewertung von
Emissionsminderungspotenzial en zusdtzlicher Verkehrsmafinahmen
(Umweltbundesamt (Ed.)). Umweltbundesamt.
https://www.umweltbundesamt.de/sites/default/files/medien/11850/publikat
ionen/110_2023_texte_bewertung_von_emissionsminderungspotenzialen_zu
saetzlicher_verkehrsmassnahmen.pdf

Almansour, M. (2022). Electric vehicles (EV) and sustainability: Consumer
response to twin transition, the role of e-businesses and digital marketing.
Technology in Society, 71, 102135.
https://doi.org/https://doi.org/10.1016/j.techsoc.2022.102135

Alzahrani, K., Hall-Phillips, A., & Zeng, A. Z. (2019). Applying the theory of
reasoned action to understanding consumers’ intention to adopt hybrid
electric vehicles in Saudi Arabia. Transportation, 46(1), 199-215.
https://doi.org/10.1007/s11116-017-9801-3

Anderson, ]., & Gerbing, D. (1988). Structural Equation Modeling in Practice: A
Review of Recommended Two-Step Approach. Psychological Bulletin -
PSYCHOL BULL, 103, 411-423. https://doi.org/10.1037/0033-2909.103.3.411

Andor, M., Gerster, A., Gillingham, K., & Horvath, M. (2020). Running a car costs
much more than people think — stalling the uptake of green travel. Nature,
580, 453-455. https://doi.org/10.1038/d41586-020-01118-w

Appel, H. (2021). Im Antriebsdilemma - Taugt Norwegen fiir uns als Elektroauto-



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 361

Vorbild? In Deutschland ist Strom abschreckend teuer. Aber auch die Abgasreinigung
fiir Benzinmotoren kostet immer mehr. Von. Frankfurter Allgemeine Zeitung
(FAZ). https://www.faz.net/aktuell/technik-
motor/elektromobilitaet/mobilitaet-und-klima-das-dilemma-mit-dem-
antrieb-der-elektroautos-17163477.html#void

Aral AG. (2023). E-Mobilitit in Pkw- und Transporter-Flotten — Status-Quo und Vision.
https://www.aral.de/de/global/fleet-solutions/nachhaltige-loesungen/e-pkw-
studie-2023.html

Armstrong, J., & Overton, T. (1977). Estimating Non Response Bias Mail Surveys.
Journal of Marketing Research, 14, 396—402. https://doi.org/10.2307/3150783

Arora, S., Kaur, M., & Jain, E. (2023). E-wallet Adoption amidst COVID Era: An
Empirical Intervention with Extended UTAUT2. Asian Journal of Business
Research, 13(1), 121-142. https://doi.org/10.14707/ajbr.230145

Ashrafi, D. M., Dovash, R. H., & Kabir, M. R. (2022). Determinants of Fintech
Service Continuance Behavior: Moderating Role of Transaction Security and
Trust. Journal of Global Business and Technology, 18(2), 35-59.

Attenborough, D., & Lagarde, C. (2019). The Greatest Balancing Act Nature and the
global economy. Finance and Development, 56(4), 4-5.

Autobild. (2023). Weniger Forderung: Droht ein Preisschock bei Elektroautos? New
Mobility.  https://www.autobild.de/artikel/e-auto-foerderung-kaufpraemie-
umweltbonus-plug-in-hybride-8535657 . html

AutoScout24. (2024). Ladezeit des E-Autos berechnen —von A wie Akku bis Z wie ziigig.
Elektroauto Kaufen.

https://www.autoscout24.de/informieren/ratgeber/laden-und-
verbrauch/laden-verbrauch/#1s3koCAiOrBVS3akcSjj6Z

Axsen, ]J., Goldberg, S., & Bailey, J. (2016). How might potential future plug-in
electric vehicle buyers differ from current “Pioneer” owners? Transportation
Research ~ Part  D:  Transport and  Environment, 47,  357-370.
https://doi.org/10.1016/j.trd.2016.05.015

Axsen, J., & Kurani, K. S. (2013). Hybrid, plug-in hybrid, or electric-What do car
buyers want? Energy Policy, 61, 532-543.
https://doi.org/10.1016/j.enpol.2013.05.122

Ayyash, M., Herzallah, F., & Al-Sharafi, M. A. (2022). Arab Cultural Dimensions
Model for E-Government Services Adoption in Public Sector Organisations:
An Empirical Examination. Electronic Government, an International Journal,
18(1). https://doi.org/10.1504/EG.2022.10034962

Azman Ong, M. H., Yusri, M. Y., & Ibrahim, N. S. (2023). Use and behavioural
intention using digital payment systems among rural residents: Extending the
UTAUT-2 model. Technology in Society, 74, 1-11.
https://doi.org/https://doi.org/10.1016/j.techsoc.2023.102305

Babakus, E., Ferguson, C. E. & Joreskog, K. G. (1987). The Sensitivity of
Confirmatory Maximum Likelihood Factor Analysis to Violations of
Measurement Scale and Distributional Assumptions. Journal of Marketing
Research, 24(2), 222-228. https://doi.org/10.1177/002224378702400209

Backhaus, K., Erichson, B., Gensler, S., Weiber, R., & Weiber, T. (2021). Multivariate



362 STEFFEN BERG

Analysemethoden: Eine anwendungsorientierte Einfiihrung. In K. Backhaus,
B. Erichson, S. Gensler, R. Weiber, & T. Weiber (Eds.), Multivariate
Analysemethoden (16. Editio). Springer Gabler. https://doi.org/10.1007/978-3-
658-32425-4 9

Backhaus, K., Erichson, B., Plinke, W., & Weiber, R. (2016). Multivariate
Analysemethoden, Eine anwendungsorientierte Einfiihrung. In Multivariate
Analysemethoden (14. Editio). Springer Gabler. https://doi.org/10.1007/978-3-
642-14987-0

Backhaus, K., Erichson, B., Plinke, W. & Weiber, R. (2018). Multivariate
Analysemethoden: Eine Anwendungsorientierte Einfuhrung (15. Editio). Springer
Gabler.

Bagozzi, R. (2007). The Legacy of the Technology Acceptance Model and a Proposal
for a Paradigm Shift. Journal of the Association for Information Systems Volume,
8(4). https://doi.org/10.17705/1jais.00122

Bagozzi, R. P. (1980). Causal Models in Marketing. John Wiley and Sons.
Bagozzi, R. P. (1994). Advanced Methods of Marketing Research. Blackwell Business.

Bagozzi, R. P., & Baumgartner, H. (1994). The Evaluation of Structural Equation
Models and Hypothesis Testing. In R. P. Bagozzi (Ed.), Principles of Marketing
Research (1. Edition, pp. 386—422). Blackwell Business.

Bagozzi, R. P., & Phillips, L. W. (1982). Representing and testing organizational
theories: A holistic construal. Administrative Science Quarterly, 27(3), 459—489.
https://api.semanticscholar.org/CorpusID:145206098

Bagozzi, R. P., & Yi, Y. (1988). On the evaluation of structural equation models.
Journal  of the Academy of Marketing  Science, 16(1), 74-94.
https://doi.org/10.1007/BF02723327

Bailey, J., Miele, A., & Axsen, J. (2015). Is awareness of public charging associated
with consumer interest in plug-in electric vehicles? Transportation Research Part
D: Transport and Environment, 36, 1-9. https://doi.org/10.1016/j.trd.2015.02.001

Bandelow, N. C., & Kundolf, S. (2018). Verkehrspolitische Entscheidungen. In O.
Schwedes (Ed.), Verkehrspolitik - Eine interdisziplinire Einfiihrung (2. Edition,
pp- 169-180). Springer Fachmedien.

Barnette, J. J. (2000). Effects of Stem and Likert Response Option Reversals on
Survey Internal Consistency: If You Feel the Need, There is a Better
Alternative to Using those Negatively Worded Stems. Educational and
Psychological Measurement, 60(3), 361-370.
https://doi.org/10.1177/00131640021970592

Baron, R., & Kenny, D. (1986). The moderator-mediator variable distinction in
social psychological research: Conceptual, strategic, and statistical
considerations. Journal of Personality and Social Psychology, 51, 1173-1182.
https://doi.org/10.1037//0022-3514.51.6.1173

Barsch, T., Heupel, T., & Trautmann, H. (Eds.). (2019). Die Blue-Ocean-Strategie in
Theorie und Praxis - Diskurs und 16 Beispiele erfolgreicher Anwendung. Springer
Gabler. https://doi.org/10.1007/978-3-658-15480-6_17

Barth, B., Flaig, B. B., Schauble, N., & Tautscher, M. (Eds.). (2018). Praxis der Sinus-
Milieus® - Gegenwart und Zukunft eines modernen Gesellschafts- und



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 363

Zielgruppenmodells (1. Edition). Springer Fachmedien.
https://doi.org/10.1007/978-3-658-19335-5

Barth, M., Jugert, P., & Fritsche, 1. (2016). Still underdetected - Social norms and
collective efficacy predict the acceptance of electric vehicles in Germany.
Transportation Research Part F: Traffic Psychology and Behaviour, 37(2016), 64-77.
https://doi.org/10.1016/j.trf.2015.11.011

Baumann, U., & Hebermehl, G. (2018). Alltagstauglicher Brennstoffzellen-Antrieb.
Auto-Motor-Sport. https://www.auto-motor-und-
sport.de/fahrbericht/hyundai-nexo-fahrbericht-preis-marktstart-
brennstoffzelle-wasserstoff/#4

Baumgartner, H., & Homburg, C. (1996). Applications of structural equation
modeling in marketing and consumer research: A review. International Journal
of Research in Marketing, 13(2), 139-161.
https://doi.org/https://doi.org/10.1016/0167-8116(95)00038-0

Beck, M. J., Rose, J. M., & Hensher, D. A. (2011). Behavioural responses to vehicle
emissions charging. Transportation, 38(3), 445-463.
https://doi.org/10.1007/s11116-010-9316-7

Beggs, S., Cardell, S., & Hausman, J. (1981). Assessing the potential demand for
electric cars. Journal of Econometrics, 17(1), 1-19.
https://econpapers.repec.org/RePEc:eee:econom:v:17:y:1981:i:1:p:1-19

Belch, G., & Belch, M. (2003). Advertising and Promotion - An Integrated Marketing
Communication Perspective (6. Edition). McGraw-Hill Professional.

Bemelmans-Videc, M.-L., Rist, R. C,, & Vedung, E. (1998). Carrots, Sticks, and
Sermons: Policy Instruments and Their Evaluation. Transaction Publishers.

Benbasat, 1., & Barki, H. (2007). Quo vadis, TAM? Journal of the Association for
Information Systems, 8(4), 211-218. https://doi.org/10.17705/1jais.00126

Bennett, R., & Vijaygopal, R. (2018). Consumer attitudes towards electric vehicles:
Effects of product user stereotypes and self-image congruence. European
Journal of Marketing, 52(3—4), 499-527. https://doi.org/10.1108/EJM-09-2016-
0538

Bergler, R., Porzgen, B., & Harich, K. (1992). Frau und Werbung Vorurteile und
Forschungsergebnisse (1. Edition). Deutscher Instituts-Verlag.

Bergmann, G. (2021). Die fragile Zukunft der Automobilindustrie — und was das fiir
Arbeitstitigkeiten und Jobs bedeutet Personal Forum an der Hochschule Pforzheim.

Berkeley, N., Jarvis, D., & Jones, A. (2018). Analysing the take up of battery electric
vehicles: An investigation of barriers amongst drivers in the UK.
Transportation Research Part D: Transport and Environment, 63(June), 466—481.
https://doi.org/10.1016/j.trd.2018.06.016

Betsch, T., Funke, ]J., & Plessner, H. (2011). Denken - Urteilen, Entscheiden,
Problemlosen (1. Edition). Springer Gabler.

Biemann, T. (2009). Logik und Kritik des Hypothesentestens. In S. Albers, D.
Klapper, U. Konradt, A. Walter, & J. Wolf (Eds.), Methodik der empirischen
Forschung (3. Edition, pp. 205-220). Gabler Verlag. https://doi.org/10.1007/978-
3-8349-9121-8_11



364 STEFFEN BERG

Biermann, Jan-Welm; Scholz-Starke, K. (2010). Elektrofahrzeuge - Historie,
Antriebskonzepte und aktuelle Fahrzeugbeispiele. In R. Korthauer (Ed.),
Handbuch Elektromobilitit (1. Edition, pp. 13-30). EW Medien und Kongresse

GmbH.
Binsack, M. (2003). Akzeptanz mneuer Produkte Vorwissen als Determinante des
Innovationserfolgs (1. Edition). Deutscher Universitédtsverlag.

https://doi.org/https://doi.org/10.1007/978-3-663-09236-0

Blalock Jr, H. M. (1985). Causal models in the social sciences (2. Edition). Routledge.
https://doi.org/https://doi.org/10.4324/9781315081663

Blatter, J., Langer, P. C., & Wagemann, C. (2018). Qualitative Methoden in der
Politikwissenschaft - Eine Einfithrung. In L. Holtkamp, V. Kaina, M. Stoiber,
& A. E. Toller (Eds.), Grundwissen Politik (!. Edition). Springer Fachmedien.

Blut, M., Chong, A., Tsigna, Z., & Venkatesh, V. (2022). Meta-Analysis of the
Unified Theory of Acceptance and Use of Technology (UTAUT): Challenging
its Validity and Charting a Research Agenda in the Red Ocean. JAIS - Journal
of the  Association  for  Information  Systems,  23(1),  13-95.
https://doi.org/10.17705/1jais.00719

Bockarjova, M., & Steg, L. (2014). Can Protection Motivation Theory predict pro-
environmental behavior? Explaining the adoption of electric vehicles in the
Netherlands. Global Environmental Change, 28, 276-288.
https://doi.org/https://doi.org/10.1016/j.gloenvcha.2014.06.010

Bohler, H. (2004). Marktforschung. Kohlhammer Edition Marketing.

Bollen, K. A. (1989). Structural Equations with Latent Variables. In Structural
Equations  with  Latent  Variables. ~John Wiley & Sons, Ltd.
https://doi.org/https://doi.org/10.1002/9781118619179.ch3

Boomsma, A. (1982). Systems under indirect observation: Causality, structure,
prediction. The Robustness of Lisrel against Small Sample Sizes in Factor Analysis
Models, 149-173.

Boomsma, A., & Hoogland, J. (2001). The robustness of LISREL modeling revisited.
In R. Cudeck, S. du Toit & D. Sorbom (Eds.), Structural equation modeling:
Present and future. A Festschrift in honor of Karl Joreskog [preliminary
version with references]. In Structural Equation Modeling, Present and Future

(pp- 139-168).

Borrero, J. D., Yousafzai, S. Y., Javed, U, & Page, K. L. (2014). Expressive
participation in Internet social movements: Testing the moderating effect of
technology readiness and sex on student SNS use. Computers in Human
Behavior, 30(January), 39-49. https://doi.org/10.1016/j.chb.2013.07.032

Bortz, J., & Doring, N. (2023). Forschungsmethoden und Evaluation in den Sozial- und
Humanwissenschaften (6. Edition). Springer.
http://www .springerlink.com/index/10.1007/978-3-540-33306-7

Bortz, J., & Schuster, C. (2010). Statistik fiir Human- und Sozialwissenschaftler (7.
Edition). Springer-Verlag.

Boflow-Thies, S., & Gansser, O. (2022). Grundlagen empirischer Forschung in
quantitativen Masterarbeiten. In S. BoSow-Thies & B. Krol (Eds.), Quantitative
Forschung in Masterarbeiten: Best-Practice-Beispiele wirtschaftswissenschaftlicher



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 365

Studienrichtungen  (pp. 1-30).  Springer Fachmedien = Wiesbaden.
https://doi.org/10.1007/978-3-658-35831-0_1

Bouwma, I, Lwin, G., Kamphorst, D., & Kistenkas, F. (2015). Policy instruments
and modes of governance in environmental policies of the European Union -
Past, present and future. WOt-Technical Report, 60(12).
https://edepot.wur.nl/373629

Bower, J. L., & Christensen, C. M. (1995). Disruptive Technologies: Catching the
Wave. Harvard Business Review, 73(1), 43-53.
https://api.semanticscholar.org/CorpusID:166229018

Brockhoff, K. (1999). Produktpolitik (4. Edition). UTB.

Briickmann, G., & Bernauer, T. (2020). What drives public support for policies to
enhance electric vehicle adoption? Environmental Research Letters, 15(9).
https://doi.org/10.1088/1748-9326/ab90a5

Bruner II, G. C. (2023). Marketing Scales Handbook - Multi-Item Measures for Consumer
Insight ~ Research  (Volume 12) (12. Editio). GCBII  Productions.
https://www.researchgate.net/publication/369971670_Marketing_Scales_Han
dbook_-_Vol_12_samplepdf

Biihler, F., Cocron, P., Neumann, I., Franke, T., & Krems, J. F. (2014). Is EV
experience related to EV acceptance? Results from a German field study.
Transportation Research Part F: Traffic Psychology and Behaviour, 25(PART A), 34—
49. https://doi.org/10.1016/j.trf.2014.05.002

Buhmann, K. M., & Criado, J. R. (2023). Consumers’ preferences for electric
vehicles: The role of status and reputation. Transportation Research Part D:
Transport and Environment, 114(December 2022), 103530.
https://doi.org/10.1016/j.trd.2022.103530

Biihner, M. (2006). Einfithrung in die Test- und Fragebogenkonstruktion. In Perason

studium (2. Edition). Pearson. http://deposit.d-nb.de/cgi-
bin/dokserv?id=3541418&prov=Mé&dok_var=1&dok_ext=htm%5Cnhttp://dig
itool.hbz-

nrw.de:1801/webclient/DeliveryManager?pid=3954847&custom_att_2=simpl
e_viewer%5Cnhttp://d-nb.info/1007197234/04%5Cnhttp://swbplus.bsz-
bw.de/bsz330957708co

Biihner, M., & Kiichenhoff, H. (2008). Lineare Strukturgleichungsmodelle (LISREL)
Konfirmatorische Faktorenanalyse (CFA). In Lehrstuhl fiir Methodenlehre und
psychologische Diagnostik, Ludwig-Maximilians-Universitit Miinchen.

Bundesamt fiir Wirtschaft und Ausfuhrkontrolle (BAFA). (2023). Einzelantrag
stellen  (Issue September 2023). Bundesamt fiir Wirtschaft und
Ausfuhrkontrolle (BAFA).
https://www.bafa.de/DE/Energie/Energieeffizienz/Elektromobilitaet/Neuen_
Antrag_stellen/neuen_antrag_stellen.html

Gesetz zur Bevorrechtigung der Verwendung elektrisch betriebener Fahrzeuge
(Elektromobilitdtsgesetz - EmoG), 1 (2021). https://www.gesetze-im-
internet.de/emog/index.html#BJNR089800015BJNE000302123

Bundesministerium fiir Digitales und Verkehr. (2022). Verkehr in Zahlen
2022/2023. In Bundesministerium fiir Digitales und Verkehr (Ed.), 51.



366 STEFFEN BERG

Jahrgang. Bundesministerium fiir Digitales und Verkehr.
https://doi.org/10.1007/978-3-642-59063-4_10

Bundesministerium fiir Wirtschaft und Klima (BMWK). (2022). Neue Forderrichtlinie
zum Umuweltbonus tritt am 1. Januar 2023 in Kraft. Bundesministerium fiir
Wirtschaft und Klima (BMWK).
https://www.bmwk.de/Redaktion/DE/Pressemitteilungen/2022/12/20221209-
neue-foerderrichtlinie-zum-umweltbonus-tritt-am-1-januar-2023-in-
krafthtml

Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK). (2016). Kabinett beschliefSt Forderung von Elektroautos.
Elektromobilitat.
https://www.bmwi.de/Redaktion/DE/Pressemitteilungen/2016/20160518-
kabinett-beschliesst-foerderung-von-elektroautos.html

Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK). (2022). Elektromobilitit in Deutschland. Elektromobilitat.
https://www.bmwk.de/Redaktion/DE/Dossier/elektromobilitaet.html

Bundesministerium fiir Wirtschaft und Klimaschutz der Bundesrepublik
Deutschland (BMWK). (2023). Rahmenbedingungen und Anreize fiir
Elektrofahrzeuge und Ladeinfrastruktur. Elektromobilitat.
https://www.bmwi.de/Redaktion/DE/Artikel/Industrie/rahmenbedingungen-
und-anreize-fuer-elektrofahrzeuge.html

Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung. (2023).
Hintergrund: Das Zeitalter der Stadte.
https://www.bmz.de/de/themen/stadtentwicklung/hintergrund-18138

Bundesnetzagentur. (2024). Anzahl der offentlichen Ladepunkte in Deutschland von
Januar 2017 bis Dezember 2024.
https://de.statista.com/statistik/daten/studie/1190896/umfrage/ladesaeulen-
in-deutschland/

Verordnung {iber technische Mindestanforderungen an den sicheren und
interoperablen Aufbau und Betrieb von 6ffentlich zuganglichen Ladepunkten
fur Elektromobile, 1 (2016).
http://www.bmwi.de/Redaktion/DE/Downloads/V/verordnung-
ladeeinrichtungen-elektromobile-
kabinettbeschluss.pdf?__blob=publicationFile&v=3

Erste Verordnung zur Anderung der Ladesiulenverordnung, Teil I
Bundesgesetzblatt (2017).
https://www.bmwk.de/Redaktion/DE/Downloads/V/aenderungsverordnung
-zur ladesaeulenverordnung.pdf?__blob=publicationFile&v=4

Gesetz zum Aufbau einer gebaudeintegrierten Lade- und Leitungsinfrastruktur fiir
die Elektromobilitdt (Gebaude-Elektromobilitatsinfrastruktur-Gesetz - GEIG),
1 (2021). http://www.gesetze-im-
internet.de/geig/BJNR035400021.html#BJNR035400021BJNG000100000

Bundesverband Erneuerbare Energie. (2024). BEE-MOBILITATSSZENARIEN 2045
- Eine Analyse von drei Szenarien zum Umsetzen der Klimaschutzziele bis 2045.
https://www.bee-ev.de/service/publikationen-medien/beitrag/bee-
mobilitaetsszenarien-2045



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 367

Burgess, M., King, N., Harris, M., & Lewis, E. (2013). Electric vehicle drivers’
reported interactions with the public: Driving stereotype change?
Transportation Research Part F: Traffic Psychology and Behaviour, 17, 33-44.
https://doi.org/10.1016/j.trf.2012.09.003

Butt, M. H., & Singh, J. G. (2023). Factors affecting electric vehicle acceptance,
energy demand and CO2 emissions in Pakistan. Green Energy and Intelligent
Transportation, 2(3), 100081.
https://doi.org/https://doi.org/10.1016/j.geits.2023.100081

Buttle, F. A. (1998). Word of mouth: understanding and managing referral
marketing.  Journal ~ of  Strategic =~ Marketing, 6(3), 241-254.
https://doi.org/10.1080/096525498346658

Byrne, B. M. (2010). Structural Equation Modeling With AMOS Basic Concepts,
Applications, and Programming (2. Edition). Routledge.

Calmbach, M., & Hecht, J. (2024). Sinus-Milieus® Deutschland. https://www .sinus-
institut.de/sinus-milieus/sinus-milieus-deutschland

Calmbach, M., Tautscher, M., Hecht, J., & Borgstedt, S. (2024). Was sind Sinus-
Milieus®? https://www.sinus-institut.de/sinus-milieus

Campbell, M., & Goodstein, R. (2001). The Moderating Effect of Perceived Risk on
Consumers’ Evaluations of Product Incongruity: Preference for the Norm.
Journal of Consumer Research, 28, 439-449. https://doi.org/10.1086/323731

Car Maniac. (2023). HABECKS E-AUTO VERARSCHE: Das BESTE, was uns passieren
konnte? YouTube. https://www.youtube.com/watch?v=adsCo30RqSI

Carley, S., Krause, R. M., Lane, B. W., & Graham, ]J. D. (2013). Intent to purchase a
plug-in electric vehicle: A survey of early impressions in large US cites.
Transportation Research Part D: Transport and Environment, 18(1), 39-45.
https://doi.org/10.1016/j.trd.2012.09.007

Carmines, E., & Zeller, R. (1979). Reliability and Validity Assessment. SAGE
Publications, Inc. https://doi.org/10.4135/9781412985642

Center of Automotive Management (CAM). (2021). E-Mobilitit in Deutschland 2021.

AutomotivePERFORMANCE, E-Mobility. https://auto-
institut.de/automotiveinnovations/emobility/e-mobilitaet-in-deutschland-
2021/

Center of Automotive Management (CAM). (2023). Electromobility Report 2023 —
Update: Elektrofahrzeuge im Pkw-Bestand in Deutschland. https://auto-
institut.de/automotiveinnovations/emobility/electromobility-report-2023-
update-elektrofahrzeuge-im-pkw-bestand-in-deutschland/

Chakraborty, D., Siddiqui, A., Siddiqui, M., Rana, N. P., & Dash, G. (2022). Mobile
payment apps filling value gaps: Integrating consumption values with initial
trust and customer involvement. Journal of Retailing and Consumer Services,
66(October 2021), 102946. https://doi.org/10.1016/j.jretconser.2022.102946

Chang, S.-C.,, & Tung, F.-C. (2008). An empirical investigation of students’
behavioural intentions to use the online learning course websites. British
Journal of Educational Technology, 39, 71-83. https://doi.org/10.1111/j.1467-
8535.2007.00742.x

Chattopadhyay Mukherjee, S., & Ryan, L. (2020). Factors influencing early battery



368 STEFFEN BERG

electric vehicle adoption in Ireland. Renewable and Sustainable Energy Reviews,
118(November 2019), 109504. https://doi.org/10.1016/j.rser.2019.109504

Chen, A., Walker, J., & Mccalman, D. (2021). Attitudes and Behaviors of Egyptians
Towards E-Payment Services. Journal of Organizational Psychology, 21(5), 51-65.
https://doi.org/10.33423/jop.v21i5.4717

Chin, W. W. (1998). The Partial Least Squares Approach to Structural Equation
Modeling. In G. A. Marcoulides (Ed.), Modern Methods for Business Research
(pp- 295-336). Lawrence Erlbaum Associates.

Chin, W. W. (2000a). Partial least squares for Researchers: An overview and
presentation of recent advances using the PLS approach. Proceedings of the 21st
International Conference on Information Systems, 1-100.

Chin, W. W. (2000b). Partial Least Squares For Researchers: An overview and
presentation of recent advances using the PLS approach. In Agenda. C.T. Bauer
College of Business -  University of Houston. http://disc-
nt.cba.uh.edu/chin/indx.html

Chin, W. W. (2010). How to Write Up and Report PLS Analyses. In V. Esposito
Vinzi, W. W. Chin, J. Henseler, & H. Wang (Eds.), Handbook of Partial Least
Squares: Concepts, Methods and Applications (pp. 655-690). Springer Berlin
Heidelberg. https://doi.org/10.1007/978-3-540-32827-8_29

Chin, W. W., & Newsted, P. R. (1999). Structural equation modeling analysis with
small samples using partial least squares. In R. H. Hoyle (Ed.), Statistical
strategies for smaill sample research (pp. 307-341). Sage Publications.

Choi, H., Shin, J., & Woo, J. R. (2018). Effect of electricity generation mix on battery

electric vehicle adoption and its environmental impact. Energy Policy,
121(October 2017), 13-24. https://doi.org/10.1016/j.enpol.2018.06.013

Chong, A.Y.-L., Chan, F. T. S, & Ooi, K.-B. (2012). Predicting consumer decisions
to adopt mobile commerce: Cross country empirical examination between
China and Malaysia. Decision  Support  Systems, 53(1), 34-43.
https://doi.org/https://doi.org/10.1016/j.dss.2011.12.001

Chorus, C., Koetse, M., & Hoen, A. (2013). Consumer Preferences for Alternative
Fuel Vehicles: Comparing a Utility Maximization and a Regret Minimization
Model. Energy Policy, 61, 901-908. https://doi.org/10.1016/j.enpol.

Churchill, G. A.J. (1979). Cited in: Churchill GA Jr. Paradigm for developing better
measures of marketing constructs. Journal of Marketing Research 1979, XVI
(February). Journal of Marketing Research, 16(1), 64-73.

Clifford, S. (2011, August 4). Even Marked Up, Luxury Goods Fly Off Shelves. New
York Times. https://archive.nytimes.com/query.nytimes.com/gst/fullpage-
9505E0DB1731F937A3575BC0A9679D8B63.html?pagewanted=print&pagewa
nted=print

Coffman, M., Bernstein, P., & Wee, S. (2017). Electric vehicles revisited: a review of
factors that affect adoption. Transport Reviews, 37(1), 79-93.
https://doi.org/10.1080/01441647.2016.1217282

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2. Edition).
Erlbaum. http://www.loc.gov/catdir/enhancements/fy0731/88012110-d.html

Coleman, R. P. (1983). The Continuing Significance of Social Class to Marketing.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 369

Journal of Consumer Research, 10(3), 265-280. https://doi.org/10.1086/208966

Continental AG. (2020). (Elektro-) Mobilitit in Zeiten der Covid-19-Pandemie. Die
Continental Mobilitatsstudie 2020.
https://www.continental.com/resource/blob/240098/b49689e01c6d73ccdca664
593139c504/elektro-mobilitaet-in-zeiten-der-covid-19-pandemie-data.pdf

Cornesse, C., Blom, A. G., Dutwin, D., Krosnick, J. A., De Leeuw, E. D., Legleye, S.,
Pasek, J., Pennay, D., Phillips, B., Sakshaug, J. W., Struminskaya, B., & Wenz,
A. (2020). A Review of Conceptual Approaches and Empirical Evidence on
Probability and Nonprobability Sample Survey Research. Journal of Survey
Statistics and Methodology, 8(1), 4-36. https://doi.org/10.1093/jssam/smz041

Costello, A. B., & Osborne, J. (2005). Best Practices in Exploratory Factor Analysis:
Four Recommendations for Getting the Most From Your Analysis. Practical
Assessment, Research, and Evaluation, 10(7), 1-9.

https://doi.org/https://doi.org/10.7275/jyj1-4868

Creswell, J., & Guetterman, T. (2018). Educational Research: Planning, Conducting, and
Evaluating Quantitative and Qualitative Research (6. Edition). Pearson.

Creutzig, F., Jochem, P., Edelenbosch, O. Y., Mattauch, L., van Vuuren, D. P,,
McCollum, D., & Minx, J. (2015). Transport: A roadblock to climate change
mitigation? Science, 350(6263), 911-912.
https://doi.org/10.1126/science.aac8033

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests.
Psychometrika, 16(3), 297-334. https://doi.org/10.1007/BF02310555

Daswani, K. (2012, July 15). Multitasking BB skin creams becoming popular in U.S.
Los Angeles Times, 1-4. https://www latimes.com/fashion/la-xpm-2012-jul-15-
la-ig-lighteners-20120715-story.html

Dattée, B.,, & Weil, H. (2007). Dynamics of social factors in technological
substitutions. Technological Forecasting and Social Change, 74, 579-607.
https://doi.org/10.1016/j.techfore.2007.03.003

Davis, F. (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance
of Information Technology. MIS Quarterly, 13, 319-.
https://doi.org/10.2307/249008

Davis, F. D. (1989). Perceived Usefulness, Perceived Ease of Use, and User
Acceptance of Information Technology. MIS Quarterly, 13(3), 319-340.
http://www jstor.org/stable/249008

Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. (1989). User Acceptance of Computer
Technology: A Comparison of Two Theoretical Models. Management Science,
35(8), 982-1003. http://www jstor.org/stable/2632151

Davis, F. D., Bagozzi, R. P.,, & Warshaw, P. R. (1992). Extrinsic and intrinsic
motivation to use computers in the workplace 1. Journal of Applied Social
Psychology, 22(14), 1111-1132.

Davis, F.D., & Venkatesh, V. (1996). A critical assessment of potential measurement
biases in the technology acceptance model: three experiments. International
Journal of Human-Computer Studies, 45(1), 19-45.
https://doi.org/https://doi.org/10.1006/ijhc.1996.0040

de Blanes Sebastian, M. G., Antonovica, A., & Sarmiento Guede, J. R. (2023). What



370 STEFFEN BERG

are the leading factors for using Spanish peer-to-peer mobile payment
platform Bizum? The applied analysis of the UTAUT2 model. Technological
Forecasting and Social Change, 187(November 2022).
https://doi.org/10.1016/j.techfore.2022.122235

Delhaes, D. (2021). Eine Million E-Autos: Deutschland erreicht Elektro-Ziel dieses Jahr.
Handelsblatt Elektromobilitat.
https://www.handelsblatt. Com/p011t1k/ deutschland/elektromobilitaet-eine-
million-e-autos-deutschland-erreicht-elektro-ziel-dieses-
jahr/26940120.htmI?ticket=ST-6505449-G3LvW]qqNLnt5pTWQ3T1-ap6

Dethloff, C. (2004). Akzeptanz ~und Nicht-Akzeptanz —von  technischen

Produktinnovationen.
Deutscher Bundestag. (2024). 15 Millionen E-Autos in Deutschland bis 2030 als Ziel.
Heute Im Bundestag (Hib).

https://www.bundestag.de/presse/hib/kurzmeldungen-997098
Deutsches CleanTech Institut. (2010). Studienband 4 - eMobilitat. In Clean Tech

Studienreihe (Issue 4). Deutsches CleanTech Institute.
http://www.dcti.de/fileadmin/pdfs_dcti/DCTI_Studien/DCTI_Studienband_4
_eMobilitaet.pdf

DeVellis, R. F. (2017). Scale Development - Theory and Applications. In SAGE
Publication (4. Edition).

DEW?21. (2019). Technische Grundlagen. Arten von Elektroautos - Technische
Grundlagen. https://elektromobilitaet.dew21.de/arten-von-elektroautos

Dhinakaran, V., Surendran, R., Shree, M. V., & Gupta, P. (2021). Study on Electric
Vehicle (EV) and Its Developments Based on Batteries, Drive System and
Charging Methodologies in Modern World. In N. Patel, A. K. Bhoi, S.
Padmanaban, & J. B. Holm-Nielsen (Eds.), Electric Vehicles - Modern
Technologies and Trends (1. Edition, pp. 103-118). Springer Nature Singapore.
https://doi.org/10.1201/9781420028157

Diamantopoulos, A. (2006). The Error Term in Formative Measurement Models:
Interpretation and Modeling Implications. Journal of Modelling in Management,
1, 7-17. https://doi.org/10.1108/17465660610667775

Diamantopoulos, A., & Winklhofer, H. (2001). Index Construction With Formative
Indicators: An Alternative to Scale Development. Journal of Marketing Research,
38, 269-277. https://doi.org/10.1509/jmkr.38.2.269.18845

Die  Bundesregierung.  (2021).  Kaufprdmie  fiir  Elektroautos  erhoht.
https://www.bundesregierung.de/breg-de/themen/kaufpraemie-fuer-
elektroautos-erhoeht-369482

Die Bundesregierung. (2023a). Das gilt beim Umuweltbonus (Issue August). Die

Bundesregierung. https://www.bundesregierung.de/breg-
de/schwerpunkte/klimaschutz/eenergie-und-mobilitaet/fag-umweltbonus-
1993830

Die Bundesregierung. (2023b). , Die Regierung hilt an ihren Zielen fest” - Priorititen
der Regierung bleiben Weniger Ausgaben im Klima- und Transformationsfonds.
https://www.bundesregierung.de/breg-de/aktuelles/einigung-haushalt-
scholz-lindner-habeck-2249182



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 371

Die Bundesregierung. (2023c). Umuweltbonus liuft aus. Elektromobilitat.
https://www.bundesregierung.de/breg-
de/schwerpunkte/klimaschutz/eenergie-und-mobilitaet/fag-umweltbonus-
1993830

Diekmann, A. (2020). Diekmann, Andreas, 2020. Empirische Sozialforschung.
Grundlagen, Methoden, Anwendungen. (13. Editio). Rowohlt Verlag.

Diez, W. (2015). Automobil-Marketing, Erfolgreiche Strategien, praxisorientierte
Konzepte, effektive Instrumente (6. Edition). Verlag Franz Vahlen.
https://doi.org/10.15358/9783800646418

Dillon, A., & Morris, M. G. (1996a). User Acceptance of Information Technology:
Theories and Models. Annual Review of Information Science and Technology
(ARIST), 31, 3-32. https://www learntechlib.org/p/82513

Dillon, A., & Morris, M. G. (1996b). User acceptance of new information
technology: theories and models. Annual Review of Information Science and
Technology, 14(4), 3-32. http://hdl.handle.net/10150/105584

Dinse, G. (2001). Akzeptanz von wassersoffbetriebene Fahrzeugen - Eine Studie iiber die
Verwendung eines neuen und ungewohnten Kraftstoffs (Institut fir
Mobilitatsforschung - Eine Forschungseinrichtung der BMW Group (Ed.); 3.
Edition). ifmo-studien.

Disselkamp, M. (2012). Innovationsmanagement - Instrumente und Methoden zur
Umsetzung  im  Unternehmen (2.  Edition).  Springer  Gabler.
https://www.ptonline.com/articles/how-to-get-better-mfi-results

Dodds, W. B., Monroe, K. B., & Grewal, D. (1991). Effects of Price, Brand, and Store
Information on Buyers’ Product Evaluations. Journal of Marketing Research,
28(3), 307. https://doi.org/10.2307/3172866

Doppelbauer, M. (2020). Grundlagen der Elektromobilitit - Technik, Praxis, Energie und
Umuwelt (1. Edition). Springer Fachmedien.

Doring, N., & Bortz, J. (2016). Forschungsmethoden und Evaluation in den Sozial- und
Humanuwissenschaften (N. Doring, J. Bortz, & S. Poschl (Eds.); 5. Edition).
Springer Verlag.

Dorr, N., & Miiller-Prothmann, T. (2020). Innovationsmanagement: Strategien,

Methoden und Werkzeuge fiir systematische Innovationsprozesse (4. Edition).
Hanser. https://doi.org/https://doi.org/10.3139/9783446461963

Dosi, G. (1982). Technological paradigms and technological trajectories: A
suggested interpretation of the determinants and directions of technical
change. Research Policy, 11(3), 147-162.
https://doi.org/https://doi.org/10.1016/0048-7333(82)90016-6

Dowling, G., & Staelin, R. (1994). A Model of Perceived Risk and Intended Risk-
Handling Activity. Journal of Consumer  Research, 21, 119-134.
https://doi.org/10.1086/209386

dpa. (2023). Forderung fiir E-Autos endet Sonntag um Mitternacht. Handelsblatt -
Agentur-Meldungen. https://www.handelsblatt.com/dpa/nach-dem-
haushaltsurteil-foerderung-fuer-e-autos-endet-sonntag-um-
mitternacht/29561680.html

Du, R., & Kamakura, W. (2006). Household Life Cycles and Lifestyles in the United



372 STEFFEN BERG

States. Journal of Marketing Research, XLIII, 121-132.
https://doi.org/10.1509/jmkr.43.1.121

Dudenhoffer, F. (2021). Ordnungsrahmen statt Geld: Elektromobilitat.
Wirtschaftsdienst (Hamburg), 101(1), 9.

Dudenhoffer, F., & Wisbert, H. (2023). Diirrezeit fiir das Elektroauto steht bevor.
Wirtschaftsdienst, 103(1), 68-70. https://doi.org/10.2478/wd-2023-0019

Dudenhoffer, K. (2015). Akzeptanz von Elektroautos in Deutschland und China : Eine
Untersuchung  wvon  Nutzungsintentionen — im  Anfangsstadium  der
Innovationsdiffusion (1. Edition). Springer Fachmedien Wiesbaden.

Dutton, W. H., Rogers, E. M., & Jun, S.-H. (1987). Diffusion and Social Impacts of

Personal =~ Computers.  Communication  Research,  14(2),  219-250.
https://doi.org/10.1177/009365087014002005

Eberl, M. (2004). Formative und reflektive Indikatoren im Forschungsprozess:
Entscheidungsregeln und die Dominanz des refelektiven Modells (Vol. 19). Ludwig-
Maximilians-Universitat Miinchen.

Ebster, C., & Stalzer, L. (2017). Wissenschaftliches Arbeiten fiir Wirtschafts- und
Sozialwissenschaftler (5. Edition). UTB. https://doi.org/10.36198/9783838546841

Ecomento. (2022). ZF-Antriebschef : Markt fiir Elektroautos iiberholt Mitte der Dekade
den fiir Verbrenner. https://ecomento.de/2022/12/28/zf-antriebschef-markt-fuer-
elektroautos-ueberholt-mitte-der-dekade-den-fuer-verbrenner

Edwards, J., & Bagozzi, R. (2000). On the Nature and Direction of Relationships
Between Constructs and Measures. Psychological Methods, 5, 155-174.
https://doi.org/10.1037/1082-989X.5.2.155

Efron, B., & Tibshirani, R. J. (1993). An introduction to the bootstrap. In Monographs
on Statistics and Applied Probability (!. Edition). Chapman and Hall.
https://doi.org/https://doi.org/10.1201/9780429246593

Egan, J. (2020). Marketing Communications (3. Edition). Sage Publications.

Egbue, O., & Long, S. (2012). Barriers to widespread adoption of electric vehicles:
An analysis of consumer attitudes and perceptions. Energy Policy, 48, 717-729.
https://doi.org/https://doi.org/10.1016/j.enpol.2012.06.009

Eichhorn, W. (2004). Online-Befragung: Methodische Grundlagen, Problemfelder,
praktische Durchfiihrung. http://www?2.itkw.uni-
muenchen.de/ps/we/cc/onlinebefragung-rev1.0.pdf

Eid, M., & Schmidt, K. (2014). Testtheorie und Testkonstruktion (1. Edition). Hogrefe
Publishing Group.

Emadi, A., Lee, Y. ]., & Rajashekara, K. (2008). Power electronics and motor drives
in electricc hybrid electric, and plug-in hybrid electric vehicles. IEEE
Transactions on Industrial Electronics, 55(6), 2237-2245.
https://doi.org/10.1109/TIE.2008.922768

Enride. (2023). Batterieelektrisch vs. HVO vs. Wasserstoff-Brennstoffzelle — was ist am
nachhaltigsten?  https://www.einride.tech/insights/batterieelektrisch-vs-hvo-
vs-wasserstoff-brennstoffzelle?utm

Erick Ayapana. (2023). The 10 Fastest-Charging EVs We Tested in 2023. Motortrend.
https://www.motortrend.com/features/fastest-charging-evs/



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 373

Ernst & Young (EY). (2018). Weltweite Investitionen im Automobilsektor - Eine Analyse
ortsgebundener Investitionsprojekte der fiihrenden Autokonzerne der Welt 2010 —
2017. https://www.ey.com/Publication/vwLUAssets/ey-weltweite-
investitionen-im-automobilsektor-mai-2019/$FILE/ey-weltweite-
investitionen-im-automobilsektor-mai-2019.pdf

Ernst & Young (EY). (2023a). Autokonzerne auf der l'lberholspur: Rekordumsitze und -
gewinne trotz sinkender Verkaufszahlen. Pressemitteilung.
https://www.ey.com/de_de/news/2023/03/autokonzerne-auf-der-
ueberholspur-rekordumsaetze-und-gewinne-trotz-sinkender-verkaufszahlen

Ernst & Young (EY). (2023b). Die grifiten Autokonzerne der Welt bleiben auf
Wachstumskurs. Pressemitteilung.
https://www.ey.com/de_de/news/2023/08/ey-automotive-bilanzen-q2-2023

Europaisches Parlament. (2023a). CO,-Emissionen von Pkw : Zahlen und Fakten (
Infografik ) (Vol. 20190313ST).
https://www.europarl.europa.eu/news/de/headlines/society/20190313STO31
218/co2-emissionen-von-pkw-zahlen-und-fakten-infografik

Europdisches Parlament. (2023b). CO,-Emissionen von Pkw: Zahlen und Fakten
(Infografik). In Gesellschaft.
https://www.europarl.europa.eu/news/de/headlines/society/20190313STO31
218/co2-emissionen-von-pkw-zahlen-und-fakten-infografik

Eurostat  Datenbank.  (2023).  Treibhausgasemissionen — nach  Quellsektor.
https://ec.europa.eu/eurostat/databrowser/view/ENV_AIR_GGE__custom_1
256039/bookmark/table?lang=de&bookmarkld=1ffd5837-18ba-4e68-9634-
leaf2d6d4023

Falk, R., & Miller, N. (1992). A Primer for Soft Modeling. In The University of Akron
Press: Akron, OH (1. Edition). The University of Akron Press.

Faraz, A., Ambikpathy, A., Thangavael, S., Logavani, K., & Prasad, G. A. (2021).
Battery Electric Vehicles (BEVs) .. In N. Patel, A. K. Bhoi, S. Padmanaban, & J.
B. Holm-Nielsen (Eds.), Electric Vehicles - Modern Technologies and
TrendsModern Technologies and Trends (1. Edition, pp. 137-160). Springer
Nature Singapore.

Fassott,  G. (2006).  Operationalisierung  latenter =~ Variablen  in
Strukturgleichungsmodellen: Eine Standortbestimmung. Schmalenbachs
Zeitschrift ~ Fiir  Betriebswirtschaftliche ~ Forschung, — 58(1),  67-88.
https://doi.org/10.1007/BF03371644

Fassott, G., & Eggert, A. (2005). Zur Verwendung formativer und reflektiver
Indikatoren in Strukturgleichungsmodellen: Bestandsaufnahme und
Anwendungsempfehlungen. In F. Bliemel, A. Eggert, G. Fassott, & Je.
Henseler (Eds.), Handbuch PLS-Pfadmodellierung: Methoden, Anwendung,
Praxisbeispiele (pp. 31-47). Schaffer-Poeschel.

Fazel, L. (2014). Akzeptanz von Elektromobilitit : Entwicklung und Validierung eines
Modells unter Beriicksichtiqung der Nutzungsform des Carsharing. Springer
Fachmedien.

Fedorko, 1., Fedorko, R., Gavurova, B., & Bacik, R. (2021). Social media in the context
of technology acceptarnce model. 9. 519-528.



374 STEFFEN BERG

https://doi.org/10.9770/jesi.2021.9.1(32)

Felser, G. (2015). Werbe- und Konsumentenpsychologie (4. Edition). Springer-Verlag.
https://doi.org/10.1007/978-3-662-22591-2_20

Fichman, R. (1992). Information Technology Diffusion: A Review of Empirical
Research, in Proceedings of the Thirteenth International Conference on
Information Systems. In J. I. DeGross, J. D. Becker, & J. J. Elam (Eds.),
Proceedings of the Thirteenth International Conference on Information Systems,
Dallas, Texas, USA, December 13-16, 1992 (pp. 195-206). Association for
Information Systems.
https://dblp.org/rec/cont/icis/Fichman92.html?view=bibtex

Finger, T. (2015). Europa bekommt Feinstaubbelastung nicht in den Griff.
WirtschaftsWoche, 24. Februar 2015.
https://www.wiwo.de/technologie/green/dicke-luft-europa-bekommt-
feinstaubbelastung-nicht-in-den-griff/13551272 html

Fishbein, M. (1967). A behavior theory approach to the relations between beliefs
about an object and the attitude toward the object. In M. Fishbein (Ed.),
Readings in attitude theory and measurement (pp. 477-492). John Wiley & Sons.

Fishbein, M., & Ajzen, 1. (1975). Belief, Attitude, Intention and Behavior: An
Introduction to  Theory and Research. Addison-Wesley Publishing.
https://doi.org/10.2307/2065853

Fornell, C., & Cha, J. (1994). Partial Least Squares. In Advanced Methods of Marketing
Research (pp. 52-78). Blackwell Business.

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with
unobservable variables and measurement error. Journal of Marketing Research,
18(1), 39-50.

Foscht, T., Swoboda, B., & Schramm-Klein, H. (2017). Kéiuferverhalten: Grundlagen-
Perspektiven-Anwendungen (6. Edition). Springer Gabler.
https://doi.org/10.1007/978-3-658-17465-1

Fournier, G., Seign, R, Gohlich, V., & Wiirzer, D. (2012). Carsharing mit
Elektrofahrzeugen: Ein Beitrag zu unserer zukiinftigen Mobilitat? Zeitschrift
Fiir Die Gesamte Wertschipfungskette Automobilwirtschaft, 15, 60-68.

Franke, T., & Krems, J. F. (2013). Understanding charging behaviour of electric
vehicle users. Transportation Research Part F: Traffic Psychology and Behaviour,
21, 75-89. https://doi.org/10.1016/j.trf.2013.09.002

Franque, F. B., Oliveira, T., & Tam, C. (2023). Continuance Intention of Mobile
Payment: TTF Model with Trust in an African Context. Information Systems
Frontiers, 25(2), 775-793. https://doi.org/10.1007/s10796-022-10263-8

Frein, T., Moller, G., Petermann, A., & Wilpricht, M. (2007). Was sind eigentlich
Pfadmodelle ? Unentbehrliche Arbeitsmittel zum aktuellen
Landesschulgesetz NRW. SchVw NRW, 286-287.

Friedrichs, J. (1990). Jiirgen Friedrichs. Methoden empirischer Sozialforschung (14.
Editio). Springer Fachmedien Wiesbaden.

Frisch, K. (2023). Ladesiulen-Ausbau: Alle 60 Kilometer eine Ladestation fiirs E-Auto.
ADAC News. https://www.adac.de/news/ladesaeulen-ausbau-deutschland/



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 375

Fuchs, A. (2011). Methodische Aspekte linearer Strukturgleichungsmodelle. Ein Vergleich
von kovarianz- und varianzbasierten Kausalanalyseverfahren.

Fuchs, C., & Diamantopoulos, A. (2009). Using Single-Item Measures for Construct
Measurement in Management Research: Conceptual Issues and Application
Guidelines. Die Betriebswirtschaft, 69(2), 195-210.

Gade, J. C., & Schermelleh-Engel, K. (2023). Strukturgleichungsmodelle. In N.
Doring (Ed.), Forschungsmethoden wund Evaluation in den Sozial- und
Humanwissenschaften (6. Edition, Pp- 923-950). Springer.
https://doi.org/10.1007/978-3-662-64762-2

Gatignon, H., & Robertson, T. S. (1985). A Propositional Inventory for New
Diffusion Research. Journal of Consumer Research, 11(4), 849-867.
http://www jstor.org/stable/2489212

Gefen, D. (2000). E-commerce: the role of familiarity and trust. Omega - The
International Journal of Management Science, 28, 725-737.
https://doi.org/10.1016/S0305-0483(00)00021-9

Gefen, D., Karahanna, E., & Straub, D. (2003). Trust and TAM in Online Shopping:
An Integrated Model. MIS Quarterly, 27(1), 51-90.
https://doi.org/10.2307/30036519

Gefen, D., Straub, D., & Boudreau, M. (2000). Structural Equation Modeling And
Regression: Guidelines For Research Practice. Communications of the Association
for Information Systems, 4(1). https://doi.org/10.17705/1CAIS.00407

Geisser, S. (1974). A predictive approach to the random effect model. Biometrika,
61(1), 101-107. https://doi.org/10.1093/biomet/61.1.101

Georgano, N. (1996). Electric vehicles (2. Edition, Vol. 3). Osprey Publishing.

Gerbing, D. W., & Anderson, J. C. (1988). An Updated Paradigm for Scale
Development Incorporating Unidimensionality and Its Assessment. Journal of
Marketing Research, 25(2), 186. https://doi.org/10.2307/3172650

Gerpott, T. J. (2005). Strategisches Technologie- und Innovationsmanagement (2.
Edition). Schaeffer-Poeschel.

Gerrig, R. J. (2016). Psychologie: Das Uebungsbuch (20. Editio). Pearson Studium.

Globisch, J., Diitschke, E., & Schleich, J. (2018). Acceptance of electric passenger cars
in commercial fleets. Transportation Research Part A: Policy and Practice, 116,
122-129. https://doi.org/https://doi.org/10.1016/j.tra.2018.06.004

Gohler, T., Huber, A., & Holdenried, E. (2018). Alles zum Brennstoffzellen-SUV.
Autobild. https://www.autobild.de/artikel/hyundai-nexo-2018-12870837 .html

Goldsmith, R., Kim, D., Flynn, L., & Kim, W.-M. (2005). Price Sensitivity and
Innovativeness for Fashion Among Korean Consumers. The Journal of Social
Psychology, 145, 501-508. https://doi.org/10.3200/SOCP.145.5.501-508

Goodman, L. (1961). Snowball Sampling. The Annals of Mathematical Statistics, 32.
https://doi.org/10.1214/aoms/1177705148

Gordon, G., & Nelke, A. (2017). CSR und Nachhaltige Innovation - Zukunftsfihigkeit
durch soziale, 6konomische und dkologische Innovationen (G. Gordon & A. Nelke
(Eds.); 1. Edition). Springer Gabler. https://doi.org/10.1007/978-3-662-49952-8

Gothlich, S. E. (2009). Zum Umgang mit fehlenden Daten in grofizahligen



376 STEFFEN BERG

empirischen Erhebungen. In S. Albers, D. Klapper, U. Konradt, A. Walter, &
J. Wolf (Eds.), Methodik der empirischen Forschung (pp. 119-135). Gabler Verlag.
https://doi.org/10.1007/978-3-322-96406-9_9

Gotz, O., & Liehr-Gobbers, K. (2004). Analyse von Strukturgleichungsmodellen mit
Hilfe der Partial-Least- Square(PLS)-Methode. Die Betriebswirtschaft, 64, 714—
738.

Goularte, A. da C., & Zilber, S. N. (2019). The moderating role of cultural factors in
the adoption of mobile banking in Brazil. International Journal of Innovation
Science, 11(1), 63-81. https://doi.org/10.1108/1JIS-11-2017-0119

Graham-Rowe, E., Gardner, B., Abraham, C., Skippon, S., Dittmar, H., Hutchins,
R., & Stannard, J. (2012). Mainstream consumers driving plug-in battery-
electric and plug-in hybrid electric cars: A qualitative analysis of responses
and evaluations. Transportation Research Part A: Policy and Practice, 46(1), 140—
153. https://doi.org/10.1016/j.tra.2011.09.008

Grant, A. (2011). How Customers Can Rally Your Troops: End Users Can Energize
Your Workforce Far Better Than Your Managers Can. Harvard Business Review,
June, 96-103.

Grieger, M. (2019). Kleine Geschichte des Automobils in Deutschland. In Aus Politik
und Zeitgeschichte 2019. bpb - Bundeszentrale fiir politische Bildung.
https://www.bpb.de/shop/zeitschriften/apuz/298742/kleine-geschichte-des-
automobils-in-deutschland/#footnote-target-39

Gunningham, N., Grabowsky, P., & Sinclair, D. (1998). Smart Regulation: Designing
Environmental Policy (1. Edition). Clarendon Pres.

Gupta, S., & Mela, C. (2008). What is a free customer worth? Armchair calculations
of nonpaying customers’ value can lead to flawed strategies. Harvard Business
Review, 86, 102-109,138. https://hbr.org/2008/11/what-is-a-free-customer-
worth

H2 MOBILITY Deutschland. (2022a). Jahresbericht 2021. In Annual report 2021.
https://h2.live/wp-content/uploads/2022/01/H2M_IAC-AnnualReport-
2021_2022-01-27_DE.pdf

H2 MOBILITY Deutschland. (2022b). H2 tanken - Wasserstoffmobilitit beginnt jetzt.
https://h2.live/tankstellen/

Hackbarth, A., & Madlener, R. (2013). Consumer preferences for alternative fuel
vehicles: A discrete choice analysis. Transportation Research Part D: Transport
and Environment, 25, 5-17. https://doi.org/10.1016/j.trd.2013.07.002

Hair, J. F., Black, B., Babin, B., Anderson, R., & Tatham, R. (2006). Multivariate Data
Analysis (6. Edition). Pearson.

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2019). Multivariate Data
Analysis (8. Edition). Cengage Learning.
https://doi.org/10.5117/2006.019.003.007

Hair, J. F., Hult, G. T. M., Ringle, C. M, Sarstedt, M., Danks, N. P., & Ray, S. (2021).
Partial Least Squares Structural Equation Modeling (PLS-SEM) Using R (1.
Edition). Springer Cham. https://doi.org/10.1007/978-3-030-80519-7_5

Hair, J. F., Hult, G. T. M., Ringle, C. M., Sarstedt, M., Richter, N. F., & Haulff, S.
(2017).  Partial ~ Least  Squares  Strukturgleichungsmodellierung:  Eine



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 377

anwendungsorientierte  Einfiihrung (2.  Edition). = Franz =~ Vahlen.
https://doi.org/doi.org/10.15358/9783800653614

Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: Indeed a silver bullet.
Journal of  Marketing Theory and Practice, 19(2), 139-152.
https://doi.org/10.2753/MTP1069-6679190202

Hair, J. F., Sarstedt, M., Ringle, C. M., & Mena, J. A. (2012). An assessment of the
use of partial least squares structural equation modeling in marketing
research. Journal of the Academy of Marketing Science, 40(3), 414—433.
https://doi.org/10.1007/s11747-011-0261-6

Hair, J., Hult, G. T. M., Ringle, C., & Sarstedt, M. (2022). A Primer on Partial Least
Squares  Structural Equation Modeling (PLS-SEM) (3. Edition). SAGE
Publications Inc.

Hamm, I. (2019). Kauf-Instinkt — Mit einem einfachen Modell des Konsumuverhaltens zu
zielsicheren Marketingstrategien (1. Edition). Schaefer-Poeschel.

Hammouri, Q., Aloqool, A., Saleh, B. A., Aldossary, H., Al Frejat, S. Y., Halim, M.,
Almajali, D. A., Al-Gasawneh, J. A., & Darawsheh, S. D. R. (2023). An
empirical investigation on acceptance of e-wallets in the fintech era in Jordan:
Extending UTAUT2 model with perceived trust. International Journal of Data
and Network Science, 7(3), 1249-1258. https://doi.org/10.5267/j.ijdns.2023.4.013

Han, L., Wang, S., Zhao, D., & Lj, J. (2017). The intention to adopt electric vehicles:
Driven by functional and non-functional values. Transportation Research Part
A: Policy and Practice, 103, 185-197.
https://doi.org/https://doi.org/10.1016/j.tra.2017.05.033

Handelsblatt. (2018, March 16). Hohe der Investitionen durch die 16 weltweit
grofsten Automobilkonzerne in Elektromobilitdt in ausgewdhlten Ziellindern
im  Zeitraum der Jahre 2016 und 2017. Nr. 54, 16.
https://de.statista.com/statistik/daten/studie/864474/umfrage/investitionen-
in-elektromobilitaet-durch-autokonzerne-nach-ziellaendern/

Hardman, S., Jenn, A., Tal, G., Axsen, J., Beard, G., Daina, N., Figenbaum, E.,
Jakobsson, N., Jochem, P., Kinnear, N., Pl6tz, P., Pontes, J., Refa, N., Sprei, F.,
Turrentine, T., & Witkamp, B. (2018). A review of consumer preferences of and
interactions with electric vehicle charging infrastructure. Transportation
Research  Part  D: Transport  and  Environment, 62,  508-523.
https://doi.org/https://doi.org/10.1016/j.trd.2018.04.002

Harloff, T., & Baumann, U. (2023). Diese Hersteller zahlen die E-Auto-Primie weiter.
Verkehr. https://www.auto-motor-und-sport.de/verkehr/hersteller-
garantieren-umweltbons-praemie-e-auto-foerderung/

Hartz, K., Lenck, T., Miiller, S., Godron, P., Zackariat, M., Heilmann, F., Hein, F.,
Metz, J., Hoppe, J., Kraus, A., Steitz, J., Weif3, U., Saerbeck, B., Wieland, S.,
Holl, M., Graf, A., & Maier, U. (2022). Die Energiewende in Deutschland: Stand
der Dinge 2022. Ruckblick auf die wesentlichen Entwicklungen sowie Ausblick auf
2023.: Vols. 283/01-A-2 (p- 106). https://static.agora-
energiewende.de/fileadmin/Projekte/2022/2022-10_DE_JAW2022/A-
EW_283_JAW2022_WEB.pdf

Harvey, R. ], Billings, R. S., & Nilan, K. J. (1985). Confirmatory factor analysis of



378 STEFFEN BERG

the Job Diagnostic Survey: Good news and bad news. Journal of Applied
Psychology, 70, 461-468. https://api.semanticscholar.org/CorpusID:198854013

Hasan, S. (2021). Transportation Research Interdisciplinary Perspectives
Assessment of electric vehicle repurchase intention : A survey-based study on
the Norwegian EV market. Transportation Research Interdisciplinary Perspectives,
11(July 2021), 100439. https://doi.org/10.1016/j.trip.2021.100439

Hauschildt, J., Salomo, S., Chultz, C., & Kock, A. (2016). Innovationsmanagement (6.
Edition). Franz Vahlen. https://doi.org/doi.org/10.15358/9783800647293

Hecht, C., Figgener, J., & Sauer, D. U. (2024). Ladeinfrastruktur im Status quo. In
A. Kampker & H. H. Heimes (Eds.), Elektromobilitit: Grundlagen einer
Fortschrittstechnologie ~ (pp.  487-496). Springer Berlin  Heidelberg.
https://doi.org/10.1007/978-3-662-65812-3_26

Heckhausen, H., & Gollwitzer, P. (1987). Thought Contents and Cognitive
Functioning in Motivational Versus Volitional States of Mind. Motivation and
Emotion, 11, 101-120. https://doi.org/10.1007/BF00992338

Heimes, H. H., Kampker, A., Dorn, B, Offermanns, C., & Brans, F. (2024). Aktuelle
Herausforderungen der Elektromobilitdat. In A. Kampker & H. H. Heimes
(Eds.), Elektromobilitit: Grundlagen einer Fortschrittstechnologie (pp. 29-37).
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-65812-3_2

Heimes, H. H., Kampker, A., Offermanns, C., Vienenkétter, J., Frank, M., Robben,
T., Klohs, D., Cattani, N. S., Lackner, N., Christen, N., Kreiskother, K.,
Deutskens, C., Kreiskother, K., & Fluchs, S. (2024). Elektromobilitat als
Schliisseltechnologie der Mobilitdtswende. In A. Kampker & H. H. Heimes
(Eds.), Elektromobilitit: Grundlagen einer Fortschrittstechnologie (pp. 39-62).
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-65812-3_3

Held, G. (2009). Online-Shopping  Einflussfaktoren —auf Auswahl- und

Nutzungsentscheidungen von Electronic-Commerce-Anwendungen im
Dienstleistungsbereich [Rostock].
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=htt
ps://rosdok.uni-

rostock.de/file/rosdok_derivate_000000003910/Dissertation_Held_2009.pdf&
ved=2ahUKEw;j5-
PTkwPaMAxW3ywIHHbv8EhUQFnoECB4QAQ&usg=AOvVaw2P05z5dsK5
cIIVGFXLQz70

Held, M. (2019). Arten von Elektrofahrzeugen. Das Elektro-Auto-Journal. https://e-
auto-journal.de/arten-von-elektrofahrzeugen/

Helveston, J. P, Liu, Y., Feit, E. M., Fuchs, E., Klampfl, E., & Michalek, J. J. (2015).
Will subsidies drive electric vehicle adoption? Measuring consumer
preferences in the U.S. and China. Transportation Research Part A: Policy and
Practice, 73, 96-112. https://doi.org/https://doi.org/10.1016/j.tra.2015.01.002

Henseler, J. (2005). Einfithrung in die PLS-Pfadmodellierung. WiSt -
Wirtschaftswissenschaftliches Studium, 34(2), 70-75.
https://doi.org/10.15358/0340-1650-2005-2-70

Henseler, J., & Chin, W. (2010). A Comparison of Approaches for the Analysis of
Interaction Effects Between Latent Variables Using Partial Least Squares Path



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 379

Modeling. Structural Equation Modeling: A Multidisciplinary Journal, 17(1), 82—
109. https://doi.org/10.1080/10705510903439003

Henseler, J., Dijkstra, T. K., Sarstedt, M., Ringle, C. M., Diamantopoulos, A., Straub,
D. W., Ketchen, D. J., Hair, J. F., Hult, G. T. M., & Calantone, R. J. (2014).
Common Beliefs and Reality About PLS: Comments on Roénkko and
Evermann (2013). Organizational Research Methods, 17(2), 182-209.
https://doi.org/10.1177/1094428114526928

Henseler, J., & Fassott, G. (2010). Testing Moderating Effects in PLS Path Models:
An Illustration of Available Procedures. In V. E. Vinzi, W. W. Chin, J.
Henseler, & H. Wang (Eds.), Handbook of Partial Least Squares - Concepts,
Methods and Applications (1. Edition, pp. 713-735). Springer.

Henseler, J., Hubona, G., & Ray, P. A. (2016). Using PLS path modeling in new
technology research: Updated guidelines. Industrial Management and Data
Systems, 116(1), 2-20. https://doi.org/10.1108/IMDS-09-2015-0382

Henseler, J., Ringle, C. M., & Sinkovics, R. R. (2009). The use of partial least squares
path modeling in international marketing. Advances in International Marketing,
20(May), 277-319. https://doi.org/10.1108/51474-7979(2009)0000020014

Herndler, D. (2024). Neue Tabelle: Ab diesem Gehalt ist man Spitzen- oder
Geringverdiener. News. https://www.finanz.de/news/top-verdiener-gehalt-
2024-10015/

Herrmann, A., Huber, F., & Kressmann, F. (2006). Varianz- und kovarianzbasierte
Strukturgleichungsmodelle — Ein Leitfaden zu deren Spezifikation,
Schatzung und Beurteilung. Schmalenbachs Zeitschrift Fiir Betriebswirtschaftliche
Forschung, 58, 34-66. https://doi.org/10.1007/BF03371643

Hess, S., Fowler, M., Adler, T., & Bahreinian, A. (2012). A joint model for vehicle
type and fuel type choice: Evidence from a cross-nested logit study.
Transportation, 39(3), 593-625. https://doi.org/10.1007/s11116-011-9366-5

Hidrue, M. K., Parsons, G. R., Kempton, W., & Gardner, M. P. (2011). Willingness
to pay for electric vehicles and their attributes. Resource and Energy Economics,
33(3), 686—705. https://doi.org/10.1016/j.reseneeco.2011.02.002

Hilale, H., & Chakor, A. (2024). Acceptance of electronic payment systems: A
critical review forward a parsimonious model including vertical and
horizontal cultural orientations. Telematics and Informatics Reports, 14, 100-139.
https://doi.org/https://doi.org/10.1016/j.teler.2024.100139

Hildebrandt, L., & Gorz, N. (1997). Zum Stand der Kausalanalyse mit
Strukturgleichungsmodellen: =~ Methodische  Trends und  Software-
Entwicklungen. SFB 373 Discussion Paper, 46, 1-24.
https://hdl.handle.net/10419/61704

Hilkenmeier, F., & van Treeck, J. (2008). Determinanten des Verhaltens:
Verhaltenspradiktion durch eine Weiterentwicklung der Theory of Planned
Behavior. In Hamburger Forschungsberichte zur Sozialpsychologie (HAFOS) (74.,
pp- 1-30). Universitat Hamburg.

Hill, P. B. (2024). Methoden der empirischen Sozialforschung. In J. Kopp & A.

Steinbach (Eds.), Grundbegriffe der Soziologie (pp. 343-354). Springer
Fachmedien Wiesbaden. https://doi.org/10.1007/978-3-658-42676-7_59



380 STEFFEN BERG

Hinkin, T. R. (1995). A Review of Scale Development Practices in the Study of
Organizations. Journal of Management, 21(5), 967-988.
https://doi.org/10.1177/014920639502100509

Hoekstra, A. (2019). The Underestimated Potential of Battery Electric Vehicles to
Reduce Emissions. Joule, 3(6), 1412-1414.
https://doi.org/10.1016/j.joule.2019.06.002

Hoen, A., & Koetse, M. ]. (2014). A choice experiment on alternative fuel vehicle
preferences of private car owners in the Netherlands. Transportation Research
Part A: Policy and Practice, 61, 199-215. https://doi.org/10.1016/j.tra.2014.01.008

Hofstede, G. (1980). Motivation , Leadership , and Organization : Do American Theories
Apply Abroad ?

Hofstede, G. (2001). Culture’s Consequences: Comparing Values, Behaviors,
Institutions and Organizations Across Nations. In Behaviour Research and
Therapy (2. Edition, Vol. 41). Sage Publications. https://doi.org/10.1016/50005-
7967(02)00184-5

Holden, R., & Karsh, B.-T. (2009). The Technology Acceptance Model: Its Past and
Its Future in Health Care. Journal of Biomedical Informatics, 43, 159-172.
https://doi.org/10.1016/j.jbi.2009.07.002

Homburg, C. (2017). Marketingmanagement: Strategie-Instrumente-Umsetzung-
Unternehmensfiihrung (6. Edition). Springer-Verlag.

Homburg, C., & Giering, A. (1998). Konzeptualisierung und Operationalisierung
komplexer Konstrukte: Ein Leitfaden fiir die Marketingforschung. In L.
Hildebrandt (Ed.), Die Kausalanalyse — Ein Instrument der empirischen
betriebswirtschaftlichen ~ Forschung  (pp.  111-146).  Schéffer-Poeschel.
https://madoc.bib.uni-mannheim.de/13800/

Homburg, C., & Klarmann, M. (2006). Die Kausalanalyse in der
betriebswirtschaftlichen Forschung - Problemfelder und
Anwendungsempfehlungen. Die Betriebswirtschaft (DBW), 66(6), 727-748.

Howlett, M. (1991). Policy instruments, policy styles and policy implementation.
Policy Studies Journal, 19(2), 1-21. https://doi.org/https://doi.org/10.1111/j.1541-
0072.1991.tb01878.x

Hoyle, R. H. (1999). Statistical strategies for small sample research. Sage Publications.
https://archive.org/details/statisticalstratOOrick/page/n17/mode/2up

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation
Modeling: A Multidisciplinary Journal, 6(1), 1-55.
https://doi.org/10.1080/10705519909540118

Huber, F., Herrmann, A. Meyer, F., Vogel, ], & Vollhardt, K. (2007).
Kausalmodellierung mit Partial Least Squares: eine anwendungsorientierte
Einfiihrung (1. Edition). Gabler Verlag.

Huber, R. A., & Wicki, M. (2021). What explains citizen support for transport
policy? the roles of policy design, trust in government and proximity among
Swiss citizens. Energy Research and Social Science, 75(June 2020), 101973.
https://doi.org/10.1016/j.erss.2021.101973

Hubik, F., & Tyborski, R. (2023, September). Das sind die sechs wichtigsten



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 381

Elektroauto-Hersteller aus China. IAAA 2023.
https://www.handelsblatt.com/unternehmen/industrie/iaa-2023-das-sind-
die-sechs-wichtigsten-elektroauto-hersteller-aus-china/29366972 . html

Hubona, G. S., & Cheney, P. H. (1994). System effectiveness of knowledge-based
technology: the relationship of user performance and attitudinal measures.
1994 Proceedings of the Twenty-Seventh Hawaii International Conference on System
Sciences, 4, 532-541. https://doi.org/10.1109/HICSS.1994.323465

Hulland, J. (1999). Use of Partial Least Squares (PLS) in Strategic Management
Research: A Review of Four Recent Studies. Strategic Management Journal,
20(2), 195-204. http://www jstor.org/stable/3094025

Hung, S.-Y.,, Ku, C.-Y., & Chang, C.-M. (2003). Critical factors of WAP services
adoption: An empirical study. Electronic Commerce Research and Applications, 2,
42-60. https://doi.org/10.1016/51567-4223(03)00008-5

Hwang, J., & Christensen, C. (2008). Disruptive Innovation In Health Care Delivery:
A Framework For Business-Model Innovation. Health Affairs (Project Hope), 27,
1329-1335. https://doi.org/10.1377/hlthaff.27.5.1329

Idaszak, J. R., & Drasgow, F. (1987). A Revision of the Job Diagnostic Survey:
Elimination of a Measurement Artifact. Journal of Applied Psychology, 72(1), 69—
74. https://doi.org/10.1037/0021-9010.72.1.69

Im, I, Kim, Y., & Han, H. J. (2008). The effects of perceived risk and technology type
on users’ acceptance of technologies. Information and Management, 45(1), 1-9.
https://doi.org/10.1016/j.im.2007.03.005

Jager, W., & Janssen, M. (2002). Stimulating Diffusion of Green Products. Journal of
Evolutionary Economics, 12, 283-306. https://doi.org/10.1007/s00191-002-0120-1

Jahangir, N., & Begum, N. (2008). The role of perceived usefulness, perceived ease
of use, security and privacy, and customer attitude to engender customer
adaptation in the context of electronic banking. African Journal of Business
Management, 2, 32-40.

Jahn, S. (2016). Strukturgleichungsmodellierung mit LISREL, AMOS und SmartPLS:
Eine Einffhrung (An Introduction to Structural Equation Modeling with LISREL,
AMOS and SmartPLS) (T. Universitat & Chemnitz (Eds.)). Der Dekan der
Fakultdt fiir Wirtschaftswissenschaften an der Technischen Universitat
Chemnitz. https://doi.org/10.2139/ssrn.2729658

Jaiswal, D., Deshmukh, A. K., & Thaichon, P. (2022). Who will adopt electric
vehicles? Segmenting and exemplifying potential buyer heterogeneity and
forthcoming research. Journal of Retailing and Consumer Services, 67 (July 2022),
102969. https://doi.org/https://doi.org/10.1016/].jretconser.2022.102969

Jaiswal, D., Kaushal, V., Deshmukh, A. K., Kant, R., & Kautish, P. (2022). What
drives electric vehicles in an emerging market? Marketing Intelligence and
Planning, 40(6), 738-754. https://doi.org/10.1108/MIP-11-2021-0406

Jakobsson, N., Gnann, T., Plotz, P., Sprei, F., & Karlsson, S. (2016). Are multi-car
households better suited for battery electric vehicles? - Driving patterns and
economics in Sweden and Germany. Transportation Research Part C: Emerging
Technologies, 65, 1-15. https://doi.org/10.1016/j.trc.2016.01.018

Jansson, ]. (2011). Consumer Eco-Innovation Adoption: Assessing Attitudinal



382 STEFFEN BERG

Factors and Perceived Product Characteristics. Business Strategy and the
Environment, 20, 192-210. https://doi.org/10.1002/bse.690

Janzik, R. (2022). Mediennutzung und virtuelle Realitdt - Erklarungsfaktoren der
Akzeptanz und Nutzung von Virtual Reality im privaten Kontext. In
Mediennutzung  und  virtuelle  Realitat. Springer =~ Fachmedien.
https://doi.org/10.1007/978-3-658-37224-8

Jargon, J. (2011, December 29). Velveeta Shows Its Sizzle Against Hamburger

Helper. The Wall Street Journal.
https://www.wsj.com/articles/SB100014240529702043361045770967534205689
34

Jarvis, C. B., Mackenzie, S. B., Podsakoff, P. M., Giliatt, N., & Mee, J. F. (2003). A
Critical Review of Construct Indicators and Measurement Model
Misspecification in Marketing and Consumer Research. Journal of Consumer
Research, 30(2), 199-218. https://doi.org/10.1086/376806

Javid, R. J., & Nejat, A. (2017). A comprehensive model of regional electric vehicle
adoption and penetration. Transport Policy, 54(July 2016), 30-42.
https://doi.org/10.1016/j.tranpol.2016.11.003

Jena, R. (2023). Factors Impacting Senior Citizens” Adoption of E-Banking Post
COVID-19 Pandemic: An Empirical Study from India. Journal of Risk and
Financial Management, 16(9). https://doi.org/10.3390/jrfm16090380

Jensen, A. F., Cherchi, E., & Mabit, S. L. (2013). On the stability of preferences and
attitudes before and after experiencing an electric vehicle. Transportation
Research Part D: Transport and Environment, 25, 24-32.
https://doi.org/10.1016/j.trd.2013.07.006

Jiang, Y. (2023). Faculty of Arts and Social Sciences School of Hospitality and Tourism
PhD Thesis The Influence of Past Experience on the Electric Vehicles Purchase
Intention: The Case of China (Issue May). University of Surrey.
https://doi.org/DOI: https://doi.org/10.15126/thesis.900965

Johnson, M., & Suskewicz, J. (2009). How to Jump-Start the Clean-Tech Economy.
Harvard Business Review, 87(11), 52-60. https://hbr.org/2009/11/how-to-jump-
start-the-clean-tech-economy

Jonuschat, H.,, Wolk, M., & Handke, V. (2012). Untersuchung zur Akzeptanz von
Elektromobilitit als Stellglied im Stromnetz. 113.

Jordan, A., Wurzel, R. K. W, & Zito, A. (2005). The Rise of ‘New’ Policy Instruments
in Comparative Perspective: Has Governance Eclipsed Government? Political
Studies, 53(3), 477-496. https://doi.org/10.1111/j.1467-9248.2005.00540.x

Joreskog, K. (1978). Structural Analysis of Covariance and Correlation Matrices.
Psychometrika, 43, 443-477. https://doi.org/10.1007/BF02293808

Joreskog, K. G., & Wold, H. erman. (1982). Systems Under Indirect Observation:
Causality, Structure, Prediction. North-Holland.
https://books.google.de/books?id=Suq4AAAAIAA]

Kagan, R. A, & Axelrad, L. (1997). Adversarial legalism: An international
perspective. In P. S. Nivola (Ed.), Comparative Disadvantages? Social Regulations
and The Global Economy (1. Edition, pp. 146-202). Brookings Institution Press.

Kahneman, D., & Tversky, A. (1979). Prospect Theory: An Analysis of Decision



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 383

under Risk. Econometrica, 47(2), 263-291.
https://econpapers.repec.org/RePEc:ecm:emetrp:v:47:y:1979:i:2:p:263-91
Kaindl, F. (2019). Wasserstoffautos: Ist Elektro gar nicht die Zukunft? Tz - Deutsche

Boulevard-Tageszeitung. https://www.tz.de/auto/wasserstoffautos-elektro-
nicht-zukunft-zr-9426483.html

Kaiser, H. F., & Dickmann, K. W. (1959). Analytic determination for common
factors. American Psychologist, 14, 425-439.

Kalmbach, R., Bernhart, W., Kleimann, P. G., & Hoffmann, M. (2011). Automotive
landscape 2025 - Opportunities and challenges ahead. Roland Berger Strategy
Consultants. https://circabc.europa.eu/sd/a/197115bc-e691-4abd-a6a0-
d7e5c9c20f45/Roland_Berger_Automotive_Landscape_2025_E_20110228_lan
g.pdf/

Kampker, A. Vallée, D., Schnettler, A., Thomes, P., Kasperk, G., Brost, W.,
Deutskens, C., Kreiskother, K., Fluchs, S., Forstmann, R., Nee, C,
Meckelnborg, A., & Drauz, R. (2018). Elektromobilitdt - Grundlagen einer
Zukunftstechnologie. In A. Kampker, D. Vallée, & A. Schnettler (Eds.),
Elektromobilitit (2. Edition). Springer Vieweg. https://doi.org/10.1007/978-3-
662-53137-2

Kantar =~ Group. (2023). Profiles Audience Network  Book. KANTAR.
https://www kantar.com/campaigns/pf/survey-solutions

Kaplan D. (2010). The 100 best companies to work for. Human Resource Management
International Digest, 18(5), 36-55.
https://doi.org/https://doi.org/10.1108/hrmid.2010.04418ead.004

Kapser, S., & Abdelrahman, M. (2020). Acceptance of autonomous delivery vehicles
for last-mile delivery in Germany — Extending UTAUT2 with risk perceptions.
Transportation Research Part C: Emerging Technologies, 111, 210-225.
https://doi.org/https://doi.org/10.1016/j.trc.2019.12.016

Karle, A. (2022). Elektromobilitit: Grundlagen und Praxis (5. Edition). Carl Hanser
Verlag.

Karlsson, S. (2017). What are the value and implications of two-car households for
the electric car? Transportation Research Part C: Emerging Technologies, 81, 1-17.
https://doi.org/10.1016/j.trc.2017.05.001

Karnowski, V. (2017). Diffusionstheorie (2. Edition). Nomos Verlag.

Kasperk, G., Fluchs, S, & Hausmann, ]. (2024). Geschiftsmodelle der
Elektromobilitdat. In A. Kampker & H. H. Heimes (Eds.), Elektromobilitit:
Grundlagen einer Fortschrittstechnologie (3. Edition, pp. 613-623). Springer
Berlin Heidelberg. https://doi.org/10.1007/978-3-662-65812-3_35

Kassarjian, H. H., & Sheffet, M. J. (1981). Personality and Consumer Behavior: An
Update. In H. H. Kassarjian & T. S. Robertson (Eds.), Perspectives in consumer
behavior (3. Edition, p- 538). Scott Foresman.
http://www jstor.org/stable/3150229

Kautish, P., Lavuri, R., Roubaud, D., & Grebinevych, O. (2024). Electric vehicles’
choice behaviour: An emerging market scenario. Journal of Environmental
Management, 354, 120250.
https://doi.org/https://doi.org/10.1016/j.jenvman.2024.120250



384 STEFFEN BERG

Kempton, W. (2016). Electric vehicles: Driving range. Nature Energy, 1, 16131.
https://doi.org/10.1038/nenergy.2016.131

Kiendl, S. C. (2007). Markenkommunikation mit Sport Sponsoring und Markenevents als
Kommunikationsplattforme (1. Edition). Springer Gabler.

Kiley, D. (2006, July 17). Small Print Jobs for Peanuts. BusinessWeek, 58.

Kilian, D., & Mirski, P. (2016). Digital Selling - Erfolgreiche Strategien und Werkzeuge
fiir B2B-Marketing und Vertrieb (D. Kilian & P. Mirski (Eds.); 1. Edition). Linde
Verlag.

Kim;, W. C,, & Mauborgne, R. A. (2005). Blue Ocean Strategy: How to Create
Uncontested Market Space and Make Competition Irrelevant (1. Edition). Harvard
Business School Press. https://books.google.de/books?id=A-901_KebjcC

Kim, B., & Han, 1. (2011). The role of utilitarian and hedonic values and their
antecedents in a mobile data service environment. Expert Systems with
Applications, 38(3), 2311-2318.
https://doi.org/https://doi.org/10.1016/j.eswa.2010.08.019

Kim, D. J., Kim, D. J., Ferrin, D. L., & Rao, H. R. (2008). A Trust-Based Consumer
Decision-Making Model in Electronic Commerce: The Role of Trust ,
Perceived Risk , and Their Antecedents A trust-based consumer decision-
making model in electronic commerce : The role of trust, perceived risk , and
their anteceden. Decision Support Systems, 44, 544-564.
https://doi.org/10.1016/j.dss.2007.07.001

Kim, H.-W., & Kankanhalli, A. (2009). Investigating User Resistance to Information
Systems Implementation: A Status Quo Bias Perspective. MIS Quarterly, 33,
567-582. https://doi.org/10.2307/20650309

Kish, L. (1965). Survey Sampling. John Wiley & Sons.

Klarmann, M. (2008). Methodische Problemfelder der Erfolgsfaktorenforschung:
Bestandsaufnahme und empirische Analysen. Springer.

Kline, R. B. (2016). Principles and Practice of Structural Equation Modeling (4. Edition).
The Guilford Press. https://doi.org/10.25336/csp29418

Kline, R. B. (2023). Principles and Practice of Structural Equation Modeling (5. Edition).
The Guilford Press.

Kline, S. J., & Rosenberg, N. (1986). An Overview of Innovation. In R. Landau & N.
Rosenberg (Eds.), The Positive Sum Strategy: Harnessing Technology for Economic
Growth (1. Edition, pp. 275-305). National Academy Press.
https://api.semanticscholar.org/CorpusID:107450489

Kohl, C. O. (2021). Prognose der Akzeptanz von Innovationen am Beispiel autonomer
Fahrzeuge [Technische Universitat Miinchen)].
https://mediatum.ub.tum.de/1609670

Kollmann, T. (1998). Akzeptanz innovativer Nutzungsgiiter und -system - Konsequenzen
fiir die Einfiihrung von Telekommunikations- und Multimediasystemen (1. Edition).
Gabler. https://doi.org/https://doi.org/10.1007/978-3-663-09235-3

Konigstorfer, J. (2008). Akzeptanz ~wvon technologischen Innovationen -
Nutzungsentscheidungen von Konsumenten dargestellt am Beispiel von mobilen
Internetdiensten (1. Edition). Gabler Verlag.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 385

https://doi.org/https://doi.org/10.1007/978-3-8349-9909-2

Kormos, C., Axsen, J., Long, Z., & Goldberg, S. (2019). Latent demand for zero-
emissions vehicles in Canada (Part 2): Insights from a stated choice
experiment. Transportation Research Part D: Transport and Environment,
67(December 2018), 685-702. https://doi.org/10.1016/j.trd.2018.10.010

Kornmeier, K. (2009a). Determinanten der  Endkundenakzeptanz — mobil-
kommunikationsbasierter Zahlungssysteme - Eine theoretische und empirische
Analyse  [University Duisburg-Essen]. https://duepublico.uni-duisburg-
essen.de/servlets/DerivateServlet/Derivate-
21559/Dissertation_Kornmeier.pdf

Kornmeier, K. (2009b). Endkundenakzeptanz mobilkommunikationsbasierter
Zahlungssysteme. In M. Bick, M. Breunig, & H. Hopfner (Eds.), Mobile und
Ubiquitire Informationssysteme — Entwicklung, Implementierung und Anwendung
(pp. 67-81). Gesellschaft fiir Informatik e.V.

Kotler, P, & Bliemel, F. (2005). Marketing-Management: Analyse, Planung und
Verwirklichung (10. Editio). Pearson.

Kotler, P., & Keller, K. L. (2016). Marketing management (15th, global ed.). Pearson.

Kotler, P., Keller, K. L., & Opresnik, M. O. (2015). Marketing-Management : Konzepte
- Instrumente - Unternehmensfallstudien (14., aktua). Pearson.

Kotter, A. (2022). Autoprofessor Dudenhdffer : ,, Wir werden den Hochlauf des E-Autos
spitestens 2024 beerdigen miissen “. https://www.rnd.de/e-mobility/auto-
professor-dudenhoeffer-es-gibt-keine-alternative-zum-elektro-pkw-
WB6FQYMSSNFCBJ4XFCXCC34B5U.html

Krafft, M. Gotz, O. & Liehr-Gobbers, K. (2005). Die Validierung von
Strukturgleichungsmodellen mit Hilfe des Partial-Least-Squares (PLS)-
Ansatzes. In B. Friedhelm, E. Andreas, F. Georg, & H. Jorg (Eds.), Handbuch
PLS-Pfadmodellierung: Methode, Anwendung, Praxisbeispiele (pp. 71-86).
Schaffer-Poeschel.

Kraftfahrt-Bundesamt (KBA). (2019). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2019.
https://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/Jahresbilanz_
Neuzulassungen/jahresbilanz_node.html?yearFilter=2019

Kraftfahrt-Bundesamt (KBA). (2020a). Fahrzeugbestand 2019 - Personenkraftwagen am
1. Januar 2020 nach ausgewdihlten Merkmalen.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/20
20/2020_b_jahresbilanz_tabellen.html?fromStatistic=3532350&fromStatistic=3
532350&yearFilter=2020&yearFilter=2020

Kraftfahrt-Bundesamt (KBA). (2020b). Jahresbilanz 2020 - Fahrzeugbestand fiir das Jahr
2019.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/fz
_b_jahresbilanz_node.html;jsessionid=2B7CA0B099300D989EB68735ADA315
B9.live21323?yearFilter=2020

Kraftfahrt-Bundesamt (KBA). (2020c). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2020.
https://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/Jahresbilanz_



386 STEFFEN BERG

Neuzulassungen/jahresbilanz_node.html?yearFilter=2020

Kraftfahrt-Bundesamt (KBA). (2021a). Fahrzeugbestand 2020 -Personenkraftwagen am
1. Januar 2021 nach ausgewdihlten Merkmalen.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/20
21/2021_b_jahresbilanz_tabellen.html?fromStatistic=3532350&fromStatistic=3
532350&yearFilter=2021&yearFilter=2021

Kraftfahrt-Bundesamt (KBA). (2021b). Jahresbilanz 2021 - Fahrzeugbestand fiir das Jahr
2020.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/fz
_b_jahresbilanz_node.html;jsessionid=2B7CA0B099300D989EB68735ADA315
B9.live21323?yearFilter=2021

Kraftfahrt-Bundesamt (KBA). (2021c). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2021.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/fz
_b_jahresbilanz_node.html;jsessionid=2B7CA0B099300D989EB68735ADA315
B9.live21323?yearFilter=2021

Kraftfahrt-Bundesamt (KBA). (2022a). Fahrzeugbestand 2021 -Personenkraftwagen am
1. Januar 2022 nach ausgewdhlten Merkmalen.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/20
22/2022_b_jahresbilanz_tabellen.htm1?nn=3532350&fromStatistic=3532350&y
earFilter=2022&fromStatistic=3532350&yearFilter=2022

Kraftfahrt-Bundesamt (KBA). (2022b). Jahresbilanz 2022 - Fahrzeugbestand fiir das
Jahr 2021. In Jahresbilanz.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/fz
_b_jahresbilanz_node.html;jsessionid=2B7CA0B099300D989EB68735ADA315
B9.live21323?yearFilter=2022

Kraftfahrt-Bundesamt (KBA). (2022c). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2022.
https://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/Jahresbilanz_
Neuzulassungen/jahresbilanz_node.html?yearFilter=2022

Kraftfahrt-Bundesamt (KBA). (2023a). Anzahl der Neuzulassungen von Elektroautos in
Deutschland von 2003 bis Juli 2023. Kraftfahrt-Bundesamt (KBA).
https://de.statista.com/statistik/daten/studie/244000/umfrage/neuzulassunge
n-von-elektroautos-in-deutschland/

Kraftfahrt-Bundesamt (KBA). (2023b). Durchschnittliche CO2-Emissionen neu
zugelassener Personenkraftwagen in Deutschland von 1998 bis 2022. Kraftfahrt-
Bundesamt (KBA).
https://de.statista.com/statistik/daten/studie/399048/umfrage/entwicklung-
der-co2-emissionen-von-neuwagen-deutschland/

Kraftfahrt-Bundesamt (KBA). (2023c). Fahrzeugbestand 2022 -Personenkraftwagen am
1. Januar 2023 nach ausgewdhlten Merkmalen.
http://www kba.de/DE/Statistik/Fahrzeuge/Bestand/Ueberblick/2016_b_baro
meter.html?nn=1133288

Kraftfahrt-Bundesamt (KBA). (2023d). Jahresbilanz 2023 - Fahrzeugbestand fiir das Jahr
2022.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/fz



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 387

_b_jahresbilanz_node.html?yearFilter=2023

Kraftfahrt-Bundesamt (KBA). (2023e). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2023.
https://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/Jahresbilanz_
Neuzulassungen/jahresbilanz_node html

Kraftfahrt-Bundesamt (KBA). (2024a). Anzahl der Neuzulassungen von Elektroautos in
Deutschland von 2003 bis September 2024.
https://de.statista.com/statistik/daten/studie/244000/umfrage/neuzulassunge
n-von-elektroautos-in-deutschland/

Kraftfahrt-Bundesamt (KBA). (2024b). Fahrzeugbestand 2023 -Personenkraftwagen am
1. Januar 2024 nach ausgewdhlten Merkmalen.
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/Jahrebilanz_Bestand/20
24/2024_b_jahresbilanz_tabellen.htm]?nn=3532350&fromStatistic=3532350&y
earFilter=2024&fromStatistic=3532350&yearFilter=2024

Kraftfahrt-Bundesamt (KBA). (2024c). Jahresbilanz Fahrzeugneuzulassungen im Jahr
2024.
https://www.kba.de/DE/Statistik/Fahrzeuge/Neuzulassungen/MonatlicheNe
uzulassungen/monatl_neuzulassungen_node.html?yearFilter=2024&monthFi
Iter=12_dezember

Kraftfahrt-Bundesamt (KBA). (2025a). Anzahl der Neuzulassungen von Elektroautos in
Deutschland von 2003 bis Januar 2025.
https://de.statista.com/statistik/daten/studie/244000/umfrage/neuzulassunge
n-von-elektroautos-in-deutschland/

Kraftfahrt-Bundesamt (KBA). (2025b). Fahrzeugbestand 2024 - Personenkraftwagen am
1. Januar 2025 nach ausgewdhlten Merkmalen.
https://www.kba.de/DE/Presse/Pressemitteilungen/Fahrzeugbestand/2025/p
m10_fz_bestand_pm_komplett.html?cl2Categories_PMThemen=fahrzeugbes
tand&snn=3662144

Kraftfahrt-Bundesamt (KBA). (2025c). Verteilung der Neuzulassungen von
Personenkraftwagen in Deutschland nach Haltern in den Jahren 2020 bis 2024.
https://de.statista.com/statistik/daten/studie/5098/umfrage/anteil-von-
privaten-gewerblichen-haltern-bei-pkw-neuzulassungen/

Krause, R. M., Carley, S. R., Lane, B. W., & Graham, J. D. (2013). Perception and
reality: Public knowledge of plug-in electric vehicles in 21 U.S. cities. Energy
Policy, 63(2013), 433-440. https://doi.org/10.1016/j.enpol.2013.09.018

Krings, T. (2020). Strategische Unternehmensfiihrung - Von der Analyse zur
Implementierung (1. Auflage). W. Kohlhammer.

Kroeber-Riel, W., & Groppel-Klein, A. (2019). Konsumentenverhalten (11. Editio).
Verlag Franz Vahlen.

Kroher, T., & Paulsen, T. (2023). Forderung fiir Elektroautos 2023: So kommen Sie an
den Umuweltbonus. ADAC Rund Ums Fahrzeug. https://www.adac.de/rund-
ums-fahrzeug/elektromobilitaet/kaufen/foerderung-elektroautos/

Kromrey, H., Roose, J., & Striibing, J. (2016). Empirische Sozialforschung - Modelle und

Methoden der standardisierten Datenerhebung und Datenauswertung (13. Editio,
Vol. 1040). Utb.



388 STEFFEN BERG

Kuhn, T. (1970). The structure of scientific revolutions (2. Edition). FOUNDATIONS
OF THE UNITY OF SCIENCE. https://doi.org/10.5840/philstudies196413082

Kumar Jain, N., Bhaskar, K., & Jain, S. (2022). Research in Transportation Business
& Management What drives adoption intention of electric vehicles in India ?
An integrated UTAUT model with environmental concerns , perceived risk
and government support. Research in Transportation Business & Management,
42(May 2021), 100730. https://doi.org/10.1016/j.rtbm.2021.100730

Kumar, V., Leone, R., Aaker, D., & Day, G. (2019). Marketing Research (13. Editio).
John Wiley & Sons, Ltd.

Kuo, Y, & Yen, S. (2009). Computers in Human Behavior Towards an
understanding of the behavioral intention to use 3G mobile value-added
services. Computers in Human Behavior, 25(1), 103-110.
https://doi.org/10.1016/j.chb.2008.07.007

Kurniawan, E. W., & Gabriel, D. S. (2022). Identification of Determining Factors for
Electric Vehicle Use in Indonesia from User Perspective. 11(7), 1104-1112.
https://doi.org/10.21275/SR22717053306

Kufs, A., & Tomczak, T. (2012). Kiuferverhalten (4. Edition). Lucius & Lucius.

Kuther, T. (2017). Die Geschichte der Elektroautos. https://www .next-mobility.de/die-
geschichte-des-elektroautos-a-695416/?print

Kwon, O., Choi, K., & Kim, M. (2007). User acceptance of context-aware services:
Self-efficacy, user innovativeness and perceived sensitivity on contextual
pressure. Behaviour & IT, 26, 483-498.
https://doi.org/10.1080/01449290600709111

Lamons, B. (2005). Branding b-to-b style. Sales & Marketing Management, 157(9), 46—
50.

Langer, W. (2002). Regressions- und Pfadanalyse. Institut fiir Soziologie, Martin-
Luther-Universita. https://doi.org/10.13140/RG.2.2.19388.97920

Larminie, J., & Lowry, J. (2012). Electric Vehicle Technology Explained (J. Larminie,
James; Lowry (Ed.); 2. Edition). A John Wiley & Sons, Ltd., Publication.
http://site.ebrary.com.vlib.interchange.at/lib/stategov/detail.action?docID=10
579519&p00=electrictvehicle+technology+explained

Larson, P. D., Viafara, J., Parsons, R. V., & Elias, A. (2015). Consumer attitudes
about electric cars: Pricing analysis and policy implications. Transportation
Research Part A: Policy and Practice, 69, 299-314.
https://doi.org/10.1016/j.tra.2014.09.002

Lascoumes, P., & Gales, P. (2007). Introduction: Understanding Public Policy
through Its Instruments. Governance: An International Journal of Policy,
Administration, and Institutions, 20(1), 1-21. https://doi.org/10.1111/j.1468-
0491.2007.00342.x

Lee, C,, Jang, J., & Lee, M. (2020). Willingness to accept values for vehicle-to-grid
service in South Korea. Transportation Research Part D, 87(August), 102487.
https://doi.org/10.1016/j.trd.2020.102487

Lee, J. H., Hardman, S. J., & Tal, G. (2019). Who is buying electric vehicles in

California? Characterising early adopter heterogeneity and forecasting market
diffusion. Enerqy Research and Social ~Science, 55(May), 218-226.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 389

https://doi.org/10.1016/j.erss.2019.05.011

Lee, Y., Kozar, K., & Larsen, K. (2003). The Technology Acceptance Model: Past,
Present, and Future. Communications of the Association for Information Systems
Volume, 12(1). https://doi.org/10.17705/1CAIS.01250

Legris, P., Ingham, J., & Collerette, P. (2003). Why do people use information
technology? A critical review of the technology acceptance model. Information
& Management, 40, 191-204. https://doi.org/10.1016/S0378-7206(01)00143-4

Leiner, D. J. (2019). Too fast, too straight, too weird: Non-reactive indicators for
meaningless data in internet surveys. Survey Research Methods, 13(3), 229-248.
https://doi.org/10.18148/srm/2019.v13i3.7403

Lelieveld, J., Evans, J., Fnais, M., Giannadaki, D., & Pozzer, A. (2015). The

contribution of outdoor air pollution sources to premature mortality on a
global scale. Nature, 525, 367-371. https://doi.org/10.1038/nature15371

Lewis, J. D., & Weigert, A. (1985). Trust as a Social Reality. Social Forces, 63(4), 967—
985. https://doi.org/https://doi.org/10.1093/st/63.4.967

Lian, J. W., & Li, J. (2021). The dimensions of trust:An investigation of mobile
payment services in Taiwan. Technology in  Society, 67(May).
https://doi.org/10.1016/j.techsoc.2021.101753

Liang, H., Saraf, N., Hu, Q., & Xue, Y. (2007). Assimilation of enterprise systems:
The effect of institutional pressures and the mediating role of top
management. MIS Quarterly: Management Information Systems, 31(1), 59-87.
https://doi.org/10.2307/25148781

Liberman, N., Trope, Y., & Stephan, E. (2007). Psychological Distance. In A. W.
Kruglanski & E. T. Higgins (Eds.), Social Psychology - Handbook of basic principles
(2. Edition, pp. 353-381). The Guilford Press.

Lightspeed Research. (2024). LIGHTSPEED (AUSTRALIA) QUALITY MANUAL -
1SO 20252: 2019. Lightspeed, LLC.

Likert, R. (1932). A Technique for the Measurement of Attitudes. Archives of
Psychology, 22(140), 5-55. https://books.google.de/books?id=9rotAAAAYAA]

Limayem, M., Hirt, S., & Cheung, C. (2007). How Habit Limits the Predictive Power
of Intention: The Case of Information Systems Continuance. MIS Quarterly, 31,
705-737. https://doi.org/10.2307/25148817

LimeSurvey GmbH. (2025). LimeSurvey. https://www .limesurvey.org/de

Lin, J. S. C.,, & Chang, H. C. (2011). The role of technology readiness in self-service
technology acceptance. Managing Service Quality: An International Journal,
21(4), 424-444. https://doi.org/10.1108/09604521111146289

Lin, X., Zhang, Q., & Jong, D. (2022). Cross-Countries Comparison Toward Digital
Currency Acceptance: Integrating UTAUT2 Into ITM. Frontiers in Psychology,
13(July), 1-15. https://doi.org/10.3389/fpsyg.2022.944720

Linz, H. H. ., & Schrader, H. (2008). Die Internationale Automobil-Enzyklopidie.
United Soft Media Verlag.

Lippold, D. (2015a). Einfiihrung in die Marketing-Gleichung (1. Edition). Springer
Gabler Wiesbaden. https://doi.org/https://doi.org/10.1007/978-3-658-09870-4

Lippold, D. (2015b). Theoretische Ansiitze der Marketingwissenschaft - Ein Uberblick (1.



390 STEFFEN BERG

Edition). Springer Gabler Wiesbaden.
https://doi.org/https://doi.org/10.1007/978-3-658-09897-1

Lippold, D. (2019). Marktorientierte Unternehmensplanung - Eine Einfithrung. In
Marketingplanung (2. Edition). Springer Gabler.

Lisana, & Handarkho, Y. D. (2023). Social aspect versus service quality in trust
formation toward mobile payment adoption: a case study of Indonesia. Asia
Pacific ~ Journal — of Marketing and  Logistics,  35(6), 1349-1365.
https://doi.org/10.1108/ APJML-10-2021-0774

Liu, J., Zhang, N., & Yang, Y. (2024). Acceptance model of new energy vehicles
based on PLS-SEM model. Heliyon, 1009), e30350.
https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e30350

Liu, Y.-F., Feng, L.-M., Chen, Y.-F., Shi, Y.-D., Chen, X.-D., & Wang, M. (2018).
Segregated polypropylene/cross-linked poly(ethylene-co-1-octene)/multi-
walled carbon nanotube nanocomposites with low percolation threshold and
dominated negative temperature coefficient effect: Towards electromagnetic

interference shielding and thermisto. Composites Science and Technology, 159,
152-161. https://doi.org/https://doi.org/10.1016/j.compscitech.2018.02.041

Lohmoller, J.-B. (1989). Latent Variable Path Modeling With Partial Least Squares.
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-52512-4

Loitsch, T. (2021). Konsumierende mit Technologie erreichen und in den
menschlichen Blickpunkt riicken - Wie Erwartungen, Empathie, emotionale
Intelligenz und digitale Ethik das Verhalten von Konsumenten verandern. In
J. Naskrent, M. Stumpf, & J. Westphal (Eds.), Marketing & Innovation 2021 (1.
Edition, pp. 105-121). Springler Gabler.

Luarn, P, & Lin, H.-H. (2005). Toward an understanding of the behavioral intention
to use mobile banking. Computers in Human Behavior, 21(6), 873-891.
https://doi.org/10.1016/j.chb.2004.03.003

Mabit, S. L., & Fosgerau, M. (2011). Demand for alternative-fuel vehicles when
registration taxes are high. Transportation Research Part D: Transport and
Environment, 16(3), 225-231. https://doi.org/10.1016/j.trd.2010.11.001

MacCallum, R. C., Browne, M. W., & Sugawara, H. M. (1996). Power analysis and
determination of sample size for covariance structure modeling. Psychological
Methods, 1(2), 130-149. https://doi.org/10.1037/1082-989X.1.2.130

Manutworakit, P., & Choocharukul, K. (2022). Factors Influencing Battery Electric
Vehicle Adoption in Thailand —Expanding the Unified Theory of Acceptance
and Use of Technology’s Variables. Sustainability, 14(14), 1-16.
https://doi.org/10.3390/su14148482

Marcoulides, G., & Saunders, C. (2006). Editor’s comments: PLS: A silver bullet?
MIS Quarterly, 30, iii—ix. https://doi.org/10.2307/25148727

Martin, A. R., Grassi, G., Solazzo, E., Oom, D. J. F., Guizzardi, D., Rossi, S., San-
Miguel-Ayanz;, J., Pagani, F., Crippa, M., Olivier, J., Vignati, E., Muntean, M.,
Alfredo, B., Banja, M. Quadrelli;, R., Monforti-Ferrario, F., Taghavi-
Moharamli, P., & Schaaf, E. (2022). Emissions Database for Global Atmospheric
Research, wversion v7.0_FT_2021. http://data.europa.eu/89h/e0344cc3-e553-
4dd4-ac4c-£569c8859¢19



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 391

Mashahadi, F.,, Mahmod, R., & Saidon, J. (2023). Development in Electric Vehicle
Intention and Adoption: Integrating the Extended Unified Theory of
Acceptance and Use of Technology (UTAUT) and Religiosity. Information
Management and Business Review, 15(3), 173-182.
https://doi.org/https://doi.org/10.22610/imbr.v15i3(I).3527

Maslow, A. H. (1943). A theory of human motivation. Psychological Review, 50(4),
370-396. https://doi.org/10.4324/9781912282517

Mathieson, K. (1991). Predicting User Intentions: Comparing the Technology
Acceptance Model with the Theory of Planned Behavior. Information Systems
Research, 2(3), 173-191. https://doi.org/http://dx.doi.org/10.1287/isre.2.3.173

Mayer, R. C., Davis, J. H,, & Schoorman, F. D. (1995). An Integrative Model of
Organizational Trust Author (s ): Roger C . Mayer , James H . Davis and F .
David Schoorman Published by: Academy of Management Stable URL:
http://www jstor.com/stable/258792 REFERENCES Linked references are
available on JSTOR f. Academy of Management Review, 20(3), 709-734.

McCord, M. (2007). Technology Acceptance Modell. In R. A. Reynolds, R. Woods,
& J. D. Baker (Eds.), Handbook of Research on Electronic Surveys and
Measurements (1. Edition, pp. 306-308). Idea Group Publishing.
https://doi.org/10.4018/978-1-59140-792-8

Mcfarland, D., & Hamilton, D. (2006). Adding contextual specificity to the
technology acceptance model. Computers in Human Behavior, 22(3), 427—-447.
https://doi.org/10.1016/j.chb.2004.09.009

McKinsey&Company. (2011). Boost! - Transforming the powertrain value chain — a
portfolio challenge.

McKnight, D., & Chervany, N. (2002). What trust means in ecommerce consumer
relationships: an interdisciplinary conceptual typology. Journal of Electronic
Commerce, 6, 35-60.

McKnight, D., Choudhury, V., & Kacmar, C. (“Chuck”). (2002). Developing and
Validating Trust Measures for e-Commerce: An Integrative Typology.
Information Systems Research, 13, 334-359.
https://doi.org/10.1287/isre.13.3.334.81

McKnight, D. H., Cummings, L. L., & Chervany, N. L. (1998). Initial Trust
Formation in New Organizational Relationships. The Academy of Management
Review, 23(3), 473. https://doi.org/10.2307/259290

McKnight, H., Carter, M., & Clay, P. (2009). TRUST IN TECHNOLOGY :
DEVELOPMENT OF A SET OF CONSTRUCTS AND MEASURES. DIGIT
2009 Proceedings, 10. http://aisel.aisnet.org/digit2009 Recommended

Meffert, H.,, Burmann, C., & Kirchgeorg, M. (2015). Marketing - Grundlagen
marktorientierter Unternehmensfiihrung Konzepte — Instrumente — Praxisbeispiele
(12. Editio). Springler Gabler.
https://link.springer.com/content/pdf/10.1007/978-3-658-02344-7.pdf

Meffert, H., Burmann, C., Kirchgeorg, M., & Eisenbeifs, M. (2019). Marketing. In
Marketing - Grundlagen marktorientierter Unternehmensfiihrung: Konzepte —

Instrumente  —  Praxisbeispiele ~ (13.  Editio). = Springer = Gabler.
https://doi.org/10.1007/978-3-658-21196-7



392 STEFFEN BERG

Mehdizadeh, M., Nordfjaern, T., & Klockner, C. A. (2023). Estimating financial
compensation and minimum guaranteed charge for vehicle-to-grid
technology. Energy Policy, 180(June).
https://doi.org/10.1016/j.enpol.2023.113649

Melnyk, V., Osselaer, S. M. J. Van, & Bijmolt, T. H. a. (2009). Are Women More
Loyal Customers Than Men? Gender Differences in Loyalty to Firms and
Individual Service Providers. Journal of Marketing, 73(4), 82-96.
https://doi.org/10.1509/jmkg.73.4.82

Merhi, M., Hone, K., & Tarhini, A. (2019). A cross-cultural study of the intention to
use mobile banking between Lebanese and British consumers: Extending
UTAUT2 with security, privacy and trust. Technology in Society, 59(January),
101151. https://doi.org/10.1016/j.techsoc.2019.101151

Meuter, M., Bitner, M., Ostrom, A., & Brown, S. (2005). Choosing Among
Alternative Service Delivery Modes: An Investigation of Customer Trial of
Self-Service  Technologies.  Journal —of  Marketing, 69(2), 61-83.
https://doi.org/10.1509/jmkg.69.2.61.60759

Middelkoop, W., & Koppelaar, R. (2017). The TESLA revolution: why big oil is losing
the energy war (1. Edition). Amsterdam University Press.

Midgley, D., & Dowling, G. (1978). Innovativeness: The Concept and Its
Measurement.  Journal — of  Consumer  Research,  4(4),  229-242.
https://doi.org/10.1086/208701

Mohd Thas Thaker, H., Subramaniam, N. R., Qoyum, A., & Igbal Hussain, H.
(2023). Cashless society, e-wallets and continuous adoption. International
Journal of Finance and Economics, 28(3), 3349-3369.
https://doi.org/10.1002/ijte.2596

Moller, H. W. (2017). Versuch und Irrtum - Wie Markt und Staat die
Volkswirtschaft lenken. In Zeitschrift fiir Asthetik und Allgemeine
Kunstwissenschaft (1. Edition). Springer Gabler.
https://doi.org/10.28937/1000107598

Mom, G. (1997). Das ,Scheitern” des frithen Elektromobils (1895- 1925). Versuch
einer Neubewertung. Technikgeschichte, 64(4), 269-285.
https://www.zeithistorische-
forschungen.de/sites/default/files/medien/material/2017-3/Mom_1997.pdf

Moons, 1., & De Pelsmacker, P. (2012). Emotions as determinants of electric car
usage intention. Journal of Marketing Management, 28, 195-237.
https://doi.org/10.1080/0267257X.2012.659007

Moore, E. S., Wilkie, W. L., & Lutz, R. ]J. (2002). Passing the torch: Intergenerational
influences as a source of brand equity. Journal of Marketing, 66(2), 17-37.
https://doi.org/10.1509/jmkg.66.2.17.18480

Moore, G. C., & Benbasat, I. (1991). Development of an Instrument to Measure the
Perceptions of Adopting an Information Technology Innovation. Information
Systems Research, 2, 192-222.
https://api.semanticscholar.org/CorpusID:24852325

Moosbrugger, H., & Kelava, A. (2020). Testtheorie und Fragebogenkonstruktion.
Springer Berlin Heidelberg.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 393

https://books.google.de/books?id=p]KRzQEACAA]

Moro, A., & Lonza, L. (2018). Electricity carbon intensity in European Member
States: Impacts on GHG emissions of electric vehicles. Transportation Research
Part D: Transport and Environment, 64(July 2017), 5-14.
https://doi.org/10.1016/j.trd.2017.07.012

Morrison, D. (2001). Do We Really Need Multiple-Item Measures in Service
Research? Journal of Service Research, 3, 196-204.
https://doi.org/10.1177/109467050133001

Morton, C., Schuitema, G., & Anable, J. (2011). Electric vehicles: Will consumers get
charged up? 43nd Annual UTSG  Conference, January, 1-13.
http://design.open.ac.uk/documents/Morton2011.pdf%5Cnhttp://scholar.goo
gle.com/scholar?hl=en&btnG=Search&q=intitle:Electric+vehicles:+Will+consu
mers+get+charged+up?#0

Moser, K. (1990). Werbepsychologie - Eine Einfiihrung (1. Edition). Psychologie
Verlags Union.

Moser, K. (2002). Geschichte des Autos (1. Edition). Campus Verlag.

Moser, K. (2011). Historischer Abriss der Elektromobilitat. In R. Korthauer (Ed.),
Handbuch Elektromobilitit (2. Edition, pp. 15-36). EW Medien und Kongresse
GmbH.

Moser, K. (2017). Autoleidenschaft. In Stiftung Haus der Geschichte der
Bundesrepublik Deutschland (Ed.), Geliebt. Gebraucht. Gehasst. Die Deutschen
und thre Autos (pp. 136-149).

Motl, R., & DiStefano, C. (2002). Longitudinal Invariance of Self-Esteem and
Method Effects Associated With Negatively Worded Items. Structural Equation
Modeling-a Multidisciplinary Journal - STRUCT EQU MODELING, 9, 562-578.
https://doi.org/10.1207/515328007SEM0904_6

Mowery, D., & Rosenberg, N. (1993). The Influence Of Market Demand Upon
Innovation: A Critical Review Of Some Recent Empirical Studies. Research
Policy, 8(2), 102-153. https://doi.org/10.1016/0048-7333(79)90019-2

Miinzel, T., Hahad, O., Serensen, M., Lelieveld, J., Duerr, G. D., Nieuwenhuijsen,
M., & Daiber, A. (2021). Environmental risk factors and cardiovascular

diseases: a comprehensive expert review. Cardiovascular Research, 118(14),
2880-2902. https://doi.org/10.1093/cvr/cvab316

Musti, S., & Kockelman, K. M. (2011). Evolution of the household vehicle fleet:
Anticipating fleet composition, PHEV adoption and GHG emissions in
Austin, Texas. Transportation Research Part A: Policy and Practice, 45(8), 707-720.
https://doi.org/10.1016/j.tra.2011.04.011

Musyaffi, A. M., Johari, R. ]., Rosnidah, I, Sari, D. A. P., Amal, M. L, Tasyrifania, I.,
Pertiwia, S. A., & Sutanti, F. D. (2021). Digital Payment during Pandemic: An
Extension of the Unified Model of QR Code. Academic Journal of
Interdisciplinary Studies, 10(6), 213-223. https://doi.org/10.36941/ajis-2021-0166

Nangin, M. A., Barus, I. R. G., & Wahyoedi, S. (2020). The Effects of Perceived Ease
of Use, Security, and Promotion on Trust and Its Implications on Fintech

Adoption. Journal of Consumer Sciences, 5(2), 124-138.
https://doi.org/10.29244/jcs.5.2.124-138



394 STEFFEN BERG

Nationale Plattform Elektromobilitit (NPE). (2012). Fortschrittsbericht der
Nationalen Plattform Elektromobilitat (Dritter Bericht). In Gemeinsame
Geschiiftsstelle Elektromobilitit der Bundesregierung (GGEMO).
http://www.bmwi.de/BMWi/Redaktion/PDF/Publikationen/fortschrittsberich
t-der-nationalen-plattform-elektromobilitaet

Nazari, F., Mohammadian, A. (Kouros), & Stephens, T. (2018). Dynamic Household
Vehicle Decision Modeling Considering Plug-In Electric Vehicles.
Transportation Research Record, 2672(49), 91-100.
https://doi.org/10.1177/0361198118796925

Netscher, S., & Katsanidou, A. (2018). Understanding and Implementing Research
Data Management. In C. Wagemann, A. Goerres, & M. Siewert (Eds.),
Handbuch Methoden der Politikwissenschaft (pp. 1-18). Springer Fachmedien
Wiesbaden. https://doi.org/10.1007/978-3-658-16937-4_4-1

Nguyen, M. H., Pojani, D., Nguyen-Phuoc, D. Q., Ha, T. T., & Nguyen, T. C. (2024).
Who is more likely to upgrade to e-cars? Comparing the intentions of electric
and conventional motorcycle riders in Vietnam. Travel Behaviour and Society,
36, 100810. https://doi.org/https://doi.org/10.1016/j.tbs.2024.100810

Nieuwenhuijsen, M. J. (2018). Influence of urban and transport planning and the
city environment on cardiovascular disease. Nature Reviews. Cardiology, 15(7),
432 —438. https://doi.org/10.1038/s41569-018-0003-2

Nitzl, C. (2010). Eine anwenderorientierte Einfithrung in die Partial Least Square
(PLS)-Methode. In SSRN Electronic Journal (21).
https://doi.org/10.2139/ssrn.2097324

Nitzl, C., & Schloderer, M. (2011). Die Priifung von Interaktionseffekten in Partial
Least Squares (PLS)-Modellen. WiSt - Wirtschaftswissenschaftliches Studium, 40,
432-442. https://doi.org/10.15358/0340-1650-2011-8-432

Nolden, R.-G., Korner, P. Bizer, E., & Pesch, H. (2012). Management im
Industriebetrieb - Band 1 - Geschiiftsprozesse (8. Edition). Bildungsverlag EINS.

Noll, J. (2003). Marketingfaktorren, kaufentscheidungsprozess und
kundenbindung im e-commerce. Der Markt, 42(1), 35-44.
https://doi.org/10.1007/bf03032232

Nunnally, J. C., & Bernstein, I. H. (1978). Psychometric theory (2. Edition). McGraw-
Hill.

Nur, T., & Panggabean, R. R. (2021). Factors Influencing the Adoption of Mobile
Payment Method among Generation Z: the Extended UTAUT Approach.
Journal of Accounting Research, Organization and Economics, 4(1), 14-28.
https://doi.org/10.24815/jaroe.v4il.19644

Nysveen, H., Pedersen, P., & Thorbjernsen, H. (2005). Explaining intention to use
mobile chat services: Moderating effects of gender. Journal of Consumer
Marketing, 22(5), 247-256. https://doi.org/10.1108/07363760510611671

O’Connor, G. C., & McDermott, C. M. (2004). The human side of radical innovation.
Journal of Engineering and Technology Management, 21(1-2), 11-30.
https://doi.org/https://doi.org/10.1016/j.jengtecman.2003.12.002

O’Shaughnessy, J., & others. (1987). Why people buy. Oxford University Press on
Demand.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 395

Ondracek, P. (2020). Personzentriertes Arbeiten in sozialen Berufen (1. Edition). W.
Kohlhammer.

Orbach, Y., & Fruchter, G. (2011). Forecasting sales and product evolution: The case
of the hybrid/electric car. Technological Forecasting and Social Change -
TECHNOL FORECAST sOC CHANGE, 78, 1210-1226.
https://doi.org/10.1016/j.techfore.2011.03.018

Osborne, J. W. (2014). Best Practices in Exploratory Factor Analysis. In Practical
Assessment (Vol. 1). CreateSpace Independent Publishing.

Ozaki, R., & Dodgson, M. (2010). Adopting and consuming innovations.
Prometheus: Critical Studies in Innovation, 28(4), 311-326.
https://doi.org/10.1080/08109028.2010.537170

Palan, K., & Wilkes, R. (1997). Adolescent-Parent Interaction in Family Decision
Making. Journal of Consumer Research, 24, 159-169.
https://doi.org/10.1086/209501

Parasuraman, A. (2000). Technology Readiness Index (Tri): A Multiple-Item Scale
to Measure Readiness to Embrace New Technologies. Journal of Service
Research, 2(4), 307-320. https://doi.org/10.1177/109467050024001

Park, N., Lee, K., & Cheong, P. (2007). University Instructors’ Acceptance of
Electronic Courseware: An Application of the Technology Acceptance Model.
J. Computer-Mediated Communication, 13, 163-186.
https://doi.org/10.1111/j.1083-6101.2007.00391.x

Patil, P., Tamilmani, K., Rana, N. P., & Raghavan, V. (2020). Understanding
consumer adoption of mobile payment in India: Extending Meta-UTAUT
model with personal innovativeness, anxiety, trust, and grievance redressal.
International  Journal of Information Management, 54(February), 102144.
https://doi.org/10.1016/j.jjinfomgt.2020.102144

Perrels, A. (2001). EFFICIENCY AND EFFECTIVENESS OF POLICY
INSTRUMENTS : CONCEPTS AND PRACTICE Adriaan Perrels. Workshop on
Good Practices in Policies and Measures, 14.

Peter, S. 1. (1999). Kundenbindung als Marketingziel - Identifikation und Analyse
zentraler Determinanten (2. Edition). Gabler Verlag.

Peters, A., Agosti, R., Popp, M., & Ryf, B. (2011). Electric mobility—a survey of
different consumer groups in germany with regard to adoption. Ecee 2011
Summer Study, 983-994.
http://www .elektromobilitaet.fraunhofer.de/content/dam/elektromobilitaet/e
n/documents/4-435_Peters_tcm643-94222. pdf

Peters, A., & Diitschke, E. (2014). How do Consumers Perceive Electric Vehicles? A
Comparison of German Consumer Groups. Journal of Environmental Policy \&
Planning, 16(3), 359-377. https://doi.org/10.1080/1523908X.2013.879037

Peterson, R. A., & Kim, Y. (2013). On the relationship between coefficient alpha and
composite reliability. Journal of Applied Psychology, 98(1), 194-198.
https://doi.org/10.1037/a0030767

Pleschak, F., & Sabisch, H. (1996). Innovationsmanagement (1. Edition). UTB.

Plotz, P., Burghard, U., Globisch, J., & Diitschke, E. (2014). Who will buy electric
vehicles? Identifying early adopters in Germany. Transportation Research Part



396 STEFFEN BERG

A: Policy and Practice, 67, 96-109. https://doi.org/10.1016/j.tra.2014.06.006

Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., & Podsakoff, N. P. (2003). Common
Method Biases in Behavioral Research: A Critical Review of the Literature and
Recommended Remedies. Journal of Applied Psychology, 88(5), 879-903.
https://doi.org/10.1037/0021-9010.88.5.879

Podsakoff, P. M., & Organ, D. W. (1986). Self-reports in organizational research:
Problems and prospects. Journal of Management, 12(4), 531-544.

Pohl, A. (1996). Leapfrogging bei technologischen Innovationen - Ein Erkldrungsansatz
auf Basis der Theorie des wahrgenommenen Risikos. Springer Gabler.
https://doi.org/https://doi.org/10.1007/978-3-322-99229-1

Pollert, A., Kirchner, B., Polzin, ]J. M., & Pollert, M. C. (2016). Duden, Wirtschaft von
A bis Z : Grundlagenwissen fiir Schule und Studium, Beruf und Alltag (4. Edition).
Bibliographisches Institut (Gotha).

Porst, R. (2014). Fragebogen - Ein Arbeitsbuch (H. Sahner, M. Bayer, & R. Sackmann
(Eds.); 4. Edition). Springer VS. https://link.springer.com/book/10.1007/978-3-
658-02118-4

Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling strategies for
assessing and comparing indirect effects in multiple mediator models.
Behavior Research Methods, 40(3), 879-891.
https://doi.org/10.3758/BRM.40.3.879

Priessner, A., Sposato, R.,, & Hampl, N. (2018). Predictors of electric vehicle
adoption: An analysis of potential electric vehicle drivers in Austria. Energy
Policy, 122(August 2017), 701-714. https://doi.org/10.1016/j.enpol.2018.07.058

Proff, H., Bowman, K., Takahashi, H., Zhou, A., Kim, T. K., Singh, R., Robinson, R.,
Helmer, S., & Meng, P. W. (2022). 2022 Global Automotive Consumer Study - Key
findings: Global focus countries To learn more about the Global Automotive
Consumer Study (Issue January). Deloitte. www.deloitte.com/autoconsumers

Proff, H., & Szybisty, G. (2018). Herausforderungen fiir den Automobilhandel
durch die Elektromobilitat. In Herausforderungen fiir den Automobilhandel durch
die Elektromobilitit (1. Edition). Springer Gabler. https://doi.org/10.1007/978-3-
658-21272-8

Przyborski, A., & Wohlrab-Sahr, M. (2014). Forschungsdesigns fiir die qualitative
Sozialforschung. In N. Baur & ]. Blasius (Eds.), Handbuch Methoden der
empirischen Sozialforschung (1. Edition, pp. 117-133). Springer.

Puls, T. (2013). CO 2 -Regulierung fiir Pkws. Fragen und Antworten zu den europaischen
Grenzwerten fui Fahrzeughersteller. Institut der deutschen Wirtschaft Koln.
https://www.iwkoeln.de/studien/thomas-puls-co2-regulierung-fuer-
pkws.html

Puls, T. (2018). Die europiische CO2-Regulierung fiir PKW nach 2021 (Issue 21).
Institut der deutschen Wirtschaft. https://www.iwkoeln.de/studien/thomas-
puls-die-europaeische-co2-regulierung-fuer-pkw-nach-2021.html

Qureshi, I, & Compeau, D. (2009). Assessing Between-Group Differences in
Information Systems Research: A Comparison of Covariance- and
Component-Based SEM. MIS Quarterly, 33, 197-214.
https://doi.org/10.2307/20650285



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 397

Quy Nguyen-Phuoc, D., An Ngoc Nguyen, N., Nguyen, M. H., Ngoc Thi Nguyen,
L., & Oviedo-Trespalacios, O. (2022). Factors influencing road safety
compliance among food delivery riders: An extension of the job demands-
resources (JD-R) model. Transportation Research Part A: Policy and Practice, 166,
541-556. https://doi.org/https://doi.org/10.1016/j.tra.2022.11.002

Raithel, J. (2008). Quantitative Forschung: Ein Praxiskurs (2. Edition). VS Verlag fiir
Sozialwissenschaften. https://doi.org/10.1007/978-3-531-90088-9

Rammler, S. (2017). Volk ohne Wagen: : Streitschrift fiir eine neue Mobilitit (1. Edition).
Fischer Verlag.

Randelhoff Martin. (2020). Batterieelektrisch vs. Brennstoffzelle (H2) vs. Power-to-X im
Straflenverkehr: Energieeffizienz, Wirkung auf das Energiesystem, Infrastruktur,
Kosten und Ressourcen. https://www.zukunft-
mobilitaet.net/169895/analyse/elektroauto-brennstoffzelle-synthetische-
kraftstoffe-ptx-ptl-kosten-infrastruktur-rohstoffe-energiebedarf-
wirkungsgrad/?utm

Rangaraju, S., De Vroey, L., Messagie, M., Mertens, J., & Van Mierlo, J. (2015).
Impacts of electricity mix, charging profile, and driving behavior on the

emissions performance of battery electric vehicles: A Belgian case study.
Applied Energy, 148(X), 496-505. https://doi.org/10.1016/j.apenergy.2015.01.121

Rat der Europaischen Union. (2023). Infografik — , Fit fiir 55”: Warum verschirft die
EU die COy-Emissionsnormen fiir Pkw und leichte Nutzfahrzeuge? (pp. 1-5). Rat

der Europdischen Union.
https://www.consilium.europa.eu/de/infographics/fit-for-55-emissions-cars-
and-vans/

Reinartz, W., Haenlein, M., & Henseler, J. (2009). An empirical comparison of the
efficacy of covariance-based and variance-based SEM. International Journal of
Research n Marketing, 26(4), 332-344.
https://doi.org/10.1016/].jjresmar.2009.08.001

Rick, S., Small, D., & Finkel, E. (2010). Fatal (Fiscal) Attraction: Spendthrifts and
Tightwads in Marriage. Journal of Marketing Research, 48(2), 228-237.
https://doi.org/10.2307/23033427

Rigdon, E. E., Becker, J.-M., & Sarstedt, M. (2019). Parceling Cannot Reduce Factor
Indeterminacy in Factor Analysis: A Research Note. Psychometrika, 84(3), 772—
780. https://doi.org/10.1007/s11336-019-09677-2

Ringle, C. M., Boysen, N., Wende, S, & Will, A. (2006). Messung von
Kausalmodellen = mit dem  Partial-Least-Squares-Verfahren.  Das
Wirtschaftsstudium, 35(1), 81-88.

Ringle, C. M., Sarstedt, M., & Straub, D. W. (2012). A critical look at the use of PLS-
SEM in MIS quarterly. MIS Quarterly: Management Information Systems, 36(1),
iii-xiv. https://doi.org/10.2307/41410402

Ringle, C. M., & Spreen, F. (2007). Beurteilung der Ergebnisse von PLS-
Pfadanalysen. Das Wirtschaftsstudium, 36(2), 211-216.

Roca, J., Chiu, C.-M., & Martinez Lopez, F. (2006). Understanding e-Learning
continuance intention: An extension of the technology acceptance model.
International Journal of Human-Computer Studies, 64(8), 683-696.



398 STEFFEN BERG

International  Journal — of  Human-Computer  Studies, 64, 683-696.
https://doi.org/10.1016/j.ijhcs.2006.01.003

Rockstrom, J., Gaffney, O., Rogelj, ]J., Meinshausen, M., Nakicenovic, N., &
Schellnhuber, H. J. (2017). A roadmap for rapid decarbonization. Science,
355(6331), 1269-1271. https://doi.org/10.1126/science.aah3443

Rodrigue, J.-P. (2020). The Geography of Transport Systems (5. Edition). Routledge.
https://transportgeography.org/

Rodt, S., Georgi, B., Huckestein, B.,, Monch, L., Herbener, R., Jahn, H., Koppe, K., &
Lindmaier, J. (2010). CO2-Emissionsminderung im Verkehr in Deutschland
Mogliche Mafinahmen und ihre Minderungspotenziale. In Ein
Sachstandsbericht des Umuweltbundesamtes (Vol. 05). Umweltbundesamt.
https://www.umweltbundesamt.de/sites/default/files/medien/461/publikatio
nen/3773.pdf

Rogers, E. M. (2003). Diffusion of Innovations (5. Edition). New Press.

Rogers, E. M., & Shoemaker, F. F. (1971). Communication of innovations a cross-
cultural approach (2. Edition). Free Press.

Rohrbach-Schmidt, D., & Alda, H. (2011). Imputation fehlender Werte fiir die
Einkommensvariable in der BIBB/BAuA- Erwerbstatigenbefragung 2006. In
BIBB-FDZ Daten- und Methodenberichte: Vol. 2/2011.

Roman Tyborski. (2022). Die Nachfrage nach Elektroautos boomt — doch der Absatz
konnte noch héher sein.
https://www.handelsblatt.com/unternehmen/industrie/autoindustrie-die-

nachfrage-nach-elektroautos-boomt-doch-der-absatz-koennte-noch-hoeher-
sein/28570694.html

Rosen, P. A. (2018). Beitrag zur Optimierung von Wasserstoffdruckbehaltern -
Thermische und geometrische Optimierung fiir die automobile Anwendung.
In Beitrag zur Optimierung von Wasserstoffdruckbehiltern (1. Edition). Springer
Fachmedien. https://doi.org/10.1007/978-3-658-21124-0

Rossiter, J. R. (2002). The C-OAR-SE Procedure for Scale Development in
Marketing. International Journal of Research in Marketing, 19(4), 305-335.

Rossmann, C. (2021). Theory of Reasoned Action - Theory of Planned Behavior (2.
Edition). Nomos. https://doi.org/doi.org/10.5771/9783845288277

Rousseau, D. M., Sitkin, S. B., Burt, R. S., & Camerer, C. (1998). Not so different after
all: A cross-discipline view of trust. Academy of Management Review, 23(3), 393—
404. https://doi.org/10.5465/AMR.1998.926617

Rudschies, W., & Wieler, J. (2019, June). Sind E-Autos die Zukunft? ADAC
Motorwelt, 12-20. https://www.adac.de/rund-ums-
fahrzeug/autokatalog/marken-modelle/tesla/tesla-model-3/

Rusnjak, A., & Schallmo, D. (2018). Customer Experience im Zeitalter des Kunden: Best
Practices, Lessons Learned und Forschungsergebnisse (1. Edition). Springer Gabler
Wiesbaden. https://doi.org/10.1007/978-3-658-18961-7

Rutschmann, M. (2019). Abschied vom Branding - Wie man Kunden wirklich ans Kaufen

fiihrt — mit Marketing, das sich an Kaufprozessen orientiert (2. Edition). Springer
Gabler.



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 399

Salamon, L. M. (2002). The Tools of Government: A Guide to the New Governance (1.
Edition). Oxford University Press.
https://www.researchgate.net/publication/248037530_The_Tools_of_Govern
ment_A_Guide_to_the New_Governance

Sallee, J. M. (2011). The surprising incidence of tax credits for the Toyota Prius.
American Economic Journal: Economic Policy, 3(2), 189-219.
https://doi.org/10.1257/pol.3.2.189

Sanguesa, J. A., Torres-Sanz, V., Garrido, P., Martinez, F. ]., & Marquez-Barja, ]. M.
(2021). A review on electric vehicles: Technologies and challenges. Smart
Cities, 4(1), 372-404. https://doi.org/10.3390/smartcities4010022

Sarstedt, M., Ringle, C. M., & Hair, J. F. (2021). Partial Least Squares Structural
Equation Modeling (Issue July). https://doi.org/10.1007/978-3-319-05542-8

Sauer, D. U., & Ringbeck, F. (2024). Batteriesysteme und deren Steuerung. In A.
Kampker & H. H. Heimes (Eds.), Elektromobilitit: Grundlagen einer
Fortschrittstechnologie ~ (pp.  129-151).  Springer  Berlin = Heidelberg.
https://doi.org/10.1007/978-3-662-65812-3_7

Schendera, C. F. G. (2015). Deskriptive Statistik verstehen (Vol. 3969). UTB.

Schiele, J., & Wink, L. (2008). Lineare Strukturgleichungsmodelle (LISREL)
Konfirmatorische Faktorenanalyse (CFA). Online-Dokument: Http://Www.
Statistik. Lmu. de/\~{} Helmut/Seminar\ _0809 H, 4.

Schiffman, L. G., Kanuk, L. L., Kumar, S. R., & Wisenblit, J. (2010). Consumer behavior
(10. Editio). Pearson Education.

Schimmelpfennig, H. (2011). Empirische Theorienvergleiche in der Marketingforschung
auf Basis von Strukturgleichungsmodellen: am Beispiel einer dkonomischen und
verhaltenswissenschaftlichen Erklirung der beabsichtigten Einkaufsstittenwahl.
Logos Verlag Berlin GmbH.

Schleer, C. (2014). Corporate Social Responsibility und die Kaufentscheidung der
Konsumenten (1st, Edition ed.). Springer Gabler. https://doi.org/10.1007/978-3-
658-06774-8

Schlipphak, B., & Isani, M. (2020). Designing Survey Questions and Choosing
Survey Formats. In L. Wagemann, A. Goerres, & M. B. Siewert (Eds.),
Handbuch Methoden der Politikwissenschaft (1. Edition, pp. 351-370). Springer
Fachmedien.

Schmalfufs, F.,, Miihl, K., & Krems, ]J. F. (2017). Direct experience with battery
electric vehicles (BEVs) matters when evaluating vehicle attributes, attitude
and purchase intention. Transportation Research Part F: Traffic Psychology and
Behaviour, 46, 47-69. https://doi.org/https://doi.org/10.1016/j.trf.2017.01.004

Schmidt, S. (2009). Die Diffusion komplexer Produkte und Systeme. In Die Diffusion
komplexer Produkte und Systeme (1. Edition). Gabler.
https://doi.org/10.1007/978-3-8349-8196-7

Schmitt, N., & Stults, D. M. (1986). Methodology Review: Analysis of Multitrait-
Multimethod Matrices. Applied Psychological Measurement, 10(1), 1-22.
https://doi.org/10.1177/014662168601000101

Schnapp, K.-U., Schindler, D., Gschwend, T., & Behnke, J. (2006). Qualitative und
Quantitative Zugange: Eine integrative Perspektive. In Methoden der



400 STEFFEN BERG

Politikwissenschaft - Neuere qualitative und quantitative Analyseverfahren (1.
Edition, pp. 11-26). Nomos Verlag.

Schrell, R., Hill, P. B., & Esser, E. (2023). Methoden der empirischen Sozialforschung
(12. Ediito). De Gruyter.

Schumpeter, J. A. (2008). Konjunkturzyklen - Eine theoretische, historische und
statistische Analyse des kapitalistischen Prozesses (1. Edition). Vandenhoeck &
Ruprecht.

Schiitte, H., & Ciarlante, D. (1998). Consumer Behaviour in Asia (1. Edition). Palgrave
Macmillan. https://doi.org/https://doi.org/10.1007/978-1-349-14862-2

Schwedes, O. (Ed.). (2018). Verkehrspolitik - Eine interdisziplindre Einfiihrung (2.
Edition). Springer Fachmedien. https://doi.org/10.1007/978-3-658-21601-6_11

Schwedes, O., & Keichel, M. (Eds.). (2021). Das Elektroauto : Mobilitit im Umbruch.
(2. Edition). Springer Vieweg.
https://search.ebscohost.com/login.aspx?direct=true&db=edsebk&AN=29382
40&lang=de&site=eds-live&scope=site

Seibert, S.  (1998).  Technisches  Management -  Innovationsmanagement,
Projektmanagement, Qualititsmanagement (1. Edition). B. G. Teubner.

Shao, Z., Zhang, L., Li, X., & Guo, Y. (2019). Antecedents of trust and continuance
intention in mobile payment platforms: The moderating effect of gender.
Electronic Commerce Research and Applications, 33(November 2018), 100823.
https://doi.org/10.1016/j.elerap.2018.100823

Sharma, R., Yetton, P., & Crawford, J. (2009). Estimating the effect of common
method variance: The method-method pair technique with an illustration
from tam research. MIS Quarterly: Management Information Systems, 33(3), 473—
490. https://doi.org/10.2307/20650305

She, Z. Y., Qing Sun, Ma, J. ], & Xie, B. C. (2017). What are the barriers to
widespread adoption of battery electric vehicles? A survey of public
perception in Tianjin, China. Transport Policy, 56(July 2016), 29-40.
https://doi.org/10.1016/j.tranpol.2017.03.001

Sheppard, B., Hartwick, J., & Warshaw, P. (1988). The Theory of Reasoned Action:
A Meta-Analysis of Past Research with Recommendations for Modifications
and Future Research. Journal of  Consumer Research, 15.
https://doi.org/10.1086/209170

Shih, C.-F., & Venkatesh, A. (2004). Beyond Adoption: Development and
Application of a Use-Diffusion Model. Journal of Marketing, 68(1), 59-72.
https://doi.org/10.1509/jmkg.68.1.59.24029

Shin, D. (2009). An empirical investigation of a modified technology acceptance
model of IPTV. Behaviour & IT, 28, 361-372.
https://doi.org/10.1080/01449290701814232

Shocking Solutions. (2009). Hybrid, PHEV, HEV, BEV What does it all mean?
https://shockingsolutions.wordpress.com/2009/05/28/hybrid-phev-hev-bev-
what-does-it-all-mean/

Shuhaiber, A., & Mashal, I. (2019). Understanding users’ acceptance of smart
homes. Technology in Society, 58, 101110.
https://doi.org/https://doi.org/10.1016/j.techsoc.2019.01.003



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 401

Silberg, G., Shapiro, E., Stelk, S., Schalk, P., & Oppold, B. (2021). Industry leaders
foresee dramatic changes - Where the opportunities may lie.

Singh, H., Ambikpathy, A., Logavani, K., Prasad, G. A., & Thangaval, S. (2021).
Plug-In Hybrid Electric Vehicles (PHEVs). In N. Patel, A. K. Bhoi, S.
Padmanaban, & J. B. Holm-Nielsen (Eds.), Electric Vehicles - Modern
Technologies and Trends (1. Edition, pp. 53-72). Springer Nature Singapore.

Skippon, S., & Garwood, M. (2011). Responses to battery electric vehicles: UK
consumer attitudes and attributions of symbolic meaning following direct
experience to reduce psychological distance. Transportation Research Part D:
Transport and Environment, 16(7), 525-531.
https://doi.org/10.1016/j.trd.2011.05.005

SmartPLS GmbH. (2025). SmartPLS 4 - The world’s most user-friendly statistical
software - Making complex models simple ! https://smartpls.com/

Sobel, M. E. (1982). Asymptotic Confidence Intervals for Indirect Effects in
Structural Equation Models. Sociological Methodology, 13, 290-312.
http://www jstor.org/stable/270723

Solomon, M. R. (2019). Consumer Behavior: Buying, Having and Being (13. Editio).
Pearson.

Sonderen, E. van, Sanderman, R., & Coyne, J. C. (2013). Ineffectiveness of Reverse
Wording of Questionnaire Items: Let’s Learn from Cows in the Rain. PLOS
ONE, 8(7), 1-7. https://doi.org/10.1371/journal.pone.0068967

Sosik, J., Kahai, S., & Piovoso, M. (2009). Silver Bullet or Voodoo Statistics? A Primer
for Using the Partial Least Squares Data Analytic Technique in Group and
Organization Research. Group & Organization Management - GROUP ORGAN
MANAGE, 34, 5-36. https://doi.org/10.1177/1059601108329198

Sovacool, B. K. (2017). Experts, theories, and electric mobility transitions: Toward
an integrated conceptual framework for the adoption of electric vehicles.
Energy Research & Social Science, 27, 78-95.
https://doi.org/https://doi.org/10.1016/j.erss.2017.02.014

Sovacool, B. K., Kester, J., Noel, L., & de Rubens, G. Z. (2018). The demographics of
decarbonizing transport: The influence of gender, education, occupation, age,
and household size on electric mobility preferences in the Nordic region.
Global Environmental Change, 52, 86-100.
https://doi.org/https://doi.org/10.1016/j.gloenvcha.2018.06.008

Spector, P. E. (2006). Truth or urban legend? Organizational Research Methods, 9(2),
221-232.

Spindler, G.-1. (2016). Basiswissen Marketing - Quick Guide fiir (Quer-) Einsteiger,
Jobwechsler, Selbststindige, Auszubildende und Studierende (2. Edition). Springer
Gabler. https://link.springer.com/content/pdf/10.1007/978-3-658-12380-
2.pdf#page=48

Srite, M., & Karahanna, E. (2006). The Role of Espoused National Cultural Values
in  Technology  Acceptance. ~ MIS  Quarterly,  30(3), 679-704.
https://doi.org/10.2307/25148745

Statista Research Department. (2023). Statistiken zur Ladeinfrastruktur in
Deutschland. https://de.statista.com/themen/8348/ladeinfrastruktur-fuer-



402 STEFFEN BERG

elektroautos/#dossierKeyfigures

Statistisches Bundesamt. (2023a). Entwicklung des Wohnungsmietindex fiir
Deutschland von August 2019 bis August 2023.
https://de.statista.com/statistik/daten/studie/609521/umfrage/monatlicher-
mietindex-fuer-deutschland/

Statistisches Bundesamt. (2023b). Straflenverkehr: EU-weite CO2-Emissionen seit
1990 um 21 % gestiegen. In Umuwelt, Energie.
https://www.destatis.de/Europa/DE/Thema/Umwelt-
Energie/CO2_Strassenverkehr.html

Statistisches Bundesamt. (2024a). Bevilkerung nach Altersgruppen 2011 bis 2023 in
Deutschland. https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Bevoelkerung/Bevoelkerungsstand/Tabellen/liste-altersgruppen-
basis-2022.html#1343584

Statistisches Bundesamt. (2024b). Bevilkerung nach Geschlechtergruppen 2011 bis 2023
in Deutschland. https://www.destatis.de/DE/Themen/Gesellschaft-

Umwelt/Bevoelkerung/Bevoelkerungsstand/Tabellen/liste-altersgruppen-
basis-2022.html1#1343584

Statistisches ~ Bundesamt.  (2024c).  Statistischer =~ Bericht =~ -  Laufende
Wirtschaftsrechnungen - Einkommen, Einnahmen und Ausgaben privater Haushalte
- 2023. https://www.destatis.de/DE/Themen/Gesellschaft-

Umwelt/Einkommen-Konsum-Lebensbedingungen/Einkommen-
Einnahmen-Ausgaben/Publikationen/Downloads-Einkommen/statistischer-
bericht-einnahmen-ausgaben-privater-haushalte-2150100227005.html

Stauss, B., & Seidel, W. (2014). Beschwerdemanagement: Unzufriedene Kunden als
profitable Zielgruppe (5. Edition). Carl Hanser Verlag.

Steenkamp, J. B. E. M, & Baumgartner, H. (1998). Assessing measurement
invariance in cross-national consumer research. Journal of Consumer Research,
25(1), 78-90. https://doi.org/10.1086/209528

Stein, P. (2022). Forschungsdesigns fiir die quantitative Sozialforschung. In N. Baur
& ]. Blasius (Eds.), Handbuch Methoden der empirischen Sozialforschung (3.
Edition, pp. 143-162). Springer Fachmedien.

Steinberg, S., Brauner, C., Ament, H., & Rose, J. (2016). Management im Wandel -
Produktmanagement Innovation. Management. https://www4.th-
swf.de/media/downloads/fbma/download_7/professorin
nen/kern/publikationen___downloads/grundsatzpapiere___praesentatio
nen/management___ss2016/Projektdokumentation_-_Ament-Brauner-Rose-
Steinberg.pdf

Stewart, H., & Jiirjens, J. (2018). Data security and consumer trust in FinTech
innovation in Germany. Information and Computer Security, 26(1), 109-128.
https://doi.org/10.1108/ICS-06-2017-0039

Stoetzer, M.-W. (2020). Regressionsanalyse in der empirischen Wirtschafts- und
Sozialforschung Band 2. In Regressionsanalyse in der empirischen Wirtschafts-
und Sozialforschung Band 2. Springer Gabler. https://doi.org/10.1007/978-3-662-
61438-9

Stone, M. (1974). Cross-Validatory Choice and Assessment of Statistical



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 403

Predictions. Journal of the Royal Statistical Society: Series B (Methodological), 36(2),
111-133. https://doi.org/10.1111/j.2517-6161.1974.tb00994.x

Straub, D. W. (1994). The Effect of Culture on IT Diffusion: E-Mail and FAX in Japan
and the US. Information Systems Research, 5(1), 23-47.

Straub, D. W. (2009). Creating blue oceans of thought via highly citable articles. MIS
Quarterly, 33(4), 3-7. https://doi.org/https://doi.org/10.2307/20650318

Stumpp, S., Michelis, D., & Schildhauer, T. (2021). Social Media Handbuch -
Theorien, Methoden, Modelle und Praxis. In S. Stumpp, D. Michelis, & T.
Schildhauer (Eds.), Zeitschrift fiir Politikberatung (4. Edition, Vol. 4, Issue 4).
Nomos Verlag. https://doi.org/10.5771/1865-4789-2011-4-176

Subasinghe, S., Mirihagalla, S. D., Welivitage, T., & Gunathilake, L. (2020). Public
Intention towards Mobile Money Transactions in SriLanka. 63—-73.

Sudirjo, F., Bakri, A. A., Ismail, A., Ekaresty Haes, P., & Hakim, S. (2023). Level of
Acceptance and Use Measurement of Electronic Money Technology Using
UTAUT Model. Jurnal Sistim Informasi Dan Teknologi, 5(3), 11-16.
https://doi.org/10.60083/jsisfotek.v5i3.275

Sudman, S. (1976). Applied sampling. Academic Press.
Sullivan, E. (2009). A Worthwhile Investment. Marketing News, December 3, 10.

Summers, J. O. (1971). Generalized Change Agents and Innovativeness. Journal of
Marketing Research, 8(3), 313-316. http://www jstor.org/stable/3149568

Swain, S., Weathers, D., & Niedrich, R. (2008). Assessing Three Sources of
Misresponse to Reversed Likert Items. Journal of Marketing Research - |
MARKET RES-CHICAGO, 45, 116-131. https://doi.org/10.1509/jmkr.45.1.116

tagesschau.  (2023).  Forderung  fiir ~ E-Autos  lduft  morgen  aus.
https://www.tagesschau.de/wirtschaft/verbraucher/e-autos-foerderung-
100.html

Talwar, S., Dhir, A., Khalil, A., Mohan, G., & Islam, A. K. M. N. (2020). Point of
adoption and beyond. Initial trust and mobile-payment continuation
intention. Journal of Retailing and Consumer Services, 55, 102086.
https://doi.org/10.1016/j.jretconser.2020.102086

Tamor, M. A., & Milaci¢, M. (2015). Electric vehicles in multi-vehicle households.
Transportation — Research  Part C: Emerging Technologies, 56, 52-60.
https://doi.org/10.1016/j.trc.2015.02.023

Tausendpfund, M. (2018). Quantitative Methoden in der Politikwissenschaft - Eine
Einfiihrung (M. Tausendpfund (Ed.); 1. Edition). Springer Fachmedien.

Technischer Leitfaden ELEKTROMOBILITAT LADEINFRASTRUKTUR - Version 4.1
(p- 27). (2023). Deutsche Kommission Elektrotechnik Elektronik
Informationstechnik in DIN und VDE (DKE).
https://www.din.de/blob/97246/c0cbb8df0581d171e1dc7674941fe409/technisc
her-leitfaden-ladeinfrastruktur-data.pdf

Temme, D., Kreis, H., & Hildebrandt, L. (2006). PLS path modeling: a software
review. Sonderforschungsbereich 649 (Okonomisches Risiko), 2006-084, 1-21.

Temme, D. Paulssen, M. & Hildebrandt, L. (2009). Common Method
Variance/Ursachen, Auswirkungen und Kontroll-moglichkeiten. Die



404 STEFFEN BERG

Betriebswirtschaft, 69(2), 123.

Tenenhaus, M., Vinzi, V. E., Chatelin, Y. M., & Lauro, C. (2005). PLS path modeling.
Computational ~ Statistics ~ and  Data  Analysis,  48(1),  159-205.
https://doi.org/10.1016/j.csda.2004.03.005

Teo, A.-C., Tan, G. W.-H., Ooi, K.-B., Hew, T.-S., & Yew, K.-T. (2015). The effects of
convenience and speed in m-payment. Industrial Management & Data Systems,
115(2), 311-331. https://doi.org/10.1108/IMDS-08-2014-0231

Teo, T., Lee, C. B, Chai, C. S., & Wong, S. L. (2009). Assessing the intention to use
technology among pre-service teachers in Singapore and Malaysia: A
multigroup invariance analysis of the Technology Acceptance Model (TAM).
Computers \& Education, 53(3), 1000-1009.

Thim, L., & Lenz, J. (2022). BMW setzt auf das Wasserstoffauto. Uber Dieses Thema
Berichtete BR24 Am  31. August 2022 Um 16:00 Uhr.
https://www.tagesschau.de/wirtschaft/technologie/bmw-antrieb-
brennstoffzelle-batterie-101.html

Tomi¢, N., Kalini¢, Z., & Todorovi¢, V. (2023). Using the UTAUT model to analyze
user intention to accept electronic payment systems in Serbia. Portuguese
Economic Journal, 22(2), 251-270. https://doi.org/10.1007/s10258-022-00210-5

Tornatzky, L., & Klein, K. (1982). Innovation Characteristics and Innovation-
Adoption-Implementation: A Meta-analysis of findings. Institute of Electrical
and Electronics Engineers (IEEE) — Transactions on Engineering Management,
29(1), 28-45. https://doi.org/10.1109/TEM.1982.6447463

Toschke, H. (2015). Elektrifizierung des Antriebsstrangs (H. Toschke (Ed.); 1. Edition).
Springer Vieweg. https://doi.org/10.1007/978-3-658-13104-3_7

Trager, T. (2021). Personalmanagement - Grundlagen und Instrumente (1. Auflage).
Franz Vahlen. https://doi.org/doi.org/10.15358/9783800657506

Tran, M., Banister, D., Bishop, J. D. K., & Mcculloch, M. D. (2013). Technological
Forecasting & Social Change Simulating early adoption of alternative fuel
vehicles for sustainability. Technological Forecasting & Social Change, 80(5), 865—
875. https://doi.org/10.1016/j.techfore.2012.09.009

Triandis, H. C. (1995). Individualism and collectivism (1. Edition). Routledge.
https://doi.org/https://doi.org/10.4324/9780429499845

Triandis, H. C. (2004). The many dimensions of culture. Academy of Management
Perspectives, 18(1), 88-93.

Triandis, H. C., & Gelfand, M. ]. (1998). Converging Measurement of Horizontal and
Vertical Individualism and Collectivism. 74(1), 118-128.

Trommer, S., Jarass, J., & Kolarova, V. (2015). Early adopters of electric vehicles in
Germany wunveiled. World Electric Vehicle Journal, 7(4), 722-732.
https://doi.org/https://doi.org/10.3390/wevj7040722

Tsu Wei, T., Marthandan, G., Yee-Loong Chong, A., Ooi, K., & Arumugam, S.
(2009). What drives Malaysian m-commerce adoption? An empirical analysis.
Industrial Management & Data Systems, 109(3), 370-388.
https://doi.org/10.1108/02635570910939399

Tushman, M. L., & Anderson, P. (1986). Technological Discontinuities and



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 405

Organizational Environments. Administrative Science Quarterly, 31(3), 439—465.
Tversky, A., & Kahneman, D. (1974). Judgment under Uncertainty: Heuristics and

Biases. Science, 185(4157), 1124-1131.
https://doi.org/10.1126/science.185.4157.1124
Umweltbundesamt. (2023a). Emissionen des Verkehrs.

https://www.umweltbundesamt.de/daten/verkehr/emissionen-des-
verkehrs#verkehr-belastet-luft-und-klima-minderungsziele-der-
bundesregierung

Umweltbundesamt. (2023b). Entwicklung der Treibhausgasemissionen in Deutschland
nach ~ Sektoren des Klimaschutzgesetzes (KSG)! wvon 2010 bis 2022.
https://de.statista.com/statistik/daten/studie/1411169/umfrage/entwicklung-
der-treibhausgasemissionen-in-deutschland-nach-sektoren/

Umweltbundesamt. (2023c). Fahrleistungen, Verkehrsleistung und Modal Split in
Deutschland.
https://www.umweltbundesamt.de/daten/verkehr/fahrleistungen-
verkehrsaufwand-modal-split#fahrleistung-im-personen-und-guterverkehr

United Nations. (1997). Das Protokoll von Kyoto zum Rahmeniibereinkommen der
Vereinten ~Nationen iiber Klimainderungen (p. 40). United Nations.
https://unfccc.int/resource/docs/convkp/kpger.pdf

Urban, D., & Mayerl, J. (2006). Mediator-Effekte in der Regressionsanalyse (direkte,
indirekte und totale Effekte). In Institut fiir Sozialwissenschaften, Abteilung fiir
Soziologie und empirische Sozialforschung.
http://scholar.google.com/scholar?hl=en&btnG=Search&qg=intitle:Mediator-
Effektetin+der+Regressionsanalyse+(direkte, +indirekte+tund+totale+Effekte)#
0

Utterback, J. M. (1971). The Process of Technological Innovation within the Firm.
The Academy of Management Journal, 14(1), 75-88.
http://www jstor.org/stable/254712

Utterback, J. M., & Sudrez, F. F. (1993). Innovation, competition, and industry
structure. Research Policy, 22(1), 1-21.

Vahs, D., & Burmester, R. (2005). Innovationsmanagement : von der Produktidee zur
erfolgreichen Vermarktung (3. Edition). Schaefer-Poeschel.

van Gossum, P., Arts, B., & Verheyen, K. (2010). From “smart regulation” to
“regulatory arrangements.” Policy Sciences, 43(3), 245-261.
https://doi.org/10.1007/s11077-010-9108-0

Vedung, E. (1998). Policy instruments: Typologies and theories. In M.-L.
Bemelmans-Videc, R. C. Rist, & E. Vedung (Eds.), Carrots, Sticks and Sermons -
Policy Instruments and Their Evaluation (1. Edition, pp. 21-59). Routledge.
https://doi.org/https://doi.org/10.4324/9781315081748

Venkatesh, V. (2000). Determinants of perceived ease of use: Integrating control,
intrinsic motivation, and emotion into the technology acceptance model.
Information Systems Research, 11(4), 342-365.

Venkatesh, V., & Bala, H. (2008). Technology Acceptance Model 3 and a Research

Agenda on  Interventions.  Decision  Sciences,  39(2),  273-315.
https://doi.org/10.1111/j.1540-5915.2008.00192.x



406 STEFFEN BERG

Venkatesh, V., Brown, S. A, & Bala, H. (2013). Bridging the Qualitative-
Quantitative Divide : Guidelines for Conducting Mixed Methods Research in
Information Systems. MIS Quarterly, 37(1), 21-54.
https://doi.org/10.25300/MI15Q/2013/37.1.02

Venkatesh, V., Brown, S. A., & Sullivan, Y. W. (2016). Guidelines for Conducting
Mixed-methods Research: An Extension and Ilustration. Journal of the AIS,
17(7), 435-495. https://doi.org/10.17705/1jais.00433

Venkatesh, V., & Davis, F. D. (2000). Theoretical extension of the Technology
Acceptance Model: Four longitudinal field studies. Management Science, 46(2),
186-204. https://doi.org/10.1287/mnsc.46.2.186.11926

Venkatesh, V., Davis, F., & Morris, M. (2007). Dead Or Alive? The Development,
Trajectory And Future Of Technology Adoption Research. AIS Educator
Journal, 8, 267-286. https://doi.org/10.17705/1jais.00120

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User Acceptance
of Information Technology: Toward a Unified View. MIS Quarterly, 27(3), 425—
478. http://www jstor.org/stable/30036540

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2012). Consumer Acceptance and Use of
Information Technology: Extending the Unified Theory of Acceptance and
Use of Technology. MIS Quarterly, 36(1), 157-178.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2002388

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2016). A I S ssociation for nformation
ystems Unified Theory of Acceptance and Use of Technology: A Synthesis and
the Road Ahead. Journal, 17(5), 328-376.

Verband der Automobilindustrie (VDA). (2022). Jahresbericht 2022 - Themen und
Zahlen zur Entwicklung der deutschen Automobilindustrie.
https://www.vda.de/de/aktuelles/publikationen/publication/jahresbericht-
2022

Verband der Automobilindustrie (VDA). (2023). Amnzahl der Elektroautos pro
Schnellladepunkt in Deutschland nach Bundesland.
https://de.statista.com/statistik/daten/studie/1281209/umfrage/elektroautos-
je-schnellladepunkt/

Verbrauchs- und Medienanalyse (VuMA). (2021). Wichtigste Kriterien beim Autokauf
in  Deutschland in den Jahren 2017 bis 2020. Statista GmbH.
https://de.statista.com/statistik/daten/studie/171605/umfrage/wichtige-
kriterien-beim-autokauf/

Victor, D. G., Geels, F. W., & Sharpe, S. (2019). ACCELERATING THE LOW
CARBON TRANSITION, The case for stronger, more targeted and coordinated
international action. https://www.brookings.edu/wp-
content/uploads/2019/12/Coordinatedactionreport.pdf

Viehmann, S. (2023). Verbrenner haben Zukunft VW-Chef legt beim Elektroauto die 180-
Grad-Wende hin. Verbrenner Haben Zukunft VW-Chef.
https://www.focus.de/auto/news/verbrenner-haben-zukunft-vw-chef-legt-
beim-elektroauto-die-180-grad-wende-hin_id_181939763.html

Wabhren, H.-K. (2004). Erfolgsfaktor Innovation - Ideen systematisch generieren, bewerten
und umsetzen (2. Edition). Springer. https://doi.org/10.1007/b138847



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 407

Wallentowitz, H., Freialdenhoven, A., & Olschewski, 1. (2009). Strategien in der

Automobilindustrie - Technologietrends und Marktentwicklungen.
Vieweg+Teubner Verlag. https://doi.org/https://doi.org/10.1007/978-3-8348-
9311-6

Wallentowitz, H., Freialdenhoven, A., & Olschewski, I. (2010). Zunehmende
Elektrifizierung des Antriebsstranges. In Strategien zur Elektrifizierung des
Antriebstranges:  Technologien, Mirkte und Implikationen (pp. 35-70).
Vieweg+Teubner. https://doi.org/10.1007/978-3-8348-9701-5_3

Wallentowitz, H., & Reif, K. (Eds.). (2011). Handbuch Kraftfahrzeugelektronik -
Grundlagen - Komponenten - Systeme - Anwendungen (2. Edition).
Vieweg+Teubner.

Walter, J., & Abendroth, B. (2020). On the role of informational privacy in connected
vehicles: A privacy-aware acceptance modelling approach for connected
vehicular services. Telematics and Informatics, 49, 101361.
https://doi.org/https://doi.org/10.1016/j.tele.2020.101361

Wang, N., Tian, H., Zhu, S., & Li, Y. (2022). Analysis of public acceptance of electric
vehicle charging scheduling based on the technology acceptance model.
Energy, 258, 124804.
https://doi.org/https://doi.org/10.1016/j.energy.2022.124804

Wang, R., Zhao, X., Wang, W., & Jiang, L. (2021). What factors affect the public
acceptance of new energy vehicles in underdeveloped regions? A case study
of Gansu Province, China. Journal of Cleaner Production, 318, 128432.
https://doi.org/https://doi.org/10.1016/j.jclepro.2021.128432

Wang, S, Li, J., & Zhao, D. (2017). The impact of policy measures on consumer
intention to adopt electric vehicles: Evidence from China. Transportation
Research Part A: Policy and Practice, 105, 14-26.
https://doi.org/https://doi.org/10.1016/j.tra.2017.08.013

Wang, S., Wang, J., Li, ], Wang, J., & Liang, L. (2018). Policy implications for
promoting the adoption of electric vehicles: Do consumer’s knowledge,
perceived risk and financial incentive policy matter? Transportation Research
Part A: Policy and Practice, 117(August), 58-69.
https://doi.org/10.1016/j.tra.2018.08.014

Wang, S., Wang, J.,, Lin, S., & Li, J. (2019). Public perceptions and acceptance of
nuclear energy in China: The role of public knowledge, perceived benefit,
perceived risk and public engagement. Energy Policy, 126, 352-360.
https://doi.org/https://doi.org/10.1016/j.enpol.2018.11.040

Wang, Z., Zhao, C,, Yin, J., & Zhang, B. (2017). Purchasing intentions of Chinese
citizens on new energy vehicles: How should one respond to current
preferential policy? Journal of Cleaner Production, 161, 1000-1010.
https://doi.org/https://doi.org/10.1016/j.jclepro.2017.05.154

Weiber, R., & Miihlhaus, D. (2014). Strukturgleichungsmodellierung (2. Edition).
Springer Gabler. https://doi.org/10.1007/978-3-642-35012-2

Weiber, R, & Sarstedt, M. (2021). Strukturgleichungsmodellierung: Eine
anwendungsorientierte Einfiihrung in die Kausalanalyse mit Hilfe von AMOS,
SmartPLS 3. Edition). Springer Gabler.



408 STEFFEN BERG

https://link.springer.com/book/10.1007/978-3-658-32660-9

Weichbold, M. (2022). Pretests. In N. Baur & J. Blasius (Eds.), Handbuch Methoden
der empirischen Sozialforschung (3. Edition, pp. 443—451). Springer Fachmedien.
https://doi.org/10.1007/978-3-658-37985-8

Weider, M., Metzner, A., & Rammler, S. (2004). Das Brennstoffzellen-Rennen:
Aktivitaten und Strategien beziiglich Wasserstoff und Brennstoffzelle in der
Automobilindustrie. ' WZB  Discussion Paper, No. SP III 2004-101,
Wissenschaftszentrum  Berlin ~ Fiir ~ Sozialforschung ~ (WZB),  Berlin.
http://hdl.handle.net/10419/47946

Weijters, B., Baumgartner, H., & Schillewaert, N. (2013). Reversed Item Bias: An
Integrative Model. Psychological Methods, 18, 320-334.
https://doi.org/10.1037/a0032121

Weinberg, P. (1981). Das Entscheidungsverhalten der Konsumenten (1. Edition). UTB.

Weis, H. C., & Steinmetz, P. (2005). Marktforschung. In Aufl., Ludwigshafen (6.
Edition). Kiehl.

Welzer, H. (2011). Mentale Infrastrukturen: Wie das Wachstum in die Welt und in
die Seelen kam. In Schriftenreihe Okologie (1. Edition, Vol. 14). Heinrich-Boll-
Stiftung. http://opus.kobv.de/zlb/volltexte/2011/12185/

West, S. G., Finch, J. F., & Curran, P. J. (1995). Structural equation modelswith
nonnormal variables: Problem and remedies. In Rick H. Hoyle (Ed.), Structural
equation modeling: Concepts, issues, and applications (pp. 56-75). Sage
Publications.

Westbrook, M. H., of Electrical Engineers. Control, 1., Division, A., of Electrical
Engineers, I, & of Automotive Engineers, S. (2001). The Electric Car:
Development and Future of Battery, Hybrid and Fuel-cell Cars (1. Edition).
Institution of Electrical Engineers.
https://books.google.de/books?id=il[ITAAAAMAA]

Wetzels, M., Odekerken-Schroder, G., & Van Oppen, C. (2009). Using PLS path
modeling for assessing hierarchical construct models: Guidelines and
empirical illustration. MIS Quarterly: Management Information Systems, 33(1),
177-196. https://doi.org/10.2307/20650284

Wicki, M., Briickmann, G., Quoss, F., & Bernauer, T. (2022). What do we really
know about the acceptance of battery electric vehicles?-Turns out, not much.
Transport Reviews, 43(1), 62-87. https://doi.org/10.1080/01441647.2021.2023693

Wicki, M., Huber, R., & Bernauer, T. (2019). Can policy-packaging increase public
support for costly policies? Insights from a choice experiment on policies
against  vehicle  emissions.  Journal ~ of  Public  Policy,  40.
https://doi.org/10.1017/50143814X19000205

Williams, M., Dwivedi, Y., Lal, B., & Schwarz, A. (2009). Contemporary Trends and
Issues in it Adoption and Diffusion Research. JIT, 24(1), 1-10.
https://doi.org/10.1057/jit.2008.30

Wind, J., & Mahajan, V. (1987). Marketing Hype: A New Perspective for New
Product Research and Introduction. Journal of Product Innovation Management,
4(1), 43-49. https://doi.org/https://doi.org/10.1111/1540-5885.410043

Winterhoff, M., Kahner, C., Ulricht, C., Sayler, P., & Wenzel, E. (2009). Zukunft der



CHAPTER VII — BIBLIOGRAPHICAL REFERENCES 409

Mobilitit 2020 — Die Automobilindustrie im Umbruch? (1. Edition). Arthur D.
Little.

Wisbert, H., & Knappe, M. (2021). Transformation der Customer Journey von
Elektromobilitatskunden im Zuge der Digitalitat. In J. Naskrent, M. Stumpf,
& J. Westphal (Eds.), Marketing & Innovation 2021 (1. Edition, pp. 123-144).
Springer Gabler.

Wixom, B., & Todd, P. (2005). A Theoretical Integration of User Satisfaction and
Technology Acceptance. Information Systems Research, 16, 85-102.
https://doi.org/10.1287/isre.1050.0042

Wolff, S., & Madlener, R. (2019). Driven by change: Commercial drivers” acceptance
and efficiency perceptions of light-duty electric vehicle usage in Germany.
Transportation Research Part C: Emerging Technologies, 105, 262-282.
https://doi.org/https://doi.org/10.1016/j.trc.2019.05.017

Woo, J. R, Choi, H., & Ahn, J. (2017). Well-to-wheel analysis of greenhouse gas
emissions for electric vehicles based on electricity generation mix: A global
perspective. Transportation Research Part D: Transport and Environment, 51, 340—
350. https://doi.org/10.1016/j.trd.2017.01.005

Wu, L-L, & Wu, K.-W. (2005). A hybrid technology acceptance approach for
exploring e-CRM adoption in organizations. Behaviour and Information
Technology, 24(4), 303-316. https://doi.org/10.1080/0144929042000320027

Wu, J.-H., & Wang, S.-C. (2005). What Drives Mobile Commerce?: An Empirical
Evaluation of the Revised Technology Acceptance Model. Information &
Management, 42, 719-729. https://doi.org/10.1016/j.im.2004.07.001

Wu, R, Lee, J., & Tian, X. (2021). Determinants of the Intention to Use Cross-Border
Mobile Payments in Korea among Chinese Tourists: An Integrated
Perspective of UTAUT2 with TTF and ITM. Journal of Theoretical and Applied
Electronic Commerce Research, 16, 1537-1556.

Yarbrough, A., & Smith, T. (2008). Technology Acceptance among Physicians: A
New Take on TAM. Medical Care Research and Review : MCRR, 64, 650-672.
https://doi.org/10.1177/1077558707305942

Yeh, S. (2007). An empirical analysis on the adoption of alternative fuel vehicles:
The case of natural gas vehicles. Energy Policy, 35(11), 5865-5875.
https://doi.org/10.1016/j.enpol.2007.06.012

Yuniaristanto, Sutopo, W., Hisjam, M., & Wicaksono, H. (2024). Exploring the
determinants of intention to purchase electric Motorcycles: The role of
national culture in the UTAUT. Transportation Research Part F: Traffic
Psychology and Behaviour, 100, 475-492.
https://doi.org/https://doi.org/10.1016/j.trf.2023.12.012

Zaid Kilani, A. A. H., Kakeesh, D. F., Al-Weshah, G. A., & Al-Debei, M. M. (2023).
Consumer post-adoption of e-wallet: An extended UTAUT?2 perspective with
trust. Journal of Open Innovation: Technology, Market, and Complexity, 9(3),
100113. https://doi.org/10.1016/j.joitmc.2023.100113

Zaltman, G., Duncan, R., & Holbek, J. (1973). Innovations and Organizations (1.
Edition). John Wiley & Sons.

Zentes, J., Janz, M., Kabuth, P., & Swoboda, B. (2002). Best-Practice-Prozesse im



410 STEFFEN BERG

Handel — Customer Relationship Management und Supply Chain Management (1.
Edition). Deutscher Fachverlag.

Zhang, L., Zhu, ]., & Liu, Q. (2012). A meta-analysis of mobile commerce adoption
and the moderating effect of culture. Computers in Human Behavior, 28(5), 1902—
1911. https://doi.org/https://doi.org/10.1016/j.chb.2012.05.008

Zhang, W, Siyal, S., Riaz, S., Ahmad, R., Hilmi, M. F., & Li, Z. (2023). Data Security,
Customer Trust and Intention for Adoption of Fintech Services: An Empirical
Analysis From Commercial Bank Users in Pakistan. SAGE Open, 13(3), 1-17.
https://doi.org/10.1177/21582440231181388

Zhang, X., Noor, R., & Savalei, V. (2016). Examining the Effect of Reverse Worded
Items on the Factor Structure of the Need for Cognition Scale. PLOS ONE,
11(6), 1-15. https://doi.org/10.1371/journal.pone.0157795

Zhang, Y., Sun, J., Yang, Z., & Wang, Y. (2018). What Makes People Actually
Embrace or Shun Mobile Payment: A Cross-Culture Study. Mobile Information
Systems, 2018. https://doi.org/10.1155/2018/7497545

Zhang, Y., Yu, Y., & Zou, B. (2011). Analyzing public awareness and acceptance of
alternative fuel vehicles in China: The case of EV. Energy Policy, 39(11), 7015-
7024. https://doi.org/10.1016/j.enpol.2011.07.055

Zhou, M., Long, P., Kong, N., Zhao, L., Jia, F., & Campy, K. S. (2021). Characterizing
the motivational mechanism behind taxi driver ” s adoption of electric vehicles
for living : Insights from China. Transportation Research Part A, 144(2), 134-152.
https://doi.org/10.1016/j.tra.2021.01.001

Zhou, T. (2011). The effect of initial trust on user adoption of mobile payment.
Information Development, 27(4), 290-300.
https://doi.org/10.1177/0266666911424075

Zhu, K., Kraemer, K. L., & Xu, S. (2006). The process of innovation assimilation by
firms in different countries: A technology diffusion perspective on e-business.
Management Science, 52(10), 1557-1576. https://doi.org/10.1287/mnsc.1050.0487

Ziegler, A. (2012). Individual characteristics and stated preferences for alternative
energy sources and propulsion technologies in vehicles: A discrete choice
analysis for Germany. Transportation Research Part A: Policy and Practice, 46(8),
1372-1385. https://doi.org/10.1016/j.tra.2012.05.016

Zinnbauer, M., & Eberl, M. (2005). Uberprijfung der Spezifikation und Giite von
Strukturgleichungsmodellen. WiSt - Wirtschaftswissenschaftliches Studium, 34,
566-572. https://doi.org/10.15358/0340-1650-2005-10-566



VIII - APPENDIXES



CHAPTER VIII — APPENDIXES

413

VIII APPENDIXES

selected fuel types
2019

Fuel type Status 01.01.2020 (in pcs) |Share in %
Petrol 31.464.680 65,94%
Diesel 15.111.382 31,67%
Liquefied petroleum gas (LPG) 371472 0,78%
Compressed natural gas (CNG) 82.198 0,17%
HEV + PHEV 539.383 1,13%
only PHEV 102.175 0,21%
BEV 136.617 0,29%
FCV 507 0,0011%
Other fuels 9.738 0,02%
Total 47.715.977 100,00%
Cars with an alternative drive

676.507 1,42%

(PHEV + HEV + BEV + FCV)

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2020a)

Appendix 1: Vehicle fleet 2019 - Passenger cars on 1st January 2020 according to
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Appendix 2: Vehicle fleet 2020 - Passenger cars on 1st January 2021 according to

selected fuel types
2020

Fuel type Status 01.01.2021 (in pcs) |Share in %
Petrol 31.435.340 65,15%
Diesel 15.060.124 31,21%
Liquefied petroleum gas (LPG) 346.765 0,72%
Compressed natural gas (CNG) 83.067 0,17%
HEV + PHEV 1.004.089 2,08%
only PHEV 279.861 0,58%
BEV 309.083 0,64%
FCV 808 0,0017%
Other fuels 9.308 0,02%
Total 48.248.584 100,00%
Cars with an alternative drive

(PHEV + HEV + BEV + FCV) 1:313.980 272%

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2021a)
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Appendix 3: Vehicle fleet 2021 - Passenger cars on 1st January 2022 according to

selected fuel types
2021

Fuel type Status 01.01.2022 (in pcs) |Share in %
Petrol 31.005.134 63,87%
Diesel 14.824.262 30,54%
Liquefied petroleum gas (LPG) 331.481 0,68%
Compressed natural gas (CNG) 82.309 0,17%
HEV + PHEV 1.669.051 3,44%
only PHEV 565.956 1,17%
BEV 618.460 1,27%
FCV 1.211 0,0025%
Other fuels 8.970 0,02%
Total 48.540.878 100,00%
Cars with an alternative drive

2.288.722 4,72%

(PHEV + HEV + BEV + FCV)

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2022a)
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Appendix 4: Vehicle fleet 2022 - Passenger cars on 1st January 2023 according to

selected fuel types
2022

Fuel type Status 01.01.2023 (in pcs) |Share in %
Petrol 30.556.538 62,66%
Diesel 14.437.489 29,61%
Liquefied petroleum gas (LPG) 326.853 0,67%
Compressed natural gas (CNG) 80.630 0,17%
HEV + PHEV 2.337.897 4,79%
only PHEV 864.712 1,77%
BEV 1.013.009 2,08%
FCV 1.989 0,0041%
Other fuels 8.631 0,02%
Total 48.763.036 100,00%
Cars with an alternative drive

(PHEV + HEV + BEV + FCV) >392.8% &88%

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2023c)
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Appendix 5: Vehicle fleet 2023 - Passenger cars on 1st January 2024 according to

selected fuel types
2023

Fuel type Status 01.01.2024 (in pcs) |Share in %
Petrol 30.235.032 61,58%
Diesel 14.142.184 28,80%
Liquefied petroleum gas (LPG) 313.723 0,64%
Compressed natural gas (CNG) 77421 0,16%
HEV + PHEV 2.911.262 5,93%
only PHEV 921.886 1,88%
BEV 1.408.681 2,87%
FCV 2.116 0,0043%
Other fuels 8.266 0,02%
Total 49.098.685 100,00%
Cars with an alternative drive

4.322.059 8,80%

(PHEV + HEV + BEV + FCV)

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2024b)
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Appendix 6: Vehicle fleet 2024 - Passenger cars on 1st January 2025 according to

selected fuel types
2024

Fuel type Status 01.01.2025 (in pcs) |Share in %
Petrol 29.918.520 60,64%
Diesel 13.829.261 28,03%
Liquefied petroleum gas (LPG) 299.922 0,61%
Compressed natural gas (CNG) 73.123 0,15%
HEV + PHEV 3.556.956 7,21%
only PHEV 967.423 1,96%
BEV 1.651.643 3,35%
FCV 1.802 0,00%
Other fuels 7.939 0,02%
Total 49.339.166|  100,00%
Cars with an alternative drive

(PHEV + HEV + BEV + FCV) >:210.401 10;>61

Source: Own illustration based on (Kraftfahrt-Bundesamt (KBA), 2025b)
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Appendix 8: Cover letter for the questionnaire (English version)
Dear participant,
Welcome to my survey!

As part of my doctorate, I am conducting a study on the acceptance of electric vehicles. The
aim of this survey is to identify the factors and barriers that influence the acceptance of
electric vehicles (EVs).

An electric vehicle (EV) is a vehicle powered by an electric motor. This technology is
increasingly seen as an environmentally friendly alternative to vehicles with internal
combustion engines, but it also presents new challenges in terms of infrastructure, costs and
use. In the context of this work, an electric vehicle is understood to mean both purely battery-
electric and partially electric vehicles (so-called hybrid vehicles).

Please answer the questions from your personal point of view — regardless of whether you
currently use an EV or not. If you do not yet use an EV, please answer based on your
expectations and perceptions.

The survey will take about 12 minutes to complete. It is important for the success of the study
that you completely fill out the questionnaire.

Your participation in this study is voluntary and can be cancelled at any time. There are no
right or wrong answers. The questions are mostly answered on a scale of 1 to 7.

Your information will be treated confidentially and analysed exclusively in anonymised form
for scientific research purposes. The data will not be passed on to third parties.

Thank you very much in advance for your support.

Kind regards,
Steffen Berg

P.S.:Iwould be very grateful if you would forward this to your colleagues, friends and family.

Source: Own illustration



CHAPTER VIII — APPENDIXES

421

Appendix 9: Graphical representation of item distributions using histograms
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Trusting Intention in Electromobility
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Appendix 10: Moderating effects of the Group Individual Characteristics

Age
Moderating effects through Age
Difference L Eitee
M=0: Significant (relevant
Path  veight @) M= | (Moderation) | when
1 significant)

AtET -> BI +0.00 +0.05 n.s.
CA ->BI +0.18 -0.09 n.s.
CA->TI +0.45 -0.13 n.s.
Co -> BI +0.05 -0.10 n.s.

Co ->UB +0.22 -0.20 * (%
Com -> BI +0.10 -0.04 n.s.
Com ->UB -0.20 +0.04 n.s.
EE -> BI -0.06 -0.01 n.s.
EE > TI +0.07 -0.05 n.s.
FC -> BI -0.03 +0.01 n.s.
FC ->TI -0.10 +0.02 n.s.
FC ->UB +0.29 -0.15 n.s.
Ha -> BI +0.33 -0.05 n.s.
Ha->UB +0.10 +0.11 n.s.
HM ->BI -0.01 +0.15 n.s.
PE -> BI +0.10 -0.02 n.s.
PE > TI -0.04 +0.06 n.s.
PIn -> BI +0.16 +0.02 n.s.
PIn -> UB +0.02 -0.05 n.s.
PV ->BI +0.02 +0.16 n.s.
Re > BI +0.12 -0.08 n.s.
Re > TI +0.48 -0.05 n.s.
SA->TI +0.05 +0.14 n.s.
SI->BI +0.08 +0.02 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Gender

Moderating effects through Gender
Difference . e Effect
Path M=0: | orm=q | ogmificant | (relevant
Weight (B) (Moderation) when
® significant)

AtET -> BI +0.02 +0.02 n.s.
CA ->BI +0.15 -0.04 n.s.
CA->TI +0.40 -0.06 n.s.
Co ->BI -0.03 +0.10 n.s.
Co->UB +0.14 +0.05 n.s.
Com -> BI +0.12 -0.14 n.s.
Com -> UB -0.18 -0.01 n.s.
EE -> BI -0.12 +0.13 n.s.
EE ->TI +0.02 +0.06 n.s.
FC -> BI -0.07 +0.05 n.s.
FC > TI -0.16 +0.07 n.s.
FC > UB +0.18 +0.10 n.s.
Ha -> BI +0.38 -0.13 n.s.
Ha -> UB +0.17 -0.07 n.s.
HM -> BI +0.12 -0.12 n.s.
PE -> BI +0.03 +0.10 n.s.
PE > TI +0.06 -0.14 n.s.
PIn -> BI +0.16 +0.05 n.s.
PIn -> UB -0.03 +0.04 n.s.
PV ->BI +0.16 -0.12 n.s.
Re -> BI +0.01 +0.14 n.s.
Re > TI +0.52 -0.07 n.s.
SA ->TI +0.03 +0.13 n.s.
SI-> BI +0.07 +0.03 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Education
Moderating effects through Education
Difference L. iz
M=0: Significant (relevant
Path X for M=1 .
Weight (B) (Moderation) when
® significant)

AtET -> BI +0.00 +0.07 n.s.
CA > BI +0.14 -0.04 n.s.
CA->TI +0.37 +0.04 n.s.
Co -> BI -0.02 +0.12 n.s.
Co->UB +0.12 +0.13 n.s.
Com -> BI +0.07 +0.03 n.s.
Com -> UB -0.22 +0.19 n.s.
EE -> BI -0.08 +0.04 n.s.
EE -> TI +0.03 +0.06 n.s.
FC -> BI -0.01 -0.16 n.s.
FC > TI -0.12 +0.03 n.s.
FC -> UB +0.24 -0.03 n.s.
Ha -> BI +0.32 +0.03 n.s.

Ha -> UB +0.22 -0.26 * €3]
HM -> BI +0.06 -0.02 n.s.
PE -> BI +0.08 +0.01 n.s.
PE > TI -0.01 -0.04 n.s.
PIn-> BI +0.16 +0.15 n.s.
PIn -> UB -0.03 +0.03 n.s.
PV -> BI +0.12 -0.11 n.s.
Re -> BI +0.11 -0.18 n.s.
Re -> TI +0.47 -0.02 n.s.
SA->TI +0.11 -0.02 n.s.
SI -> BI +0.09 +0.03 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (£) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Daily travel demand

Moderating effects through Daily travel demand

Difference L iz
M=0: Significant (relevant
Path . for M =1 .
Weight (B) (Moderation) when
® significant)

AtET -> BI +0.039 -0.19 n.s.
CA ->BI +0.12 -0.04 n.s.
CA->TI +0.35 +0.30 n.s.
Co > BI +0.00 -0.01 n.s.
Co->UB +0.13 +0.12 n.s.
Com -> BI +0.08 -0.15 n.s.
Com -> UB -0.20 +0.17 n.s.
EE -> BI -0.06 -0.11 n.s.
EE > TI +0.05 -0.22 n.s.
FC -> BI -0.05 +0.02 n.s.

FC > TI -0.13 +0.31 * (%)
FC > UB +0.22 +0.01 n.s.
Ha -> BI +0.32 -0.10 n.s.
Ha > B +0.17 -0.34 n.s.
HM -> BI +0.07 +0.18 n.s.

PE -> BI +0.03 +0.46 * (+)

PE > TI +0.00 -0.37 * )
PIn -> BI +0.21 -0.04 n.s.
PIn -> UB -0.02 +0.18 n.s.
PV -> BI +0.12 -0.06 n.s.
Re -> BI +0.06 -0.04 n.s.
Re > TI +0.49 -0.14 n.s.
SA ->TI +0.12 -0.06 n.s.
SI->BI +0.11 -0.14 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Occupation/Job
Moderating effects through Occupation/Job
M=0: Difference Significant (rflfef:;t
Path ) for M=1 .
Weight (B) (Moderation) when
L significant)

AtET -> BI +0.06 -0.05 n.s.
CA ->BI +0.08 +0.08 n.s.
CA->TI +0.36 +0.03 n.s.
Co > BI -0.04 +0.07 n.s.
Co->UB +0.08 +0.10 n.s.
Com -> BI +0.11 -0.08 n.s.
Com -> UB -0.19 +0.04 n.s.
EE -> BI -0.06 +0.00 n.s.
EE -> TI +0.03 +0.02 n.s.
FC -> BI -0.07 +0.07 n.s.
FC > TI -0.12 +0.05 n.s.

FC -> UB +0.11 +0.17 * +)
Ha -> BI +0.30 +0.03 n.s.
Ha -> UB +0.20 -0.12 n.s.
HM -> BI +0.11 -0.08 n.s.
PE -> BI +0.06 +0.02 n.s.
PE -> TI +0.03 -0.08 n.s.
PIn -> BI +0.22 -0.08 n.s.
PIn -> UB -0.06 +0.10 n.s.
PV > BI +0.11 -0.02 n.s.

Re -> BI -0.01 +0.16 * (*)
Re > TI +0.43 +0.06 n.s.
SA ->TI +0.14 -0.05 n.s.
SI->BI +0.16 -0.11 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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EV driving experience
Moderating effects through EV driving experience
M=0: L0t Significant (r]jlfji:;t
Path X forM=1 i
Weight () (Moderation) when
® significant)

AtET -> BI +0.05 -0.02 n.s.
CA->BI +0.13 -0.01 n.s.
CA->TI +0.35 +0.14 n.s.
Co > BI -0.05 +0.11 n.s.
Co->UB +0.09 +0.02 n.s.
Com -> BI +0.09 +0.02 n.s.
Com > UB -0.21 +0.15 n.s.
EE -> BI -0.04 -0.14 n.s.
EE > TI +0.05 +0.01 n.s.
FC > BI -0.04 +0.03 n.s.
FC -> TI -0.12 -0.06 n.s.

FC > UB +0.09 +0.20 * (+)
Ha -> BI +0.28 -0.03 n.s.
Ha -> UB +0.15 -0.04 n.s.
HM -> BI +0.05 +0.02 n.s.
PE -> BI +0.05 +0.00 n.s.

PE ->TI -0.08 +0.28 ** (=
PIn -> BI +0.19 -0.01 n.s.
PIn -> UB -0.03 +0.08 n.s.
PV ->BI +0.14 -0.12 n.s.

Re -> BI -0.01 +0.27 o ()

Re -> TI +0.52 -0.27 * (-)
SA ->TI +0.14 -0.05 n.s.
SI-> BI +0.16 -0.14 n.s.

Source:

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect

Own illustration
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Appendix 11: Moderating effects of the Group Situational determinants

Household size

Moderating effects through Household size
Difference| = Effect
Path M=0: for M=1 Significant | (relevant
Weight (B) (Moderation)| when
® significant)
AtET -> BI 0.05 -0.11 n.s.
CA ->BI 0.10 0.12 n.s.
CA->TI 0.34 0.06 n.s.
Co ->BI 0.01 0.04 n.s.
Co->UB 0.09 0.21 * (+)
Com -> BI 0.08 -0.03 n.s.
Zom -> UB -0.20 0.07 n.s.
EE -> BI -0.07 0.03 n.s.
EE -> TI 0.05 -0.02 n.s.
FC > BI -0.05 0.00 n.s.
FC > TI -0.09 0.01 n.s.
FC ->UB 0.19 0.17 n.s.
Ha -> BI 0.32 0.00 n.s.
Ha->UB 0.17 -0.10 n.s.
HM -> BI 0.06 0.04 n.s.
PE -> BI 0.04 0.13 n.s.
PE > TI 0.01 -0.11 n.s.
PIn -> BI 0.22 -0.12 n.s.
PIn -> UB 0.03 -0.17 n.s.
PV -> BI 0.13 -0.14 n.s.
Re -> BI 0.05 0.03 n.s.
Re -> TI 0.49 -0.08 n.s.
SA > TI 0.10 0.03 n.s.
SI-> BI 0.10 -0.04 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (¥) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Household income

Moderating effects through Household income
Difference| = | Effect
Path M=0: for M =1 Significant | (relevant
Weight (B) ® (Moderation)| when
significant)
AtET -> BI -0.02 0.06 n.s.
CA > BI 0.10 0.02 n.s.
CA->TI 0.31 0.12 n.s.
Co -> BI -0.05 0.12 n.s.
Co->UB 0.12 0.06 n.s.
Com -> BI 0.09 -0.03 n.s.
_om -> UB -0.20 0.02 n.s.
EE -> BI -0.04 -0.05 n.s.
EE > TI 0.07 -0.04 n.s.
FC -> BI -0.03 -0.05 n.s.
FC > TI -0.14 0.04 n.s.
FC > UB 0.26 -0.04 n.s.
Ha -> BI 0.34 -0.03 n.s.
Ha -> UB 0.23 -0.15 n.s.
HM -> BI 0.05 0.04 n.s.
PE -> BI 0.09 0.00 n.s.
PE > TI -0.03 0.04 n.s.
PIn -> BI 0.18 0.05 n.s.
PIn -> UB -0.04 0.07 n.s.
PV ->BI 0.19 -0.17 n.s.
Re -> BI 0.09 -0.02 n.s.
Re -> TI 0.53 -0.09 n.s.
SA ->TI 0.13 -0.05 n.s.
SI->BI 0.08 0.04 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Number of vehicles in household

Moderating effects through Number of vehicles in household
Difference| = . Effect
Path M=0: for M =1 Significant | (relevant
Weight () (Moderation) | when
® significant)
AtET -> BI 0.06 -0.17 n.s.
CA ->BI 0.09 0.12 n.s.
CA->TI 0.37 0.02 n.s.
Co ->BI -0.03 0.12 n.s.
Co->UB 0.17 -0.04 n.s.
Com -> BI 0.09 -0.08 n.s.
Zom ->UB -0.22 0.11 n.s.
EE -> BI -0.05 -0.10 n.s.
EE > TI 0.03 0.05 n.s.
FC > BI -0.06 0.08 n.s.
FC -> TI -0.10 -0.01 n.s.
FC ->UB 0.19 0.12 n.s.
Ha -> BI 0.38 -0.27 * (€3]
Ha -> UB 0.12 0.03 n.s.
HM -> BI 0.02 0.26 * (+)
PE -> BI 0.04 0.21 n.s.
PE > TI 0.00 -0.09 n.s.
PIn -> BI 0.20 0.03 n.s.
PIn -> UB 0.02 -0.07 n.s.
PV -> BI 0.12 -0.03 n.s.
Re -> BI 0.06 -0.06 n.s.
Re -> TI 0.49 -0.08 n.s.
SA ->TI 0.10 0.03 n.s.
SI-> BI 0.13 -0.17 * ()

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Types of vehicles in household

Moderating effects through Types of vehicles in household

Difference| = Effect
S M=0: for M=1 Significant | (relevant
Weight (B) (Moderation) | when
® significant)

AtET -> BI 0.04 -0.15 n.s.
CA > BI 0.12 0.16 n.s.
CA->TI 0.39 -0.08 n.s.
Co->BI 0.01 0.02 n.s

Co->UB 0.17 -0.17 * 1)
Com -> BI 0.07 -0.01 n.s

_om -> UB -0.21 0.36 * +)
EE -> BI -0.05 -0.03 n.s.
EE -> TI 0.03 0.17 n.s.
FC -> BI -0.07 0.16 n.s.
FC > TI -0.07 -0.23 n.s.
FC -> UB 0.15 -0.06 n.s

Ha -> BI 0.32 -0.24 * +)
Ha -> UB 0.13 -0.06 n.s

HM -> BI 0.06 -0.15 * +)
PE -> BI 0.07 -0.11 n.s
PE > TI -0.03 0.11 n.s
PIn -> BI 0.18 0.12 n.s

PIn -> UB -0.01 0.25 * (%)
PV > BI 0.08 -0.05 n.s

Re -> BI 0.04 0.33 * (+)
Re > TI 0.49 -0.20 n.s.
SA->TI 0.09 0.15 n.s.

SI-> BI 0.16 -0.17 * 1)

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Charging opportunity

Moderating effects through Charging opportunity
Difference| = | Effect
Path M=0: for M=1 Significant | (relevant
Weight (p) (Moderation) | when
L significant)

AtET -> BI 0.04 0.01 n.s.
CA ->BI 0.10 0.06 n.s.
CA->TI 0.27 0.23 n.s.
Co ->BI 0.02 0.03 n.s.
Co->UB 0.18 -0.03 n.s.
Com -> BI 0.13 -0.09 n.s.
Com -> UB -0.18 0.02 n.s.
EE -> BI -0.02 -0.09 n.s.
EE > TI 0.03 0.04 n.s.
FC -> BI -0.07 0.03 n.s.
FC ->TI -0.05 -0.09 n.s.

FC -> UB 0.08 0.24 o (+)
Ha -> BI 0.22 0.14 n.s.
Ha -> UB 0.15 0.02 n.s.
HM -> BI -0.02 0.11 n.s.
PE -> BI 0.17 -0.17 n.s.
PE > TI -0.03 0.03 n.s.

PIn -> BI 0.06 0.22 * (+)
PIn -> UB -0.04 0.08 n.s.
PV -> BI 0.19 -0.17 n.s.
Re -> BI 0.02 0.06 n.s.

Re -> TI 0.58 -0.24 * (£
SA->TI 0.10 0.01 n.s.
SI->BI 0.12 -0.02 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)
x (-) Significant negative moderation effect

Source: Own illustration
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Appendix 12: Moderating effects of the Group National Culture

Individualism
Moderating effects through Individualism
M=0: Difference Significant (rflfefz:;t
Path . for M=1
Weight (B) (Moderation)| when
) significant)

AtET -> BI 0.07 -0.10 n.s.
CA > BI 0.10 0.03 n.s.
CA->TI 0.46 -0.12 n.s.
Co->BI 0.03 -0.02 n.s.
Co->UB 0.12 0.08 n.s.
Com -> BI 0.12 -0.11 n.s.
Com -> UB -0.19 0.05 n.s.
EE -> BI -0.07 0.00 n.s.
EE > TI 0.04 0.02 n.s.
FC -> BI -0.12 0.15 n.s.
FC > TI -0.08 -0.06 n.s.

FC>UB| 013 0.19 * +)
Ha -> BI 0.33 0.00 n.s.
Ha ->UB 0.16 -0.03 n.s.
HM -> BI -0.02 0.11 n.s.
PE -> BI 0.02 0.11 n.s.
PE -> TI -0.03 0.05 n.s.
PIn -> BI 0.26 -0.06 n.s.
PIn -> UB -0.02 -0.02 n.s.
PV > BI 0.06 0.00 n.s.
Re -> BI 0.00 0.17 n.s.
Re > TI 0.46 0.01 n.s.
SA ->TI 0.07 0.09 n.s.
SI-> BI 0.14 -0.04 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x () Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Masculinity
Moderating effects through Masculinity
Difference| = Effect
o M =0: for M=1 Significant | (relevant
Weight (B) (Moderation)| when
L significant)
AtET -> BI 0.07 -0.15 n.s.
CA ->BI -0.01 0.30 o (%)
CA ->TI 0.47 -0.31 o (£)
Co -> BI 0.04 -0.06 n.s.
Co -> UB 0.04 0.25 * (+)
Com -> BI 0.09 0.00 n.s.
Com ->UB| -0.09 -0.19 n.s.
EE -> BI -0.05 -0.04 n.s.
EE > TI 0.00 0.18 * (+)
FC -> BI -0.02 0.01 n.s.
FC -> TI -0.08 -0.06 n.s.
FC -> UB 0.19 0.06 * (+)
Ha -> BI 0.26 0.12 n.s.
Ha->UB 0.14 0.00 n.s.
HM -> BI 0.11 -0.03 n.s.
PE -> BI 0.15 -0.22 * (*
PE > TI 0.04 -0.13 n.s.
PIn -> BI 0.11 0.18 * (+)
PIn -> UB -0.05 0.12 n.s.
PV -> BI 0.11 -0.07 n.s.
Re -> BI 0.02 0.04 n.s.
Re -> TI 0.38 0.26 o (+)
SA ->TI 0.09 0.07 n.s.
SI->BI 0.12 -0.06 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)
x (-) Significant negative moderation effect

Source: Own illustration
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Appendix 13: Moderating effects of the Group Technical determinants

Motor Power

Moderating effects through Motor Pow er
Difference| = Effect
— M =0: for M =1 Significant | (relevant
Weight (B) (Moderation) | when
® significant)
AtET -> BI 0.08 -0.13 n.s.
CA ->BI 0.15 -0.07 n.s.
CA->TI 0.37 0.00 n.s.
Co -> BI 0.04 -0.07 n.s.
Co->UB 0.18 -0.05 n.s.
Com -> BI 0.09 -0.02 n.s.
Com -> UB -0.15 -0.05 n.s.
EE -> BI -0.04 -0.05 n.s.
EE -> TI 0.05 -0.04 n.s.
FC > BI -0.04 0.00 n.s.
FC > TI -0.05 -0.13 n.s.
FC -> UB 0.26 -0.03 n.s.
Ha -> BI 0.29 0.04 n.s.
Ha->UB 0.14 -0.02 n.s.
HM -> BI 0.11 -0.04 n.s.
PE -> BI 0.04 0.10 n.s.
PE > TI -0.12 0.22 x* +-

PIn -> BI 0.13 0.14 n.s.
PIn -> UB -0.05 0.12 n.s.
PV -> BI 0.05 0.07 n.s.
Re -> BI 0.05 0.09 n.s.
Re >TI 0.45 0.00 n.s.
SA ->TI 0.19 -0.14 n.s.
SI->BI 0.06 0.07 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x () Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Driving Range

Moderating effects through Driving Range

Difference| = Effect
Path M =0: for M =1 Significant | (relevant
Weight (B) (Moderation) | when
® significant)

AtET -> BI 0.02 -0.03 n.s.
CA ->BI 0.09 0.10 n.s.

CA->TI 0.46 -0.26 * -
Co -> BI 0.03 -0.04 n.s.
Co->UB 0.09 0.15 n.s.
Com -> BI 0.04 0.04 n.s.
Com -> UB -0.17 -0.02 n.s.
EE -> BI -0.03 -0.09 n.s.
EE -> TI 0.04 0.02 n.s.
FC -> BI -0.06 0.06 n.s.
FC > TI -0.13 0.04 n.s.
FC ->UB 0.19 0.12 n.s.
Ha -> BI 0.30 0.03 n.s.
Ha > UB 0.23 -0.22 n.s.
HM -> BI 0.01 0.12 n.s.
PE -> BI 0.10 -0.05 n.s.
PE -> TI -0.04 0.03 n.s.
PIn -> BI 0.17 0.07 n.s.
PIn -> UB -0.02 0.02 n.s.
PV -> BI 0.13 -0.09 n.s.
Re -> BI 0.07 -0.01 n.s.

Re > TI 0.39 0.20 * +
SA ->TI 0.08 0.03 n.s.
SI-> BI 0.13 -0.04 n.s.

Significance level: * 5%, ** 1%, *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x () Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Charging Time
Moderating effects through Charging time
M=0: Difference Significant (rilfeff/:lt
Path . for M=1 ]
Weight (B) (Moderation) | when
® significant)

AtET -> BI 0.02 0.01 n.s.
CA ->BI 0.11 0.01 n.s.
CA->TI 0.40 -0.05 n.s.
Co > BI 0.07 -0.08 n.s.
Co > UB 0.14 0.04 n.s.
Com -> BI 0.07 -0.04 n.s.
Com -> UB -0.13 -0.10 n.s.
EE -> BI -0.05 -0.03 n.s.

EE -> TI -0.01 0.20 ** +-
FC -> BI -0.03 -0.01 n.s.
FC > TI -0.06 -0.10 n.s.

FC ->UB 0.14 0.19 * +
Ha -> BI 0.22 0.19 n.s.
Ha->UB 0.12 0.11 n.s.

HM -> BI -0.07 0.25 * +-
PE -> BI 0.11 -0.03 n.s.
PE -> TI 0.00 -0.09 n.s.
PIn -> BI 0.13 0.12 n.s.
PIn -> UB -0.03 0.05 n.s.
PV -> BI 0.19 -0.19 n.s.
Re -> BI 0.03 0.05 n.s.
Re -> TI 0.47 0.00 n.s.
SA ->TI 0.06 0.06 n.s.
SI->BI 0.14 -0.02 n.s.

Significance level: * 5%; ** 1%; *** 0.1%;, n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect

Source: Own illustration
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Appendix 14: Moderating effects of the Group Contextual determinants

Market availability
Moderating effects through Market availability
Difference| = Effect
Path M= 0: for M=1 Significant | (relevant
Weight (B) (Moderation) when
® significant)

AtET -> BI 0.03 -0.02 n.s.
CA ->BI 0.09 0.06 n.s.

CA->TI 0.49 -0.28 * -
Co > BI 0.04 -0.01 n.s.
Co->UB 0.10 0.10 n.s.
Com -> BI 0.08 0.03 n.s.
Com -> UB -0.11 -0.15 n.s.
EE -> BI -0.07 -0.02 n.s.
EE -> TI 0.02 0.06 n.s.
FC -> BI -0.02 -0.07 n.s.
FC > TI -0.10 -0.02 n.s.

FC > UB 0.09 0.27 a +
Ha -> BI 0.28 0.07 n.s.
Ha > UB 0.12 0.09 n.s.
HM -> BI 0.03 0.05 n.s.
PE -> BI 0.08 0.03 n.s.
PE -> TI -0.09 0.18 n.s.
PIn -> BI 0.13 0.14 n.s.
PIn -> UB -0.02 0.04 n.s.
PV -> BI 0.09 -0.06 n.s.
Re -> BI 0.07 -0.03 n.s.
Re > TI 0.46 0.02 n.s.
SA->TI 0.11 0.02 n.s.
SI->BI 0.02 0.06 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Charging availability
Moderating effects through Charging availability
Difference . an Effect
Path M= 0: for M =1 Significant | (relevant
Weight (B) (Moderation) when
® significant)
AtET -> BI 0.00 -0.07 n.s.
CA > BI 0.09 0.06 n.s.
CA->TI 0.36 -0.17 * -
Co -> BI 0.01 -0.05 n.s.
Co->UB 0.15 0.09 * +
Com -> BI 0.06 0.06 n.s.
Com -> UB -0.19 -0.06 n.s.
EE -> BI -0.06 -0.01 n.s.
EE -> TI 0.05 0.00 n.s.
EC -> BI -0.03 -0.05 n.s.
FC ->TI -0.12 0.01 n.s.
FC ->UB 0.25 0.04 * +
Ha -> BI 0.33 0.06 n.s.
Ha -> UB 0.13 -0.08 n.s.
HM -> BI 0.08 0.02 n.s.
PE -> BI 0.09 -0.21 et +-
PE > TI -0.02 -0.06 n.s.
PIn -> BI 0.18 0.09 * +
PIn -> UB 0.00 0.06 n.s.
PV -> BI 0.08 -0.01 n.s.
Re -> BI 0.11 0.09 * +
Re -> TI 0.47 0.08 n.s.
SA ->TI 0.10 0.15 * +
SI->BI 0.11 0.02 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Environmental impact

Moderating effects through Environmental impact

. Effect
Difference L
Path M=0: for M=1 Significant (relevant
Weight () (Moderation) when
® significant)
AtET -> BI -0.05 0.10 n.s.
CA > BI 0.20 -0.11 n.s.
CA->TI 0.34 0.09 n.s.
Co > BI 0.10 -0.18 n.s.
Co->UB 0.16 -0.01 n.s.
Com -> BI 0.07 0.00 n.s.
Com -> UB -0.14 -0.08 n.s.
EE -> BI -0.05 -0.01 n.s.
EE > TI 0.14 -0.18 * +-
FC > BI -0.11 0.11 n.s.
FC > TI -0.17 0.09 n.s.
FC > UB 0.18 0.08 n.s.
Ha -> BI 0.34 -0.05 n.s.
Ha > UB 0.10 0.08 n.s.
HM -> BI 0.08 -0.02 n.s.
PE -> BI 0.04 0.09 n.s.
PE > TI 0.03 -0.10 n.s.
PIn -> BI 0.23 -0.05 n.s.
PIn -> UB 0.05 -0.08 n.s.
PV -> BI 0.05 0.08 n.s.
Re -> BI 0.03 0.07 n.s.
Re > TI 0.52 -0.08 n.s.
SA->TI 0.03 0.15 n.s.
SI->BI 0.12 -0.03 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Policy & Incentives

Moderating effects through Policy & Incentives

. Effect
Difference L
Path M =0: for M= 1 Significant | (relevant
Weight (B) (Moderation) when
® significant)

AtET -> BI -0.02 0.06 n.s.
CA > BI 0.05 0.23 n.s.

CA->TI 0.52 -0.38 ** +

Co -> BI 0.16 -0.28 * +-
Co->UB 0.11 0.09 n.s.
Com -> BI 0.05 0.02 n.s.
Com -> UB -0.10 -0.14 n.s.
EE -> BI -0.03 -0.05 n.s.

EE > TI 0.02 0.06 * +-
FC -> BI -0.07 0.06 n.s.
FC > TI -0.09 -0.03 n.s.

FC -> UB 0.15 0.16 * +
Ha -> BI 0.31 0.01 n.s.
Ha -> UB 0.12 0.04 n.s.
HM -> BI -0.01 0.03 n.s.
PE -> BI 0.07 0.03 n.s.
PE > TI 0.00 0.00 n.s.
PIn -> BI 0.13 0.06 n.s.
PIn -> UB -0.06 0.12 n.s.
PV -> BI 0.02 0.15 n.s.
Re -> BI 0.04 -0.04 n.s.
Re > TI 0.42 0.18 n.s.
SA ->TI 0.03 0.16 n.s.

SI-> BI 0.18 -0.16 * -

Significance level: * 5%; ** 1%, *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (+) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect

Source: Own illustration




CHAPTER VIII — APPENDIXES 455

Appendix 15: Moderating effects of the Group Experience

Knowledge
Moderating effects through Knowledge
Difference| = . . Effect
Path M =0: for M=1 Significant | (relevant
Weight (B) (Moderation) | when
1 significant)

AtET -> BI -0.05 0.10 n.s.
CA ->BI 0.10 0.07 n.s.
CA->TI 0.32 0.12 n.s.
Co -> BI 0.06 -0.08 n.s.

Co ->UB 0.04 0.21 wE +
Com -> BI 0.05 0.03 n.s.
Com -> UB -0.18 -0.01 n.s.

EE -> BI 0.00 -0.14 * +-
EE -> TI 0.06 -0.02 n.s.
FC -> BI -0.03 -0.04 n.s.
FC > TI -0.12 0.00 n.s.
FC > UB 0.24 0.00 n.s.
Ha -> BI 0.34 -0.06 n.s.
Ha -> UB 0.14 -0.01 n.s.
HM -> BI 0.05 0.06 n.s.
PE -> BI 0.00 0.17 n.s.
PE > TI -0.06 0.08 n.s.
PIn -> BI 0.22 -0.01 n.s.
PIn -> UB 0.08 -0.14 n.s.
PV -> BI 0.03 0.11 n.s.
Re > BI 0.12 -0.09 n.s.
Re -> TI 0.49 -0.05 n.s.
SA ->TI 0.12 -0.05 n.s.
SI->BI 0.15 -0.10 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant

x (+) Significant positive moderation effect

x (x) Significant change in direction (inverted effect)

x (-) Significant negative moderation effect
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Familiarity
Moderating effects through Familiarity
M=0: Difference Significant (rilfef\e/:;t
Path . for M=1
Weight (B) (Moderation) | when
® significant)

AtET -> BI 0.04 -0.08 n.s.
CA ->BI 0.18 -0.10 n.s.
CA->TI 0.38 0.02 n.s.
Co > BI 0.01 0.01 n.s.
Co->UB 0.17 -0.01 n.s.
Com -> BI 0.01 0.12 n.s.
Com ->UB -0.12 -0.13 n.s.
EE -> BI -0.04 -0.05 n.s.
EE > TI 0.04 0.03 n.s.
FC -> BI -0.02 -0.06 n.s.
FC > TI -0.09 -0.03 n.s.
FC > UB 0.20 0.06 n.s.
Ha -> BI 0.38 -0.12 n.s.
Ha -> UB 0.03 0.20 n.s.
HM -> BI 0.01 0.08 n.s.
PE -> BI 0.09 0.00 n.s.
PE > TI -0.07 0.09 n.s.

PIn -> BI 0.09 0.23 g +
PIn -> UB -0.06 0.09 n.s.
PV -> BI 0.02 0.10 n.s.
Re -> BI 0.04 0.08 n.s.
Re > TI 0.49 -0.05 n.s.
SA ->TI 0.10 0.00 n.s.
SI->BI 0.16 -0.08 n.s.

Significance level: * 5%; ** 1%; *** 0.1%; n.s. = not significant
x (+) Significant positive moderation effect
x (+) Significant change in direction (inverted effect)
x (-) Significant negative moderation effect

Source: Own illustration






	20250721_autorizacion_director_eng_v2
	20250727_Dissertation_Steffen Berg_final



