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Abstract

Driverless Technology (DT) in the shape of Autonomous VehiclssMemerge as a
powerful catalyst transforming the future cascade of mobility, infrastructure, and social
wellbeing. Due to the proliferation of AVs, NZ is likely to seek a panacea against
challenges of ageing, congestion and road trauma. Public tsusfuintessential in
KFNYySaairay3a GKSasS GSOKy2f23ASad ¢NHzG Aa
promoting humanmachine interaction (HMI)Present day research lacked examining
this phenomenon and is mainly focused on optimistic technological oriemsif AVS.

User acceptance theories and modelsre originated to address the requirements of
Information Technology and most of these were neither qualitatively nor quantitatively
tested in real driving situations for autonomous and s@uionomous velales. Trust in

HMI is mainly considered as la-product of interpersonal human trust without
considering the institutional perspectivesthis warrants investigations into the user
acceptance needs to unfold trust dynamics, the applicability of existiagribs, and

linkages of interpersonal and institutional trust for driverless systems.

The study examined the trust impacting technology and governance factors in real
world autonomous driving environments. The study explored how dynamic trust evolves
through experience and interaction with a system and technology from initially learned
trust. In a mixed methods Multiphase Design research settings comprising four studies,
the study developed an AD Trust Acceptance Model, HMI AD Event Relationship
Identificaion Framework (HMADERIF), and an integrated trust and governance model
for adoption in NZ. The recommended AD trust Model has provided a way for the
researchers to fundamentally f&ssess and augment the various trust models and
theories present in théiterature today. HVHADERIF provides a guide for manufacturers
to make it easier to understand the chain of events and how the relationship with trust
affecting factors occurs during a single or continuous AD scenario. The study has also
developed a unige system dynamics (SD) model to accrue perceived societal and
technological benefits. The research provides profound insights into the likely AVs

diffusion timelines and a roadmap for the next 100 years till 2121.

Studycq 1 is based on a qualitative AV ustudy in live traffic conditions witBMW X5
xDrive40i SUV. Studyl is embedded in the main quantitative Stugy (SEM) in a



1l
concurrent embedded correlational design setting in PhakeStudyg 1 observed the
dzAa SNE Q Ay U S NLIS NA gl towwards fyidizing ke autbriomuzish iiwng £
(AD) corroborating factors. Study2 deployed an exploratory survey and tested seven
hypotheses using Structural Equation Modelling (SEM) and Confirmatory Factor Analysis
(CFA) with IBM SPSS and AMOS veBgoBtudy; 2 validated the integrated trust and
320SNYFyOS Y2RSt>X IyR O2yFANNVSR (GKS N2

interpersonal and institutional trust.

Studyg 3 employed the convergent parallel design with Studyconcurrently in Phase

2, ard developed a quantitative SD model for NZ using System Dynamics (SD) modelling
technique. Studyg 3 provided policy insights for articulating transport investment
decisions for shaping up driverless exystem. Studgn  dza SR mo SELISNI & Q
useful interpretations, realization of research outcomes and validation of trust and

governance framework.
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Chapter 1- Introduction

1.1 Overview

Chapter 1 delineates the research context in the AVs, leading to the scopindne@nd t
significance of this study. It explores the innovative driverless technology amid current
global and national settings. It emphasizes the role of holistic trust dynamics and co
evolution of autonomous technology and regulations for the successful amlot
autonomous vehicles (AVs) in NZ. It outlines the research gaps, the problem statement,
the research aim, objectives, questions, scope, and limitations. It provides a brief
synopsis of the research methods followed by the research contribution aatlyfim

summary of the subsequent chapters is provided.

1.2 The Context

Autonomous Vehicles (AVs) promise advantages for both society and individuals, such
as increased road safety, reduced emissions, improved traffic flow and mobility of
underserved anelderly disabled peopléisher et al., 2020, p. 2; Wintersberger, 2020,

p. 1) However, in this paradox of automation, where hun@arors can be significantly
reduced, other unintended consequences may slow down their adoption. It includes the
AYO2NNBOG dzy RSNR UG YRAY 3 2 7F (DizkHamN&Can, g0306 R &
Ekman, 2020a)The emergence of new types of human errors resulting in crashes
(Khattak et al., 202Q)and inappropriate and delayed policy interventiqitdordue et

al., 2020)

Approximately 1.35 M people die annually due to traffic accidents causing enormous
financial loss to the countries, amounting to 3% of their gross domestic pr¢didO,

2020) The road crashesill cost around $2 trillion to the world economy between 2015
-2030 (Shammut, 2020)NZ has witnessed a dramatic annual population change of
+96,400, leading to an estated 5.03 M resident populatio(s. NZ, 202@nd a rise of
120,000 people in the last three years only in Auckland. A similar rise in vehicles is
creating enornous congestions across the transport networks, causing extra 360,000
daily trips. Consequently, motorway speeds have declined from 64km/h to 55km/h
between 2014 and 2016 due to an increase in road accid@sman, 2017)In NZ,

crashes are expected around 400 annu@iDT, 202Q)Moreover, the Greenhouse Gas



2
(GHG) emissions from road transport have increased by (8&%an et al., 2019 he
deployment of AVs in the US alone to improve sattyld result in cost savings from
$355%$488 billion and reduce congestion by around $447 billion by 2050. It will result in
new job opportunities for new industries, manufacturers, software sectors and AVs
start-ups (Clements & Kockelman, 2017)his phenomenon signals perceived time
savings, ease of parking, fewer accidents, increased robotic developments, lower vehicle
emissions, better fuel ecomoy, and other societal benefi{f®irsehan & Can, 2020)he
COVID-19 pandemic and ever evolving user and environmental demands for
transportation could exacerbate the development and deployment of AVs around the
globe(Thakur, 2020Q)

Since AVaeed to interact not just with passengers but with pedestrians, fellow drivers,
and other road users. Their acceptability depends on the people's trust in the entire
driverless ecosystem. Trust is considered a lynchpin in determining the willingness of
people to rely on automation in uncertain situatioifsloff & Bashir, @15) It calls for
investigations into key influencing factors in autonomous driving (AD) for establishing
faith in driverless ecosystem and designing human machine interaction (HMI)

guidelines. Their successful proliferation in society requires an ipgis/e analysis of

dZA SNBEQ G(NHMaG Ay GKS SyGdANB agadsSy Ay 3Sy

particular using human factor (HF) reseaf@lang et al., 202@)ased on real time user

studies. In an earlier survey of knowing the public readiness for AVs among five
countries, narely China, India, Japan, US, UK and Australia, the top most concern among
b¥% LIJS2LX S Aa | 02dzi WGtAkezs&Charltgn, IDBPKy 2t 2 3 &

The COVIRQ 19 pandemic conditions are likely to accelerate the development of trust
for AVs in the long term to improve safety, deliver supplies, advancement in
infrastructure and day to day commerd®oll, 2020) Critical technology adoption
theories include the technology adoption model (TA@avis, 1989and the unified
theory of acceptance and use of technolo@yTAUT)Venkatesh et al.2003) which
enumerate various factors, including try$taur & Rampersad, 2018jowever, none of

the technology adoption models was formulated to address driverless technologies. The
burgeoning rise of AVs epitomizes an era of transformatiomdw business models
while at the same time it eclipses regulatory oversight. Several studies noted the gap

between technology and the regulatory regime that guides its implementation
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(Bonnefon et al., 2016; D. Jaghant & K. Kockelman, 2015; Lee & Hess, 202il)cy
makers and industry stakeholders have failed to fill the regulatory vacuum due to the
fear of accountability arising from various levels of autonomy in case of any untoward
situation (Shladover & Nowakowski, 201#Vs' absence of an appropriate governance
regime may ultimately compromise their proliferation and hinder market share profits,
reputation, and future electability(Winkle, 2016) The regulation transition from
traditional to autonomous vehicles needs to be correspondingly incremental, requiring
continuous reforms to accommodate changes in technology and infrastru@@ses/ton
& Meier, 2017) Earlier research has identified several policy challenges for testing the
vehicles and the widespread use of AVs, including safety, (cyber) security, privacy, cost,
liability, sustainability, infrastructure necessity, and licens{ily J. Faghant & K.
Kockelman, 2015; Taeihagh & Lim, 2019¥ regulatory framework is adequate for
vehicles with automated features such as lane keeping, automated emergency breaking,
collision mitigation, but it requires improvemenis terms of vehicles at higher level of

automation (level 3 and abovéfrleetPartners, 2020)

The core challenge is to bridge the gap between AV technology and general public
acceptance to adopt smarter solutions towards safer transportatidawadhi et al.,
2020) Human factors issues during interaction with AVs and formation of calibrated
trust based framework is essential for better realization and acceptance of this
technology(Sun et al., 2020; Tang et al., 202D) achieve the desired result, there is a
pressing need to identify the public expectations and trust needs, AVs implementation
challenges, and critical success fastmfluencing the adoption of AVs in NZ. Within this
context, scoping of this research study is done, primarily to arrive at a holistie trust
based framework addressing technology and governance challenges simultaneously for

AVs implementation in NZ.

1.3 Problem Statement

Driverless technology is at the forefront of the current Industry 4.0 revolution (4IR),
serving as a perfect lynchpin in connecting the digital and real world as an essential part
of a cyber physical system (CPS) in smart ¢Mesiftah et al., 2020; Pieroni et al., 2018;

Sell etal., 2019; Um, 2019his disruptive yet beneficial technology will assist in shaping
the future shared mobility paradigms, transport infrastructure, and urban landsdape.

will ensure road safety with the optimum flow, less congestion, improved environmental
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outcomes, efficiency, and productiviflp. J. Fagnant & K. Kockelman, 2015; Yan et al.,
2020) The global market in setiriving cars is estimated to reach $7.03 billion by 2021
and $21billion by 203%Du et al., 2021)The recent COVIP 19 crisis catalyzed the
proliferation of AVs in emergency and uncertain situations for driverless transportation,
contactless delivery, and increased safety within the folds of the autonomous Mebility
asa-Sevice (MaaS) value cha{Boll, 2020; MSCI, 2020n the other hand, criticism
towards AV deployment is geared towards job cuts, urban spradiced automobile

ownership, and other technical, financial, and social challefig&3ca et al., 2018)

NZ is set to gain long lasting benefits in the testing and deployment of AVs. The NZ
environment is presey marred with significant challenges. Including the growing and
aging population, traffic congestions, accidental deaths, rise in immigration, ill equipped
transport and road infrastructure, and lagging government legal stratggiés Frame,

et al., 2018; Geoscience, 2020; KPMG, 2020; MOT, 2020; S. NZP2@#d)acceptance

is essential for the widespread adoption of AVs in NZ and elsew¥easn, Wong, et al.,
2020) Generally, if societal and behavioural intemts align with technical innovations,

Al Attt fSIR (KeetteSaNR®@1)F OOSLIi | yOS

In humancentred transport research, the theoretical concept of trust is considered
critical in successful technical design features and acceptaf AVs. Trust realization

in the adoption of AVs demands observing how the conditions and factors affecting trust
change as the technologies become more intelligent based on experimental user and
ethnographic studie$Raats et al., 2020; Zhang et al., 20200 facets that materially
affect the trust dynamics include the extent of human interaction with the automation
technology tasks within the domain of human machine collaboration, so called internal
environment (Craig Morrisona, 2020)Secondly 8¢ (G KS SEGSNY It &
environment set in by governance and legal readiness structure as seen by user and
technology alike affects trustloff and Bashir (2015tressed the need to investigate
trust impacting factors in real world environments, explore situational and dispositional
factors. They arguabout the significance of multidimensional construct to study how
dynamic trust evolves through experience and interaction with a system and technology
from initially learned trust. Present day research is mostly focussed on the optimistic
technological aentation of AVs as a commercially viable and safe technological

enterprise. Existing literature lacks a broader view on the impacts (both positive and
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negatives) of AVs on social, behavio@dvoli et al., 2017; Cohen & Hopkins, 2@i)

legal arrangements, and public acceptability accessilgHity, Curl, et al., 2018)

These developments call for investigations into new methodologies in identifying
dzZa SNB Q | OOS LIl yOS NBF I dzvahahtyeSpoing ey ADKL@HS O 2
affecting trust, addressing HMI and governance challenges in live traffic conditions
outside simulated or controlled environments. It further asks for examining how and
why dynamic calibrated trust develops in specifiemg and conditions. There is a
pressing demand for interdisciplinary research to establish trust's theoretical and
methodological foundations in AVs. Moreover, there is a need to study the applicability
of various trust and automation theories and idegtthe significance of interpersonal
and institutional trust. These are noteworthy research voids in recent literature. This
study will try to determine the significant perspectives of driverless technologies within
the AVs context and find key AD factor$eating the trust while investigating the
challenges in adopting AVs locally and internationally. And in doing so, determine a
conceptual trust based framework comprising HMI and governance determinants for
AVs deployment in NZ. The research study willher explore this integrated trust
Y2RStUda GKS2NBGAOFt 2dzilLdzi G2 Gradz €Al S
at appropriate policy planning and guidance strategy for their successful deployment in
NZ.

1.4 Research Aim, Objectives and Ques

The research aim is to develop a holistic trust and governance framework for optimum
acceptability and adoption of Autonomous Vehicles (AVs) in New Zealand. To achieve
the aim, the research has three key objectives and ten research questea3gble

1.1). The graphical layout of the research study goals in the light of stated objectives is

shown inFigurel.1 below.



Tablel.1

Research Aim, Objectives and Questions

Research Aim

Objectives

Research Questions

To develop a holistic
trust and governance
framework for optimum
acceptability and
adoption of Autonomous
Vehicles (AVs) in NZ.

1. To exanme the critical
perspectives of driverless
technologies in the backdrof
of the deployment of AVs.

RQ 1.What is the significance and futuristic role of driverless technolo
AYOGSNYylFGA2yLtfEte YR t20Fffte gAGKAY
RQ 2 How COVIDB19, like panédmic crisis, can affect autonomous driving (#
technologies?

RQ 3.How can the cevolution of regulations and technology influence t
implementation of AVs in NZ and elsewhere?

RQ 4What are the perceived benefits and critical barriers for the deplaynog AVs
globally and in NZ?

2. To analyse the role of key
AD factors affecting trust
based on significant HMI ant
governance determinants fol
the implementation of AVs in
NZ.

RQ 5What is the significance of human factors (HFs) for autonomous d(iiDyf?
RQ 6.How do trust and useacceptance contribute to humanmg and adopting
autonomous driving (AD) technologies?

RQ 7.What are the key AD factors affecting interpersonal and institutional t
during humammachine interaction (HMI) for AVs deptognt in NZ?

RQ 8What HMI AD events are affected by key trust affecting factors during ht
C AV interaction?

3. To developand assess an
integrated trust and
governance framework for
the successful adoption of
AVs in NZ.

RQ 9.How to articulate a relabnship between key corroborating trust affectir
factors for developing an integrated trust and governance framework for
adoption of AVs in NZ?

RQ 10.1 26 (2 @AradzZtA1S | FdzidzNA&adAO
appropriate policy and guidancrategy for their successful deployment in NZ?
RQ 11.Develop an integrated trust and governance framework and examin
feasibility and validation for AVs deployment in NZ.
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1.5 Research Contribution

This research establishes the theoretical underpinnings of trust in AVs. It uses experimental
testing of AV in live traffic conditions employing BMW AV level 2, Statistical i&guat
Modelling (SEM), and System Dynamics (SD) Modelling techniques. It identifies key trust
affecting AD factors in NZ and determines a trust based framework for AVs in NZ. This holistic
framework captures the general public aspirations and addressesutiieef challenges for

the successful implementation of AVs in NZ.

Moreover, it provides valuable insights, guidelines, and deployment pathways for designers,
practitioners and regulators when developing HMI Systems for AD vehicles. Numerous earlier
studieson the subjec{Basu & Singhal, 2016; Brinkley et al., 2019; Hauslschmid et al., 2017b;
Kaur & Rampersad, 2018; Lee & See, 2004; Rahman et al.,&@183sed on conceptual
models developed by Mayor, Hoff and Lg#off & Bashir, 2015; Lee & Moray, 1992; Mayer

et al., 1995) These and other models such as TAM, UPAEIl, 2010; Davis, 1989; Osswald

et al.,, 2012; Park & Kim, 2014; deb et al.,, 2014; Venkatesh et al., 20Ga)l short of

I RRNBaaAy3d (GKS RNAGSNI Saa 2NJ aSYA RNAGSNI Sa
requirements holistically. Earlier research is generally based on simulation or user studies in
controlled envionments. These studies did not explore the linkages between interpersonal
and institutional trust perspectives and the applicability of automation acceptance theories
in the driverless technology domain. This study has attempted to follow a practicalagpr

of creating a calibrated trust framework for the AD system within an HMI design process. The
research study outcomes are in line with the NZ Technology Action Plan, NZ Ministry of
Transport AVs Work Programme and Regulation 2025 Project, and NZ3yfopdiesting AVs

in NZ(MOT, 2021; NZTA, 2021)

The main research contributions inclydgl) AD Trust Acceptance Model for Driverless
Technology (DT)X2) HMI AD Ewet Identification Relationship Framework (HMIIADEIRF)
giving insights regarding dynamic trust development process to HMygmEsand other
stakeholders, (BIntegrated trust and governance model for optimuntegtability of AVs in
NZ, (4 A quantitativesystem dynamics model for observing the futuristic diffusion timelines
and deployment roadmap for AVs in Nahd (5 Provision of a comprehensive checklist for

NZmanagers The detailed contribution of this study is deliberated in Chapter 5.



1.6 Researk Methods

This mixed methods Multiphase Design research is based on Concurrent Embedded Design
Correlational Model and the Convergent Parallel Design in two phases adopting the Pragmatic
Paradigm and Design Science Research (DSR) apppbadec 1 comprsed Studyg 1 (AV

User Study) and Study? (SEM). Phasg2 comprised Study3 (SD Modelling) and Study

6 9 E LIS NJi & QDSRys difideddintdtiiree stayes of plevelopment, development and
L2ad RS@St2LIVSyd adl 3S difically groQriled 3dutions thsalve@ 2 R S ¢
real world problem, thus establishing a link between theory and pra¢Roeha et al., 2012)

The fundamental DSR requirements accepted by all schools of thought is to validate the
artefact development using existing theories and guideliftesterle et al., 2011)n a socie
technical context, the artefact is influenced by the environment in which it operates. Various
authors suggested steps for conducting @EBImMstrom et al., 2009; Lukka, 2003; March &
Smith, 1995; Vaishnavi & Kuechler, 2004; Vaishnavi & Kuechler, 2015)

A core research criterion as conceived by DSR is ttca Seamework based upon the
connection between relevance (context of design) and rigor (the business/environment) and

the scientific knowledge base built by previous resedfeaish & Piirainen, 2015; Drechsler &
Hevner, 2016; Hevner,200®) LYy | RRAGA2Yy S 5{w ARSYUGAFTFASA
R G(Krigokapig{ 1 21 2 9 h QuyuSuppldmEntsihe strengths and weaknesses of
gualitative and quantitative datéAmaratunga et al., 2002; Johnson & Onwuegbuzie, 2004)

The design commences with the awarenesthefproblem occurring due to innovation in the
shape of AVs, i.dack of trust as a significant determinant for the adoption of AVs technology

in NZ After awareness of the problem in stagel (pre development stage) of the process,
during stage; 2 (developmental stage), various issues, including people aspirations and key
challenges in the adoption of AVs, are explored. First, an AV user study in live traffic conditions
is carried out in collaboration with BMW NZ Group using Autonomous Level 2 BNMAOK3

SUV Vehicle to finalize trust affecting AD factors in HMI and governance domains. SEM
follows it to investigate and validate the framework relationships. In the eselopment

stage, the data accrued from the literature review, user study, and MBdklling process is
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used to develop an SD Model as a justification of framewsgkTablel.2). Then framework

dzi At AGe OKSO1l A& OFNNASR 2dzi §KNRJAK SELISNIa

Tablel.2
Research Study Methodology

Purpose Research Research Data
Approach objectives and Collection
Questions Techniques
The Pre Development Stage
To develop a problem statesnt,  Literature Obj-1 and 2 Content
research aim, objectives and Review RQ1, 2, 3, 4,5, 6, Analysis
significance of the study
Research Approach Design
Science
Research
The Developmental Stage
Designing and Development HMI Mixed Obj-2,RQ 8 User Study
Trust & Governanc€onceptual Methods Ob} 3,RQ9 Survey, SEM
Framework
The Post, Development Stage
Justification of Framework Mixed Ob}3, RQ 11 System
Methods Dynamics
Modelling
Framework Utility Check Experts
Interviews

In an embedded design, the quantitative and qualitative studssdy 12) seek solutions

regarding two different research questions within a studyicurrently i.e. RQ8 and R he

research obtained qualitative data (used as a subservient role) to develop predicting relations

in a larger SEM quantitative studyn phase2, the Convergent Parallel Design is pursued
whereRS&aA3dy aSS1a (2 az2o00l Ay Riithets&dmMeBopicsThé dzi 02
integrated results are triagulated during interpretation.The study ¢ 3 incorporates
guantitative System Dynamics (SD) modelling technique, and gtddyses semi structured
SELISNIAQ AYGSNBASsE O LAl den3tudyd?2. The data 8nd resits) R G |
from study ¢ 3 and studyg 4 are collected simultaneously and merged in the research
implications. In the end, these interviews and convergence of data assisted in inclusive
researt analysis ath interpretations.The study¢ 4 examines thefeasibility of integrated

trust and govenance frameworland after validation provide reenmendation for adoption.
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Thestudies seek to interrogate practical and pluralistic approaches that allow a combination
of methods to articulate the actudehaviour of participants, the beliefs and consequences
that follow from their behaviouallowingmethodological pluralismit assisted in utilizing the
logic of inquiry through deduction (testing of hypothesis and theories developed during the
process), achieving complementary strengtiXetails of the research methodology are

disaussed in Chapter 3.

1.7 Research Limitations

This researchtsdy was affected by nog availability of AV manufacturers and technology
experts in NZ. Moreover, there is less technical and legal irmwamong the general public,
industrial stakeholders, and policy makerkisicould be due to a small market economy and
no wider implementation and usage of these vehicles in NZ. Therefore, the researcher has to
gather the most qualitative data from overseas experts and academicians in autonomous
technology, robotics, Al, anduman factor engineering from the UK, Germany, Sweden, and
Australia. Moreover, the present pandemic crisis of CQMI®, physical contact restrictions,

and lock down affected the production dnsupply of AVs, hampering the usdudy
investigations at cfical junctures. Therefore, it was not possible to use AV level 3 vehicle as
it is still not available in the market. Level 2 vehicle with most of the functions of Level 3
vehicle given by BMW NZ Group was employed during user study. Additionally, che to t
current maturity of marketing and manufacturing forces in NZ and abroad, only broader
functions and key factors were observed, tested and presented. Detailed limitations of this

research study and future directions are noted in Chapter 5.

1.8 Thesis Qpanisation

This thesis ecompasses sevarhapters. The first two chapters describe the literature review
through updated content analysis according to the research aim and objectives. The third
chapter delineates the research methodology utilized. Thetfoahapter presents findings,

and the Fifth chapter provides discussion and highlights research implications. The brief

synopsis of the chapters is as follows:

Chapter 1 It introduces the research context outlining the significance of driverless

technolog in AVs. It highlights the background, followed by a problem statement indicating
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the research gaps and potential benefits of this study. Later, the research aim, objectives,

contribution, methods, limitation, and thesis organisation is described.

Chapte 2. It examinegritical perspectives of driverless technology within AVs context, co
evolution of regulations and technology, and the impact of the present CQY3pandemic

on AVs proliferationit discusse$ * Bigibrical background, infrastructurequirements, and

control systems.lt provides insights intchuman factor engineeringautomated driving

O2y NRfas K2¢ ldzi2aYFdA2y 62NJas FyR GKS RNAO
identifies the potential opportunities and critical b&rs for AVs implementation and

observes public opinion and expectations at home and abroad. The chapter observes the key
AYyTFEdzSYyOAy3d FILOG2NR F2N) !'5 FyR 2214 Fad GKS
awareness, feedback, and training in thesuenption of control. Additionally, the research

identifies the significance of cyber securitprivacy, liability, safety, technology and
infrastructureissuesAt the end, it provides a summary of the critical AD barriers for adoption

of AVs.

Chapter 3.The Chapter describes the significance of trust and user acceptance in driverless
technology and highlights various trust taxonomies, theories, models, and frameworks
present in the literature. It also delineates the role of interpersonal and institutitroat to
formulate a holistic trust and governance framework for AD inliNZhe end, it provides key
researchfindings,conclusions and implications arising from the literature review of Chapters

1 and 2 and identifies seven hypotheses within the corttekliterature.

Chapter 4 This chapter highlights the research methodology. It delineates the research tools
and techniques utilized. It provides the philosophical and theoretical perspectives within the
Pragmatic Paradigm philosophically and DSR agprteeoretically. It describes the detailed
process of harnessing mixed research methodologies utilimgphase Design comprising
ConcurrentEmbedded GrrelationalModel in Phase 1 and Convergent Parallel Design Model
in Phase 2Moreover, the chapterprovides justification, data collection, and analysis
techniques for four research studies to formulate a holistic Trust and Governance Framework

for successfully deploying AVs in NZ.
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Chapter 5 It presents the resultef Study 1 to 4 to support and valigathe research aims

and objectives. It highlights Studyl findings based on the user study carried out with BMW
AV level2/3 vehicle on Auckland roads in real time conditions. This complementary user study
assisted in confirming the significance of cati influencing factors within the context of
literature in different usage phases and classifying them into two groups. The chapter
identifies three phases, eight events and nine trust influencing factors and formulate the HMI
AD Event Identification Relanship Framework (HMADERIF). Then it finalizes the key trust
affecting AD factors in HMI and governance categories. Next, through extensive analysis of
305 respondents from an online quantitative survey research on Qualtrics platform and user
study, itascertains 15 barriers/concerns in the human factors domain and 17 AV adoption
preferencesAfter incorporating the finalized results of Study 1 and 2, it presents the result
of SEM and CFA using IBM SPSS/Amos version 26 to validate the integrateddeisamal

the linkages of interpersonal and institutional trust. It also identifies another integrated
Y2RSt F2NJ QGFfARIFIGAY3a (GKS NRBES 2F WOiNMzZAGQ I a
is followed by the result and findings of Stugl® for projection into AVs diffusion timelines

in NZ till 2121. Finally, it interprets and validates the studies through thematic analysis of
SELISNI&Q AYyiSNWASsad

Chapter 6 Thischapter synthesizes the findings from Stugy to Studyg 4, and deliberates
on the esearch case in the backdrop of the research aims and objectives within the context
of literature. It is followed by a detailesynopsis of research insights atineé uniqueness of
researchandcomparison with earlier researches in the fiekt the end,tiprovides summary

of the findings to realize the research aim and objectives.

Chapter 7.The Chapter concludes the research and delineates its distinct contribution to the
immediate discipline and wide body of knowledge covering a broad range of dissiplin
provides final comments on the significance, innovativeness and contributions of four studies.
The Chapter presents significant implications for private and public sectors in NZ besides
articulating concrete measures for restructuring the policy aragmatic decision making in

the country for successful deployment of AVs.
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Chapter 2- Critical Perspectives of Driverless Technology within
Autonomous Vehicles Context

2.1 Prelude

This chapter provides a detailed account of AVs, including historieakgbound,
infrastructure requirementsand control systemslt highlights the critical perspectives of
driverless technology within AVs context;@eolution of regulations and technologand the

impact of the present COVIPL9 pandemic on AVs prolifaran. It describes the significance

2F L dzYky CFOO2NR o1 cao 2y |dzizy2Y2dza RNRAR DAY
mental model, situation awareness, trainirand role of anthropomorphism. Then it looks
comprehensively at AVs perceived beneditel critical challenges to realize key autonomous

driving (AD) factors for successful adoption of AVs.

2.2 Introduction

Future mobility concept within the ambit of smart cities agenda is characterized by the rise
of sustainable vehicular technologies amdeiligent transport services (ITS) using big data
based networks and cloud servicdkanaméki, 2021; Yigitcanlar Tan et al., 2019)
Undoubtedly, AVs are one of the most advanced innovations in automated technolbiph
utilizes numerous ITS too(faisal et al., 2019)These are considered capable of making

decisions without human interference while facing uncertainty.

To understand and evaluate the phenomenon of the acceptabili\, it is imperative to
comprehend the dynamics of driverless technologies and the role of human factors (HFs)
involved in autonomous driving (AD). This requires insights into the emergence, working
mechanism, recent developments, and the futuristic impafcAVs technologies. Moreover,

it needs to identify key enablers and barriers that restrain the adoption of AVs in the
technological and governance/legal readiness domain. This will help define the key AD factors
to formulate a holistic trust and governae framework towards the smooth transition and
adoption of AVsFigure2.1 illustrates the details of the literature review of this study divided

into chapter 2 and chapter 3.
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2.3 Automated Driving Historical background

To pursue the dream of autonomy, the vehicle design was first practically sketched by
Leonardo Da Vinci in the shape of a gebpelled carriage in 1478 for Raissance
Festival(Fuller, n.d) Vehicle automation was initially conceived in 1gP&ndleton et
al., 2017) and General Motors first introduced the concept of AVi (G KS Mo ¢ 2
Fair(Shladover, 2018)Automated Vehicle (AVs) can be defined as:

GXOBSKAOf Sa GKI G A yityisysRE (ADS) that ézii 2 YI G SR

capable of monitoring the driving environment and controlling the
dynamic driving task (steering, acceleration, and braking) with limited

2NJ y2 KdzZ\NTE, 201§, pJdxi €
In the 1950s, General Motors, in collaboration with Radio Corporation of America
Sarnoff Laboratory, carried out initial research & developn{&fmiadover, 2018)n the
ensuing decades, from 1964 to 2007, several other R&D projects were initiated. A series
of prototypes were developed in the US, dapand Europe (Forrest & Konca, 2007),
including automated bus and truck platoons and smart vehicle systems. An automated
trip under the European PROMETHEUS projech@1980s was carried out on public
roads from Bavaria to DenmariBillington, 2018) At the same juncture, the U.S.
Defence Department developdte first automated ground vehicles (AGVS) to support

ground forces whiclarestill in progress.

During the 1990sthe US Department of Trapsrt (USDOT)n collaboration with the

National Automated Highway System Consortiucommenced $90M Automated

|l A3AKgl& {2adSYy o6!1 {0 LINRZBINIYY Odzf YAYl (A
automated driving in cars, trucks, and buses on Interstate 15 in &ao Bitnessed by
thousands of people. It created a paradigm shift in public consciougRresser et al.,

2020) At the same time, Japan carried out Demo 2000 in Tsuksiawing AV
capabilities through Advance Cruise Assist Highway Reseh Association and
emphasized the role of infrastructure supported systems.tHa late 1990s, the
European Commission kiskarted tests of platooning automated heavy trgda public

roads underthe European CHAUFFEUR proj@&ttladover, 2012)The surge in these

efforts occurred through the Defense Advanced Resedrdi2 2 SO a ! 3Sy Oeé C
Grand Challenges Program in the US in 2004280d. AVdraversed the desrt terrain

and urban roadsand the top three finishers were Carnegie Mellon University/General
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Motors, Stanford University, and Virginia Tech, respectivEhese vehicles handled

variouschallengingsituations including traffic circles, fouway stops, parking lots, and

road obstacles manoeuvring among hurrdniven vehiclesPendleton et al., 2017
Shladover, 2018)These efforts catalp R D 2 2 I-dri¥irQ &rividgSar Hrogram in

2010k YR o0&

HAMT

D 2 2 3 ffi8shai thleemilfoSriilésTriving witkanh

four USstates. Volvo introduced its first AV in 20and today, Audi, BMW, Mercedes

Benz, Nissgrand numerous other companies Vaalready ventured into this market

(Faisal et al., 2019A list of important project details regarty AVs is given ifiable2.1

below.

Table2.1

History of AVs: Important Milestones

Year

1977

1980

1987-1995

1995

1997

2000-2002

2000

2000-2003

2001

2001-2004

2001-2004

2001-2005

2004-2008

2005

2007

Event

The first self-driving wvehicle built by Tsukuba
Mechanical engineering lab

Project of Ernst Dickmanns at Bundeswehr

Universitdt Miinchen

PROMETHEUS Project (European Commission)

CMU Navlab "No Hands Across America Project”

Automated Highway System Demo’97

CARSENSE(European Commission)

Advance Cruise —  Assist Research

Association Demo 2000 (Japan)

Highway

CHAMELEON (Europe)

DARPA (The Defense Advanced Research Projects
Agency) Demo llI

CarTALK 2000 (Europe)

ARCOS (Research Action for Secure Driving) (France)

INVENT  (Intelligent traffic and user-oriented

technology) (Germany)

PREVENT (Europe)

DARPA (The Defense Advanced Research Projects
Agency) Grand Challenge Il

DARPA Grand Challenge |

Information

It runs at 20 miles per hour and tracked white street markers up to 50
meters.

Vision-guided Mercedes-Benz robot van travelled at 60 miles per hour
on streets without traffic.

The car drove in traffic with speeds exceeding 110 miles per hour on
German Autoban.

The car traversed 3000 miles autonomously. Human input was needed
for throttle and brakes.

More than 20 full AVs operated on a highway in San Diego, California.
Slow speed driving with complicated situations of traffic jams using a
wide range of sensors including stereo camera vision, lasers and radars.
Thirty-eight cars, buses and trucks used driver information and control

assist systems employing magnetic sensors on the road.

The system used a sensor for obstacle detection and crash prediction.

Unmanned ground vehicles traversed rugged off-road terrain, avoiding
obstacles

Funded project to control inter-vehicle distance, collision and lane
departure avoidance, reducing accidents by 30%

Focussed on new driving assistance system based on inter-vehicle
communication

The prototypes were tested in Magdeburg City to improve traffic flow
and safety.

This system warned drivers in hazardous situations and tested safety
applications.

AVs race in a desert environment with no traffic. Stanford Uni team won
therace.

AVs race in Urban environment conducting military supply mission.

Note: The list of major AVs tests and trials frAotonomous Cars arflocietyby Forrest. A and Konca.M,

2007.Department of Social Science and Policy Studies Worcester Polytechnic Institute Worcester, MA

01609.
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2.31 AVs technologies and infrastructure

AVs perceived superiority to the human driver is a function of fegd computing
supplemented by vehiclgoqvehicle (V2V) and vehi@g®cinfrastructure (V2I)
communication enabling AVs to learn fas{€aeihagh & Lim, 2019\Vs can be defined

a4 Ga@SKAOEtS&a Ay @KAOK [|-criticdl Shtdlfunciich ., | & LI
steering, throttling, or brak y 30 2 O0dzNJ ¢ A (i K 2 d@unnRgh&B O R
Regan, 2015; NHSTA, 2028Ys operate on athreeJK a8 S RSaA 3y qy26Yy
plangl Ol ¢ SYLX 28Ay3 | O2YOoAylLdAz2y 2F NIR
systems (Bagloee et al., 2016)AVs carries out a variety of functionscluding
localization, path planning, controland management. Whereas, Connected
ldzi2z2y2Y2dza #SKAOfS Aa |y a!+x (GKFd O2YYdzy
A Y T 2 NXHaisakea) ,£2019)

AVs uses a combination e&nsors, machine learning systems, actuators, ultrasonic and
inertial measurement unit, and complex algorithms to process software and carry out
travel without human involvemen{Singh & Saini, 202®)Thé sensors collect reine
data of the environment comprising geographical coordinates, speed and direction of
AV, its acceleration and intervening obsta€l@drooj et al., 2018)The key feature of
the AV is the advanckdriving system (ADS). TBAE (20213tandard J3016 defined it
as:
G¢KS KINRgI NB thdt yalR colleztifely sdapaile of
performing the entire [dynamic driving task] on a sustained basis,
regardless of whether it is limited to a specific operational design
domain; this term is used spegifically to describe a level 3, 4, or 5
drivingautoma2 y aeausSYé oOLJd ov o
The end goal of ADS is to drive the vehicle to its destination safely, efficemdljegally
(Fisher et al., 2020)ADSs will fornthe core of the Driverless Technology ecosystem
comprising AVs, monitoring centreed road infrastructure. The car navigation system
is equipped witha global positioning system (GPS) to colleciation information. The
location system employaninertial navigation system (INS) to fitite relative location
of AV(Farrell & Barth, 1999HD map is an electronic mé#pat stores trafficand road
facilities(Zhao et al., 2018Path planning is done by map matching.
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To perceivethe environment, AV uses laser, visuahd radar perception. In laser
perception, cloud data of target point, shap® location is generated using the concept
of reflection time and signal strength. Light Detection and Ranging (LIDAR) is employed
for collision avoidance and emergency braking by emitting multiple laser pulses per
second.After colliding with the surrounding objects, the reflected pglszeate a 3;
dimensonal representation by calculations based on the speed of the light and distance
covered by the pulse. Radar perception relates to measuring distance by calculating the
time taken by the transmitted wave to return. Information acquisition is an essential
requirementfor localzation and perception. Vehicular dtbc networks (VANETS) apply
the principles of mobile athioc networks (MANETS) to the vehicle domaithimcase of
connected carg§Sheikh et al., 2020Advanced Driver Assistance Systems (ADAS) control
trajectoriesoverridedriving commands to avoid a collision. Actuation technolqgies
throttle, computer control steering, brakingand transmissionare mature enough
However, embedded control software development, intgehicular communication
and reattime doud computing support are real technical challen{f@abak et al., 2017,

Tokody et al., 2018)

Additionally, some challengeseed to be addressed to achiewe full automation
scenario It includesvehicleg to ¢ X connectivity (V2X) comprising vehgtte;vehicle
(V2V) and vehictgocinfrastructure (V2I), Decision control algorithms, digital
infrastructure (road automation). These compristtic and dynamighysical world
representations human factors, sensor paeption in poor weather and unfavourable
lighting conditions, HD Mapping, simultaneous localization and mapping (ShAd/),
roadworthiness testingSmith & Svensson, 2015; Van Brummelen et al., 2088)
control systems include lateral control and longitudinal controls. Lateral controls relate
to steering for path planning. Longitudinal controls assist in speed control and regulate
avS KA Of SQa (Qbabak &t &l., D] afef@licanirol keeps the vehicle time
chosen lane and comprisdsane Departure Warning Systems (LDWS), Lane Keeping

Assist System (LKA), and parallel parking assistance.

Longitudinal control assists inrivard and reverse directions and includear parking
assistance, adaptive cruise control (ACC), which controls the vehicle's repetice to
the vehicle in front, and prerash bakeassistanc€Forrest & Konca, 200./igure2.2

highlights various AV Technologies.
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Figure2.2
AV Technologies
’;.7 S Y W—
/ N
Algorithms
B 5 Secure coms.
Processors
5 HighRes Map J
“\_\* L
Long-range radar E-J LIDAR (laser scan) ~ Camera Short/medium-range radar Ultrasound
- ) _
Digital / Cyber Infrastructure Physical
Road (static) w21 Pasitioning
Lay-out / Surface vai 12v ignal Phase and Timing
Intersection design 12v MapData Messages
Dedicated lanes \ High Definiticn Maps
::f;::mg Automation
Road (dynamic) .A Dynamic data
Signage Real Time Traffic Information
Trafe bghis val _ L4 Vehicles \:me e e Horzon
Serso iy Intelligent Vehicles Rader  Lidar Y:‘: Traffi Tn:uamc Moot
adar, Lidar g t
H g GNSS X ¢ Hanagemen
{ Womap — — |
\nyehices sgnage  Intefigent Infrestructurs g B E o :
Automotive Cyber - Phy-lnl Systems Smart City - I Rear-Facing
Mul‘ ﬂuem swtem Networked society ‘e Y Camera
-electromechanical systems Safe and green mobilty \
“\nleHigenl“ tyres

Smart Mobility

Note: Technologis allow AVs to sense, plan and act in responstgéadynamic driving environment.
FromAutonomous Cars and Socidty Forrest. A and Konca.M, 2007, Department of Social Science and
Policy Studies. Copyright 2007 Worcester Polytechnic Institute Worcéder)1609 andSafety and
security through the design of autonomous intelligent vehicle systems and intelligent infrastructure in the
smart city(p.384396) by TokodyD., Albini, A., Ady,.,Rajnai, Z., & Pongrradz, 2018, Interdisciplinary
Descriptionof Canplex Systems: INDECS, 18§3

2.3.2 Recent Developments in AVs

Recent developments are exacerbated in the backdrothefCOVIDg 19 pandemic
(McBride, 2021)Applications and services based on VANET technology comprise prior
warnings about accidents, fogand black ice, nifications about crasés and
construction on roads, ovespeed and traffic signal§¢Singh & Saini, 2021) eading car
manufactures suclas Ford, BMW, Kia, Hyundai, Honda, Toyota, MercedBenz,
General Motors, Nissan, Volvand Volkswagen incorporated emergency breaking,

smart parking, serrautomatic pilot drivingand accident warninNHSTA, 2020)
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Partnerships between car manufacturers and technology companies like BMW
Daimler Mercedes in Europe, Fordl Argo irthe US,and others havenabled further
advancement in AVéFaggella, 2020; McBride, 2021; Van Brummelen et al., 2018)
Amazonexperimentedwith autonomous package delivery and invested jointly with
Google and tesla for AV robot Amazon scduts forecasted that AVs are likely to
constitute aroundb0% of vehicle sales, 40% of all vehicles travel and 30% of eddyicle

2040.Figure2.3 depicts a brief synopsis of competition between various car giants.

Figure2.3
AV Competitors

—— a J gg 7 ﬁ

BMW Mercedes-Benz Nissan Google General Motors
VEHICLE 5 Series S 500 Intelligent Leaf EV Prius and Lexus Cadillac SRX
(modified) Drive Research (modified) (modified) (modified)
Vehicle
KEY Video camera tracks Stereo camera sees Front and side radar LIDAR on the roof Several laser sensors
TECHNOLOGIES lane markings and objects ahead in 3-D detects objects
reads road signs Camera around the car in 3-D Radar
Additional cameras
Radar sensors detect read road signs and Front, rear, and side Camera helps Differential GPS
objects ahead detect traffic lights laser scanners detect objects
Cameras
Side laser acanners Short- and long- Four wide-angle Front and side radar
range radar cameras show the Very accurate map
Ultrasonic sensors driver the car's Intertial measuring
Infrared camera surroundings unit tracks position
Differential GPS
Ultrasonic sensors Wheel encoder
Very accurate map tracks movement

Very accurate map

Note: Many car makers are manufacturing prototype AVs capable of drivoggtain situations. From
Autonomous Vehicles: challenges, opportunities, for transport policies (|828% by Baglooe. S.A.,
Maijid, T., Asadi, M., and Oliver, T. 2016. Caglyt Journal of Modern Transportation.

Seltdriving Software Company Aptiv collaborated with Lyft and did 100,000 plus rides
in Boston, Las Vega, Pitts burg, Shangirad Singapore. Audi unveileghautonomous

A8 vehicle along with its merger with Argb Bidi Chuxing is testirigpbo taxis. General
Motors (GM) has teamed up with Honda and Lyft for cruise automation. Huawei
partnered with BYD to produce leaost LIDAR products and Russian autonomous giant
Yandex for affordable driver assistance technolo@gsla partnered with Baidu in
January 2020 to use its mapping débasights, 2020) A bird's eye view of the recent
developments in AVs is depictedrigure2.4.
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Figure2.4

AVs DevelopmentsRecent Milestones
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truck in North vehide. warehouse and a sm'nmonedué'nga vehicle- makers SAIC focal deliverios in ride-sharing with no eccident in Arzona. around US$900
America to indude g terminal in smartphone app. and BMW and aa physical driving million, to support its
automated Jankdping. 2 ride-hailing company & controls and room Israeli-based AV unit
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Note: KPMG (20202020 Autonomous Vehicles Readiness Ifidex https://home.kpmg/uk/en/home/insights/2020/07/202@&utonomous

vehiclesreadinessndex.htm
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2.4 Significance of Driverless Technology

Driverless technology comprising automation, electrificatiand sharing is likely to
alter the urban landscape and future mobilifAgriesti et al., 2020, p. 45)it is a
collection of automation control technology, artificial intelligence, visual processing, and
pattern recognition. Presently, novice unmanned driving technology is gradually gearing
towards fully autonomous driving (FADJrictionality by improving accurate algorithms,
advanced cloud platforms, deep learning capabilities and autonomous deaoms&img
capabilities(Liang, 2020)According to the US Department of National Highway Traffic
Safety Administration (NHTSA), 94% of severe traffic accidents happen because of
human errors(NHSTA, 2020AVs promise to eliminate human errors in traffic using
sensors, camas, light detectionand global positioning systems (GPS) technologies.
AVs employ various safetyitical control functions such as steering, throttle, or braking

without direct driver input(Dirsehan & Can, 2020)

AVs use Artificial Intelligence (Al), Deep Learrand reaitime HD mapping to ensure
safety durng driving (Jones, 2017)AVs are likely to revolutionize future mobility
paradigms, improve safety and environmahimpacts(Litman, 2020; S. Wang et al.,
2020) and open new travel options for the elderly, disahledd underage persons
(IRGC, 2016)hese technologies will shift a considesbhare of the mobility market
G tdzS Fglke FNRBY LINPRaEZOSINID AICRSEF NRaal |6 Yo2dD Alf A
transportation, automotive, software, hardware, and data servigdzzuto et al., 2020)
Nonetheless, the real disruption from autonomous drivifAD) will come in road
transport, enabling efficient sharing of vehicles and the use of muobility modes as

a lastmile connection. Seffriving cars will reach 4.8 million units in 2035, and their
value may reach $ 200 billiek®00 billion in 202%Agriesti et al., 2020)Although AVs
caused occasional fatal accidents, either on drivers or pedest(MnSB, 2019a, 2019b),

they prevented serious pedestrian injuriéBBC, 2016)

Generally, the public is inclined towards AiRdel et al., 2014)However, these
attitudes might vary depending upon the user experience and offering of the
automation levelgKyriakidis et al., 2015AVs$decisionrmaking capabilities are likely to
gather detailed situation awarenesstime future, capable of anticipating and reacting

to complex situations better than humafgidussain & Zeadally, 2018; Karnouskos, 2020)
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It is believed that environmental perception technology, driver assistance syséems

automotive safety electronics are key driverless technologies. These techndlogjiers

safety, energy conservation, market demand, Hig\el perception, advanced road

facilities and related legal provisiontiang, 2020)The automotive future is perceived

to be electrified, autonomous, shared, conde§ R

'y R &S (Kdkihedt etddLJRI G S

2018) Connected and Autonomous Vehicles (CAVs) amsidered a subset of Cyber

Physical Systems (CPSs) comprising digital software platforms, physical infrastructure

and human components in highway transportatigmu et al. 2020)

Environmentally, AVs are likely to reduce energy consumgiidedud et al., 2016and

avoid environmental degradatiofBagloee et al., 2016As well aoptimize fuel usage

(Mamouei et al., 2018)ower emissions and air potlans (Bauer et al., 2018and noise

nuisance (Nikitas et al., 2017)But reduced congestion will only takdape with

dedicated lanes to allow platooning, as showrrigure2.5 below.

Figure2.5
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to 2060 and onwards.From Autonomous vehicle implementation predictions:

Implications for transport planningy Litman, T. Copyright 2020. Victoria Transport

Policy Institute Austrai.
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Earlier research indicated that AVs would be ooencially available from 2030 to the
2040s However, these will be costly and likely to become affordablehgy2050s
(Litman, 202Q)Moreover, it ispredicted that half of the new vehicles and half of the
vehicle fleet will be autonomous by 2045 and 2060, respectiitetynan, 202Q)Figure
2.6 belowhighlights the AVs technology proliferation timeline.

Figure2.6
AV Technology &tning and Impact Project Timeline
Fully autonomous Vehicle sharing Fully autonomous
motor vehicles operators using b y ilabl
available autonomous technology TS ks

Support large—shn:.a:e If autonomous vehicles If autonotmousb vehic
autqnomaus VEI icle prove to be effective and Erov? . ID it e Ve
test.mg. !—Zva uate common, consider ene 1c1.a , it may
their benefits and IEEE, 2014 dedicating some highway appropriate to restr

costs under actual lanes to their use. human-driving.

operating conditions.
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autonomous vehicles 1mpl?fﬁ9"ta“°" . 'for vehicles, it may be

operating on public specific applications possible to change

roadways. suzh :Is l:ax1éI carsharing roadway design and
and ~deman response management practices.
services.

2.4.1 Trust Dynamics for Acceptance of Driverless Technology

According to social science research, public attitudes towards a new technology are
affected by culturgWilliams, 2003)psychologicalFrewer et al., 1998)and cognitive
factors (Au & Enderwick, 2000 he role of human trust in automated systems is to
Sy@Aral3asS FyR 2LWAYATS 2LISNIXiI2NBRQ Ay dSNIBS
properties of automation that determine their trugMuir & Moray, 1996)It may form

a yardstick in measurg the success of the implementation of AVs, especially when
faced with an asymmetric information dilemnfRaats et al., 2020)rust is a widely
researched phenomeno(Hoff & Bashir, 2015; Muir & Moray, 1996; Schaefer et al.,
2016 adzA NRa G KNBS RA Y Syhuomatign theoryy BageS fits Ay
foundation on interpersonal trus(Barber, 1983; Muir & Moray, 1996; Rempel &t a
1985) It is controlled by three distinct factors, namely predictability, dependalpaitg

faith. Predictability refers to perceived consistency in the behaviour of the machine.
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Dependability is the stability of a machine based on the accumulatidrebavioural
evidence, and faith relates to expectations that the machine performs beyond the
current situation.Lee and See (200g¢yoposed four dimensions of trust: foundation,
performance, process, and purpose. The foundation means national and social order in
which trust thrives. The performance relates to what automation does in the past and
present operations. The process describes how automation operates within the
LINEANI YYSR [f3I32NAGKYZ FyR AdGa Ldz2N1L32&aS N
automation was develope(Chancey et al., 2017; Lee & Moray, 19%9cent research
suggests that naive users initially build trust in the perceived performance of automation
systems. And later develop it further based on moreractions with the technologies

(Yamani et al., 2020)

Moreover, it has also been identified that trust development depends on risk
perception. And, increased perceived risk raises automation trust, especially in the
backdrop of performancéSato etal., 2003 wi ail OFy 6S RSFAYSR |
there is uncertainty about whether potentially significant and/or disappointing
2dzi 02YSa 27F RS OA XSitdn/8aPaktop 992 Kes challdhgeftortheS R £
adoption of AVs is the public tru@yriakidis et al., 2019; Kyriakidis et al., 20T%ust

in technology is a cognitive attitude that changes over tiipee & See, 2004nd is an
intermediae behaviour variabl¢Comte, 200Q) The foundation of trust refers to the

social order that allows trust to arise, whereas performance, prqa@ss purpog are

purely related to technical domains of automatifiree & See, 2004)

2.4.2 CoEvolution of Regulaticend Technology

A visible tendency for policy to lag behind new technological innovations is seen in
several industriegJusteHanani & Dayan, 2015; Mordue et al., 2020; Saxena et al.,
2017) The policymakers neetb understand the rapidly evolving technologies and
anticipate the associated risks to foster a regulatory policy to balance and advance the
innovation (OECD, 2011)There is always a rift between industrial and regulatory
guRStf AySad a¢SOKy2f23e aevoz2fAl Sa YIN]SGa
NEBLINB&aSyiGa 3I20SNYYSyYyd> o daMEherd20odIp.@8&Yhel y R
regulatory oversight happens due to a number of reasons. These include insufficient
knowledge(Goldbach, 2015nd taking a long time to develop and implemeomplex

politically sensitive policyTrump, 2017) Another reaen is asymmetric resource
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availability between regulators and other stakeholders like manufacturers, engineers,
the general publi¢Abbot, 2012) As AVs enter the roadways, these will be sharing the
roads with human drivers for the near futur®egulations on AD systems need to
balance two competing demands in addition to satisfying the public risk threshold. It
includes protecting public safety from undue risk caused by immature AD systems
leading to crashes and encouraging testing and innovation in this technology to produce
sder vehicles in the futur¢Shladover & Nowakowski, 2019jhe difference between
the testing and deployment regulations is that the system's safety is considered
AYRSLISYRSY(l 2F GKS RNAOSNNA A-gidghiztic They R

system must ensure safety even if the driver falls asleep.

Moreover, AVs must operate under the given (ODD) operation design domain conditions
(limited by road type, geography, speed, weather lightning) by the manufacturer
(NTSB, 2019Y he recent deployment of vehicles at various autonomy levels resulting in
occasional death, injuriesor crossing redights illustrates the need to keep the
regulatory process in tandem with the development of technolgiyyf SB, 2019)in
9dzNRB LIS:E ¢KS DSYSNrf 5FdGF tNRGSOGA2Yy wS3d
stance on new data privacy and security laws and levy harsh fines for vio|@&oRR,
2020) Safety is paramount for public trust and agot@nce (Lee & Hess, 2020The
transition of AVs from testing to widespread use will cause privacy issues to be more
pronounced. One of the research identified that;

G¢KS OSKAOES AYyRdzAGNE KIFIa SELNBaasSR

limitations and the risks of cyb@ttacks in these cooperative systems,

particularly for the safetyritical applications involving collision

g NYyAYy3I | YR OZ2Refit & Shiadoyer, ROPR @ BUB)y OS €
Gommunication with other vehicles istal for safety Howeverjt can give rise to privacy
issues, including the travel time, the activity of the user, and locdtiee & Hess, 2020)
Safety is related to the vehicle itself and communication with the environment, including
internet connectivity, data, and reportingd NECE, 2018)iability is a closely linked issue
as it becomes necessary once safety is compromised during a collision. Global
manufacturers use two sets of vehicle sgfestandards, including U.S. Federal Motor
Vehicle Safety Standards (FMVSS) and the United Nations Economic Commission for

Europe and the E.(Commission, 2019a)
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area and Australia (@& & Lattanzio, 2014; Commission, 2019b) administering the
certification, and seltertification countries where the manufacturers conduct the tests.
Shladover and Nowakowski (2018)ted that safety has two dimensionshd first one
deals with the functional safety of internal faults, and the other relates to driving
behaviour competency to deal with external hazards in the driving environment. The
provision of detailed data reporting for test vehicles is another facesaiety for
collecting information on potential safety risks. With higher levels of automation in AVs,
product liability insurance for manufacturers or comprehensive insurance for fleet
owners may become more important than insurance for drivers or velualeers

(Fabian et al., 2018)

US has 420 AVompany headquarters, and its vehicle makers are continuing
developmental work on AMKPMG, 2020)n January 2020, General Motors launched

Wh Ngn Bdeshare selRNA Ay 3 OF NE F YR Ay oWber resomedLILI S
AV testing in San Franctsin March 2020. Ford invested US$1 billion in American AV
startdzLJ W! NH2 ! LQX YR DSNXIY @SKAOtS YI {SNJ
billion (KPMG, 20260 ¢ KS FSRSNIf 3I20SNYYSyid fle&a R2
in the US, and statessue licences and regulate driver behavidhialsey, 2018)
National Institute for Standards and Technology (NHTSA) delineated a Vehicle
Performance Guidance for selling, manufacturing, designing, supplying, testing,
operating, and deploying AYBIHSTA, 2020Talifornia pursues functional safety plans

for testing AVs besides salértifying the safety requirement®MV, 2020)The Chinese
government made testing AVs on public roadsier with human supervisors in test
vehicles(Shepherd, 2019, 2020Chinese government adopts ahtigcontroloriented

0N} 0S3e G2 | RRNXaa al¥Sdie Nrala yR ass
accelerating the development of AYBaeihagh & Lim, 2019Yhe City of Shanghai has
already issued permits to Chinese vehicle maker SAIC andhaiiegg company Didi
Chuxing. BMW dBermany and AV statzLJ W! dzi 2 - Q | yy 2 dzy @8R {2
in the city(Shepherd, 2019, 2020)

In the UK, the Department for Transport (DfT) published an AV test code of practice that
manufacturers pursue throughout the life of AVs. It permits testing on public roads

without any approval. UK Bill HC 143 has clarified the liability of insurarmteA¥n
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of National Infrastructure (CPNI), created guidelines asking manufacturers to follow the
Privacy Architecture framework outlined by 1SO 29101, demonstratirghticontrot
2NASY OISR adGNrGS3eod 'Y KFra +ftaz2 I dzyOKSR !
w S @ AGOQAW, 2020; Dft, 2015, 2017a, 201 Axcording taMcCall et al. (2019the
Association of British Insurers (ABI) proposed several requirements for sensible
regulation of vehicle automation from an insurer's perspeetilt includes precise
labelling AV capabilities or vehicles' ¢encing to suitable environments and
standardized access to telemetry data. It asks for-aatfification for automation
performance instead of prenarket approval to bring the products tmarket and de
incentivize manufacturers to work around regulations. The document also suggests a
possible shift of the compulsory insurance requirement from driver to vehicle in the long
term. UK Government and Industry invested US$250 million estaldishirtest facilities
F2NJ ' +a4 | & a¢Said. SR-eastvadd céndal Ea@aidPMG, 2029) (1 K S
UK has also launched its review of exploring the regulatory framework for AVs besides
having consultations regarding flexible bus services andormanbility vehicles such as
electric scooters and Mag&PMG, 2020)

Australia is one of the four countries, including Singapore, Finland, and the Netherland,
with the highest score for its AV regulatiol§sPMG, 2020)Transport for New South

Wales (NSWhas been testing autonomous buses since 2017. Motoring organization
Yw2elf ! dzi2Y20AtS /tdzoQ ow! /0O A& 2FFSNAY
public roads of Busselton in Western Australia since 2019. Vehicle maker EasyMile and
Coffs Habour City Council commenced an-B.SY | yR & SNIBBAOS OFtfS
retirement village in 2019. It has also used AVs for mining and fully remotely controlled

iron ore pits truck{KPMG, 2020) In Australia National Transport Commission (NTC)
published non-mandatory guidelines for safe AV testing and has developed four
regulatory options to regulate safeffNTC, 2020)The Australian state Victoria stresses

safety management plans in the permit with high penaltafsviolations. Europe
emphastiSa & 0GNAOGSNI O2yGNRfaszx FYyR GSadAy3a Az
(KPMG, 2020; Tech, 202@weden enhanced its scope on AVs tests on public roads.
Driverless electric truck built by Swedish AV stit] W9 AYNARSQ KI & |
supervisors to leave their hds off steering wheelfKPMG, 2020; Tech, 2020)
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policy and legislation. Volvo launchedaX¥B 4 SNJ ! + St SOGNA O o6dza A
Technological UniversiKPMG, 2020)German vehicle manufacture BMW is itweal
in tests in China and testing sites in the Czech Republic and Hungary. Daimler is spending
US$570 million on AV trucking and started testing a fully autonomous Freightliner
Cascadia on public roads in Virginia, US. Operators are trialling autonomses in
Berlin, Hamburg, Leipzig, and Deutsche Bahn national railway confiiBWG, 2020)
The German federal strategy allows driving level 4 AVs since 2017. Germany only
requires VDA (Verband der Automobilindustrie) for AV levéA@tomobilindustrie,
2015) VDA level 3 regulzes automated featuresised to drive the vehicle under

limited conditions.

Regarding data and reporting, Victoria demands-temé monitoring and recording of
performane and location and compliance with permit requirements during the test
(appropriate training, driver and vehicle safety assessmg@fittoria, 2018) Germany

and California require a black box that is placed inside the vehicle and records all CAVs
tests. California ab requires a disengagement report. California and Victoria hold the
test company liable for any untoward incident or failure in case of liability issues. Victoria
holds the legal entity liable for any damagéich isresponsible for testing. The human
sakety driver, vehicle owner, or both can be held accountable in Germany. Similarly,
Dutch SafetyBoard (2019¥tressed the need for useentred design to improve the AV
design to prevent the human misuse of the system, such as tracking of driver eye
movements so thathey should not sleep. Singapore and Germany have the highest

safety controls, and Germany has the best liability regulation.

The research noted best safety practices around the wded & Hess, 2020irst, the
presence of a humanagety driver during ofroad testing and a separate license with
additional provisions for remote monitors. Second, the safety driver and remote
monitor should be capable enough to deactivate the system at any time. Third, a training
program for the safetydrivers and remote monitors, and a comprehensive safety
management plan as developed by Australia. Fourth, substantial fines and penalties for
non-compliance with safety rules. Fifth is the submission of disengagement reports in

California, whose format sluld be standardized across all manufacturers. Sixth, testing
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permit accompanied with substantial insurance. Seventh, the requirement to record the

trials in realtime and the availability of black begin AVs for safety investigations.

2.4.3 Driverless Techhmgy in NZ Enabling Environment

NZs low population density, inconsistent safety infrastructuread markings, limited
private capital, and government fundingre significant barriers to AVS' more
comprehensive development and deploymditPMG, 2020)However, NZ has a well
known history as a popular testbed of emerging technologies due to its unique
geographic isolation, teekavvy people, population densjignd similarities to American
and European marke{$ookes, 2016NZ supports the testing of AVs due to no explicit
legislative requirement of the driver in the vehicle. It has a wide range of climatic and
road conditions, availability of winter testing facilitiegorld-class universitiesand the
appeal of the NZ lifestylENZTA, 2021)AVs can lead to a stafhange in road trauma
reduction(Philp, 2020)There is likely a greater demand for electric AVs for transporting

feed and supplies, mowingnd sprayindPetterson, 2020)

However, it has potential in autonomous aviation, maritime areas, and the @se o
drones. It has already hosted tests of the Coracfigihg air taxi developed by Wisk, a
US joint venture of Boeing and Kitty HaiWKisk, 2020) In the maritime environment,
crewlessgS 84St & &4dzOK a4 GKS WwW{SI 9ELX 2NBND 13
and automated straddle carriers are unloading ships anditaatrucks on the ports of
Auckland. The NZ and Australian governments are carrying out joint trials of a South
Positioning Augmentation Network to become operational in 20@8oscience, 2020)

NZ transport technology CompariMI technologie®has run AV shuttldrials in
Christchurch, Melbourne, and Sydney in the commercial domain. It has also run its first
5G networkconnected vehicle test in Aucklaigdarry, 2019; HMI, 2018The Australia

and NZ Driverless Vehicle Initiative (ADVI), led by the Australian Road Research Board
(ARRB), is trying to accelerate the deployment of AVs in Australia and NZ. Northland
Transport Technology Testbed (N3T) is a trialling system that cesbealtime
weather data, sensors in the ropdnd Advancd Driver Assistance Systems (ADAS) in
trucks to sense the risk of rolling and decrease speed to stop the accident. It has the

potential to be transformed into autonomous platoonifgleetPartners, 2020)
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The NZ Transport Authority (NZTA) exempts vehicles entering the country that does not
comply with existing compliance standards under Section 166 of the NZ Land Transport
Act 1998 MOT, 2021)Moreover, the NZ Ministry of Environment looks after the climate
impact policy (CIPA) relating to greenise emissions. It has a role to play in the AVs
domain (MOT, 2021) Another advantage to AVs is the Accident Compensation
Corporation (ACC) which prevents injury liability, and manufacturers are only liable to
product liability (NZ, 2020a) Therefore, the present legislative arrangement fully
supports the testing of AVs in NEIZ enabling environment has two likely AVs
deployment pathways in the foreseeable future. The first is to create fleets of AVs in
contained urban spaces. Second, the number of vehicles with autonomous features
incrementally on NZ roadéMOT, 2021) NZ currently focuses on an amicable AV
deploymentregulatory regime comprising safety, liability, cyber secuaitd social and
economic issues. New Zealand Transport Authority (NZTA) and Ministry of Transport
KFEgS NBtSFaSR NBLRNIA&A NBtFiGAy3 G2 ! xas
Technology Aatin Plan 20141y Q> WwS3dzZ | GA2Y HAHPY 9YSNE
ldzi2z2y2Y2dza +SKAOfS tNRBINIYQ |FYRI GKS Dz
TRANSPORT 2021/2Q30/31. NZ athorities are revisitingritical pieces of transport
legislation, such as the Laransport Act 1998 and the Civil Aviation Act 1d9ibkes,
2016; NZ, 2020c, 2020d; NZTA, 2014, 202Z)is a signatory of the 1949 Convention of
W2FR C¢CNIFFAO I NIP® yomuI a@KINB) whES i nOf S X
contrast to the NZ legislation regime that doe®tnrequire a driver. The NZ
K2dzaSK2f RSNAEQ adz2NBSeé ARSYGAFASR GKIFG LIS2I
autonomy and vehicle ownershipdbwever, younger generations are comfortable with

automation(Wolken et al., 2018)

This research noted that planners in NZ ateiggling to imagine the consequence of
driverless technology disruption. The challenge for transport planning professionals is
to articulate a coherent and cohesive framewdfkleeson et al., 201&nd the puliic
policy engagement to garner peofsdrust in this technology. The law changes are
needed for liability clarification in offences involving AVs, including speeding and illegal
parking (Cameron, 2018)NZ need to adopt US Federal Government Policy to

encourage maunfacturers to produce safety assessments of their AVs under NZ
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conditions. Besides specific amendment is required in Land Transport Act to create a

new liability regime(Cameron, 2018)

2.4.4 COVIX 19 Impact on Driverless Technology, Trust and Beyond

The QOVID19 is not an essential component of thesearch studyhowever a need is

felt to draw parallels in order to realize a prudent outcomes of the studguntries
around the globe responded to the COVIDO with lockdowns and cutting edge
technology solutions with AVs and smart cities. The COl@Dpandemic and ever
evolving user and environmental demands for transportation could exacerbate the
development and deployent of AVs around the globéThakur, 2020) Intelligent
Transport Systems and COMI® safety guidelines set sights on taking dwman
presence out of the ecesystem. Both pursue similar themes of keeping fewer humans

in transportation infrastructure and vehicles, reduce people working to operate freight
transportation supply lines, lower accidental deaths and illnesses, av@dainmass
movements of people in crowded public buses, rails and subWajseman 2020a,
20200 bSg ,2N)] /AGeQa adzmeél e aeaidsSy Aa 02y
-19 (Harris, 2020p LG Kl & Ff NBIF R& 0 S Sigving_daripyojecd R U K
accelerated during pandein (Shepherd, 2020)Driverless technology is believed to
have an expanded role in addressing the movement of people and goods amidst
pandemic regirements and its fallout would further see the crowded public transit
relieved by ong demand, autonomous minibuses to promote social distancing and AVs
meeting shipping demands for contactless delivéfynrelfall, 202Q) Future urban
landscape is likely to witness the advance of emerging transportation technologies like
SkyTran for private compact carriages and platoons of private autonomous cars with
very few peoplgWiseman, 2017, 2020a)\Vs has proved to be blessings in fight against
pandemic in number of wes including transporting medical supplies and health care
professionals, disinfecting, cleaning hospitals and public spaces and serving as night time
security robots and creating alerts against rgaaring of masks or large gatherings. In
China, Apollo ah Neolix uses AVs to disinfect road on Shanghai Zhangjiang Al Island.

Apollo in collaboration with iDriver Plus provided AVs to 16 hospitals.

Similarly Baidu released 104 AVs in 17 cities of China feepiaiemic jobs and Baidu
Apollo robo taxi is prowg free rides to passengers across 130 sq kms of aread since

April, 2020. Baidu Apploa has also pioneered to build Vehicle to Everything (V2X) pilot
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deployment of smarcities and intelligent Transportation System, Baidu Apollo released
the Ace Transportation Engine to integrate Al with infrastructure, equipment, services
and industry governancéBaidu, 202Q)In America, AVsidewalk robots and shuttles
FNRY OGFNA2dza O2YLI yASa& & dzO-KackediPony.®, Nyr& NI f
TuSimple, Navya etc are delivering groceries, meals and medical sypphesLanhee
Lee, 202Q)Since the onset of COWN9 pandemic, 62% of the US people perceive that
seltdriving vehicles are the way of future and their enthusiasm is continuously growing
(Vigliarolo, 202Q)On one hand pandemic resulted in decline of transit ridership due to
working from home, job cuts, slowed consumer purchasing of new vehicles and halting
of AVs production by Argal, Waymo, Aurora, Ford, Volkswagen, and BMW resulting
into short term disruption of AVs deployment. On the other, this disruption created
unlimited opportunities in longer term, where AVs can be used for responding in times
of emergencies and uncertainggrise in appeal of personal car ownership, potential
advantages in logistic, deliveries, and food service indBioll, 2020; Sridhar, 2020}
has forced OEMs to propel AV technolagyhe next level and transit from production
to R&D. COVIR19 is likely to have a lasting impact on future mobility solutions. In short
to med term, regulatory uncertainty will increase thus mostly focussing on (1)
sustainability and increase in EV9,r@axation on private mobility and emission targets
to assist OEMS, (3) and loosening of regulatory mandates to recover ailing automotive
market. Similarly, investment in micraobility and shared mobility might drop along
with suspension of AVs testinglowever, in long term, it is believed that AVs, mirco
mobility solutions and other technologies that support physical distancing could be the

winner (Mickinsey, 2020)

The COVIRQ 19 pandemic conditions are likely to influence the public trust towards
driverless technologied.ee and Moray (199lodel envisages that with an increased
interaction with an automated system, the user is more likely to develop performance
olaSR UGNMzadG la ¢Sff la LWdz2N1}2asS ol aSR
automation theory bases its foundation on interpersonal tr(Barber, 1983; Muir &

Moray, 1996; Rempel et al., 1988pntrolled by three distinct factors: predictability

which refers to perceived consistency in behaviour of machine, dependability which

refers to stability of machine based on accumulatadrbehavioural evidence, and faith
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refers to expectations that the machine performs beyond the current situation. Later,
Lee and See (200g)oposed four dimensions of trtsamely foundation which means
national and social order in which trust thrives, performance relates to what automation
does in past and present operation, process which describes how automation operates
within programmed algorithm and purpose which i@él$ a G2 GKS RSaA3dy
which automation was developeChancey et al., 2017; Lee & Moray, 19R¢cent
research suggests that naive users initially develops trust on the perceived performance
of automation system and later develop it further based on other dimensiotismore
interactions with the technologie§yamani et al., 2020Moreover, it has also been
identified that trust development depends on risk perception and increased perceived
risk raises automation trust, especially in the backdrop of performd&ado et al.,
20200 wAal Oly 0S8 RSTAYSR a aGKS SEGSyd
potentially significant and/or disappointing outcomes ofQlda A A 2y a4 g A f f 0 ¢
(Sitkin & Pablo, 1992)These model mirrors the present pandemic situation where
general public is interacting and adoptingwéechnology but have little knowledge
about capabilities of the technology. Theories of human automation suggest that as
pandemic recedes and/or is more controlled relative to uncertainties in the
environment, the users who initially have faith in the #¢hnology will continue to
trust if they gather enough behavioural evidence to maintain appropriate level of trust
with sufficient dependability and predictabiliffyamani et al., 202@uch as daily use of
AVs being witnessed today to fight pandemic as highlighted in above paras. CGVID
is likely to accelerate the development of trust and deploymdmds amid smart cities
in the long term to improve safety, deliver supplies and advance new infrastructure
besides increasing day to day commer@oll, 2020) The manufacturers of the
driverless tebnologies need to focus on communicating system information correctly
G2 NBGFAY dzaASNBR ¢K2 YIFI& 0S aF2NOSRe- G2 d
19 pandemigYamani et al., 2020)

2.5 Significance of Human Factors (HFs) on Autahiariging (AD)

The transformation towardentire automated fleets is likely to take decades. The
human will remain ine loop during this transition journey and therefore form a critical
part of the system. With any new technological innovation, a disconnect happens

between academic research and industrial developni{&ytiakidis et al., 2019IRelated
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manufacturers, fleet operators, researchers, redgofg agencies, policy makers,
insurance industries, and the users compete for overlapping interests in the system.
tKSaS aidl1SK2ft RSNER F2N¥Y | fAy]l o06SGs6SSy i
system and the realization of overarching benef{iSisher et al., 202ap society. The
HFs knowledge is central to addressing the competing interests and challenges before,
during, and after the deployment of AVs on public ro@dgriakidis et al., 2019proctor
and Van Zandt (201RS ¥ A Yy SR  Ithe study aithodeariab¥es that influence the
efficiency with which the human performer can interact with the inanimate components
of a system to accomplish the system géals 6 L\ibridigatth Organization (2009)
destN\h 6 SR | @d@mite&thelrelatiomskip between human beings and the systems
with which they interact by focusing on improving efficiency, creativity, productwitly

job satisfaction, on minimizing errérsd LJ® mnno® | CA RSFAYSR 08

a ¥he scientific discipline concerned with the understanding of interactions among
humans and other elements of a system, and the profession that applies theory,
principles, data, and other methods to design and optimize human wellbeing and overall

system p&NJF 2 NI (P & Van Zandt, 2017, p. 9)

To understand the HFs involved in automated systemsetlemla need to understand

the system and its goal, human and associated safety risks during honaemne
interaction (HMIYFisher et al., 2020Researchers need to look into trust in automation
and its linkages with safety, user intectss, warning and control systems, handover
control procedures, situation awareness, drivers mental model, training, vulnerable
road users, and special people ne@disher et al., 2020HFs research scientists warned
against going for @omation straightaway without looking into the synergy between
humans and automatiofFitts, 1951; Hancock, 2018ainbridge (1983bgxplained the
WANRYASE 2F +dzi2YF0A2yQ YR LRAYGSR 2dzi
more crucial role of the human operat@iumans tend to be poor supervisors, and
there is a need to investigate how humans mayusé disuseand abuse automation
technology(Parasuraman & Riley, 199A human operatowill remain in the loop up

to level 4, and its role is still not established, and HFs knowledge is often difficult to track
down (Fisher et al., 2020; Kyriakidis et al., 2019)
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Several researchers concluded that HFs challenges about HMI are yet to be resolved.
tKSaS AyOftdzRS GKS AYLI OG 27F | dziadvdndiA 2y
situation awarenes@Brookhuis et al., 2009; De Winter et al., 2014; Saffarian et al., 2012;
Whitmore & Reed, 2015; Young et al., 200Mso0 thdevel of acceptancéBrookhuis et
al., 2009) reliance and trust on automated syster{tShancey et al., 2017; Coelingh,
2013; Dzindolet et al., 2003; Lee & See, 2084) potential changes in behavidi@ouy
et al., 2014) Additionally, the necessary human skills needed during manual driving
(Vlakveld, 2015)the role of humans in emergency situati®swhen automation fails
(Levitan et al 1998) As well ashe clarification of supervisory control between human
operators and automated systeniBanks & Stanton, 2016; Lu et al., 2016; Marinik et
al., 2014) Researchers highlighted the estimation ofinimum time needed fotthe
operator to resume manual control when askeddryautomated systen{Christian et
al., 2016; Merat et al., 2014; Zeeb et al., 2016w other studies explorethe
interaction between A's and other vehicles and road us€Madigan et al., 2016;
Martens & van den Beukel, 2013; Merat & Lee, 20TRg study of the HFs relates to alll

stakeholders.

Manufacturers need to know about user interfacesttida notA y ONS I 4 S RNA @S
overload drivers, are designed for a diverse range of impairments, and bring operators
back in the loop ASAP at higher levels of automafiéisher et al., 2020Priving tutors

need to find out new waysfdraining AV drivers. Insurance companies need to identify

the feature that can lower claims. Regulatory agencies must know the driver licensing
needs for AVs and guidelines for AV OEMs. And middle anthtmme countries need

to make decisions on affoadble and lifesaving user interfacéssher et al., 2020PDne

2F (GKS NBy26ySR I C a0ASyidraioa SEOSNLIIia |

Gl Ca NBaASINOK Aad YSSRSRT CANRGXZ 2dzif
human drivers regarding the AD functionalities. Second, how finele

the individual capabilities of human drivers (egtuation awareness

and reaction times). Third, to provide design solutions for AVs user

interfaces. Finally, to explore the interaction between AVs and other

NE I R dzaK&dkEBénglér Mierviewxcerpt fromKyriakdis et al.

(2019)

Another HF scientist outlined additional research topics as under:
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G!'y FTRRAGAZ2Y LT NBaSFNOK Aa NBIjdzA NBRY
should be informed in case of a system failure, (2) depending on the

type of failure, what the humadriver is able and allowed to do, (3) to

optimise the safe interaction of the new technology with human
RNAOSNES FYR on0 (G2 SyadzNB.Kaddzof A O | OO
Brookhuis interview excerp{Kyriakidis et al., 2019)

2.5.1 Levels of Automation and Active Safety Systems

In line with the categorized vehictentric taxonomy, the automation levels at which
vehicle operates depends on three critical factdesst, it relates t@ither one, bothor
neither lateral (automatic steering) and longitudinal (ACC) featusesondthe role of
the driver (should monitor o need not monitor the roadway)and third, the time
available tathe driver to resume control (immediate to nevgRisher et al., 2020; SAE,
2021) Earlier, a 4evel of vehicle automation taxonomy wastinulated by the National
Highway Traffic Safety Administration (NHTSA) in 204&1ud et al., 2016and 5level
automation was developed by the Society of Automotive Erggsénternational (SAE)
in 2014 an®?016(Coppola & Morisio, 2016; Faisal et al., 20192016, NHTSA adopted
{190Qa GlFrE2y2Ye | (NRSTARRA)YI A2y f SOSt &

The Operational Design Domain (ODD) conaspsignificant tcan automated driving
system(ADS; SAE Levels 3 or highede#icribsi KS @2 LISNI GAy 3 O2YyY RA L
a given driving automttion systenisdesigned to function; including, but not limited to,
environmental, geographical, and time of day restrictions, and/or the requisite presence

ool 6aSyO0S 2F OSNIIFAY (NI BABR D21AMdrdinE fo BAEI & O
J3016(SAE, 202F) 'y !'5{ A& a¢KS KIFINRgIFINB |yR &az2¥
of performing the entire Dynamic Driving Tasks (DDT) on a susta&sex] regardless of
whether itis link i SR (2 | &ALISOATAO sandrtheDlivlg NI f
Automation §stem (DAS)efers toany levelthat performs part or all of the dynamic

driving task on a sustained bagis ¢ KS 55 ¢ O2 yr@diting dper@idgnal arl £
tactical functions required to operata vehiclegxcluding the strategic functions such

a4 GNALI a0KSRdz Ay3 | yR &St @Vdiersb2rger, 2020) RS a .

At the lower levels (Levels-2), Driver Support Features (DSFs) carries out the portion
of driving jobs, controlling longitudinal or lateral control (Level 1) or both (Level ), wit
the human having to monitor or intervene as required. It includes Lane centring and

Adaptive Cruise Control (ACC). In Level 3, the ADS does the entire driving tasks within



39
the defined ODD, whereas human input is required to take over the control when
requested by the system. In Lesdl and 5, the ADS carries out full vehicle control. For
Level 4 it is conditional and relates ta particular ODD, whereas for leve] B is
unconditional and human input is not requirddowever, achiengthis level is nolikely
in the near foreseeable futur€risher et al., 2020)deally, in a highway system, an ADS
Oy aasSSé¢ &aS@SNI f whicBnag heinihe bréebdf FDOFHFymal A Y S =
2017) Theseautomation levels identify the various degreeShuman versus machine
controls and do ot address implementation aspects. A specific vehicle can operate at
different levels of automation depending on enabling environment and the task. A
robust ADS design is quintessential against system failure resulting from any software
or hardware failure However, since it is difficult to arrive at100 percent &il safe
system yet. Hence félck position is required. At lower levels3)) it is the human
driver, whereas at higher levels 4 and 5, the system itself is the fallback and must detect
thep of SY {1 S {(2LX aAi ¢YNHSTAf2028happlies to thg” RA (i A
situations when ADS leaves iDDD and requires either pulling out of the traffic stream
andparkingat a safe place or stopping in the lane with flashersTable2.2 lays down
the operational functionsf the automated driving system (ADS) and the role of humans

at each level of vehicle automation.
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Table2.2
SAE Levels
Categories Level of Names/ Role of Human Driver Role of ADS Fall back of
Automation definitions DDT
Manual control Active Monitoring Operational functions
0 No AS Both steering / Yes N/A
Driver No ACC acceleratin«.f;{
Suppqrt 1 (Driver AS/LCA ol Steering or acceleratin' Yes (most functions are Lateral and Longitudine Yes, Limitec
Functions Assistance) ACC but nol but not bott & controlled bythe driver) control Warning
(DSF) both ut Not DO .
2 (Partial Both AS/LC/ Hands oféé Yes (at least one drive Lateral and Longitudine Yes, Limitec
automation) or ACC assistance system ' control Warning
engaged, PA automated)
Automated 3 AS and ACC Eyes ofil No (drivercanshift Lateral and Longitudiné Yes, severa
Driving (Conditional safety-critical functions control, Localisation seconds of
System Automation) to vehicle) Perception, Planning warning
(ADS) Management
Features 4 (High AS and ACC Attention off &/ No (fullyautonomous, Lateral and Longitudine Yes, minutes
Automation) but not in every driving control, Localisation of warning
scenario) Perception, Planning
Management
5 (Full AS and ACC Passen ej I\,IoA(fuIIyaytoanous, Lateral and Longitudine No
Automation) 9 BSKAOt SQa [sJ control, Localisation
equal toa humandriver in Perception, Planning
every drivingscenario) Management

Note: AS: automatic steering; ACC: adaptive cruise control; LCA: Lane Control Assistant; PA: Parking Assistant. Taeazheeijotd automatio derived from SAE.

2018.
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2.5.2 Critical Insights into Level of Automation (LoA)

LoA significantly impacts driver situation awareness (SA) and level of engagement and
providesincreased safety and reduced human error. At the same tintas substantial
human factor challenges associated with driRenegative adaptation due to
misunderstanding, misuse, and overreliance on system or distraction from the driving
tasks(Blanco et al., 2015; Lee et al., 2021; Rau.e2@14) Moreover, automation might
negatively impacti KS RNA GSNRA FFoAfAGe G2 LISNOSAGS
passive monitoring, decreased information processing abiliteskload level,and

willingness to engage in nedriving tasks.

Though the SAE taxonomy of LoA is relatively well defined, hoywngedeliberations
arenecededh y (G KS O2yGSEG 2F RNAGSNRE &AlddzZ GA2
handover situationsand legal liability in case of a crash from level Zeteel 4(McCall

et al., 2016b; Wintersberger, 202@idzl G A2yt | g NSy Saa o{! 0
elements in the environment within a volume of time and space, the comprehension of
GKSANI YSIYAY3 YR (GKS LINE2S MR Enfsley, 1995 K S A |
Endsley, 2016)Jnderlying research paradigms need to belesgdd and matured during

the emergency instances whethe driver is likely to be legally liable for possessing
adequate SAStill, he may not be fully aware and respond appropriatédybeing
involved in other tasks. At level 3 and above, the systensamsible for environmeiat
monitoring in autonomous modehowever, there is confusion in being situationally
aware between leveal3 and 4. At level 3, the drivemeedto resume control after a

certain amount of undefined timeHowever,they doy Q i Y @dBiter otlitervene

while being receptive to various alerts activelit level 4,standard and fallback
performance do not require necessary involvement of humans andliangéed to

specific ODDs. At level 5, ODD is unrestricted. At higher levels, thtecnitaal point is

the control transition stage once control is handed backthe driver from ADS,

handback or takeover situations.

Resultantly, the legal responsibility in casewnficcident would fall othe driver or the
system. Few experts beliewhat to counter this ambiguity, especially at level 3, the
responsibility needs to change concerning Hadover timeline This requires further
breakdown of taxonomy levels by explicitly looking at the taxonomic categoriziation

a split of liabilitybetweenthe vehicle driver and the autonomous systéMcCall et al.,
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2019) Earlier researchers identifietiany factors to impr&? S RNAXA gSNDRa {! |
taxonomies These includécussing on driver skills for safe transitions, design of vehicle
interfaces, taxonomy based on handover situatioasd assigning liability for an
incident during handover and impact on SAE le(elsmisch et al., 2012; McCall et al.,
2016a; McCall et al., 2019; Nilsson et al., 2014; Parasuraman et al., R@2fjuraman
et al. (2000, 2008¢laboratedon ten levels ofcomputer automation Theyidentified
that automation needs to be categorized by the different phases of the control loop
where automationsupports the operator anthe degree of human interventiohey
observed acquisition, analysis, decision, and actatomation, highlighting various
examples from thaviation sector. Researchers further highlighted that
é(YvSy[jl-t g2NJt2¢ ?Z, aAddz GA?YI;f Ll NB y
FYR aliAff RSIANIRFEUGAZ2YE FNB ONRARUAOI £ |
huma}n ope[atoﬁs ever expected uvnder apnormal conditi9n§ to take
2O0SN) O2YyUNRf YR GQUKS O0dzNRSY 2% LINR2TF
(Parasuramaret al., 2000, pp. 289,292)
Generally, cases liabilities may not be assigned to OEM unless there is a fault in the
autonomous system. Consequently, this liability trend makes owningraiNer
unattractive. It isevident that with the increasing levels afitonomy, the issues of
liabilities become blurred.herefore, there is a need to link responsibility more closely
to autonomy levels and explore alternative insurance modieisludingthe no-fault

approach(McCall et al., 2019)

2.5.3 Driver and Environment

Research points toward looking at paralleétween the driver and its environment and

the aviation industryfor valuableinsights and analysighe flight management system

(FMS) in aviation is based on multiple controls-systems at the strategic, tactical, and
operational levelslt automates the overall flight path providing input to the autopilot
(Wintersberger, 2028 t Af 204 LISNF2NY al dzi2YlFGA2y Y2
Nbzf Sa oLCw0 Ay O2y (N} ad G2 ingaBriyimaitdngtivhS y i Y
system. However, there more significanvariability indriver and vehicle environment

(Young et al., 2007)Driving automation systems automate all phases (i.e., action
automation) without informingthe driver how and why certain decwis are

implemented. Whereaghe aviation system automates specific phases like decision
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automation and demand agreement for error trappifthedriving automation operates
across all phases based on agreements between operators and systems (flight
controllers and pilots). In driving, it suits well when drivers have insufficient reaction
time (such as for autonomous emergency break AEB), but otherwise pose greater
challenges in highisk environmentgParasuraman et al., 2000; Wintersberger, 2020)

Figure2.7 provides a comparison of different phases in aviation and driving.

Figure2.7

Different Types of Automation in Different Phases of Processing;l&ggtion vs Driving

Acquisition Analysis Decision Action
Automation Automation Automation Automation
Sensor alignment Prediction Decision based on Action
Information. Ordering Information. Integration Costs/Values Implementation
Information. Filtering Information. Management Warning systems
c CRDA Converging Runway Display Aid
-2
.g GPWS Ground Proximity Warning
< GCAS Automatic Ground Collision Avoidance
Auto. Handoff
FMS Flight Management System
) Blind Sport Monitor
§ ACC Adaptive Cruise Control
o= LKS Lane Keeping System
(] AEB Autonomous Emergency Braking

Note: Different types of automation in the different phases of the processing loop adoptedsfrandel
for types and levels of human interaction with automatiopnParasuraman, R., Sheridan, T. B., & Wickens,
C. D. 30(3), p 28897. 2000.Copyight IEEE Transactions on systems, man, and cyberditsA:

Systems and Humans.

The driving environment has shortemte frames and is more complex than aviation as
split-second decisions are needed. Roads are narrower and flooded with other road
usersnearhy. There is usually ample space in the air to conduct manoelfFaddhtter

et al., 2016) Pilots undergo extensive training and licensing process bekitumsing
fundamental principds of the system, while drivers are not necessarily domain experts

and lack system experien¢&rosterer et al., 2017)
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2.5.4 SituationAwareness

Situation awareness (SA) serves as a lynchpin inmalsding complexdrivers and
vehicles' complex environments in terms of complicated traffic, bad lightning and
visibility, sudden movement of peopland other road users in front. Therefore, it is
quintessential to understand and timely respond to eveieCall et al., 2019) ack of

SA is a cause of most of the driving err¢@&ugerty, 1997)M. R. Endsley (1995)
demonstrated that out of loop (OOTL) problem occurs dudghi® loss of SA when
overseeing automation. Low SA happens doghree primary mechanisms. First, the
changes intie information presentedare due to interface related failures analow
level of transparency. Second, thedk of monitoring and vigilanceand overtrust
exacerbated by complacency and oveliance on automationAnd third, theoperator
lower-level enggement when acting aa passive monitor of automatiofEndsley,
20170 ¢ KS&S LINAYIF NEB YSOKI yautédmaton comiiiruz ® | F
barrier to autonomy in critical safety functions. Lack of SA and-@lemcecontributed

to the May 2016 Tesla crash when AV did not correctly idetitéytruck (NTSB, 2016)

In earlier researchersMatthews et al. (2001)dentified different aspects of SAhese
comprise Spatial wareness: location relative to the environment, elgteral position

on the road Identity awareness: knowledge of salient iterg@mporal Awareness: how
the situation is likely to change over tim&oal Awarenesshow completing a goal
becomes possible or not possibded, System Awareness: awareness of the current

system status.

Endsley (1988pid down different levels of SAcludingperception, comprehension,

and projection. The peaption (Level 1 SA¢lates totheRNA @SN & | oA f A (@
from internal and external environments. Themprehension (Level 2 SA) means how

the operator realizes the currentfiormation from the surroundings anthe projection

(Level 3 SAvhich is the near future estimation of change in the current situatidhne

reasons for over 40% dfiver-related crashes occur due to poor perception related to
inadequate surveillance, inattentioandinternal and external distractions$n contrast,

msuBd SYSyd 2F 3IF L) 2N 20KSNEQ aLISSR yR FIf
for 3.2% and 4.5%ue to lack of comprehesion and projectior{Fisher et al., 2020A
significant factor in SA application &s cleardemarcation of Level 12, and 3 SA

requirements through a goalirected task analysis (GDTA). Gd&scribes theoals for
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a given operational role in the domain (e.glriver, pedestrian, and mechanic). The
critical decisions associated with each goal and the SA requiremegdad to make
each decisior(Fisher et al., 2020; Kokar & Endsley, 2092y R & {1998)Sognitive
model of SA can be used to know the factors impacting driver SA in the dynamic road
environment (sed-igure2.8 below). SA helps the drivers to find out the intentions and
the corred information about the system rather than training usens what to do in
specificscenarios (Parasuraman et al., 2008The system must providthe right
information by giving correct feedback at the right time using contextual information
and system information besides helping the driver integrate, assimiate, know the

future implications of the current context.

Figure2.8
Model of SA in dynamic decistwnaking

* System Capability
# Interface Design

* Stress & Workload
* Complexity

* Automation

Task/System Factors

Feedback \

~

SITUATION AWARENESS

Perception Comprehension | Projection
State Of The Of Elements | 5f Cyrrent Of Future
Environment In Current | it ation Status
Situation
eve Level 2

Level 3 /

i Information Processing
* Goals & Objectives Mechanisms
* Preconceptions
(Expectations)
Long Term .
l Memory Stares ' | Automaticity |

A

Performance

Actions

.
=4

Individual Factors

s Abilities
» Experience
* Training

Note: SA Cognitive Model froBituation awareness and cognitive modellmgEndsley, M. R. 27(3), p
91-96. 1995 Copyight IEEE Intelligent Systems. Key cognitive processes including driver attention,
working memoryand goaldirected and datedriven approaches in complex driving environments are

given at the bottom of the figure.

2.5.5 Distributed Situational Awareres

A holistic understanding of AV systems calls for going beybadSA needs of human

road users towards$he SA needs of AVs. AVs need to share SA with humansagent
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well as non¢ human agens such as AVs, infrastructurand overall transportation
systen. Stanton et al. (2006, p. 129dpfinedthe5{ ! Y2 RSt I a al Ol A Ol
for a specific task within a system andetluse of appropriate knowledge held by
individuals andcaptured by devices thaklates to the state of the environment and

changesasii KS & A dzF (0 KiQusg29RS @St 2LJaé¢ 6

Figure2.9

A framework for DSA based design

Description of
DSA and SA Identify DSA

across different Requirements

agents

Apply system
Activity Naturalistic analysis methods
Studies of DSA 5

Refine design
concepts through
design iteration

Identification of
factors that lead Identify design
to incompatible insights

SA Desktop
Evaluation
Simulator
Studiesi
Formative
EASTand CWA
modelling
Computational
modelling

Performance Measures
Methods Concurrent Verbal Protocols
SA networks Work Domain Analysis
Event Analysis of Systematic Social Organizations and Cognitive Work Analysis
Teamwork Cooperation Analysis Design Toolkit

Note: A framework for DSA based design from Distributed situation awareness in road transgory, th
measurement, and application to intersection design by Salmon, P. M., Read, G. J. M., Walker, G. H.,

Lenné, M. G., & Stanton, N. A. 2018. Copyright Routledge.

A failure to consider DSA needs througk design life cycle will lead tan unsafe and
congested pad transport system. Earlier studies either focussed on driving simulators
or paid attention to isolated events of automation failure or handover control while
testingthe safety risks of automation. These studies neglected key areas irsHalhias

the interaction of AVs with vulnerable road usemad with other AVs designed by
different manufactuers with differing algorithmgFisher et al., 2020)n a recent Uber

¢ Volvo collision, the SA needs of the Md#he driver and otler road users require
further deliberations where AV should providaadequate alert to the driver regarding
pedestrian detectio (Stanton et al., 20195almon et al. (2016gcently developd a
complex control structure model in Queensland, Australidich describes all the
agents involved in road transportation up to government and agencies. Simdtrér

authors observed the use of Cognitive Works Analysis (QWe&ente, 1999)o find out
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essentialdesign requirements, the Soeiechnical System (STS) the@Read et al.,
2017) and ST®esign Toolkit to formulate new designs.

256 5NA OSNRA aSyihalf az2RSf

System behaviour is predicted by the accuracy and completeness KfS 2 LIS NI G 2
mental model, whictshapes up from various driving experiences and the effectiveness

of the system intefacesToffler (1970p G F G SR G KI 4 aSOSNE LISNE 2y
a mental model of the world, a subjective representation of external reafihf his

notion ofthe mental model was first believed by Craikho observedthd G+ 6 NI Ay
translate an external process into a model of the world, which is a soalk model of
SEGSNYIt NBFfAGE | yR Al &Crdiki? 1348 diek BormarOd A 2 y
KAIKE AIKGSR OKIFG GLIS2LIE S F2NXY AYUGSNYyLEFf Y
which they interact with the environment, with others, and with the artefacts of
technology that can provide predictive and explanatory power for understanding the

A Y G S NINGman,21988)

LG KF&a 0SSy FNHAZSR GGKFd F YSydlrft Y2RS
system, its purpose, form, functipand structureg(lJohnsor_aird, 2013; Rouse & Morris,
1986) Research on mental models can be divided into two brandhedjrst focuses
on internal mental processes and cognitive phenomena within psychology based on
comprehasion, reasoning and deduction. And the other supports interactions
between people and the external wotlde., HM] which stepped out from psychology
and applied mental modelie et al., 2017Norman (1988}tressed the need to bridge
the gap between designsf YR dzASNEQ YSyidlf gKAfS dzaAa
Decrease in situational awareness results in modafusion(Cunningham & Regan,
2015) Mode confusioh @ RS&AONAOGSR a F WYAayYl GdOK o0Si
YR Fa LISNOSAGDSR 0 @EkmBINKal, 20LBGeneMlfygsearchinY 2 R S
this domainmainly focuseson the role of mental models in using computers and
appliances(Shih & Alessi, 1993)nd learning and trainingRevell & Stanton, 2014;
Tollman & Benson, 2000As mental models resdin the head, these cannot be
detected directly as they pose challenges of incompleteness, vague boundaries,
instability over time, andsuperstitions(Norman, 1988) Therefore, they need to be
inferred indirectly. Within HCI, theesearchers use techniqueswdrbalization through

interviews, think aloud and ladderingating, drawing sketches,and card sorting for
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figuring out individual and shared mental mod@kayne, 2007; Rieh et al., 2010; Rowe
& Cooke, 1995; Zhang, 201Bresently, drivers get help from vehicle automation
However,they still need to monitor automated systems and traffic environneetd
carry out object/event detection and response (OEDR), act as fallback agedtlfil

all nonautomated functiongLee, 2018; SAE, 202Tp share safe driving goals in sync
with automation, drivers need to supervise automation in any dynamicertain
situation through information integration, analysis, system expertise, continuous
attention, and analytical decisiemaking using manual ski(Bhana, 2010; Casner et al.,
2014) Accurate, well developed mental models are quintessential for successfyl HMI
otherwise they lead to misundersindings and inappropriate ug€&isher et al., 2020)
and negatively affect trust and acceptantee & See, 2004)

Mental models are associated ti two types of knowledge. taratory
knowledgebased onacquired education is referred to as General Mental Model. And
the procedural knowledg gained by the practice is known as Applied Mental Model
(Rumelhart & Norman, 1981; Shiffrin & Schneider, 19TAE general mental model is
the initial mental model othe driver before using an automated system constructed
GKNRdzZAK | @I NARSGe 2 manyah WarddaNdDdth, matketikgnt & 2 ¢
perceptions(Cotter et al., 2008; Fisher et al., 2028)correct general model essential
for constructng the applied mental model to assist tlagiver successfully in vehicle
automation use behaviour ithe short and long term and reliance decisidi@eppelt &
Lee, 2007)A calibrated trust depends on correct information suppliedh®driver on
the system purpose, procesnd performance(PPPJLee & See, 2004)o0 measure and
quantify user mental modelBeggiato and Krems (2013)eveloped a 32 item
guestionnaire on ACC functionality in specific PPP situat®egpelt (2009) made a 16
item questionnaire to determine user§ y2 6t SR3IS 2F GKS RSaa3y
Recenly updated researchon these mental models suggestsat training drivers
understand in situ vehicle limitations and capabilities during dynamic HMI phenomena,
provide routine training, and assist in adaptintglligent tutoring systemgrisher et al.,

2020; Seppelt & Lee, 201®igure2.10illustrates the driver conceptual mental model.
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Figure2.10
| 2y OSLIidzkf Y2RSt 2F I RNAGSNDR&E YSyidlt Y2RSt
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Handbook of human factors for automated, connected, and intelligent veliglEsher, D. L., Horrey, W.
J., Lee, J. D., & Regan, M. A. 2020. Copyright CRC Press

Endsley (2017)described the relationship between factors contributing the

W dzi2YlFGA2Yy O2ydzy RNHzY Q A sautdhdtn§ systdmiovdBige T |
(HASO). The epator must have sufficient SA, timend resources to assess the critical
situation and mtervene accordingly. Thimcrease in automation reliability (ability to
function accurately) and robustness (ability to perform underios possible
conditions) dereagsdriver attention allocation. The model displays that with improved

I dzi2YFGA2Y LISNF2NXNIyOS:E NBtAFOATtAGE | yR |
trust and the likelihood ofgnoring automation performance. An effective interface
designsignificantly improveSA of automation and levels in automatindsley, 2016)

On the dher hand, aitomation can negatively influence SA byreasingsystem
complexity and inaccurate mental modetiue tovarious featurestasks anddriver
workload. The model Figure2.11 below) presentsthe fundamenal system design
features that influence the driver cognitive processich as SA, Mental Modeind

workload involved in successful collaboration with automated systems.
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Humang Autonomy System Oversight (HASO) Model
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cognitive abilities interacting with successful oversight and intervention. From Here to autonomy: lessons

learned fromhumanautomation research by Endsley, M. R. 59(1%2752017. Copyright Human factors

Journal.
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2011) Nowadaysthere isaproliferation of Advance Driver Assistance Systems (ADAS)

in new vehiclesHowever, drivers often misunderstand their capabilities and limitation

(Larsson, @12; McDonald et al., 2018; McDonald et al., 2017; RBdown & Parker,

2004) Designers of AV systems want to convey the conceptual image of their product

to the userswhich, if not portrayed correctlyleads to wrong interpretation(Norman,

2013) Theuseld Y Sy il f

Y2 RSt

2FGSY RAFTTFSNE aAdaya

due to varying reasonseading to userserrors. Hence the perceived benefits of these

technologies cannot be realizédonassen, 1995; Parasuraman & Riley, 199@éntal

models can be formed and structured carefully through training so that drivers are fully

cognizant of their roles and responsibilities while operating AVigkens et al., 2(H).
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It has also been observed that drivers generally do not read or rarely trarislate
26y SNR& Y ydénthe otheCedd\oF thie Sfieérum, manufactures may also
try to avoid potential legal claims by requiring consumers to undergo extensivinga
regarding hazards and limitations of the system. Training must be designegbtove
safety, create an appropriate level of truafyd increase user acceptancetioé benefits
of technology(Fisher et al., 2020Practicakvaluation of driver support features liken
autonomous emergency bke (AEB), blinégpot monitoring (BSM), forward collision
warning (FCW), lane departure warning (LDW), and -kaeping assistance (LKA)
coupled with feedback is critical the success of drive G NI A YAy 3 ®

The construct of trustRSFAY SR Fa GGKS FGdAGdzRS GKI G
AYRAGARdzZ £ Qa 321 ta Ay | aAAdGdz GA2yleOKIl NI O
in vehicle automation, its limitations and operation design domain (ODD) and over trust
(automation bias) due to complacency leads to misuse of disuse of the AV systems
(Fisher et al., 2020; Mosier et al., 1998he training documents should cover topics of

|+ aeadsSnQaDD, A gyité&n capabiliies and limitations, HMI,
engagement/disengagement methods, risk of misuse, emergency fallback scenarios,
and operational boundary responsibilities. These topics must scaffold with hands on
experience program for users to ensurathhey are fully aware of the systefAAMVA,

2018; US DOT, 2016 study observed thatompleteunderstanding odaptive cruise

control (ACC) function took different length of time(Pereira et al., 2015)n another

study survey, 130 ACC users indicated that drivers need special attentsitudtions

they usuwally do rot pay attentionto during conventional drivingLarsson, 2012)
Abraham et al. (2017ighlighted various methods for learning vehicle technologies
AyOft dzRAY3I GNRAIFEf | yR SNNBNE @ S-Kakedtddten? 6y SN
embedded trainingand feedbacKFisher et al., 2020)

2.5.8 Anthropomorphism

Anthropomorphism has been regarded as a design feature to increase trust in highly
automated vehicles (HAV$Moff & Bashir, 2015; Waytz et al., 201Fhe word isa
combination of Greek wald ABG KNR L2 a¢ FT2NJ YHYyX FyR Yz
defined byDuffy (2003, p180)as:
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GPPPGIKS GSYyRSyOe G2 FGONRO6dzGS KdzYl y
objects, animals and othert® help us rationalise their actions. It is
attributing cognitive or emotional states to something based on
20aSNBFGA2Yy G2 NI G Aicuyih & piged sotiayy Sy A &
SYPANRYYSYyil¢od
This definition is supported Bghang et al. (2008nthel a L LISNBLISOG A @S | ;
characteristics, like human shape and size, as well as perceivable behaviours and
Y yy S NWayty é al.q¢2014bserved that anthropomorphic features empgked in
vehiclegdriver communication such as name, gender, and voice increase in a
vehicleto perform reliably. Other studies also reported increased trust to control
conditions usinga humanoid robot as calrivers (Kraus et al., 2016; Lee, Kim, et al.,
2015) However, nost studies to investigate this phenomenon are simulator based
(Hauslschmid et al., 2017&pley et al. (200hree-factor theory explains why human
perceive noFhuman agents as humdike?It is due to elicited knowledge, effectance

motivation, and sociality motivation.

The lasic assumption is that humatend to interact with technologgimilarly as they

interact with humangFong et al., 2003piSalvo and Gemperle (20d8yhlighted four

reasons for using anthropomorphismthe HMI design procesaamely; (1) keep things

the same, (2) explain the unknown, (3) reflect product attributes, (4) and project human
values.For example, he BMW Vision Next 100 uses a small sculpture to depplet
intelligenceothea @ a1 SY & ¢ KS [/ 2 Y LIthédadhbcardArémyri8K S O €
Jonsson, 2017) ee, Gu, et al. (201%)vestigated four conditions representing varying

levels of anthropomorphism They concluded that agerst with a high level of
anthropomorphism and a low level of automation are likely to generate more feelings

of trust and perceived safety, leading to more feelings of trist.J2 & A G A @S  dz3
perceptions of the systenThe Summary of the key AD barriers in the HFs domain (as
discussed aboveys given inTable2.3, andthée NJ f Ay {F3Sa gAGK dza$sS

illustrated inFigure2.12 below.



Table2.3

Key Enablers & BarriepD¢ Human Facts (H-s)Domain(Internal Determinants)
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Barriers/Enablers Description Likely Impacts Intervention Key studies References Survey Constructs
Aspects References

Situation ¢KS {! A& O Feedback Outofloop Perception, Endsley SA Cognitive M. R. Endsley (1995)  Filip et al (2016)

Awareness / of theelements inthe ~ problem (OOTL), Comprehension, Model, Stanton DSA 2:::82 :: :I" gg;’g

Vehicle Feedback environment within a Automation conundrum, Projection Model, Salmon '

Vicente (1999)

(SA) volume of time and Interaction with other Complex Control Fisher et al. (2020)
Human Ability space, the road users and \r@cles Model, Vicente Ekman (2020b);
based comprehension of their ~ Trust and User Cognitive Works Endsley (1988)
. . Rest Refer para 2.5.3
meaning, and the Acceptance Analysis
projection of their status
in the near future.
Driver Mental To rightly use the system Comprehension, General Mental Role of MM in Craik (1943)
Model (MM) the user mind needs to  Reasoning and Deductio Model, Applied computers, Role of ~ Toffler (1970)
. . . Norman (1983)
figure out the system HMI, Trust and User Mental Model MM in training, Endsley (2017)
functions and Acceptance, SA Norman, Craik and Fisher et al. (2020)
competencies for Seppelt studies, Seppelt and Victor

assimilation.

Endsley HASO Model

(2020)Rest Refer para
2.5.4

Driver Training (TR) To imLINR @ S

Human Expertise
Ability based

0dKS
knowledge, system
training is conducted
before and after the first
usage.

ADAS knowhow, Driver
MM, Safety, Trust, SA
and feedback, User
Acceptance

AVs System intent
ODD, System
capabilities and
Limitations

US DOTPereira and
other studiesreferred
above in para 2.5.5

US DOT (2016)
Pereira et al. (2015)
Abraham et al. (2017)
Fisher et al. (2020)
Larsson (2012)

Rest Refer para 2.5.5

Adopted from driving
behaviour questionnaire
DBQ and driving skill
inventory DSI

Hancock et al. (2020);
Reason et al. (1990)
Lajunen and Summala
(1995)Spolander (1983)

Anthropomorphism
(AnT)

Robot Attribute
based

A system that acts more
like a human in terms of
voice, gendeand name.

Safety, Comfort, Trust,
User Acceptance

Elicited Agent
Knowledge,
Effectance
Motivation, Sociality
Motivation

Epley threefactor
theory, Kraus, Lee,
Kim, DiSalvo and
other studies referred
above in para 2.5.6

Duffy (2003)Hoff and
Bashir (201p

Epley et al. (2007)
Aremyr et al. (2018)
Waytz et al. (2014)

Adopted fromAremyr
and Jonsson (2017)
Bartneck et al. (2009)
With relation to Trust
Helldin et al. (2013)
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2.6 Perceved BenefitandCritical Barriers

Theintegration of the Cyber Physical Systems (CPS) withdheh Industrial Revolution
(FIR) relates to the application of Autonomous Driving (AD) and Connected Autonomous
and Intelligent Vehicles (CAIVg)jving riseto the new mobility concept¢Bezai et al.,
2021; Pieroni et al., 2018Yhese innovations will radically change the transportation
infrastructure andprofoundly impact future planningrealizing numerous potentia
benefits. Since AVs will form a core component of the future transportation system,
there is a requirement to identify the essential influencing factors for the successful
adoption of AVgAlawadhi et al., 2020)hese significant factors are shaped by the AVs
implementation enablers comprising perceived benefits and critical barriers in their
smooth proliferation. Moreover, these enablers mainly stem from -esdrspsyche
social behaviours and how AVs' adoptmill be influenced by public opiniof¥uen,

Wong, et al., 2020and government action@Bezai et al., 2021)

2.6.1 AVs Perceived Benefits

AVs will incease safety and comfort, reduce congestion, fuel consumption, pollution
and facilitate mobility accessibility to disable, underage and older pe@titey, 2019;
Litman, 2020)Moreover, seldriving is like} to decrease the number of accidents and
crashegD. J. Fagnant & K. Kockelman, 208sveral scholars discussed the potential

benefitsof adopting AVs, summarized Table2.4 below.

Table2.4
t SNOSAQPGSR ''+a4Q . SySTAGA F2dzyR Ay [ AGSNI GdzNB

Anticipated Benefits Studies References
Economic and Social Bechtsis et al. (2018); Litman (202Bichiou and
Rakha (2019)

Increased Safety and road capacity, Bezai et al. (2020); Bezai et al. (2021tman
reduced congestion, pking cost and (2020)Singh and Saini (202Bagloee et al.
energy consumptions, shared mobilit (2016); D. J. Fagnant@&K. Kockelman (2015);
Hing (2019); Joiner (2018); Lohmann (2015)
Control of Traffic Flow, Efficient Roa« Alfonso et al. (2018); Cohen and Hopkins (2019)

Transport, Increase Tourism Liu et al. (2019)

Innovaive freight delivery Alessandrini et al. (2015)

Entertainment, attractiveness Panagiotopoulos and Dimitrakopoulos (2018)
Increase in Travel speed fef Alessandrini et al. (2015); Kroger et al. (2019)

mobility who are unable to drive
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AVs are the harbinger of a substantial transition to societies and cities since internet
emergencdgBezai et al., 2021 Adopting AVsslikely to reduce or eliminate these crash
errors while outperforming human operators in perception, executiand decision
making(J. Wang et al., 2020arlier studies identified that thereomld be a one-third
reduction in crashes if all vehicles employ adaptiadlights, land departureand
forward-collision warningsand blindspot assistanc€Bagloee et al., 2016; Jermakian,
2011) AVs are likely to serve as privatedacommercial vehicle¢Faisal et al., 2019)
Private A¥ can offer flexibility in use, whereas commercials&9uld be operated aa
bus, shuttle, tram, taxiand freight services or as a shared dué to the advantage of
multitasking and relatively inexpensi{€agnant & Kockelman, 2014; Krueger et al.,

2016; Milakis et al., 2017)

AVs proffer environmental benefits to encourage fuel and energy efficiency and the
organiation of traffic flow(Lohmann, 2015)Nowadays, the limited and costly land
supplies in the city cenéss of most large cities, such as Auckland, have raiggaficant
challenges for thenvironment and economic®etrillo et al. (18)stressed the need

G2 AYLINRGZS NRFR OIF LI OAl & AVyar cindiderédas &2 y 3 ¢
potential solution(Fo<-Penner et al., 2018Meyer et al. (2017)lemonstrated that AVs

are expected to offer a higher comfort of trdlieg at lower prices ancat the same

time, increase road capacity. In their results, increases in road capacity result from
shorter reacton times of AVs compared to humanée and Yamamoto (2019)so
supported this point. They analysedtopal solutions to accommodataVs in terms of
managed lanesral attempts to formulate the road capacity of the mixed trafkaddger

et al. (2019)evaluated the impact of the potential changes of road capacity due to
automation in sensitivity analyses. In their results, AVs would be able to take advantage
of ecadriving principles throughout a journey, redugifuel consumption by 20% and

reducing GH@missions of GHGs to asimilarextent 3t A Za 1A 3 . FO0Al 1 Z

Levin and Rey (201Rjghlighted that when vehicles know their reservation in advance,
they can adjust their speed to reach the intersection at the appropriate time. This speed
adjustmentreduces fuel consumption and avoids stap lostimes.D. J. Fagnant and

K. M. Kockelman (201%)dicated thatmotorway dehys wuld be decreased by 60%
and fuel onsumption by 25%. Thigould resultin 8%23%(Tsugawa & Kat®010)and

an 8%16% reduction in a Japanese and a European case sepavateBft A Za 1 A 9
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2017) The result was also confirmed Bpss and Guhathakiar (2017) wherean 8.9%

reduction was estimated in fuel consumption.

Moreover, other strategies such as Variable Speed Limit (VSL), which reduced fuel
consumption by 16%, help reduce fuel consumption by prevergxugssivestops at
signalized interseains. This benefit was also found to be consisteith Marchau et

al. (2019) Besides, a cooperative vehicle intersection control (CVIC) algorithm presented
a 44% reduction in fuel consumptig€hang & Edara, 2018 the light ofthe above
studies, it is suggested that the adoptiohAVs are expected to improve road capacity
while reducing fuel consumption and emissions. In another online survey of 1533
participants fronthe US, UKand Australia, it was found that people perceive AVs would
bring better fuel economy (72%), fewer atents (70.4%), and decreate severity of
crashes(71.7%{Schoettle & Sivak, 2014&furthermore, Cunningham et al. (2019)
found out from 6133 survey respondents of Australia and NZ that people believe AVs
will enhance mobility for people with driving impairments (76.7%ijll,they did not

fully endorsethe benefits of improved safety and better fuel economy. Analytical
findings from 16 articles observed AVs potentialghie realization of benefits in (1)
safety, (2) reliability, (3) flexibility, (4) comfort, (5) contribution to traffic optimization,
(6) integrated transport usg7) sustainabilityand(8) cost savingéStarkey & Charlton,
2020)

Chen et al. (2020kcently measured public acceptance of driverless busses in China and
found that people are more concernatoutsafety performance, riding time, cqstind
personal safetySchoettle and Sivak (284)found that almost 88% of participants are
somewhatworried about riding in AV due to safety consequences of equipment or
system failure (96.2%), legal lityi of drivers (92.8%), armbnfusion due to unexpected
situations (94.7%)Kyriakidis et al. (2015)bserved that participants are concerned
regarding software hacking and misuse, legal responsibility, sedaty data privacy.
Somestudies also indicate #t males are less concerned about AVs than women, are
confidents of AVs benefitsand are comfortable with various driving functions
(Cunningham et al., 2019; Payre et al., 2014; Schoettle & Sivak, 20agtapver, it is
found that younger individuals are more open towards AB&cker & Axhausen, 2017)

In a more recent interview of 30 riders during automated shuttle bus ride in Berlin,

Nordhoff et al. (2019) found that they have unrealistically high expectations.
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2.6.2 Barriers to AVs Adoption

The inevitable AVs technology will affect humanity's sociatetig and shape future

cities and transportation infrastructure. The widespread adoption of this technology is
affected by how people perceive and accept AVse#ddsto examinethe prospective

dzZa SNE Q LISNODSLIiAz2y ftAy1Fr3Sa 6A0GK ({glS ONJ
readiness/governance structurdNumerous studies have investigated these barriers
earlier (Becker & Axausen, 2017; Bezai et al., 2021; Chen et al., 2020; D. J. Fagnant &

K. Kockelman, 2015; Johansson, 2019; Nastjuk et al., 2020; Schoettle & Sivak, 2014b;
Yuen, Wong, et al., 2020powever, this research study will investigate these critical
barriers disinctly into (1) safety, (2) user acceptance, (3) governance/legal readiness,
and infrastructure categories to find out key AD factors and to realize the research aim

andobijectives Figure2.13).

Figure2.13
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2.6.21 Safety

Over 40% of fatal accidents occur duealoohol usedriver distraction, drug useand
fatigue (D. J. Fagnant & K. Kockelman, 20I&syer error isthe main reason for over
90% of all crashes attributedd human factors such as inattention, speeding, aggressive
driving, inexperience, and slow reaction tifidHSTA, 2020; Taeihagh & Lim, 20T@g
crash cost carries a ripple effect leading to medegbenses, legal and court costs,
workplace and productivity loss, ememgsy service coOs} insurances, property

damagesand congestion burde(Bagloee et al., 2016)

Analysis of several recent articles points towards four major safety barrier demain
pedestrians (road users), technology, shat®lity, and infrastructure.(Bezai et al.,
2021) Inthe UK, 26% of road deaths were related to pedestrians, and about 66 injuries

andfive fatalities occur every dafKilbey et al., 2013; Perch, 201A)US study revealed
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that an80 % reduction in pedestrian fatalitiesudd be avoided by having AVs equipped
with pedestrian sensors(Combs et al.,, 2019)Safety demands foolproof traffic
management strategies comprisiggod wireless connectivity based on big data, Al, 10T,
and cloud computing in the infrastructure domaglue to complexity in urban areas
(Villagra et al., 2018)Automated Road Transport System (ARAESpmmended a
dtyMobil 2 project(Alessandrini, 2018and Volvo suggested a magnetic road project
(Perch, 2014)Panagiotis Lytrivis et al. (2018)entified gradual upgradation of
infrastructure based on 30 years planning horizon focussintp@section of roadways
besides ensuring appropriate training of experts, deploying, operagind maintaining
the infrastructure(Jadaan et al., 2017There are some conceravout insuranceand

safety regulationgAguiléra, 2018; Bezai et al., 2020)

ICT application will play a decisive role where road safety is compromised by visibility,
communication, and road conditior{&lfonso et al., 2018)it is suggested that hybrid
communication based on GBoard Units (OBUs) and Ra&ide Units (RSUs) and
standardization is the key to realize the benefits. Howether development of cormon
standards and interoperability remain the key concéBkeete, 2018)On the ther

hand, introducing AVs might give rise to new safety issligs likely that vehicle users
might not fasten seat belts, adopnsafe time headways (contagion effe@Bouy et al.,
2014)and pedestrians become less cautious. Besides, with the increase in complexity of
AV technology, there is likely to be an increase in technical errors compromising vehicle
safety (Collingwood, 2017; Litmar2021) State of California Department of Motor
Vehicles reported thathe majority of AVs related accidents are caused by other parties
such as vehicles, bicycles, and drunk pedestrians stthemgad with AV¢DMV, 2019)
Moreover, cybetattacks would be a great threat to traffic esgstem safety where
message falsification, radio jamming would seriously jeopardize AVs operations
(Amoozadeh et al., 2015}k might also increase energy expenditure up to 300% during

platooning while influencing the motion of A\Gerdes et al., 2013)

Before full commercialization, the AV cars must di2@ million miles without any

crash to ensure 75% equivalence to a human operator based upon reliability yardstick
(Howard, 2020; Singh & Saini, 2021)y AYRSLISY RSy (i al ¥Sde
adz33SaiSR o0é& UGUKS ! yAOGSNERAGE 2F aAOKAIAlYC

these aspectslt is testingsafety performance of AVs regarding accelerated evaluatio
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(lane change, car following, and left turns), behaviour competence (in rigorous
scenarios), and corner cases (e.g., cyclists taking left turn in busy ttaffizjgzag

motion of joggers on the streg{Peng, 2019)

2.6.22UsNAR Q ! OOSLIit yOS

Peoplés mindsets and attitudes serve as the key to adopting new technologgféext

the realization of perceived benefif&iljamo et al., 2018; Yuen, Wong, et al., 2020)
Public opiniorguides the manufacturer to future development pathwa¥sriakidis et

al., 2015)AV technology is a giant leap from traditional vehicle technologifisencing

public opiniondue to variousdza S ¢d#c€Ins These includesafety, lack of control
(situational awareness), steep learningree (training), cyber security, trusind non
readiness of legal and liability ruléuen, Wong, et al., 2020) has been revealed that
people from Australia (61.9%he US (56.3%)and UK (52.2%) bear a positive view of

AV technologySchoettle & Sivak, 2014d&)owever, thepublic inthe US compared to

the UK found more concerned abouhe legal responsibility of drivers and ownedsita
privacy, and interactions with neAVs UK public is moreorried aboutthe system and
vehicle security and interaction between AVs and pedestfeaelists. While
investigating differences in public opinion of China, India, Japan, US, UK and Australia
from 1722 respondents, it was found that Chinese respondents ovemathglybelieve

in AVs benefits (87.2%). Thadians were 3.3 times more concerned than Chinese and
Japanese respondents were found least concerned regarding issues of safety, system
failure and liability(Schoettle & Sivak, 2014lBansalet al. (2016)found that people

were unwilling to ride AVs for short distances (42.5%) and long distances (40%). The
unwillingness is mainly due thedzd SNBE Q R A & (i NHginér, 2018; Wintkaiie2 Y I {
al., 2018)

Thethree main behavioural theorieJ éble2.5 below) identify factors influencing public
acceptance and spegitheir interrelationshipgYuen, Wong, et al., 202 ekkert et al.
(2007)Technology Specific Innovation System (TSIS) described the processes based on
AAIAYATFAOF yi WTdzy OG A 2IghavatdriFdiffdsifn/ttiedys inde@ oh & & &
relative advantage, compatibility, complexitirialability, and observability of a new
product(Wang et al., 2018)With the development of a product and its manufacturing
process over time, the cost decreases and its design become more standardized

(Abernathy, 1978) The technology -8urve framework depicts the technological
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innovation cycles. It highlights that due to increase in consumption choices, the utility
of the product increase@nnovation, 2006) The Brceived value theory is derived from
a new product's economjdunctional, hedonic, and social benef{Sunningham et al.,
2019; Yuen et al., 2018\nd, thetrust theorythat KA I Kf A 3K a WI Llaeé oK
the public comprises the intention to accept vulnerabilityairsituation involving risk,
based on posive expectations of A(E€astelfranchi & Falcone, 201Theformation of
trust can be increased through driving expertise (training), integaityl benevolence.
Trust theory addresses key public concerns through public trust in th@abilisy to
perform their tasks safely and relialilyee & Kolodge, 2020yheexact deteminants of
dza SNB Q | OASAréstll gotcSnclFsrgibrdhoff et al., 2016)

Table2.5

A review of behavioural theories and factors influencing public acceptance of AVs

Perceived value
theory

Consumer utility
A rational user will

Innovation

diffusion theory
Innovation acceptance
Its characteristics

Theoryds
Characteristics
Paradigm

Trust theory

Social psychology

Basic assumption

support the speed of

select or accept an

The acceptance of
innovation can be

diffusion and artefact that offers increased by
acceptance of an the best value developing trust
innovation amongst market
choices
Representative Relative advantage, Perceived value Trust
constructs compatibility,
complexity, trialability
and observability
References Rogers (2003) Kotler and Armstrong Castelfranchi and

(2010)

Falcone (2010);
Dzindolet et al.
(2003); Lee and Se
(2004)

Note: Table Adopted frorithe determinants of public acceptance of autonomous vehicles: An innovation

diffusion perspectivey Yuen, K. F., Wong, Y. D., Ma, F., & Wang, X. 2020.Copyright Journal of Cleaner

Production, 121904.

2.6.2.2.1

Consumer Perceptisn

Human psychobiology related to AD is constrainexhd the real intention behind

realizing acceptance is still not conclus{einlschmidt et al., 2019; Nordhoff et al.,
2016) Since peopleannotimagine the AVsadoption, they are more concerned about
safety and reliabilitf{Bansal & Kockelman, 2017The aus of responsibility in case of

accident or any damage to AV withpact commercialization and the use of A\Be
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Bruyne & Werbrouck, 2018Moreover, increasing the sense of security in B&utueil,
2018) media campaign@nania et al., 2018andthe use of librariegJoiner, 2018vill
have a positive effect on acceptance and awareness about legislation and insurance.
Khan (2017KA 3Kf A3GKGSR FSg FI OG2NR 0K@LGsekOl y A
perceived knowledge of technology, (2) general view of technology, (3) safety and trust,
(4) comfort with technology, (5) pleasure with driving, (6) social influences, (7) gender
preferences, (8) and ag&choettle and Sivak (2016h a survey 0618 respondents
found that nost people (59.1%) want to get notification of taking control of partially

selfgdriving vehicles through vibration, voicnd visual signals.

2.6.2.2.2 Trust

One of the significant challengén the successful adoption of #&ig trust(Adnan et al.,

2018; Wintersberger, @0 ! & SN & LIS NI S LJG A tugt & neWBdifidzA NB
regime (Choi & Ji, 2015). People need to be educated, trained, and allowed to use and
interact with AVsThe top reasorfor the lack of adoption will be the lack of trust in
technology (Alawadhi et al., 2020)The trust will be discussed inegter length in
Chapter 3

2.6.2.2.3 ' ASNEQ t SNOSLIiA2ya (261 NRA bSg az2oA
Ferrero et al. (2018)oted thatthe widespread use of casharing services is changing
people's perceptions from car ownership to a service on demand. Brawiof new

mobility services decreases the value of time, affecting mode choices and riders'
behaviour and significantly impactingser®) I O O §Kdlalowh @tSal., 2018)An

analysis of US households survey data found a sharp decrease in car ownership and a
quick shift to vehicle sharing and driverless tgsishoettle & Sivak, 2018ye to lower

VKT and the use of new demands from dmwome people. Drivegks taxis are likely to

obviate the associated annual fixed, maintenanaad parking costsf car sharindD. J.

Fagnant & K. Kockelman, 2015; Martin & Shaheen, 20hErefore,AV technologies

are likely to be conducive to driverless cabs onilsir carsharing modelsexcludinghe

O2aid 27F OF 6 RNA(BdyldER &t alij 20¥6Rivabyyil bea sighifioghti

barrier, as information gathered through V2X communication can be mis(eeh,

Wong, et al., 2020)Therefore, AVd OOSLJi | yOS gAff RSLISYR 2\

share theirdata from the vehiclewhich consequently requisccompliancewith the data
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protection legal frameworkBesidesdata protection algorithms need to be embedded

within AV systems.

2.6.2.2.4 Cost
Costcan potentially slow down AVs' adoption due to costynsors technologies and

AVs'longer life spangBezai et al., 2021; Liljamo et al., 2018; Zhong et al., 201&)
cost andoperational expenses are still uncertgidlawadi et al., 2020; D. J. Fagnant &
K. Kockelman, 2015t has been argued that total AV software and hardware cost is
likely to be around £3000 by 2025 and would decrease to half by8a&&hin Babbar,
2017) Puylaert et al. (2018)bservedhat direct and indirectods include energy costs,
travel time, trip length, congestion, safety, reliabiliand insurance costs. The estimated
increase irthe price of installing remote sensing and top view cameras amadamtsre
than USD 500(@Litman, 2021)The o©st of travelling per mile on AV is estimatat
around USD 0.42 to USD 0@&®rl et al., 2016)and an average user is likely to pay
additional USD 5551 and USD 14,589 for Level 4 and BANsal et al., 2016)

However, it is claimed tha&Vs' sociahcceptance and reliabilityould decrease the cost

of usagg(Bansal et al., 201®esides increasing shared mobility andademand access
(Webb et al., 2019)Wadud (2017usedthe total cost of ownership while comparing
AVs and conventional faecles (CVs). The study found out that commercial application
of AVs will remain the most dominant success. Overall, it is believed thas'user
experience would be the key to integratingetiphysical world with the digital one.
Therefore, their reatime performance on actual roads will decide their social

acceptancgGeng, 2017; Straub & Schaefer, 2019)

2.6.2.3 Legal Readiness Structure/Governance

Legal advancement is the keyttee successful adoption of A&alawadhi et al., 2020)

There is a proliferation of AV technologies with every passing(Behiou & Rakha,

2019) Numerous studieshighlight the role of national pdalies for successful
deployment of AVEAutomobilindustrie, 2015; Bezai et al., 2021; Canis & Lattanzio,
2014; CCAYV, 2020; DMV, 2020; GDPR, 2020; KPMG, 2020; Lee & Hess, 2020; Mordue et
al., 2020; Shladover & Nowakel, 2019; Singh & Saini, 2021; UNECE, 2M®#§gover,

the legal framework ensures safety, encouragiVs large scale testing and ensue

technological advancemen{®e Bruyne & Werbrouck, 201&egal readiness structure
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is a prime challenge for AVs deployment due to liability, insurgrases explainingvho
bears the individual or shared responsibility in case of a di@shellekens2015) Chen
et al. (2017ptudied the use of three different lane policies for diverse combination
conventional vehicles (CVs) and AVs. They concluded that one lane shoultidzdate
to AVs and platooning and the other one forCpermits smooth AVs transition. In
another study, policy regarding dedicated zones for AVs use for mixed driving modes
and various phases of penetration was investigated. The results de@ctedreag in
travel time (Conceicao et al., 20173traub and Schaefer (20189)ggested a series of
questionsthat can help in guling future policy towards AVg:aisal et al. (2019)
suggested future policy directions fdine formulation of AVs policiesThese include
avoidng conflict between federal and state government laws, negotiations between
stakeholders such as governments, industries, and expertgbitity and privacy, and
technology standardisation. The study stressed the need for prioritahgles on road
and pricing to manage vehicle kilometres travelled (VKT). The legal readiness for AVs

deployment will be later discusden detail in sucoeding paras.

2.6.2.3.1 Liability
In traditional car crashes, the driver is primarily liabléh&y retain control ofthe vehicle

(Collingwood, 2017)Hence third parties involved in the designA¥ safety systems

remain vulnerable to lawsuits involving AV product liability during an AV crash
(Automotive, 2019) The omplicaion arises relatingo the driver engagement with

varying levels of AVsnainly level 2 to 4, wher¢he question arises should the drivers

be expected to take over in certain situations? Andasskpected to know that? What

about criminal liabilityif adriver ofAVisTF 2dzy R AYG2EA Ol GSR &4 (K
crash, even though he is not driving AV? Who should be responsible for personal injury

and property damage resulting frothe AV crash?Hing, 2019)

In a survey study, 7288 people outof 302 paticipants were found uncomfortable with

the liability of AVs in case of an accid@Bloom et al., 2017Evas et al. (2018gported

GKFGO 9dzNBLISIHY tINXAFYSYyG Aa |aiSR G2 R
YEYEFE3ISYSyd FFLILINREFOK 2N aGdNAROG fAFoAfAGER
guarantee fund 4t is predicted that insurance law would involve multiple parties
contributing to the insurancelt is likely to includéhe extent to which car owneawould

need third;party liability insurance and carmakers need product liability coverage. The
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UK isthe only countrythat has enactedhe Automated and Electric Vehicles Act 2018
clarifying liability for insurers in accidents caused by @égihagh & Lim, 2019)

2.6.2.3.2 Privacy

AVs optimize data obtained from sensors, high definition maps othervV2V and V2I
communication(Taeihagh & Lim, 2019; West, 2018\Vs relay irdrmation about

vehicle exact geographical location and movem@ilancy, 201Zpr AV operations and

locate AV usex ThisinformationY A 3K 6S dzaSR (2 KI NI &aa ! =

' YR LINBRA Ol n dadithonEvwould s€riously jgopatizd the AVs operations
GKNRdzZAK AffS3IFE O00Saa 2F AyiSNO2yySOGSi
surveillance, undermining dividual autonomy through psychological manipulation
(Schoonmaker, 2036With the increased adoption of AVs and interconnected transport
systems, a balance rds to be struck between public safety and privacy protection
Adequate privacy assurances will be critical ®irccessfully adoptingAVs and
underpinning public trus(Andrew Hii, 2020)In a recent study by NTC Australia, it has

been suggested that the location data and data from health sensors that monitor driver
alertness and facial regnition will be classified gsersonal information under Privacy
Act1988(NTC, 2019)TheUS and South Koregmvernments enacted new data privacy

f SaAAaftlrGA2yT AyOfdzZRAY3I GKS WwW{t, kK /! wQ I O

access of driving data on all vehicles manufactured for sale in#he

Similarly the EU has already amended the EU General Datadion Regulation (EU

GDPR Directive of 95/46/EC of 1995) to process data for all EU resitegmigthening

consent conditions.nl addition, t has increased fines up to 4% of compahggsbal
NEOSydzS FyR LINRGSOGSR Oaing thednyfairevieNderalk (i G 2
algorithmic decision§GDPR, 2020China and Japan have taken legislative action to
control all personal data privacy and cyber security rigd8MG, 2020; Taeihagh & Lim,
2019) ¢ KS ! YQA 5F¢3X Ay O22NRAYIGAZ2Y GAGK Gf
Infrastructure (CPNI), createduidelnes for privacy and cybersecuritguggesting
manufactures followthe Privacy Architecture framework outlined by 1SO 29{Dft,

2017a)p DSNX I yeédQa Odz2NNByd RIFGF LINRPGSOGAZ22Y
connected to AVéTaeihagh & Lim, 2019)
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2.6.2.3.3 Cyber Security
Policymakes, auto manufactures, and future AV users portray concerns about
electronic securityD. J. Fagnant & K. Kockelman, 20Ta)rrent cybesattacks mostly
happen as an act of espionage rather than sabotage. Within the context of AVs; cyber
attacks are considerednore detrimental than just getting information due to the
compexity of the degree of connectivity and advandegtel of technologyKennedy,
2016) Several cybeattack applications include software hacking, physical attack on
hardware, keeping users locked inside the vehicle due to remote less entry, wrong
readingof user interfacesand slowing down of vehiclginkov et al., 2019 echnology
manufactures unknowingly develop systentisat are prone to such attack€heehan
et al., 2019)

The risk of cybercrime is a significant concern for governments, policymakms
insurers around the world. Since AV technologies are still evolving, there is less empirical
evidence on cybeattacks(Alawadhi et al., 2020While hacking Chrysler Jeep through
its internet connection and controlling its engine and brakes, Miller and Valasek
observedthat these malicious attacks on AVs areagntial possibility(Schellekens,
2016) Feeding fake messages, sensor manipulatioghblight on camerasand radar
interference to blind AVs regarding obstacles and spoofinthefglobal navigation
system (GNSS)asignificantthreats (Bagloee et al., 2016; Page & Krayem, 2017; West,
2016) It requires continuous updatig of system software to detect these malfunctions
and to changeexisting security architectureNHSTA, 2020)n the US, OE$are
suggested tadesign systems on international standards such as NHTSAaigAthe

Alliance of Automobile Manufacturers.

A new electronic system research department to amalyand monitor cyber

@dzt YSNIXoAfAGASE YR GKS W{t A /dsttlrity@idQ KI
privacy lawgSCA, 2017 his lawpresens specifications fanformation securityduring

the move and in transit, separates critical and nmitical systems in every vehicle, and
required instantaneous disclosure of any attempt to hackvidg data EUis also
following suit to control cyber security risks by introduciagomprehensivecyber
security strategy in 2018U, 2016)Likethe 9 | Qa4 D5t wxz [/ KAY Il KI a
security lave to protect personal information and critical infrastructure informatiok

describes the responsibilities of netwde operators, certifications of security
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technologiesand enforced penalties for violations. Singapore strengthened its strategy
against computerelated offences through Computer Misuse and Cybersecurity Act
amendment in 2017Qi et al., 2018)The UK Government implemented two cyber
security strategies (20162021) andhe creation ofthe National Cybersecurity Centre
(NCSC) in 201@Cabinet Office, 2017)Germany has satp five working group to
analye these threats, and Australia is also working on similar I{fieagihagh & Lim,

2019)

2.6.2.4Technology and Infrastructure Readiness

Information and CommunicationTechnologies (ICT) embedded in the suitable
infrastructure allows users to exploit innovative techmgies (Aguiléra, 2018)It is
believed that technology and infrastructure miaess will serve as a key enabler in the
adoption of AVs. These will assist in creating the right traffic conditions within the folds
of safety and security regulations for the proliferation of driverless technold@ezai

et al., 2021)

2.6.24.1 Super Computers and Sensors

AVs are likely to deal witlan enormous amount of data processed every second
regarding road and climatic conditions, communicatiargl obstacles. It requires new
systemarchitecture based on centralized computer systems, sensord significant
development in algorithméAria et al., 2016; Bezai et al., 2021; Bichiou & Rakha, 2019)
AVs depend on the collection and fusion of datam various sensorsncluding LIDAR,
radars and camerasto assist in computer vision, decision making, and intrusion
detection systers against cybersecurity risks and ensuring reliability (Armingol et al.,
2018; Loukas et al., 2019; Wadud, 2017). €hteshnologies assist AWs performing
various tasksincluding automatic braking, laAeeping and adaptive cruise controls.
Additionally AVs need navigation tools based on GPSlHeir accurate localisation.
Presently these sensors are vulnerable tenvironmental conditions, and GPS
technology also suffers from signal blockage, requiring more research in advanced
onboard and offboard localzation and fusion systemg§Alawadhi et al., 2020; Van
Brummelen et aJ.2018; Zheng et al., 2019\Vs related software and hardware need
ample time for testing various scenarios, triaésxd legal approval before deployment
(Kalra & Paddock, 2016; Mullins et al., 2018)this backdrop, google AVs testing has

covered 2 million miles on actual streets and is still in progf€ssnetti et al., 2018)
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Selecting realvorld scenarios during these tests is very signific@arletto, 2019)
Moreover, highly customized simulation tools for simulation studies ra@eessay

(Tsolakis et al., 2019)

2.6.2.4.2 Accurate Positioning angyilamic Mapping

AV needs to localize itself to the surrounding environment and vehicles to navigate
autonomously Static information can be created from simultaneous Iaaabn and
mapping (SLAM) drigh-definition mapping (HD) frorthe geographical datadise from

lane borders, road signand speed limitgHéry et al., 202). Dynamic information can

be collected fromthe local dynamic map (LDM) (an overlay) regardihg pose,
longitudinal speed, or yaw rates of the vehicles using perception from overhead sensors
(Rosa et al., 20150 LDM is a cybephysi@l representation of the physical driving

environment. This information can be used for path planning or control.

Though deep learning techniques have sought tremendous improvemaetseption
information is still limited to physical view and range ofsars(Cognetti et al., 2014)
Recent research presented a decentralized cooperative localization method based on
the exchange of LDM@éry et al., 2021)Another study observed ChannelSLAM
method to enable multpaths to improve singlgehicle positioning using a cooperative
mapping approacliChu et al., 2021 Recently5 G's new radio developmeitrought
vehicular positioning and trackingpportunities (Win et al., 2018)Global Positioning
Sysem (GPS) and Inertial Measurementit(tMU) with LIDAR an@lobal Navigation
Satellite Systems (GNSS) can producednggolution ground maps (3D) for precise
localiation (Konrad et al., 2018; Levinson et al., 2DIHowever, dudo inaccuracies

and accumulated errors, more reseancheds to imprové + Q& Y | (Bexaddt al.A 2 v

2021)

2.6.2.4.3 Communication Systems

With the emergence ofhe Internet o Vehicles (loV) and Internet of Things (loT), AVs
establish communication tlough integration of Vehicular Aldoc Networks (VANETS),
On-Board Units (OBUsand RoaedSide Units (RSUEAtzori et al., 2018)VANETS are
employed to establish communication betwegahicles and different node V2X V2X
comprisesVehicle to Vehicle (V2V), Vehicle to Infrastructure (Vahd Vehicle to
PedestriangV2P)Alfonso et al., 2018; Aria et al., 2018he c ostprivacy and security
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issuesare critical barriers in this domaifArena & Pau, 2019; Saig al., 2018) Data
transmission within the network is another challenge due to complex changé® in

urban driving environment and high mobiliggezai et al., 2021; Gao et al., 2020)

2.6.2.4.4 Roads and Traffic Signs

Road and Traffic sigmged to be upgradetb prepare infrastructurdor AV deployment
(Alawadhi et al., 2020AVs require intelligent transport infrastructure tecognize the
driving eavironment easily AVs use digital version of traffic lights, yield signs, street
signs, speed limit signs, stop or change direction, yield to other vehicles approaching an
intersection and other related physical infrastructurd.atham & Nattrass, 2019;
Sparrow & Howard, 2017; Zohdy & Rakha, 208@nilarly, AVs will require charging
infrastructures such aghe location of charging station#he impact of charging time on
fleet size, trip demandsand the waitirg times(Chen et al., 2016Duarte and Ratti
(2018) highlighted the role of visibility and consistency of road signage. The study
stressed the need to lower the variability pj@rameters to increase AVs adoption, such
as speed, following speeds, and road wid&Vs also rely on road markings to keep
themselvesn the centre of the langand these markingare subject to wear and tear

on sealed roads. In NZ, AV deployment requisggnificant development of

infrastructure(Leslie & Jenson, 2017)

2.6.2.5Public Perceptiorand Critical Barriers in NZ Environment

Earlier studies revealed that most of the people (>9098)Zknew about selfdriving

cas, electric cars, hybrid cars and believed in perceived benefit in reducing accidents,
improved fuel economy decreased traffic congesti@md reduction in emissions
(Starkey & Charlton, 2020The respondents wanted to use CAVs to do other things
during the travel and desired AVs journey on motorwagpecially once they are tired

or over drunk. However, very few respondentsnied to use AVs fdhe transportation

of their children. @ly 23% had practically used ADA&ASd a quarter of 20% othe
sample reported that they would never @#\V. The significant barriers highlighted by
the survey respondents were (1) trust, (2) sgfdB) lack of control, and (4) higher cost.

In addition, €w reported that they would like to enjoy driving themselves ialassic

car.
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A recenty shared mobility survey in 2020 found out that 80% of respondents knew
about appbased ridehailing service, 76% ridesharing serviceand 64% car sharing
(Starkey & Charlton, 2020Barriers to use these services were car ownerdagk of
availability, safety, cost, inconvenience, loss of freedand not sure how to use these
services. The same study did 12 focus group discussacross NZ and found that

transport sharing is feasible to use a private car.

Another study under Ausalian and New Zealand Driverless Initiative (ADVI) comprising
5,102 Australian and 1,049 NZ baseda®0 item survey on Qualtrics platform found
that respondents are willing to pay more for an AV thae exactvehicle without
automation (Cunningham et al., 201.9However, both countriegpublic views differ
regarding awareness of technology, perceived benefits, associated concerds
willingness to pay(Cunningham et al., 2019)The respondents were found least
concerned about data privacy (67%) and riding aar with no drivei(67%) and highly
believe in benefits likehe mobility of people with driving impediments (73%) and
reduce insurance premium (50.6%). A research study survéelyniversity of Otago
on seltdriving, hybrid, electric cayand bikes observed that safety considered to be
the mostcritical barrier and enabler in setriving cars, and theost iscited asthe
primary concern in electric carfd.ucy & Ben, 2018A moderate correlation behaviour
was found between perceived attractiveness and knowledge ofcaling cars,
whereas Aucklanders reported more knodtge regarding AVs and perceived them

safer than other regions.

Lack of legislation towards full Abi®atesa vacuum due to legal uncertainty NZ thus
slowing AVs' deployment at early stag&his may also result #nincrease irthe cost

of AVvsand d@ NRA YSy (G f G2 dzaSNBRQ O2y T AREES Ay
2018; Funkhouser, 2013; Geistfeld, 201R)Z has 3 highest market share of electric

cars with no AV Company, research, investmentpatent. NZ innovation capability is

likely to be boosted by a trial of satellittased augmentation system technology in
collaboration with Australia to improvéhe accuracy of GPEPMG, 2018 However, it

has tostrengthenits legal readiness structure, 5G coveraged road infrastructure. In
present shapethe NZ Accident compensation scheme (ACC) isfambscheme, where
aninjured person may claim compensation paid out of petrol taxes and motor vehicle

licence fees but cannot brirgycivil action. This meartbey will be having no recourse
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against AV manufacturer¢gCameron, 2018; Hing2019) Manufacturers do not
contribute to motor vehicle funslunder ACC since they do not suffer financial impact
due to personal injuries associated with their produ@Z, 2020h)Liability for property
damages caused by conventional vels¢l@Vs) is covered under the tort of nggince,
the Consumer Guarantees Act 19@3GA), statutory land transport rulesnd the Fair
Trading Act 1986The arrent framework pusthe onus of liability for property damage
in case of general negligence on quality parameters, which augurs welld@d\semi
autonomous vehiclgsbut this is unsuitable for full AVs. So current framework only

relates to manufactureliability if a human driver is in contr¢Hing, 2019)

In the privacy domain, the NZ government has recently enacted The Privacy At 2020
replacing The Privacy Act 1993 that described 12 information privacy principtes. In
recently promulgated Acthe role of the Privacy Commissioner has been enhanaed

early intervention and risk management by agenciasluding AV manufacturefias

been advocatedMOJ, 202Q)In NZ,privacy torts alongside the Privacy Amvide

another avenue of relief but are nantirely suitable forAVs.However,torts may

provide relief in hacking and malicious disclosure but need to be broadened in case of
information collected by AVs and then given to advertis@eistfeld, 2017)NZ is
recommended to follow the privacy aspects similatthe ¥! { { 9[ C (Gbetldh S !
2020) where manufacturers would be required to develaprivacy plan before AVs
deployment and proactively pursibe W LINA @ O& 0 & (Gadakiarg 9009) 02 y C
The NZ government should also enforce the need for consent in the processing of
personal data. AV manufacturers must bear liability for personal irju@eised by their

products.

Additionally, thescheme for property damage on the linestoe ACC needs to be
formulated and funded by AV manufacturers, usensd the governmentThe Privacy
Act 2020 is quite comprehensiter AVs deploymengHing, 2019)InNZ, all cybercrime
offences involving computers are defined in Crimes Act 1961, sections 249 tar2b2,
the HarmfulDigital Communication Act 2013ain, 2020; NZ Govt, 2020; Police, 2020)
NZ Cyber strategy comprises Cyber Resilience and Cyber Cwypadiitessing
Cybercrime and International Cooperation. NZ rankédftHuman Development Index
(HDIYUNDP, 2020and it lost around $6.5 million due to cybercrim@&/NZ, 2019)For
Q22020, NZ lost $1.7 million more than the last quaitiin, 2020)1/3 of NZ people
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have faced a cybercrime the previousl2 months and it takes around 28 days for NZ
police b resolve a cybercrime cagBtate, 2018)A study reportedhat 1 out of every
sixadults in N4ssubjected to some form of identity thefWilliams, 202Q)The esearch
found that NZ is quite proactive weh dealing with cybercrime with the help of an
organiation like NetsafgJain, 202Q)However,the cybersecurity risks and terrorism
are likely to havea dampening effect on motivation towards vehicle automatigtitt,
Frame, et al., 2018Within the context of ethics, NZ also needs to develop a platform
for public engagement and regulations to find out the appropriate course of action fo
AVs(Leslie & Jenson, 2017) ¢ 2 61 NR&A (KA&a SYyRX W¢KS az2NI
(Massachusetts Institute of Technology) gathered acbuf0 million respondent

decisions from 233 countries regarding correct choices in various sce(raleas2018)

2.7 Summary of the Critical Barriers in Adoption of AVs

The literature review identified key AD Barriersttoe successful agption of AVs mainly

Ay G662 R2YFAya Ay (GKS O2yGSEG 2F daASNERQ |
GKS lalL OKFffSyaSa Ay (GKS 1 Ca R2YIFIAYy>X 4K
how they interact with AV. These are named internaQI&t Y A y I yia O2 YLINR & A
mental model, SA, training, and anthropomorphism. The second domain pertains to HMI
challenges in the backdrop of legal readiness/governance structure that are
jdzA y 0 SaaSydAalrf TFT2NJ dzaSNARQ ( Nbainéd exteyn®l I OO
determinants, including safety, legal readiness mechanism comprising privacy,
cybersecurity, and liability, and infrastructure summarized Tiable 26® ! & SN& O
acceptance linkages with external drivers are graphjicipicted inFigure2.14. Since
infrastructure readiness belongs to the overall safety of the driverless ecosystem, hence
Figure2.15 highlights the summary of the key inteal and external AD determinants

YR GKSANI fAYy]1l3Sa gAGK dzaSNARQ GNHzadG | yR
and barriers include mental model, SA, training, anthropomorphism (HFs domain), and
safety, privacy, and security/cybersecurity (Legabhd®eess domain) for successful

adoption of AVs in NZ.
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Key AD Enabler & Barrigrd.egal Readiness / Governance Domain (External Determinants)

Barriers/Enablers  Aspects of Intervention Outcomes / Ed State

References Survey Constructs

Safety (SAF) Road Users Legal Readiness
Shareability Framework (Synergy with
Security and Privacy)
Maturity of Technology

'aSNEQ ¢ Nz
Acceptance / Adoption

(Amoozadetet al., 2015; Bezai et al., 2021; Binkaill & Heitmann, Adopted from
1998a; Board, 2019; Collingwood, 2017; Commission, 2019a; \/enkatesh et al.
Fagnant & K. Kockelman, 2015; Flemisch et al., 2012; Gerdes (2003)

2013; Gugerty, 1997; Hess, 2020; Howard, 2020; Huntington, Z
Koopman, 2018; Litman, 2020, 2021; Milakis et al., 2017; Nk
2020; Peng, 2019; Singh & Saini, 2021; Skeete, 2018; Stre Kaurand
Schaefer, 2019; Taeihagh & Lim, 2019; J. Wang et al., 2020; ' Rampersad (2018)
2011)

and

Users Acceptance Consumers Perception Users Adoption

Trust Trust and Legal Readines
New Mobility Services (Governance) Framework
Cost Users Trust

Car Sharing Services

(Amania et al., 2018; Bansal & Kockelman, 2017; Becker & Axha Adoption scenarios
2017; Bezai et al., 2021; Boutueil, 2018; Castelfranchi & Falc from

2010; Cunningham & Regan, 2020; De Bruyne & Werbrouck, i schoettle and Sivak
Du et al., 2021; Ferrero et al., 2018; Geng, 2017; Hilgarterafid; (2014a)

2020; Horl et al., 2016; Khan, 2017; Kolarova et al., 2018; Kot
Armstrong, 2010; Kraetsch et al., 2021; Kyriakidis et al., 2015; 1
Kolodge, 2020; Lillamo et al., 2018; Lucy & Ben, 2018; Mart Kaurand
Shaheen, 2011; Meinlschmidt et al., 2019; tfwff et al., 2019; Rampersad (2018)
Nordhoff et al., 2016; Puylaert et al., 2018; Rogers, 2003; S:

Babbar, 2017; Schoettle & Sivak, 2014b; Schoettle & Sivak,

2016; Starkey & Charlton, 2020; Wadud, 2017; Wang et al., z

Webb et al., 2019; Winter et al., 2018yen et al., 2018)

and

Governance Liability User Studies and Trials
Structure (Legal  priyacy Social Interaction
Readiness) . . : .
Security/Cybesecurity  Privacy, Security synergy
Ethics with Safety
Users Trust & Adoption

Trust & Legal Readiness

(Alawadhi et al., 2020; Alex, 2018; Andrew Hii, 2020; Bezai €
2021; Cabinet Office, 2017; Chu et al., 2021; Cunneen et al., :
EU, 2016; Evas, 2018; Fried, 2012; Geistfeld, 2017; Gogoll & N
2017; Goodall, 2016; Green, 2020; Héry et al., 2021; Jain,
Johnson, 2017; Kaur & Rampersad, 2018; Leslie & JeR8aii;
Linkov et al., 2019; MOJ, 2020; Mordue et al., 2020; NTC, 201¢
2020b; NZ Govt, 2020; Police, 2020; SCA, 2017; Sheehan et al.
State, 2018; TVNZ, 2019; UNDP, 2020; Williams, 2020)
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Technology and
Infrastructure
Readiness

Super Computerand
Sensors

Accurate Positioning
and Dynamic Mapping

Road and Traffic Signs

Security protocol
Cloud Computing
Testing & Simulations
Intrusion Detection

(Alawadhi et al., 2020; Arena & Pau, 2019; Aria et al., 2Bafai et
al., 2021; Chen et al., 2016; Chu et al., 2021; Du et al., 2021; C
& Ratti, 2018; Gao et al., 2020; Héry et al., 2021; Latham & Nati
2019; Saini et al., 2018; Sparrow & Howard, 2017; Zohdy & R
2016)

Figure2.14
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Autonomous Driving Adoption in New Zealar(thternal and External Drivers)
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2.8 The Chamr Summary

This Chapter isdet - 1 of the literature review It hasanalytically synthesizedhe
LINBR2YAY Il YyG O2yO0SLIiaz ¢2NJAy3 LINAYOALX S
autonomous driving (ADjelating to AVs. The Chapter highlightdee role of human

factors (HFs) and eevolutionof regulations and technology A Gt KAy G KS O2y (S
trust for successful adoption of AVs in NAas identified the key AD influencing factors

in HFs and Legal readiness/governance domdimsthe smooth proliferéion of
driverless technologies, and realization of the perceived societal benefits. The Chapter
has also briefly explored the trust dynamics and the user acceptance linkages with these
identified domains. The next Chapter would examine the significandefolS Wi NXz& G

acceptance of AVs in greater detail.
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Chapter 3 - Trust Dynamics in DriverlesBechnology within
Autonomous Vehicles Context

3.1 Prelude

This Chapter describes the significance of trust and user acceptance in driverless
technology and highlightgarioustrust taxonomies, theories, models, and frameworks
present in the literature. It alsdelineates the role of interpersonal and institutional
trust to formulate a holistic trust and governance framework for AD in NZ. In the end,
the Chapter provide key research conclusions and implications arising from the

literature review of Chapters 1 and 2 (segure3.1).

Figure3.1
The Literature ReviewwChapter 3

Conclusions and
Research Implications
from Chapter 1 and 2

Chapter 3
Trust and Driverless Technology (DT)

v : * ’ Publi T* inDT Y
s=r Major Trust [lustibazed . 'c. s Trust via Al and
What is Trust? Acceptance HMI via Legal : .
. Models Readiness (LR) mmersive
Theories ALl Technologies
Structure
v v v v
Work on Trust Trust Model by T::::::':: J::::z::::tr:::
by Lee & S Hoff & Bashi
pree Sioee i ashir Ekman Model (AAM)

3.2 Trust and Driverless Technology

' ASNBRQ C¢NHzaG AY RNAOSNI Saa GSOKyz2f23& Az
(Ekman, 2020a)lrust is a precondition fousingautomated systemgMuir & Moray,

1996; Parasuraman & Riley, 199Furthermore, 1 is essential for user acceptance
(Ghazizadeh et al., 201@)d a good user experiend®Vaytz et al., 2014)The Research

on Trust in automation surfaced in the early 1980s when it was found that pilots are not
fully exploiting he perceived safety benefits due to the increased use of automated
systemqWickens & Kessel, 1979hese automation induced challenges were classified

| Girondes of automation 6 & . I, ihgLd2NGR AR{EBie mar&ddviancéd control

system is, the more crucial may be the contribution of the human opér@ambridge,

1983a) With the proliferation of driverless technology, drivers face new responsibilities
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relating tothe monitoringsystem (SAE level 2 and below) for error detectiontakihg

back manual controlSAE levels 2 and 3)anemergeng.

¢tKS aS02yR OKIftSyasS Aa SEI OSNDIGSR o8&
automation's continuous task performaaqWintersberger, 2020)The outcome of

usegl dzi 2 Y GA2y AYGSNI OGA2y Ol approprite & the S a |
performance of the automatiofLee & See, 2004An over trust in @ automated system

can lead to misusand crashegParasuraman & Riley, 199And under trust may lead

to disuse of the system by the user. Knowledge and experience of the automation
systemare necessary to achievan appropriatelevel of trust(Edelmann et al., 2019)
Understanding AVs limitations and consttairare thereforeessentialfor the users.

Muir (1987)a ( I G S Ro niafekhdw saphisticated or intelligent the system may be,

the operator must neither underestimate nor overestimate the system capalsflies

Recent research studies Vs are rainly focused a the use of driving simulators.
However, simulation studies do notllow holistic capturing ofthe intricacies of
perceived risks, uncertaintieand interdependenciefor @ f AR Y SI a dzZNBY Sy (
trust (Mayer et al., 1995; Rempel et al., 198Rkalistic user studies are essential to
identify the theoretical and practical design space and related variables to gamer
appropriate level ofiza S NA @kméany22a0a)Trust has complementary trajectories
towardsthe mental model and SAvhere it guides driver attention and behaviour for

an effective response towards the systdFisher et al., 2020;dkar & Endsley, 2012;
Lee, 2006) Furthermore, tust mediates micro and macro interactions regarding
peoplésreliability and acceptability towards new forms of transp@tisher et al., 2020)

To formulate a holistic trust and governancenceptual framework for AVs, this study
will examinethe various trust theories, acceptance of support systeamsl ADfactors
affecting trust. These findings will assist in chalking out an overall frame of reference
where vehicle atomation and users i@de in annterconnected network. The study will
then examine this web of trust (WoT) and explore its mediation linkagéseanicro-

level with humanmachine interaction constructs and an overall government regulatory

structure atamacro level.
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3.21 What is Trust?

Trust is a multidimensional and multifaceted construct that perpetuditesh seconds

to decades and can be approached from many different angles & See, 2004; Muir,
1987) Common among all trust theories is the concept that trust is an attitude held by
a trustor* (either human or a machinek ensures therelationship between therustor

(the actor who trusts something) and the trusteghe actor to be trusted). Therefore,
GNHzad Oly oOBSRISFAySE®RRSE aGKI G +Fy | I3Syd gAtf
in a situation characterised hyncertainty and vulnerabiligfLee & See, 2004MHence,
there is a need for an incentive to collabordtetween both ators, i.e., trustor and
trustee. However, collaboration might fail due to the risks and uncertainties in the
relationship(Mayer et al., 1995; McKnight & Chervany, 2000itially, a collaborative
relationship stems out of trustor beliefs regarding impressions and information about
the trustee. Therthrough affective evaluation of information, beliefs are transformed
into attitude and intention to rely on the trustee. Resultantly it transits into the
behaviour specifically known as reliantee & See, 20047 his relationship activates in

the presence of a risk of something going wrgggman, 2020a)

Rempel et al. (1985hterpersonal trust model elaborasghree nonmutually extusive

cognitive and emotional abstracts of trust: predictability, dependability, and faith.
Predictabilitydenotes the trustor ability to predidthe i NJz& G S S Q hasaul Sripas A 2 dzl
behaviours. Dependabilitydescribes trustee relationship as whole, i.S ®As @&
relationships progress there is an inevitable shift in focus away from assessments
involving specific behaviours, to an evaluation of the qualities and characteristics
attributed to the partneb ¢  C A Yy lthivie® ahceafrélakiahghip encountes novel
situations that cannot be anticipated due to prior experiences. Muir presented the two
dimensional framework of trust combining these stageg&ingthe lead from sociology

as proposed bBarbe (1983)and highlighted the phenomenon dfstrust, mistrustand
calibration(Muir, 1987) Itisa A YA f I NJ G2 t I NI & dzNJ s6|mjsuse Y R W
(overreliance: to use once not required or failing to monitor effectively), disasd

abuse (inappropriate use of automation applications by manager and designers)

(Parasuraman & Riley, 1990perators must adjust or calibrate trust according to the

1 A peson who forms trust in an agent.
2 An agent such as a human or a machine which form collaborative relationship in trust.
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capabilities of automation. Various other aspects have been explored regarditigih
F2NXIFGA2Y LINRPOS&da o6& RAFFSNBY(G | dziK2NBROD
benevolence, integrity, and predictability. The competence igrifleence of trustee to
I OKA S@S (i NaHdbeénevoldneds tHefi INHZE (0 2 N &  StheltdGs@eiis (G A 2 v
motivated in favour othe trustor. Whereasintegrity is the(i NHz& § $S Q&8 SELISOi
the trustor keeps the promise and tells the tru¢Mayer et al., 1995xnd predictability
is the O2yaradasSyoe 27F GKS theldmstorSI@Ree futu@ i A 2 y
actiongMcKnight & Chervany, 20Q0MHence, to sustain collaboration between two
actors working towards a comon end state, the trustee must holtbnfidence in the

eyes ofthe trustor.

Performance, purposeand process are three key soas of information that convey
information about the automated system's gealiented characteristicdnformation of
performance relates t@n automated system's capability, predictability, and reliability,
similar to capability and competence elementsimterpersonal trust. This information

is acquired fromautomated systems' current and historical operatemd elaborates its
capability to realize user goals. User trusterefore,resides in the performance of the
automated system(Hoff & Bashir, 2015)Information on purpose relates tohe
RSaA3Iy SNRA fhe/systeni RiSshniladza SeneRolence in interpersonal trust
(Lee & See, 2004)rformation regardingthe process relates to the attributes of the

I dzi2YFGSR &adadSyYyoe Ly I ffomaiaddikesdtfotiservatiorNdiza G (
system behaviour (performance), an understanding of the underlying mechanisms

(process), or from the intended use of the systeandose§(Lee & See, 2004)

3.2.2 User acceptance Theories

Acceptance is a multifaceted concept and has begfined in many ways with
overlapping characteristig®ahman et al., 2018 enerallymeasuring acceptance with
behavioural intention is more pragmatic and explored by numerous researcheedl.
(2009)0RSFA Y SR I OtheXlegiek tf ®iich anadndividual corporates the system
in his/her driving, or if the system is not available, intendgs® it O LD&ws (L998)

a 0 I ( S Ruseil #&tefitancé is a user's intention to actually use a given system,
determined by his/her overall attitude towards usingdiffheuser acceptance theories
focussing on behavioural intention using technologwibowo, 2019) include
Technology Acceptance Model (TAM)zen, 1991; Bvis, 1985, 1989; Davis et al., 1989)
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Theory of Planned Behaviour (TPB), Unified Theory of Acceptance and Use of Technology
(UTAT)Venkatesh et al., 2008nd Automation Acceptance Model (AAKBhazizadeh
et al., 2012) The TAM was built aime theory of reasoned action (TRA) Byghbein and
Ajzen (1975) It was initially proposed to explaithe acceptance of information

technology by the user&/arious adoption theories are shownkigure3.2.

Figure3.2
Adoption Modelg User Acceptance

Theory of Interpersonal
Behaviour (TIB)
Theory of Reasoned Action
(TRA)

Theory of Planned
Behaviour (TPB)
Extension of
Technology
Adoption . . i Technology Acceptance Acceptance Model,
Diffusion of Innovation Model (TAM) Automation

Model
oces Theory (DO1) Acceptance Model
Perceived Characteristics of RS
Innovating Theory
Unified Theory of
Acceptance and Use of
Technology — Compatibility UTAUT

In TAM, perceived ease of use (PEOU) and perceived usefulness (PU) are two main
predictors of attitude and this attitudeforecasts behaviour intention to use and the

actual use of the systeifDavis, 1989)PU refers to the degre® whichauser believes

in technology performance, and PEOU refers to the perceived effort of the user while
using arautomated systenfFigure3.3). The TAM bearsclose resemblancé 2 b SA f a Sy
usefulness explanationyhere utility denotes PU and usability refers to PEDIiklsen,

2012)

Figure3.3

Technology Acceptance Model

Perceived Usefulness

(PU) L] v

External T Attitude [ Behavioural Actual
Variable towards Using Intention to Use Bl System Use
Perceived Ease of (A) (BI)
1 Use

Note: Adopted from User acceptance of computer technology: a coisgaof two theoretical models
by Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. 35(8)1@0382989. Copyright Management science

Journal, Elsevier Ltd
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The TAM is based on Psychological Attitude Paradigmaouad the yearshave been
extended withadditional factors leading to TAM¥ enkatesh & Davis, 200@nd TAM3
(Venkatesh et al., 2003Belanche et al. (2012xplored causality between trust, PE,
PEOU, attitude, tention to use) and suggested trust as an additional factor in TAM

(Figure3.4).

Figure3.4

Extension of Technology Acceptance Model

Perceived Usefulness \
(PU) e
+

Perceived Ease of _a Attitude (A) —»  Intention to Use

Use

¥
Trust ,/'/-//

Note: Extended Technology Adapt Model adopted Integrating trust and personal values into the
Technology Acceptance Model: The case-gbeernment services adoption by Belanche, D., Casalo, L.
V., & Flavian, C. 15(4), p. 12@4. 2012. Copyright Elsevier Ltd

Ghazizadeh et al. (201@entified trust and compatibility as additional factors affecting

PU and PEOU in TAl Automation Acceptance Model (AAM). Similarly, thEAUT
model observes effort expectancy (EE), Social InfluengepéBiprmance expectancy
(PE), and facilitating cortain (FC) as the core variables and considers that gender, age,
experience, and voluntariness of use (VOU) having moderating effects on these core

variableg(Figure3.5).

Figure3.5

Unified Theory of Acceptance and Use of Technology
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Note: Adapted from User acceptance of information technology: Toward a unified view by Venkatesh, V.,
Morris, M. G., Davis, G. B., & Davis, F. D. pA&3&52003. Copyright Management Infoation Systems

Research Center, University of Minnesota JSTOR.

The TAM is the most widely used theory in various research studies in the context of
driver acceptanceXu et al. (2010pbserved PU and PEOU with four other factors and
modelled advanced traveller information systefRoberts et al. (2012)ntegrated

Wdzy 20 G NHzA A Sy SaaQ Avyad KBA &d Nl QIiRA 2WWS | G@AdaNGS |
systems.Reagan et al. (201 9nd Kidd and Reagan (2018jghlighted that positive
perceptions contribute toadopting driver assistance technologies through PU and
PEOUPark and Kim (2014nvestigated the effects of attitude and PU on behavioural
intention and stated in favour of their effect€Chen and Chen (201Xbserved
WLISNOSAQPSR Sy22@8YSyidiQ YR dzaASR WLISNRER2Y ! f
behavioural intentionOsswald et al. (20128commended an acceptance model based

on attitude, effort expectancy, performance expectanand social influengeamong

others, asaprecondition to behavioural intentior.arue et al. (2015)sed TPB to model
acceptance of railway level crossing warning systemd found theeffect of attitude

and subjective normAdell (2010pbserved the utility of UTAT in a naturalistic study and
observed significant effects of performance expectancy and social influence. Some of
the modek bear similar components.g., there are similarities between PU in TAM and

PE in UTAUT,; between PEOU in TAM and EE in UTAUT; and social norms in TPB and socie
influence in UTAUTRahman etal.,, 2018) Age and gendeare the most explored
demographic factors that affeeicceptanc€Rahman, 2016; Rahman et al., 2018)

Since the TAM was purposefully developed for IT ufeable3.1 below), it does not
account for all faairs affecting HAV user acceptari@égemyr & Jonsson, 2017). Beside
both TAM and AAM are not supported by empirical observations despite hawnigl
theoretical backgroundRahman et al., @.8) Lately,the theoretical underpinning of
trust in automation and AVs within HMI emphasizsinterdisciplinary approach to
study beyond usability and perceived ease of use as explored by TAddks for
exploring the factors external to HMiwardssocial, material, culturahnd dispositional

domains(Raats et al., 2020)
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Table3.1

User Acceptance major Theories and Models in the context of AD

Theory / Model Significant Factors Definitions Key Studies in the domain
Technology Perceived Usefulnes Davis (198 ¢ KS RS3IANBS G2 ¢KAOK I LISNE (Ghazizadeh et al., 201
Acceptance Model (PU) aeaisSy ¢g2dd R SyKIyOS KAa 2N KSNJ ¢ Ghazizadeh et al., 2012
(TAM) Attitude Fishbein and Ajzen (19%) y AYRAGARdZ £ Q& L2 & | grye et al.2015: Park & Kirr
(evald GAGS FTFFSOGO I 6 2 dzi LIS NJF 2 NI A )/ 2014:; Roberts et al., 201:
Perceived Ease ¢ Davis (1989 ¢ KS RS3INBS (2 6KAOK | LISNE
Use (PEOU) 303G8Y s2df R 05 FTNBS 2F SF¥Fanme codeletal, 2014)
Unified Theory of Effort Expectancy(EE Venkatesh et al. (20033 ¢ KS RS3INBS 2F Sk asS I a (Adell, 2010: Chen et al
Acceptance and Ust sysdi SY¢ O6LID npnod 2020: Larue et al., 201f
of Technology Performance Venkatesh et al. (2008)¢ KS RS3INBS (2 ¢ &as@fatusing \jadigan et al, 2016
(UTAUT) Expectancy (PE) G KS &a&aiSy gAff KStLI KAY 2NJ KSNJ ( Osswald et al., 2012: Rodel

Social Influence Venkatesh et al. (2008)¢ KS RS3INBS (2 6KAOK b 2014)
AYLRNIFYG 206KSNR o0StAS@PS KS 2NJéF =
Theoly of Planned Attitude Same as above in TAM (Larue et al., 2015; Rddel
Behaviour (TPB) Subjective Norm Fishbein and Ajzen (198 KS LISNR2Yy Q& LISNDSLII A a|, 2014)
important to him think he should or should not perform the behaviour
jdzSatAz2yé OLID onHOLD

Perceived Ajzen (19919 ¢ KS LISNODSAGPSR SFasS 2N RAFT

Behavioural control 188).
Automation Trust Lee and See (200#)¢ KS | G GAGdzRS OGKIF G Fy | 3S (Aremyr & Jonsson, 201
Acceptance (AAM) 32rta Ay I aArbdzr GA2y OKE NI OlGSNR A Aremyr et al., 2018; Belanct
and Various Cher et al., 2012; Ervin, 200t
Models - , e i Ghazizadeh et al., 201

Compatibility Moore and Benbasat (1994)¢ KS RS3INB S U 2onigperkdy&d al

Ghazizadeh et al., 2012

being consistent with the existing values, needs, and past experienc: Regan et a) 2006)

LRGSYdGALE | R2ZLIISNEEOLID Mpp O ®




85

Theory / Model Significant Factors Definitions Key Studies in the domain

Personal Agarwal and Prasad (1998% KS g At £ A y Johiobgy) inndatidnd

Innovativeness SFNIASNI GKIFYy 20KSNE D¢

Effectiveness Rahmanetal. (201&{ @ aGSyQa SEGSyd G2 OF NN

Affordability Regan et al. (2006)g Af €t Ay3a G2 LIk & G2 LN
adaidsSyeéoLlLdmnmo

Endorsement Rahman et al. (201851 ¢ KS gAf f Ay3aySaa G2 I LI
I YRK2NJ dzaS 2F | RNAOSNI adzLILI2 NI a¢

Note: The Table adopted from Modelling driver acceptance of driver support systems by Rahman, M. M., Strawldeltreaah, M. F., Horrey, W. J., BaBg@aves, K., &
Garrison, T121 p 134147 . 2018. Copyright Journal of Accident Analysis & Prevention Elsevier Ltd.
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3.2.3 Major Trust Models

Trust is a significant prerequisite for user acceptaf@entersberger, 2020)Trust needs
treatment more than just a precondition of acceptandeis quintessential to user
behaviour during interatn (Wintersberger, 2020)in recent literature, the prominent
trust model theories and taxonomies are postulated by Lee & $eeHoff & Bashir
However, several scholarstudied the trust based framework in automationcluding
Ekman and Wintersbergébu et al., 2021; Ekman, 2020a; Hoff & Bashir, 2015; Lee &
See, 2004; Lind Oros, 202Kkanura & Yamada, 2020; Sato et al., 2020; Sun et al., 2020;
Wintersberger, 2020; Zhang et al., 2020)

3.2.3.1Work on Trust and Appropriate Trust by Lee & See

Lee & See highlighted that it éssentialto differentiate between trust as an attitude

and relance as a behaviour because people say they trus&fiNtheir actions may not

reflect their statement. While describing their conceptual frameworkof ! 5eyl YA
Model of Trust and Reliance on Automati@hee and See (200f)und that trust and

automation interaction affect each other in a dynamic close loop in stéggare3.6).

Figure3.6

Trust as an Attitude Influencing Reliance

Individual, Organizational, Cultural, and Environmental Context

Factors affecting
automation capability

Reputation Organizational Workload Time constraints
Gossip structure Exploratory behavior Configuration errors
Interface features Cultural differences Effort to engage
Predisposition to trust  Perceived risk
Self-confidence

L J l l l
Information assimilation Trust Intention ) Reliance

Appropriateness of trust
Calibration

Resolution
Temporal specificity
Functional specificity

o S ‘ l ‘_
—

Information about the automation
Attributional Abstraction (purpose, process and performance)
Level of Detail (system, function, sub-function, mode)

Note: Framework describing how trust as attitude may influence reliance as a behaviour adopted from
Trust in automation: Bsigning for appropriate reliance by Lee, J. D., & See, K. A. 46(1:8(2804.

Copyright Journal of Human factors.
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In stage one, user interfaces are vital to as#ie user in forming a belief about
automation. In stage two, trust grows with posii interaction with interfacesThen

user forms an intention to rely on automation juxtaposing other contextual factors such
as workload, perceived risk, and effort to engagethim last stage, this reliance intent
guides the user's behaviour to interagtith the system intime constaints and
configuration errors. fie misuse and disuse of automation occur once users over trust
or distrusts the automaton while inappropriately relying on automat{®arasuraman

& Riley, 1997)Lee and See (200djsplayed calibration with the help afdiagonal line
(Figure3.7).

Figure3.7

The relationship between liaration, resolution, and automation capability
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Note: Over trust may lead to misusend distrust may lead to disuse adopted frdmust in automation:
Designing for appropriate reliands Lee, J. D., & See, K. A. 46(1), 8®RA004. Copyright Jourhaf
Human factors.

They described a relationship between calibration, resolutioand automation
capability to define appropriate trust in automation, afown inFigure3.7. They
observed thatthe appropriateness of trust is amgation of calibration, resolutiopand
specificity. Lee and See (2004tated that resolution ré | (i S &ow (pecisaly a
judgement of trust differentiates levels of automation capakility 6 Lahd gpecificity

NB t | (it the dédtee to which trust is associated with a particular component or
FALISO0 2 F (pbHK.Fundtibidaespedigitt Aysdtemivide versus component
specifictrust g A 0 K LI NI A Odzf  NJ SYLIKIFaAa 2y Fdzy O

specificity describes how fast changes in performance are articulated in trutte In
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trust calibration domainHergeth et al. (2017)isplayed that prior familiarization with
take-over requests can assist inaieg with over trust issueraus et al. (202@howed
malfunctionsdecreasetrust if users do not provide previous informatiobut these
observations were based amcontrol group of participants. Similarlyery few papers
discussed temporal or functionsfety or referredo over or under trus{Bazilinskyy et
al., 2018; Faltaous et al., 2018; Kunze et al., 2008)ny studiessuggested using
additional feedback mechanism® support the calibration process usingesign
features equipped with better transparency and uncertainty information

(Wintersberger, 2020)

3.2.3.2Trust Model by Hof. Bashir

A significant work towards investigating the relevant aspects of trust is conducted by
Hoff and Bashir (2015)rust Model Figure 3.8). Initially (Marsh & Dibben, 2003)
presented a conceptual model highlighting three layetispositional, situational, and

learned trust.

Figure3.8
Model of Three Layer of Mability in Trust in Automation

Prior to interaction During interaction

Note: Adapted from Trust in automation: Integrating empirical evidence on factors that influence trust by
Hoff, K. A., & Bashir, M. 57(3), p. 4034.2015. Copyright Journal of HumBactors,the University of
Illinois atUrbanaChampaign Champaign, IL 61820

The dispositional trusts influenced bythe dza SNRa €2y 3 GSN)XY S\
automation irrespective ofhe environment Situational trust is relatetb the context

of specific interactiorand learned trust in whichthe user evaluates the system based
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on past experiences. Hoff & Bashir extended these layers. Their Model observed that
RAALRAAGAZ2YIf GNHzAG Aa AyTFtdzsSyOSR o6& Ly
traits. Situational trust displays internal nability (difficulty in task, system type and
complexity, workload, potential risks and benefits, task framargl the organizational
setting) and extemal variability(mood, or capacity to pay attention, selbnfidenceand
expertise in the subject)earned trust is based othe brand reputation ofthe system,
understanding and experience with similar systems, argketations from the system.
Dynamically learned trusgtmerges from direct system interaction (reliability, validity,
dependability, predi@ability, usefulness, error types and their timing/difficulty) and
design features such as level of control, transparency, appearance, communication

style, and ease of ug@Vintersberger, 2020)

Lt FrHOU2NBE Odzydzt 4SS G2 akKlLS GKS 2LISNI G-
learned trust finally determines reliance behavidqittoff & Bashir, 2015)The initially
learned trust and the behaviour lead to the performance of the whole sysiEme.
situational factors such as situation awareness, influence reliance, and cognitive
workload apply to both Lee & See and Hoff & Bashir Mo@alsitersberger, 2020)
Several studies identified the application of the Hoff & Bashir Model discussing the
aspects of training for the operatgPayre et al., 2016¥eltconfidence as a predictor of
trust (Tenhundfeld et al., 2020gxternal variably in the context of rigki et al., 2019)

the influence of driving behaviour on tru¢fonoda & Wada, 2016and the utility of
feedback in the HMI design processsuring transparendHartwich et al., Q19; Koérber

et al., 2018)

3.2.3.3HMI Design Aspect by Ekman

Ekman (2020apresented an AV framework for designing appropriate tristman
studied the bass forthe emergence of trust in three distinct staggwe-use, learning,
and perfomance. The Prase stage occurs before interaction with AV. Téarning
happensduring interaction with AV in a specific context ortbe user has leart about

the system's performance. And, tiperformance phasékes placevhile doing various
road opemtions with AV dung different changing contextéEkman & Johansson,
2015a) These factorcomprised mental model of drive common goals, training,
expert/reputable, anthropomorphism, feedback, adaptive automation, customization,

uncertainty information, why and how information and, error informatiomtu&tion
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awareness accounts for most of tiMI design process functisnincluding feedback,
why and how information, error information, and uncertainty information. These
processes are preconditions to acquioptimum situation awareness in automated
systems with the help of various user interfaces. Similarly, it can alsorbmed up that
anthropomorphism is a holistic terthhat can also have subset of the aspects such as

customization and adaptive automation.

3.2.3.4Automation Acceptance Model (AAM)

Automation Acceptance Modglas shown inHgure 3.9, creates an integrated
automation acceptance model by combing research from cognitive engineering and
information systems domaingGhazizadeh et al., 2012AAM incorporates two more
factors including trust and compatibility tthe TAM model directlynfluencing PU and
PEOU. AAM displays trust and compatibility determinants directly influenced by external
variables andshows feedback loops affecting these factors while flystem is in use
Perspective has been applied the dynamic nature of trust ananultiple layes of

automation.

Fgure3.9
Automation Acceptance Model (AAM)

Technology Acceptance Model (TAM)
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C i | Systam Use [l
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Note: Dashed line indicate AAM workflows and strailyme arrows are of original TAM. Adapted from
Extending the TechnolggAcceptance Model to assess automation. Cognition, Technology & B/ork

Ghazizadeh, M., Lee, J. D., & Boyle, L. N. 14(1);493®12. Copyright Springsterlag London Limited
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Behavioural intention to use is directly influenced by trust like PU.stTand
Compatibility are directly affected by external variables such as system features and user
characteristics(Davis et al., 1989)Task technology compatibility indirectly affect
behavioural intention through PU and PEOU. Compatibility refers to how well the
automated system performs vévis user needs and requirements in a specific context.
Additionally feedback loops are added to depict the actual system usaffecting the

loop's various factors

It is important to design HMI for HAXonsideringthe mediating effect of trust on
reliance and the importance of information availability and information observaltility
make theright decision to rely on automatiofAremyr & Jonsson, 2011ee and See
(2004)emphasized not to confuse trust with intention or behaviour as these elements
are influenced by other human factors such as SA, workload andasd#itience. Trust
in automation isa significant mediator (though not the only one) w§ingautomaton
(Wintersberger, 2020)Muir (1987)two-dimensional framework in the backdrop of
sociology leadto the following definition of trust in HMI:
G¢NHza i A& GKS SELSOGHGA2YS KSER o68& |
of the natural and moral social orders, caof technically competent
performance, and of fiduciary responsibility, from a member of the
system, zimgl is,r(AeIated to, but not necessarily, iso[norghic with, o
202SOUAYS YSIlI adzZNka 2F UKSAasS ljdz2t AUASA
As depicted in Automation Acceptance Model (AAM),SINE Q Of 2aSNJ GA S
rather than its capabilities lead to trust induced behavicuamely reliancd Aremyr &
Jonsson, 2017)n this contextWickens et al. (2013hformation processing model at
the perception stage bears significandeee and See (2004uggested an assimilation
model that highlights the interplay of analogical, affective and analytic pesseas the
context of humaAmachne trust The analytic paradigm relates to pragmatic thinking
andevaluation® ( KS § NHza (i S S Qanaldgikdl isdasedios dodicialinema & ¢
rules and regulations defined by otherand affective refers to the emotional response
to the expecancies. People tend to use these assimilation processes depending upon
the availability of resources and the relationship between trustor and trustee. Trust is

essentially an affective response though partially influenced by analogical and analytical
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processegFigure3.10). Lee and See (200dpserved thattts dzd SN & G NHza
2 ythedrelationship between trustor and trustee, the information that is available to the
trustor, and the way information is displayed 0 LJdarefore dit is concluded thao
garnerthe holistic trust of users fothe aaceptability of AVsusers need to have trust in
the governance regime based on rules and regulatidisers should be fully cognizant
of AV's purpose, process, and performaroehave appropriate situational awareness
(Endsley, 2016; Parasuraman et al., 2008preover, the user needs to trust how
information is displayed and humdike mental capabilities attributed to the
automation system in the backdrop of anthropomorphig¢apley et al 2007; Waytz et
al., 2014)

Figure3.10

The interplay between the assimilation process underlying trust

. > Analytic —
Information and
beliefs
" | Analogical
Affective
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and interpretation L .
Trust affecting intention to rely
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3.2.4 Trust based HMI Frameworks in Earlier Studies

Numerous studies focussemh trust based frameorks while dealing with automated
systemsLee and Moray (1992)pbserveda passenger riding inside prototype level 2 AV
that driver anxiety in critical situations may be reduced once he sees the vehicle
managng different driving situations. Thgyoposed the use of an agent and creating
an emotional contact betweethe driver ard an agentWintersberger (2020pbserved

that choice of diver gender has little effect on emotional and mentaestéauslschmid

et al. (2017bxrompared various visuaéition overlaid on a driving scene of a chauffeur
avatar, a worldn miniature, and car indicators. They observedramease in trustBasu

and Singhal (20163uggested a framework based on user trust and agent trust to
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harness multmodal sensor data from the vehiclga®R dza S NI BandaekdlddNdesd € S
using features like gaze, facial expressitkman et & (2018)identified trustbased on
usage phases, automated driving (AD) events, factors and Jexglsining each event
that trust starts long beforehedza SN & FANERG AYyGSNI OGA2Y GA
after that.

de Visser, Pak, et al. (2018)ggested yet another trust repair paradigm to equip AVs

with better humancapabilities so that trust is repaired actively after an unintended
action or violation. He stressed the need to distinguish automated systroh as GPS
navigation fromdronesand advocated a new framework based on underlying concepts

of industrial psycblogy. The framework propagated to infuse a unique husilee

ability to build andactively repair the trust into autonomous systen@hien et al. (2018)
explored a vhdated crosscultural trust measure inthe US, Taiwanand China
considering Honour, Face, and Dignity facteasedon[ Sdzy 3 | YR [/ 2KSy Q&
[ dzf GdzNI £ { @y RNRYSA | yR |They dénsfiradha despitedzt G dzN
cultural differences, wbstantial commonalities were found developingtrust through
arelationship between reliability and reliance. The trust dynamicy sagnificantly in

different disciplines due to various definitiogrchov, 2017)Therefore, i might be a
reasonable attempt to examine trust followingthe neuro-ergonomic approach
(Gramann et al., 2017)

Another study identifiedhat a false alarm device activated different brain regs@i a
human compared to machirs€Fedota & Parasuraman, 2010ho and Hansman (2018)
defined a framework showing complete architecture involving driver, automation
systemsand the environmentDe Visser, Beatty, et al. (20@&)stulated that with the
increase in complex Ateveloping new methods to monitor Al is necessary. They
hypothesized that electroencephalogrs (EEGs) could provide a trust measuretme
index without seHreporting. Trust can be examined in computer algorithms through the

utility of neural correlates or error monitoring.

Wintersberger (2020)nvestigated distrust, over trustand multitasking theoretical
considerations and highlighted the significance of mwltidal and attentive user
interfaces to deal with these issue$able 3.2 displays the key trust based HMI

Frameworks found in the Literature.
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Key Trust based HMI Frameworks
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Trust Scenarios Decisions/Result Methods Samples References
Researcheldentified Highlighted the significance of muitiodal  Series of studiedotal 7 Students and Staff of Wintersberger (2020)
dimensions of trust in drivin¢ and attentive user interfaces University

automation and trust
calibration framework

The researcher investigated
user acceptance and the
willingness to use AVs

Media affect seHefficacy and subjective
norms,resulk y 3 Ay LIS2 LX S ¢ Modelling
behaviour change

Structural Equation

173 college students of IT Du et al. (2021)
used survey questionnaire

Developed an interface for
transfer of control between
car and human for steering
control and speed control

Simulated several modes of danger that
would require manubtake over and human
awareness, agnitive load in drivers of AVs
and their performance under multiple
cognitive loads

Johns et al. (2014)

A dynamic model of human
trust in automation based or
Auto-regressive Moving
Average was examined.

The success of collaboration (measured a For three days, 2 hours
per day sessions of
operators became familiar with the plant  running an orange
pasteurizer automated
plant, the authors
recorded the trust
dynamics of several

efficiency) improved constantly as the

operation

operators

19 (male and female) Lee and Moray (1992)
undergraduate students,

operators, responded to

60sets of a rating scaleno

a subjective rating scale

and regression analysis

The impact of timing of
reliability drop on reatime
human trust in the machine
when a human was the sole
machine operator.

Realtime trust cannot be reflected by
traditional trust questionnaires and is
affected more by early on robot failure tha
by laterlosses of reliability

iRobot ATRMR robots
with user interfaces

12 (male/female)
participants examined
the varying reliability with
no explicit feedback and
16 (male/female) for
dynamic reliability with

Desai et al. (2013)
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Trust Scenarios

Decisions/Result

Methods

Samples References

feedbackmeasured with
the Muir survey.

Modelled human trust in
automation as a continuou:
interval representation from
complete distrust to absolute
trust.

Developed adaptive trust seeking robots tr
can predict human trust in a given situatic
and adapt its actiom and social behaviour t
improve the trust.

5SSt 2LISR
dynamic Bayesian mode
of trust as a function of ¢
vehicle's performance
frequency of human
interventions, the
previous state of trust
and selfreported

trust states

Twentyone  roboticiss Xu and Dudek (2015)
from 7 universities were
involved in two human
robot interaction scenarios
to follow sequences o
different boundary targets.

Proposed a framework fo
integrating HumarRobot
mutual trust including Use
trust, Agent trust, and the
two fundamental
components of Mutual trust.

How to harness muhliodal sensor date
from the carl & 6 Sf f & 13
wearable or handheld device?

Basu and Singhal (2016

Quggested a framework fo

implementing trustrelated
factors into the HMI
interface.

Trust formation is a dynamic process th
starts long before a user's first contact wi
the system and continues long after.

User study conductec
using a NHTSA level 2 /
system found in &
Mercedes Benz -Elass.
Repeated Measure
Design Approach fo
validation

Nine participants
(male/female) were
observed for driving anc
interviewed in the user
study. Then six student
and four experts of Volvc
for focus workshops. Fo
validation 8 people
(male/female)

Ekman (2020a); Ekman
and Johansson (2015b,
2018)

A conceptual model of Trus
in automation was explored.

Described the dynamics of trust, the role
context, and the influence of dtay
characteristics.

Literature Analysis

Lee and See (2004)
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Trust Scenarios Decisions/Result Methods Samples References
Presented a thredayered Three layers of variability in humal A systematic review o 101 total papers, Hoff and Bashir (2015)
trust model that synthesize: automation trust empirical research or containing 127 eligible

existing knowledge trust in automation studies

Trust in autonomous drivine Intelligent autopilot visualization of the Questions measurec First, a pilot study with € Hauslschmid et al.

can be increased by

means of a driver interface
the shape of chauffer avata
car indicators, and the worl
in miniature

O NR& dzy RSNE G yRAY 3
situation, as well as its correspondi
actions, increased trust

trust factors on 5 point
Likert scale, use
experience on 7 poin
Likert scale, and thel
the Friedman test.

participants to test transfel
of trust and evaluated the
design. Then recruited 3

(2017b)

Investigate the key factor
influencing the adoption o
driverless cars in a close
environment

The ability of the driverless car to me
performance expectations ahits reliability
were important adoption determinants.

Embedded quantitative
study (Tonsley
innovation at flinders
Uni) with a survey (¢
point Likert scale) anc
confirmation in SPSS

persons (12 female

measure attitudes anc

behaviours

Pretesting with 3 KaurKaur and
participants and then Rampersad (2018)
survey involving 10!

individuals

Investigated the cognitive
and emotional dimension:
while designing AVs

Transparent

interfaces adapted to the mental system
the human are the prerequisite for the
situation and system awareness
interactions with the automated system

Electronic

guestionnaire, The
affective similarity
evaluated via  the
semantic differential

method Following the
three-dimensional
Euclidian distance

1000 participants Wolf (2016)

Using @D for designing al
autonomous underwatet
robot

{(AIYATAOIYyd dzaSNEQ

identified

Interviews of 30 Tha
Navy officers

30 participants

Pasawang et al. (2015)
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3.2.5 Public Trust in Driverless Technology via Governance / Legal Readiness
Structureg A case fothe regulatory ecosystem

The author would try to highlighthe significance of public trust in Driverless Technology
concerningthe regulatory ecosystem in the country froan institutional trustand
structuration theorypoint of view. There has been very little research in literature
regarding the role and relevance of AVs regulation in a smart urban transport system
(Ljungholm, 2020)NZ Government haswtal role in maximising social welfare goals of
cybersecurity regulating safety, securignd privacy. These goals are then trandlate
into technical standards in collaboration with relevant industry stakeholders and
international bodies. In the context of AVs, the security and privacy aspects need to be
embedded intothe holistic safety domain irthe transport regulation paradigm
(Anderson et al., 2018Againstthis backdrop, the capacity development within the
responsible organization®r successful AD is reqad. It compriseslevelopnent of
relevant standards and regulations, provision of adequate R & D funding, road, codes
and formulation of documentations. These efforts will ensure that the Government is

accountable to the publiby elaborating rules and enfaing these rules.

Deployment of the AVs will result the rise of new human factorssuesrelated to

safety risks at lower levels of automati@uch as behavioural adaptation, ow&liance,

skill loss, complacey, and inadequate process monitoringisher et al., 2020)
Governments and responsible orgzations need to learn from other regimes
potentially shaping the regulatory ecosystemcluding Australia, UKhe US, Sweden,

and Norway(Hansson, 2020)And consider principleased approaches to regulation.

As advocated by earlier research scholars, interpersimast forges an effort to manage

the relationship between humanand machined { @ a0 SY (trdkbza the A a
functioning of bureaucratic sanctions and safeguards, theadled legal systeénLewis

& Weigert, 1985)It leads to social order addressing the complexities which cannot be

pursued fromaninterpersonal trustKnowles & Richards, 2021)

Individuals trust that the system itself has appropriatechanisms for ensuring
trustworthiness (Giddens, 1990; Kroeger, 2087) W{ 8aGSYyYySaaQ Aa |
embedded through dimensions of stii@dzNE OF f £ SR WidérpidEzda dzNJ G
interplay between structure and its repduction and is often termed

Wy &l A G dzi Akdowled &Richaifidg, 202 Kxusting an institution means trusting
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in system structuregKroeger, 2017)Giddens (1990fescribed the dimensions of
structure (rules and resources that govern social practices) that form instiutibimese
include significance, legitimation, and dominatiofignificance refers to symbolic
actions that portray meaningoncerningthe institution, such asa white coat that
symbolizes a docto(Jones & Katen, 2008) TheLegitimation furnishes norms and
values known to people and further reinforced with institution sanctions of failure to
comply. Finally, dminationis the allocation of power to the agents of an institution.
The coherence of these dimenamresonates with trust emphasizing integrityMayer

et al.,1995)

Norms in the institution lose their legitimacy and validity if individimaéaking the rules

are not punished and people working forthe institution must be sufficiently
empowered. Trust in an institution grows through the concept of facewarhtified by
Goffman (1955)It signifiesa person's selpresentaton or transition of interpersonal
trust to an institutional trust based on the conduct and behaviour of the people working
in the institution. Thus lack of public trust is not only due t&th dza SND& Ayl ©
understand AYbut it can mainly be a reaction to lack of relevant structural assurances
of the trustworthiness provided by the institutionSsormulating technical standards and
documents for AVs testing, certification and deploymeain ensure the system's
trustworthiness Institutional trust ultimately promotes interpersonal tryshcreasing

the feeling of security (Spadaro et al., 2020) The concerns of safety,
security cybersecurity and privgy not only resides in the folds of interpersonal trust but
also bear fundamental relevance to institutional or system t{édstderson et al., 2018;
Ljungholm, 2020; Manda & Backhouse, 2016; Taeihagh & Lim, 20di8adla et al.,
2021)

Leveraging lessons from Atrtificial Intelligence &nel deployment of drones provide
evidence forthe establishment of appropriate trust to mitigate the risk of user
acceptance challenggaltawy & Youssef, 2016; Cunneen et al., 2019a; Elmaghraby &
Losavio, 2014; Taeihagh et al., 202T)just mediates people micro intentions on
automation reliance and macro interactions for overall public acceptability towiels

transportation system as a wte (Fisher et al., 2020)
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During HMI, the trust based on user acceptance may medheelationship between
AD influencing factors regarditigedza SNRa O23IYyAGA DS oAt AGASE
mechanism. In other words, interpersaland institutional trust form a holistic trust and
governance mechanism for succeslfuleployingAVs Figure3.11 illustrates the trust
in the automation ecosystem where the holistic trust based on institutiozad

interpersonal trust influencing AD factors ensures acceptance of AVs.

Figure3.11

Trust in Automation Eco System

[ MM l[ SA ][ Training H Anthropomorphism

Interpersonal Trust

T Adoption of
AVs via
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i Security/Cyber Security : Governance Reliance and

i Privacy i / Legal Acceptance of AVs
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[ Significance ] l Legitimation Domination

The underlyindrigure3.12 describes the holtg trust affecting AD factors based on the

[ Trust in Automation

research study.

Figure3.12

Holistic Trust and Governance Affecting Factors
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™ . Knowledge based on
a User Mental Model
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Note: Full model of factors for this research study that influence trust in AVs and long terms

implementation determinants.
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The graphical representation Figure3.12 displays the primary internal and external
determinants based on interpersonal and institutional trust hoe successful adoption
of AVs. The internal determinants includbe dza SND& YSyidlf Y2RSE
awareness/feedback, trainingnd anthropomorplism. The external determinants are
based on safety, privacyand security/cyber securityStuational trust relates to
institutional trust, and dynamic trust is formed based on interpersonadttfactors. The
third set of determinantsndirectly relatesto initial and dynamidearned trust. These
determinants relate to familiarity, economic utilitgrice and technological maturity of
automation levels thatmight contribute to proliferation of AVs with several other
variables Thesedeterminants can be &l for predicting the futuristic impact of AVs

proliferation and deployment timelines.

Based on the above discourse, this stualpposes trust influencing layers to establish

an appropriate trust mechanism for successfully adopting AVs in NZ. These layers
describe the strength and maturity of the trust and governance framework. To establish
a strong HMI relationship, users' acceptance and trust rests on optimum AD HFs and
legal readiness structure. The smooth proliferation of AVs may only be achieved while

resorting to the high end of the influencing layeFsgure3.13 below).

Figure3.13

Study Environmenta@ontextfor exploringrelationship between Trusind Adoption of AVs

—_—

Users' degree of familiarity, comfort, technology maturity, price and economic utility of
an automation level

e e o o o o o o o o o E E EE o e Ew o —
Users’ degree of satisfaction with Governance Mechanism based on Safety, Cyber
Low — Security & Privacy Parameters = HIGH
e mm e o o o o —

Strength of relationship between trust, legal readiness structure and adoption

WEAK | * * STRONG

The undermentioned Table 3.3 identifies all AD trust influencing factors fahe

successful adoption of AVs.
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Holistic Trust Affectingd€tors
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Factors Explanation References Remarks/Domain
Mental Model To rightly use the Lee and See (2004);  Interpersonal Trust,
system, the user mind ~ Toffettietal. (2009)  |nstitutional Fust,
need to figure outthe ~ S€erestinabove para |nternal HMI and
system functions and External System
competencies for Governance Domain
assimilation
Situation Perception of the Dekler and Woods Interpersonal Trust,
Awareness & elements in the (2002); Desai et al. Internal HMI Design
environment. A system  (2013); Fisheretal.  peterminant
Feedback agentis continuously (2020); Lee and See
. (2004); Verberne et al.
prOVId!ng c.JUtDUt and (2015) See rest above
behaving like senses.
Training ¢2 AYLINR @S  Ekman(2020a); Interpersonal Trust,

knowledge, system
training is conducted

Parasuraman et al.
(2008); Toffetti et al.
(2009) See rest above

Internal HMI Design
Determinant

Anthropomorphism

A systenthat acts more
like ahuman in terms of
voice, gender andame

Aremyr et al. (2018);
Bartneck et al. (2009);
Boyer (1996); Waytz et
al. (2014)

Interpersonal Trust,
Internal HMI Design
Determinant

Familiarity

How the system
performed the task was
necessary for the
participants to trust it

(Nieuwenhuijsen et al.,
2018); Tenhundfeld et
al. (2019); (Xu & Fan,
2019)

Interpersonal Trust,
Internal HMI Design
Determinant

Customization and
Adaptive
Automation

The ability to set non
criticd functions as per
user preferences and A
systemthat can adapt to
dza SNDR& f AT A

Helldin et al. (2013);
Hoff and Bashir (2015);
Lee and See (2004);
Verberne et al. (2015)

Interpersonal Trust,
Internal HMI Design
Determinant, Subset
of anthropomorphism

Technology
Maturity

Improvement in
a2Fusl NB ae
of an AV

(Abbass, 2019;
Haboucha et al., 2017)
Nieuwenhuijsen et al.
(2018)

Interpersonal Trust,
Institutional Tust,
Internal HMI and
External System
Governance Domain

Utility

The wsefulness of a
product economically

Nieuwenhuijsen et al.
(2018); (Wang & Zhao,
2019)

Interpersonal Trust,
Institutional Trust,
External System
Governance Domain

Safety Features anc
Standards

The Government need tc
make safety standards
around manufacturing,
vehicle design,
infrastructure and
communications

Anderson et al. (2018);
Ward (2011) See rest
above

Interpersonal Trust,
Institutional Trust,
External System
Governance Domain

Security, Cyber
Security and
Privacy

A seltdriving car may be
vulnerable to traffic
incidents and
interruptions, software
related security flaws,
viruses and malware

Altawy and Youssef
(2016); Anderson et al.
(2018); EImaghraby
and Losavio (2014);
Kaur and Rampersad
(2018); Ljungholm
(2020); Taeihagh and
Lim (2019)

Interpersonal Trust,
Institutional Trust,
External System
Governance Dmain

Price

The Cost of an AV

Nieuwenhuijsen et al.
(2018)

Interpersonal Trust,
Institutional Trust
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3.2.6 Trust via Al and Immersive Technologies Applications for AVs

The accepmnce of AVs for currerand potential driversespecially older people and
people with disabilities, depends on the design and accessibilityebicle user
interfaces (Ferati et al., 2017)The nulti-modal approach seempragmatic in the
backdrop of the users involved in nahiving tasks such as reading or using
smartphones and the users with sensory impant (Hastie et al., 2017; Ji, 2015; Kun
et al.,, 2016) Big data in the realm of Al anthe burgeoning rise of immersive
technologies comprising Virtual, Augmented and Mixed Reality (VAMRJ
Electroencephalogghy (EEG) environments are creating fiovasive Brain Robot and
HumanComputer interaction paradigm@ia et al., 2020; Rehman et al., 2018heir
perceived utility in the context of AVs will underpin tecting use of such technologies
ONBIFGAY3a  GoNIAY (2 OSKAOES¢ O2yySQUADAI
and provision of safe testing grounds in r8ate conditions. Harnessing the collective
prowess of these technologies will be at the foreft of predicting, developingand

deploying AVs.

Numerous wetknown companiesincluding Google, Tesla, GM, Uber, BMW, Daimler,
Toyota and Baidu, employ advanceechnologies in AVESun et al.,, 2021)Al
approaches based on Machine Learning (ML), Deep Learning (DL), and Reinforcement
Learning (RL) are being empéal to improve the SA and humdike decision capability

in AVs. The perceived opportunities and challengesrelated to the application of
these emerging technologies in big data, high definition maps, andgedgormance
computing,augmented reality AR),virtual reality (VR)and 5G communicatio(Ma et

al., 2020) In a recent study survey, various AVs communications (V2VarkRN2X)
were grouped ito three categories based on transmission rafgbeangar et al., 2021)
The study suggestethat shortrange technologies in strict latency needs, including
collision warning and medium range, can be used for ##Kmunication, whereas-C
V2X and 5@IR were considerekey enabling technologies for future intelligent

transport systems.

AR can be an effective tool in enforcing conviction in autonomous driving by allowing
the vehicle to perceive objects, geneea ratonale for decisions, and convéy intent
to the driver for manual interventio(Ng ThowHing et al., 2013)It can show a planned

lane change to the driver to augment its situational awaren@sklitionally, AR Head
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Up Displays are likely to be the future of car navigation and enhanced control
mechanisms to improve traffic safefipasso et al., 2018YR windshields application will
remove the requirements of road signs, traffic lights, and road paistamgl reconfigure
multi-lane roads based on demand. Measuring the driver state during various stages of
cognitive workload under the influence of affective sensing (emotions) with facial
analysis and EEG can assignvisaginghe brakereaction time ofa driver for designing
collision warning systems for autonomous vehi¢@svindarajan, 2017MR Lab at the
University of Southern California has successfully explored humaahine teaming
(USC, 2017)t concluded thathe training, testingand practice of the operator and AV
algorithms with a preconfigured VR environment is necessary for the successful
deployment of AVs. WeR S & A Iy SR dza SNJ Ay G S N@Brinkiz$ et al.A y ONE
2019; Faltaous et al., 2018; Ferati et al., 2017; Helldin et al., 2013; Hock et al., 2016;
Karlsson et al., 2018)

3.3 Conclusions and Research Implications

The sudy arrived at research conclusions and implications that affézdi S NE Q (1 NI
acceptability deployment,andimplementation timelines oAVs.The study was aimed

to develop a holistic trust and governance framework for optimum acceptability and
adoption of Autonomous Vehicles (AVs) in Nais frame of reference Chapters 1 and

2 explored the various dimension of driverless technology in AVs. The literature review
identified multiple factors, theories, barriers and enablers, perceptions of yserdthe

role of trust affecting the AD in NZhe literature review was carried out provide the

solution to the following research questions.

RQ1. What is the significance and futuristic role of driverless technologies
AYGSNYylFrGA2yLrtfte FyR t20Fffé gAOGKAY ! £3Q
RQ2 How COVID19, like pandemic crisis, can affect autonomous dgviAD)
technologies?

R@. How can the ceevolution of regulations and technology influence the
implementation of AVs in NZ and elsewhere?

RQ. What are the perceived benefits and critical barriers for the deployment of AVs
globally and in NZ?

RQ5.What isthe significance of human factors (HFs) for autonomous driving (AD)?
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R@. How do trust and user acceptance contribute to hunzang and adopting
autonomous driving (AD) technologies?
RQ7.What are the key AD factors affecting interpersonal and institwtidrust during

humanmachine interaction (HMI) for AVs deployment in NZ?

RQ 811. Develop an integrated trust and governance framework and examine its
feasibility and validation for AVs deployment in NZ.

3.3.1 Significance dbriverless Technology withitVs Context.

Driverless technology comprising automation, electrification, and sharing is likely to
alter the urban landscape and future mobilily2 ¢ | NR &4 -a6¥R2SNIAMAISEE 0 a |
ADSs will formthe core of the Driverless Technology ecosystem cormmisAVs,
monitoring centres and road infrastructure. AVs use Atrtificial Intelligence (Al), Deep
Learningand reaitime HD mapping to ensure safety during driviAy's are perceived

to improve safety and environmental impacésmd open new travel optionsof the

elderly, disabled and underage persons

3.3.2 COVILx 19 Pandemic Impact on Driverless TechnadoglyResearch

The COVID19 pandemic and evesvolving user and environmental demands for
transportation have witnessed a proliferation in the develagam and deployment of

AVs globally. Ithe aftermath of the pandemic, there is a likelihood of further increase

of driverless technologies ithe future. It has forced manufacturers to propel AV
technology to the next level and, transit from productionR&D. COVIR19 is likely to

have a lasting impact on future mobility solutiofiis disruption has created unlimited
opportunities in the longer term. Intelligent Transport Systems and CQVIEafety
guidelines set sights on taking human presence outhefloop. Both pursue similar
themes of keeping fewer humans in vehicles and supply lines, lower accidental deaths
and illnesses, and avoidance of mass movements of people in crowded public buses,
rails, and subways etc. There was a pressing need to paaallels in order to realize a
prudent outcomes of the studyhoughQOVID19 is not an essential component of this
research study Increase use of autonomous technologies and-aelfing projects
during present crisis forged increased familiarity, dependability and predictability of

these technologies which ultimately irapt acceptance and deployment.
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3.3.3 Role of User Studies and-@alution of regulation and Technology.

User experience, redime user studies, simulations, and testing will be vital in
integrating the physical world into the digital world for the aptance of AVs.
Unfortunately, policymakers and industrial stakeholders have so far failed to fill the
regulatory vacuum that may ultimately compromise their proliferation and hinders
market share profits, reputatiorand future electability. Moreover, kegeterminants
affecting AD must be explored in reabrld environments employing naturalistic and
longitudinal user studies out of protocols of simulated laboratory environments to study

how dynamic trust evolves through experience and interaction with netbgy.

3.3.4 AVs Perceived Benefdand Barriers Globally

The perceived benefits of AWsclude economic and social benefits, increased safety
and road capacity, reduced congestion, regdiparking costsand energy consumption
The study found numerousther benefits comprisingrared mobility, control of traffic
flow, efficient road transport, increased tourism, innovative freight delivery,
entertainment, attractiveness, increase in travel speaad offer of mobility to people
who cannot drive. The keybarriers include trust, safety, usexcceptance, privacy,
security/cyber securityLegal readiness structur@and proportioning liability regime.
Some others includéechnology and infrastructure readiness, updating road traffic

signs, and associated el costs towards automation.

3.3.5 AVs Perceived Benefits and BarieidZ Environment

NZ low population density, inconsistent safety infrastructared road markings, limited

funding from private capital and governmeimistitutions are significant barersto the

wider development of AVNZ mostly rééson 2¢hand cars imported from Japaifihere

is no company involved ithe manufacturing of AVs. Only one transport technology
O2YLI yeéx Wi alL (SOKy2ft23ASazQ NI ymelasd & K dz
Sydney, butmanufacturing took place from imported technologMZ supportsthe

testing of AVs due to nexplicit legislativerequirement ofa driver in the vehicle.
However, itrequires signrficant improvementsat a higher level of automation (leve3

and above). Policy planners in NZ are struggling to imagine the consequence of driverless
technology disruptiorandhavel R2 LJG SR | Wg | AThe lawyhangds&e Q  LJz

needed for liability clarificationcfiminal and product liability) in AVs effces. It
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includesspeeding and illegal parking, voluntary setsessment, road code and specific
amendments in Land Transport Act. Similarly, AVs users cannotaiat action and
property damages to court. Moreover, cybersecurity risks and terroasenlikely to

havea dampening effect on motivation towards vehicle automation.

NZ people believe in AVgerceived benefits in reducing accidents, improved
fuel efficiency, decreased traffic congestion, reduction in emissions, mobility to disabled
peope, and reduced insurance premiuntsowever, gople consider lack of trusts a
predominant barrier towards acceptance of AVs. Other barriers comgpaifety, &ck of
control, cost, fear of relieving ownershifack of adequate road infrastructurand 5G

coverage as key barriers towards AVs deployment.

3.3.6 Significance of Human Factors (HFs) Study in Automated Driving.

The HFs knowledge addresshe safety risks and acceptability barriers relating to the
deployment of AVs. Human presence in the loegults in AD challenges, including cver
reliance, skill loss, handling of lowlewvel handover situatios, complacency,
inadequateprocess monitoring, and behavioural adaptatidh leads toinjuries and
deaths. It ultimately affectthe trust, acceptanceand HMI design process of AWSs
knowledge also assists in deploying an effective legal readiness structure to ensure

safety in the transportation system.

3.3.7 Significance of Trust and Key Enablers to Driverless technology in NZ.

I 3 STNBIE thekey enabler tathe social acceptance of AVs. It is a multidimensional

and multifaceted construct that perpetuates at a period of seconds to decadescsd a

as a lynchpin towards other enablers. The literature study observed different but
theoreticallyrd I G SR LI NI YSGSNB FTNRBY ydzYSNRdza | NB
in AVsThe sudy then categorized these parameters in two main doméins! & SNBE Q ¢
lca FyR [S3Ff wSIFIRAYySaa R2YlFIAyaoe | Ca R2Y
awareness, trening, and anthropomorphism. The legal readiness domain includes
safety, security/cyber security, and privacy factors. Moreover, it has been observed that
these determinants have intdmkages with both domains and have significant
relationship with thedza S NR Q (§ NHza (i ¢
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3.3.8 Significance of the Role of Interpersonal and Institutional Trust in NZ.

Trust mediates people micro intentions on automation reliance and macro interactions
for overall public acceptability towardsansportation systemSystem trusrest on the
functioning ofthe bureaucratic legal system that leads to social order addressing
complexities thatcannot be pursued fronthe interpersonal trust. Interpersonal trust
forges an effort to managehe interpersonal relationship between huans and
machines. This connotation of trust formation in the Driverless technology perspective
deserves a relook towardle generation of holistic trust mechanism. The concerns of
safety, securititybersecurity and privaageside in the folds of interpeanal trust and

bear fundamental relevance fastitutional or system trust.

3.3.9 Layers of Influence Holistic Trust and Governance in NZ.

Trust and Governance affectifgD Factors can be influenced by three layers model
where Trust is the key towards usacceptance of AV technologyhe frst andsecond
layers include parameters within HFs ati@ legal readiness domain though having
interlinkages thatdemand investigations and validation. The third layer comprising
familiarity, technology maturityand economic utility ofautomation are significant
contributory factors in foreseeing thduturistic possibilities of proliferation and
implementation timelines for AVS.he layers of influencalso indicate the strength of
the relationship between trust, ledaeadinessandthe adoption of AVs. High trust and
mature legal readiness structuege likely tocontribute towardshe proliferation of AVs

adoption in a gign time and space

3.3.10 Knowledge gap in Automation Technology Acceptance Models.

Trust and acceptance models and theories wigeused in iterature bear their
emergence to humaimobot interaction or Information Technology paradigms. These
theories gradually introduced trust, perceived risk based on safety requirements,
personality traits, sociainfluence and external environment parameters. Lately,
Automation Acceptance Model identified trust @drwompatibility Both TAM and AAM

are not supported by empirical observations despite having strong theoretical
background. Theoretical underpinnings tifese modelsdo not address thesemi
autonomous vehicles and performance implications of ADAS. There is still a lack of

clarity and understanding regarding the effects of automation on human behaviour in
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the context of high autonomous vehicles (HARayticularly whenthe userconfronts a
lower level of automation wheréhe vehicle requires human input for full control. The
phenomenon of trust and driver acceptanaspecially in ADAS, is profoundly complex
compared to its application in drones, aviati@amdother industries. These theories and
models need a fresh look in the backdropaafique splitsecond myriad of safety risks.
No modelling theory describes the accepta domain for AVsonsidering interpersonal

and institutional trust.

3.3.11Pandra's Box of Levels of Automation and Shared Design Space.

The concept ofthe Operational Design Domain (ODD) and levels of automation in the
context of Dynamic Driving Tasks (DDT) of AVs are central to the capabilitg of
automated driving systentlowever,the SAE taxonomy of LoA is relatively well defined
However, it is widely debated that automation levels should not be linked to the degree
of human intervention alonelt should als be categorized as various transitory stages

of the control loop whee technology assists human operatoiMoreover, with the
increasing levels of autonomy, liabilities become blurradd there is a need to link
responsibility more closely to autonomy levels. Hence, there is greater rfwom
deliberations in the context ® RNA GSNRa {! O0SY@ANRYYSyi
situations and legal liability against crashdsom level 2 to level /AVs Few experts
believe thatto counter this ambiguity, especially at level 3, the responsibility needs to
change to thenandover tmeline This requirea further breakdown of taxonomy levels

by explicitly looking at the taxonomic categorizatioancerningthe split of liability
between the vehicle driver and the autonomous systerRirom the HMI design
perspective, a possible way formeamayincludemoving towards full automation (FAD)

and eliminating human operator input at lower leveler making shared controlled
devices Similarly, DDT may either be performagthe operator or automationandthe
operator may do multitasking when #amation is active, thus reintegrating
cooperatively into a shared design space. Additionally, from legal readiness perspective
involving liability and other issues, there may only be two leveds drivingwith and

without human input.
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3.3.12 Signiftance of Multimodal Useinterface

Multi-modal user interfaces and immersive technologies of viftaagmented and
mixed reality (VAMR) and Electroencephalography (EEG) environments are likely to
create non-invasive Brain Robots adumanComputer ineraction paradigmsThese
willassish y 3F NYSNAY3I dzaSNBEQ (NHzad G266l NRa ! +

3.3.13 Likely Best Fit AVs Deployment Business Model for NZ.

In the NZenvironment, transport systesiand infrastructureare likely to evolve
continuouslycomprising distinctariations emerging in different regions and for dise
needs of userddAVs and shared ownership are likely teestst with conventional and
private vehicle ownership pursuing a collaborative consumption in a multifaceted
economic model. Thus it would ba social transition insteadf a technological
transition. Moreover, likely AVs deployment pathwaysild becreating fleets of AVs in
contained urban spaces and incrementally increasing the number of vehicles with

autonomous features on NZ roads.

3.3.14 Perceived future timelines of AVs deployment.

Earlier studies hinted optimistically towards AVs implementation timelines. AVs are
likely to be commercially availabile the 2030s t®2040s However, these will be costly
providing less driver stress amtlependent mobility for less affluent napdrivers. The

AVs are predicted to be affordable ltlye 2050s providing benefits aiutonomous
mobility to alarge segment of societgheaptaxi, and microtransit services. Moreover

it is also pointed out thahalf of the new vehicles and half of the vehicle fleet will be
autonomous by 2045 and 206Gitill, reduced congestion will only take place with

dedicated lanes that can allow platooning.

3.3.15 Further Research Implications for this Study.

This conclwsion calls for qualitative and quantitative investigations to capture these
complexities in the backdrop of AVs deployment in NZ. It is also essential to identify and
validate user acceptance requirements addressing internal and external enviroement
and the role of trust based on interpersonal and institutional trust in 1t&rak live traffic
conditions. There is a need to examine how and why dynamic calibrated trust develops

in specific forms in particular conditions for chalking atlistic trust andgyovernance
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framework for NZ. While investigatinghe focus wouldbe on critical determinants
comprising situation awareness, feedback, mental model, customization, adaptive
automaton, training, and anthropomorphism. These atepicted as compatibility in
AAM, PE in UTASituationaland dynamically learnedrust in Hoff and Bashir Model.
Moreover, theprivacy, security / cyber security (depicted as FC in UTAT and linkages
with Hoff and Bashir Model) specific t&ZNettings affecting user trust aadceptaility

need investigation

3.3.16 Comparisonwith Earlier Studies.

An extensive review ofhe existing and latest knowledge in the subject and its relevance
to different aspects ot wider body of knowledge in trust, Hiind acceptability of
driverless technology has been carried ollost of the earlier studies othe subject

are based on conceptual models deveddipy Mayor, Hoffand Lee and other models
such as TAM, UTAThese theories fall short aiddressing the driverless or semi
driverless syem inthe presence of ADAIB the HMI design process. These studies did
not capture internal as well as external environmental factors. Trust is always
considered fromaninterpersonal point of view (takintpe lead from human to human)
and no study in atomaton describedinstitutional trust. This study haattempted to
follow a practical approach of creating a calibrated trust framework for AD sgstem
within an HMI design process based on internal determinaatsl external
determinants.Though this studyears similarity to PEOU, Pahd FC as depicted in

these earlier models yet ensuecamprehensivapproach adding additional factors.

3.4 The Chapter Summary

'ASNEQ ¢NHza (G S6AGKAY GKS F2fRa 2F Ay idSNLIST
towards social acceptance and adoption of AVs in NZ. It is a multidimensional and
multifaceted construct that perpetuates at a periofl seconds to decades. It ads a

lynchpin towards other exogenous and endogenous enabieta/o distinct domaings

nameB W CE&¥gal R&adiness/2 SNY I yOSQ OF iS32NAT SR oeé
acceptance theories found in literature and functional levels of automation warrant a
relook towards driverless technology in seautonomous vehicles that uses ADAS and

from a legal readiness context. Policymakers need insights into thevotution of

regulation and technology to arrive & mature governance regime towards AV
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deployment andbther stakeholdersDue to its unique characteristics, Mdikely to see
the riseof AVs and shared ownership in tandem with conventional and private vehicle
ownership pursuing a collaborative consumption in a multifaceted economic model.
Thus it would bea social transition insteadf a technological ondor successful
deployment of A¥ in NZ, as suggested by theoposed layes of influence of this
Research Study.
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Chapter 4- Research Methodology

4.1 Introduction

This chapter delineates the research methodologies, tools and techniques applied to
accomplish the research aim and objectivessTdhiapter commences with highlighting

the philosophical and theoretical perspectives followed by research paradigm and
design methodologies. It elaborates the ethical research process and then describes the
significance and justification of research metlsodsed in a Multiphase Design to
address the research questions. These phases focus on understanding the problem,
dzA SNEQ ySSRa GKIG gAff AYyGSNIOG FyR FI OS
users and problem resides. Research aim and objectireve the choice towards a

mixed methodology approach.

4.2 The Philosophical and Theoretical Perspective

In this objective world, it is impossible to access the truth or social reality using a single
scientific method as proposed by the Positivist oetptetivist paradigms. Instead, the
truth lies somewhere pursuing tHeragmatic paradigniCreswell & Clark, 2017; Yvonne
Feilzer, 2010yithin the folds of dialectical pluralisiiGoertzen, 2010Based on mixed
methods methodology, a value laden axiology (research that benefits people), relational
epistemology (research relationships are best determined by the researcher) and non
singular ontology (All individuals have unique interpretations exlity) (Kivunja &
Kuyini,2017)

t KAt 2a2LKAOLIE $2NI ROASGa RSy20S (®uBa, aol a
1990; Petersen & Gencel, 2013) governs how to view the reality surrounding our
world and directs the processes of the research. This study aims to realize an appropriate
level oftrust for optimum acceptability and implementation of Autonomous Vehicles
(AVs) in NZ. The research aim and objectives can be well articulated and understood in
behavioural science and design science domains due to the convergence of people,
organizationand technology. The behavioural science paradigm predicts human or
organizational behaviour through theory development and verification, whereas the
design science paradigm seeks to create innovative artefacts by extending human and

organisational capabiles (Hevner et al., 2008) o understand the overall context in the
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KdzYl'y YIFOKAYS AYyiSNIOGAZ2Y R2YCab¢tal, B3I Sad
Kaptelinin & Nardi, 2007; Nardi996)best explains the six process&sgure4.1 below).
It underlines the role of a user (subject) who performs activities with an object
(environment i.e., AV) employing mediating artefact (Truste mediating artefact is a
physical or psychological media that interacts with the community of people or
organization (Community), rights and status of people (Division of Labour) and Rules and
Regulations (Rules). Trust is a multidimensional and mudtiéalc construct that
LISNLISGdz- 6Sa FaG I GAYS LISNA2R 2F aSO2yRa i
over time with new experiences and knowled@igkman, 2020a)User perception is
significant in finding out the trust towards deployment of AV& @onstructivism
(Creswell & Clark2017) and perception may be accessed through interviews,

guestionnaires and mixed metho@&kman, 2020a; Ekman et al., 2018)

Figure4.1
The Activity Theory Framerk

Mediating Artefact
‘Trust’

Object "'AV
Environment’

> Outcome

Subject User

Rules - Community == Division of Labour

Note: The AT Framework adopted froBuestions of the Theory and History of Psychology, chapter
Consciousness as a Problem in the Psychology of Behguidd1) by Vygotsky, L. S.1925. Copyright

Colleted Works. Moscow

4.2.1 Research Paradigm, Nhetdology and Methods

The study is through the lens of the Pragmatic Paradigm, the theoretical perspective of
the Design Science Research approach utilizing mixed methods Multiphase Design. The
Pragmatic Paradigmsupports mixed methods. It seeks to interedg practical and

pluralistic approaches that allow a combination of methods to articulate the actual
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behaviour of participants, the beliefs and consequences that follow from their behaviour
(Kivunja & Kuyini, 201Which is the main aim of this research study. It is impossible to
I 00Saa UKS WIiNMZiKQ Fo2dzi GKS 62NIR a2t St
positivist paradigm theoristéMertens, 2012pr determine social reality as propagated

by the Interpretivist paradigm.

Moreover, this paradigm allows methodological pluralism in a conctireembedded

and convergent design methods allowing the convergence of qualitative and
quantitative data, thus ensuring validity and reliabil{tgresswell & Cresswell, 2018)
Epistemologally, it assists in utilizing the logic of inquiry through deduction (testing of
hypothesis and theories developed during the process), achieving complementary
strengths(Brierley, 2017)Ontologically, it helps realize the significance of the phiysica
and the evolving social and psychological worlds. The pragmatic paradigm rules this
research study methodology, i.e. Design Science Research, towards the formulation of
research questions, instruments, data collection and analysis. The study is justifigd

a user study, evaluated by statistical equation modelling (SEM) considering case study
of AVs in NZ. It is further explored by systemic dynamic (SD) modelling and semi
a0 NHzOGdzNBR SELISNIAQ AYyiGSNBASsa FT2N 2 3SNI

4.2.1.1Multiphase Design

The Multiphase Design involve various qualitative and quantitative studies sequentially
or concurrently building on one another to address the overarching research question
(McBride et al., 2019 ¢ KS YAESR YS(iK2R& adzZ GALKIF &S
research strategies to collect data that would not othemvise obtainable by using the
YIEAY Y @&Moke2 ®81, p. 191 Y R W Qroakl NurposksSof breadth and depth

2T dzy RSNREG I yYRA Y 3 (Jdhysth etOf NEF o2 NA3G PHaseél,
Concurrent Embedded Design Correlational Model comprising stadyV user study)

and 2 (SEM) is used. In Phase 2, Convergent ParallghDésdel comprising study 3
6{50 |yR n 09 ELIS NI &FQurek.g).iMuNIAdsS Dedign aimsito LIdzN.
address the incremental research questions and provide an overarching methodological
trust and governance frameworfior AVs adoption in NZ. The research problem in this
study has various dimensions needing different samples, procedures and approaches.

Hence, this design seeks to holistically design, develop, test and evaluate the framework
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through iterative studies in woitiple phases(Almeida, 2018; Baran & Jones, 2016;
Creswell & Clark, 2017)

42.1.1.1 Concurrent Embedded Design Correlational Model

In an embedded design, the quantitative and qualitative studies seek soluggasding

two different research questions within a stu@@reswell & Clark, 2017; Fonner et al.,
2021)sequentially or concurrently. One form of the dataused in a subservient role
and embeds into the main experimental or correlational styéharrison, 2013)A
correlation modéis another variant of embedded design where the researcher obtains
qualitative data to develop predicting relations in a larger correlation s{@igswell &
Creswell, 2018; Creswell et al., 200Bhe timings omixing qualitative and quantitative
components are significant in the backdrop of simultaneity and dependé@Gcest,
2013) According td&schoonenboom and Johnson (201Ae concurrent design may use

dependant data analysis, and sequential could employ independent data analysis.

In this study, the qualitative data (user stugyl in a supporting role) addresses the
primary question in the predominant quantitative study (SEM/CFA stw@). The
qualitative data is embedded in the stugy to shape and develop the intervention and

use correlations to identify relationships betweenst affecting variables. It assisted in
explaining the predictive relationships and the trust and governance phenomenon in the
implementation of AVs in NZ. The quantitative methodology primarily serves to answer
the research question 8 in objective 2. Theantitative methodology provides a solution

to research question 9 in objective 3 for identification and evaluation of key trust
affecting AD factors during humakV interaction and discussion of the outcomes. A
single data source was not considered might enough. The interpretations were
drawn from the convergence of findings and analysis from qualitative and quantitative
data. This research design revolves around the social acceptance of AVs in NZ. It has a
fundamental bearing on knowing the NZ pédop | AaLIANI GA2y & YR 20
level of trust in real traffic conditions with an AV. Due to the availability of several trust
influencing factors in AD in the current literature, the complementary user study was
necessary to arrive at the most sificant influencing factors for AD in NZ. The final
results constitute interpretation and findings against two separate studies as per the

design.
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42112 The Convergent Parallel Design.
It is also known as the concurrent triangulation degigastro et al., 2010This research
RSaAdy asSS{ia G2 a20d0GFrAy RAFFSNBY ([{Mosezi O2
1991) It incorporates simultaneously prioritizing qualitative and quantitative phases
(Harrison, 2013; McBride et al., 2019he integrated results are triangéd during
interpretation (Tashakkori & Creswell, 2007Yhus, it harnesses the strengths and
dilutes the weakness of independent qualitative and quantitative reseéCchswell &
Creswell, 2018)This design method is similar to concurrent embedded design, except

equal weights are given to both the data sour¢€astro et al., 2010)

This design is used to realize all the research questions and objectives. The
interpretations provide a complete understanding of the realized benefits, challenges,
co-evolution of regulation and technology, diffusion tinmeds and likely proliferation

road map for AVs in NZ. In this design phase, stiBlincorporates quantitative System
Dynamics (SD) modelling technique, and stgdy dzaSa aSYA aidNHzO0
interviews capturing follow up data from stuayl and stug ¢ 2. The data and results

from study¢ 3 and studyc 4 are collected simultaneously and merged in the research
implications. In the end, these interviews and convergence of data assisted in inclusive
research analysis and interpretatio(lbsoul, 2021)The studies realize the theoretical

output of integrated trust and governance framework (developed in Stgd) in

practical ways and give policy guidelines for AVs deployment in NZ. It illustrates the
quantii G A @S NBadzZ & gAGK ljdzr €t A4 GADBS FTAYRAY:
2021 to 2121. This design provides a holistic understanding of AVs deployment

phenomenon comparing multiple levels within a system.
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Figure4.2
Research Paradigm, Methodology and Methods

Mixed Methods Multiphase Design

Interpretation
Q:A N S based on Quantitative
Predictors Qutcomes QuAN{quallresults Data Collection
and Analysis
c::r':pla;e o Interpretation
Qualitative Data elate
Collection and
h
esearch Study Study -1 Study -4
H . Inform Research Study -2 Inform Research Study -3 Inform Research "
i Overall main — | BMW AV User |—» — L — Experts
H in A in Ai i Study main Aim
Aim Study Study main Aim SEM and CFA Study main Aim SD Modelling dy Interviews

Objective 2 - Research Q ions 7 &

8 (Secondary Study|

Design and conduct qualitative BMW
AV2{3 User Study and interpret
results to address objective 2.

It is done to arrive at realizing the
predictor and outcome variables.The
results are embedded at design level
into primary quantitative study - 2
explaining AVs acceptability
phenomenon based on trust and
governance. This study strand is used
to develop an appropriate
questionnaire and formulate HMI AD
Event Relationship  Identification
framework. It also investigates the
intervention of various related
variables for study - 2 and develop
outcome variables for remaining
studies in a concurrent embedded
design correlational modal.

Objective 3 - Research Question 9

Primary Study

This is predominant study of this
research  based on  Statistical
Equation Modelling and Confirmatory
factor Analysis using IBM SPSS Amos

to address objective 3.

It ascertains challenges  of
implementation of AVs and priori
perceptions  towards trust and
governance mechanism in NZ. It
develops two integrated trust and
governance models based on key
trust influencing factors for adoption
of Avs after shaping up intervention
from study — 1, test seven
hypetheses and inform study — 3. It
also studies the role of interpersonal
and institutional trust in a concurrent
embedded  design  correlational
setfings.

Objective 3-Research Question 10

This study incorporates System
Dynamics (SD)} Modelling technique
capturing hard and soft variables
data from Study — 1 and Study - 2.

The study is carried out to visualize
the theoretical output of Integrated
trust  and governance  Model
(formulated and validated in Study —
2) for AVs deployment in NZ. It assists
in gaining insights into long term
potential impacts of AVs as a new
mode of transportation, market
penetration of AVs and behaviour of
the whole system. This study
elaborates outcomes of study — 2 and
provides a platform to converge and
interpret findings with respect to
study — 4 in a parallel convergent
design Model.

Objective 3-Research Question 11

This final study — 4 adopts a
qualitative research method based
on thematic analysis of semi
structure interviews of 13 experts
around the globe namely from Nz,
UK, Germany, Sweden and Australia
to assess the validity of integrated
trust and framework for Avs
deployment in NZ.

Itis done to relate findings of study —
3 and outcomes of remaining studies
and then interpret the overall results
for realization of overall objective.

Studies 1, 2 assists in informing this
research for appropriate recruitment
procedures, preparation of interview
guide and further analysis in a
parallel convergent design settings.

Concurrent Embedded Design Correlation Model
Phase - 1

Convergent Parallel Design Model
Phase - 2

Design Science Research (AV Case Study in NZ)

4.2.2 Theoretical perspectiveSituating AV Case Study within Design Science
Research (DSR) approach
Design Science Research (DSR) is akm@Wn research approach within the
Information §stems (IS) and Business and Management Studies (BMS). It is used to
create innovative artefacts, link theory and practice, and develop scientifically grounded
solutions to solve realorld problems(Costa et al., @.6; Rocha et al., 2012The
artefact may include conceptual constru¢Beffers et al., 2012nd system design and
guidelineqOffermann et al., 2010PSR is also employed for social innovations and new
technical and architecture design theories and practi@@ssta et al., 2016)T’he DSR
comprises the construction of a viable artefgtievner et al., 2004)the rigorous
evaluation of the artefactPeffers et al., 2012and the knowledge contributiofGregor

& Hevner, 2013)

In multidisciplinary research, case study research (CSR) can be applied ireR&Rtat
Ll2ad Sglt dz

interviews from various industrial sectors) for naturalistic evaluation/interpretation of

evaluation(user study interviews and questionnairésy R S E
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the artefact desigr(Vahidov, 2012)CSR is one of the evaluation methods in DSR. The
iteration, design, development and evaluation of artefact occurs in the design cycle of
DSR in parallel with CSR. In ex post evaluation, the same procedures for data collection,
analysis and validations are applied as ex ante evaluation stage. Therdifdrappens
in the selection of new participants for interviews, with the modification made according
G2 GKS FSSRol Ol 20U0FAYSR® ¢KAA | LILINRI OK I
generalization of finding&osta et al., 2016 he knowledge obtained from the existing
theories, artefacts and needs from actual case studies transform research objectives to
dedgn and developmentYildiz & Mgller, 2021) Ol & S & énqiRcdl rekearchl y &
method used to investigate a contemporary phenomenon, focusing on the dynamics of
the case, within its real life contéxtYin, 2018)Case studies are generally performed
GKSNBE om0 aK2gé 2N GoKeé ljdzSaildAazya I NB dz
control over events, or (3) the contemporary phenomena withat-lige context is being
explored. CSR is used for inductive, deductive and abductive res@aosta et al.,
2016)

The fundamental DSR requirements accepted by all schools of thought is to validate the
artefact development using existing theories and guidelif@sterle et al., 2011)n a
sociotechnical context, the artefact is influenced by the environment in which it
operates. This research is in the realm of sd@ehnological interaction where trust of

the people, HMI and AVs deployment phenomenon is being explored. Design Research
is significant in IT based hybrid intelligence system artefacts and Gittheimer et al.,

2021) DSR in IS employs designs, analysis, reflection and abstraction -in pre
development, development and post developmestdges for addressing the knowledge
gaps(Vaishnavi & Kuechler, 201%) the first stage of the process, the research proposal

iIs an output of the problem awareness. While the last two steps involve justification
usingSEMJ AR (G KS FNJ YSG2N] dziAfAGe dzaAy3a {5 Iy
evaluation(Benfell, 2021)In DSR, all research strategies should be included, as anyone
can be valuable epbending upon characteristics and goals, including surveys, action
research, grounded theory, experiments, case studies and ethnog(dphgnnesson &
Perjons, 2014) A core research criterion is to set a framework based upon the

connection between relevance (context of design) and rigor (the business/environment)
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and the sciatific knowledge.(Cash & Piirainen, 2015; Drechsler & Hevner, 2016;
Hevner, 2007; Hevner et al., 2008)
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The DSR facilitates the resel process by outlining a cyclical development and
validation process, thus initially defining the issue in the environment and subsequently
evaluating it to be successful for its intended users and environment. After observing
the Change and Impact Cycldesign problems, constraints and requirements are
identified and fed by the relevance cycle linking the environment with the d€Bignre

4.4 below). In the next design cycle, the afact is synthesized and evaluated until it
satisfies the criteria set for design. The last rigor cycle links DSR and the scientific
knowledge base feeding the principles of form and function to the design and findings
of the evaluation of the artefact b&cto the knowledge baséPiirainen, 2016)In this
model, the design commences with the awareness of the problem occurring due to
innovation, i.e. factors affecting AD and lack of trust in AV technology as a critical barrier
in acceptability of AVs in NZ. The solution is provided by developing an integrated trust
and governance model for the successful proliferation and diffusion of AVs in NZ.

Problem is identified from existing knowledge and theory, and development of artefact
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is done through user study and survey. At the same time, evaluation and validation are

OF NNASR 2dzi GKNRdzZAK a2daidsSY ReylIYAO Y2RSt |
Figure4.4
A Four Cycle View of Design Science Ras€@SR)
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Note: Adapted fromA fourcycle model of IS design science research: capturing the dynamic nature of IS
artefact desigrby Drechsler, A., & Hevner, A. 2016. Copyright Breakthroughs and Emerging Insights from
Ongoing Design Science Projectse thlth International Conference on Design Science Research in

Information Systems and Technology (DESRIST) St. John, Canada.

4.3 Research Ethical Approval

This section delineates the research ethical and moral considerations in the study.
Ethical approvawas sought from Auckland University of Technology (AUT) Ethics
Committee (AUTEC). This involved preparing participant information sheets and consent
FT2NXYas SELISNIAQ AYGSNBASSG 3IFdzARSTI RSGFATL A
a survey questionnee, and safety protocols during AD session in a live traffic
environment. Details of these are attached as appendices. Moreover, a separate
agreement was also prepared and signed between BMW NZ Group and the user study
participants, including the author.h& approval from the AUT's Ethics Committee
(AUTEC), with approval number: 19/282 occurred before the commencement of data

collection.
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The study ensured that no confidential information regarding the identification of the
participants is disclosed unlesket participants consent permissiqiAUTEC, 2020a,
2020b; Petrova et al., 2016Jhe complete data was anonymised so that it is impossible
to reveal the identity of individual responses. No information of the progady was
employed for purposes other than the study's objecti{yA&TEC, 2020c; Mittelstadt &
Floridi, 216) The accrued information was analysed and reported in which
confidentiality of the information is fully guarantegqiViliams & Pigeot, 2017)The
project information was shredded, and a small size of data was secured in password
protected folder at the end of the researdAUTEC, 2020a)he access was restricted
to only the research and supervisory team directly involved in research and data
analysis. These research practices were pursued during the enseaneh process

implementing the research approach and theoretical framework.

4.4 Research Methodology

Figure 4.5 describes the detailed research process underpinning multiphase design
mixed methods research. It erfgys the concurrent embedded correlational design in
Phase 1 and the convergent parallel design in Phase 2, as discussed above. The study
involved four studies in four stages (two studies in Phase 1 and two in Phase 2
concurrently). Stage 1 comprised a ser study with BMW AV level 2, with most of the
features of level 3 in an exploratory setting. Stageinvolved a quantitative survey and

SEM, Stage 3 SD Modelling and Stagen A& o0l &aSR 2y &aSYA ai
interviews. Qualitative analysis réorced the quantitative analysis process in four
stages and two design phases. All phases contributed towards answering the underlying

research aim and objectives as below:

Main Research Aimro develop a holistic trust and governance framework for optimum
acceptability and adoption of Autonomous Vehicles (AVs) in NZ.

Research objective 1: To examine the critical perspectives of driverless technologies
in the backdrop othe deployment of AVs

Research objectiveg 2: To analyse the role of key AD factoffeating trust based on
significant HMBand governance determinants for thplementation of AVs in NZ.
Research objective; 3: To developand assess an integrated trust and governance

framework for the successful adoption of AVs in NZ.
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Figure4.5
Research Study Methodology in Detail
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4.5 Studyc 1: Literature Review and Complementary User Study

In Stageg 1, the literature review explores the meaning, composition and correlation of
constructs by considerintpe facts and evidence within the area of study in a specific
context (Adlbrecht et al., 2021)Creswell and Poth (2016, p. 1b6pserved that
qualitative research is an inquiry embedded distinct methodological traditions to
explore a social or human problem and is based upon the observations and
AYOSNIINBGOFGA2ya 2F LIS2LI) SQa LISNOGuk & 2y
Lincoln, 1994)The iterature review assisted in gaining an uns@nding of how various
theoretical constructs relevant to the study relate to each otlf@rolfswinkel et al.,
2013) Hence, the study synthesized the literature, identified the gaps in the knowledge
and provided a theoretical foundation ftine proposed research for further knowledge

contribution (Paré & Kitsiou, 2017; Sylvester et al., 2013)
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Since the proposed study revolved around social acceptance of AVs in NZ, it has a
fundamental bearingonidéG A Fe€ Ay 3 (GKS dzaASNEQ f S@St 27
live traffic conditions. It needed to explore the significant events during interaction with
AV having complementary trajectories in HMI trust and governance to generate an
appropriate level 6 trust and HMI design guidelines. Therefore, an AV case study
research in the form of a complementary user study with BMW X5 xDrive40i SUV
Autonomous Level 2 having most of the functions of level 3 was conducted. Against this
0l O]l RNR LJE { K S andzie@énhBods fodrethé vt 9f analysis. The user study
furnished context specific input omhat, howandwheni Ndza & FIF OG0 2NAR F F7F
besides confirming the relevance of events in ugekV interaction scenarios taking
inspiration from few edier studies(Aremyr & Jonsson, 2017; Aremyr et al., 2018;
Ekman, 2020b; Ekman & Johansson, 2015a; Ekman et al.,. 20E8)goals of the
literature study pertaining to user study were to further explore and idgrgignificant
theoretical constructs relevant to AVs in HMI and Governance Domain affecting user
trust (Kaur & Rampersad, 2018; Parasuraman et al., 200f) aim of the user test was
twofold, first to find out tre answer to (1) What are the key AD factors affecting
interpersonal and institutional trust during humanachine interaction (HMI) for AVs
deployment in NZ?, (2) What HMI AD events are affected by key trust affecting factors

during humanrg AV interaction?

45.1 Study Ig User Study Methodology

User studies delineates people, behaviour and contexts. These adopt qualitative and
guantitative approaches to articulate the holistic view and the robust data required to
triangulate and validate data collectg@anwell & Coulson, 2004Yser studies are
effective ways of evaating everything from visualization metho(Sanyal et al., 2009)

to complex environments, including aeroplane cockf8arter, 2006; Sarter & Woods,
1994) surgical simulators and AY{&kman, 2020a; Garzon, 2012; Walch et al., 2015)
The objective was to develop a guiding framework for holistic trust related factors and
design guidelines for successful HMI. Therefore, this exploratory user study comprised
USNEQ ljdzSadAz2yas AYISNOASGaT OoNIAYy aidz2Ny
diagrams Figure4.6 and Figure4.7) during various test sprints. The qualitative data i
embedded in study, 2 to identify the relationship between trust affecting variables at

the design level in a concurrent embedded correlational design. It assisted in explaining



124
the predictive relationships, and the trust and governance phenomenon in the
implementation of AVs in NZ. Its ultimate goal was to find and evaluate context specific

factors, events and constructs for the following stages of the study.

Figure4.6
User Study Method Design includingeéhPhases

Before Driving DuringDriving PostDriving
! v !
. Questionnaire Interview Interview
Observation Questionnaire
Workshop

The User Study was carried out in collaboration with BMW NZ Group using an
Autonomous Level 2 BMW X5 xDrive40i SUV vehicle with most of the functions of Level
3 as this was the only company having AV level 2 vehicles in Auckland. The asudy w
used as a supporting study to embed data in the primary stgdy and assist in
developing predicting relations in identified trust variables. The BMW AV had forward
collision warning, automated emergency braking, lane change warning system, parking
assstant, driving assistance with adaptive cruise control, auto pilot (ranging from few
seconds to a minute). The user study comprised driving sprints/trials in Auckland on

high, medium and low density vehicle roads in live traffic conditions.

Figure4.7
User Study Methodology
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The study approach warranted a small, efficient test sample having basic know how of
driving to be sensitive enough to detect behavioural changes when exposed to different
conditions (Ekman & Johansson, 20158gsides, fewer participants can improve their
performance while undergoing a scenario numio¢ times. The age and gender of the
population most likely to be the early adopters of AVs technologies were kept while
selecting participants. In ethnographic HMI based user usability tests, a sample of 5 to
10 participants is considered adequate as osemple can expose 80% usability
challenges in 34 user testfRubin & Chisnell ®8; Stadler et al., 2020)

The user study consisted of a sample of 6 participants: five males and one femafe, 23
@€SINR 2fRX K2fRAY3 | Fdzf RNAGSNDa f AOSyYy
after putting an advertisement on social medi&dluckland University of Technology
Ethics approval process was followed. Before driving, the participants were informed
that they would undergo several ideation workshop sessions. They would be observed
during the driving sessions for various autonomauwrsctions, including adoptive cruise
control, auto pilot, automated parking assistance and lane keeping assistance and be
interviewed. An agreement between participants, including the researcher and the
BMW NZ Group, was signed regarding the loaned vehifictesalities and insurances
before each user study driving sprint. None of the participants drove level 2 autonomous
vehicles earlier, and since they were not experts of AD system, their observations were

novel to research.

The BMW X5 SUV Vehicle has atradl characteristics of a level 3. Including the Driving
Assistance Plus package with adaptive cruise control (ACC) and lane keeping assist,
except that the auto pilot function is switched on from a few seconds to a few minutes
depending upon the vehic®d & LISSR® ¢KS . a2 aeaidisSy NBf
steering wheels and never prompts the user to place hands on wheels. Initially, a BMW
training officer drove the vehicle and showed the autonomous functions to the author
besides giving a training wakop session to the participants. All sessions with the
expert were video recorded. After the introductory sessions, the participants were taken

to an initial warmup driving sprint to get accustomed to the user interface and the
GSKAOf SQa wRihgra@ivahbavingisprints, $heé pasicipants were subjected to
guestions before, during and post driving sessions. The data was gathered on their

driving experience, attitudes towards AD, finding out critical challenges and their
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perceptions/tendencies d various trust affecting factors. After inquiring about the
RSY23IN) LIKAOAZ 0 KS LI NI AOA LI yiaQ j dzSa i A
Anthropomorphism, Safety, Security, Privacy, Legal readiness, Customization, and
Adaptive Automation before, during and aftdriving test runs. The participants were
subjected to a number of random conditions. These were (1) pedestrian crossing, (2)
lane change, (3) stop light intersection, (4) roundabout, (5) cyclist crossing, (6) stop light
intersection, (7) passing other rsa opposite lanes. See the detailed user study

guestionnaire attached in the appendices.

4.5.2 User Study Data Collection, Ideation and Evaluation

An evaluation study was carried out using Heuristic Scenario based evaluation followed
by sketching and stobpards. Heuristic evaluation method was adopted to explore and
measure user interfaces usability in independent test runs and report issues for further
improvements(Naujoks et al., 2019; Nielsen, 1994; Parkhurstl€2019) A scenario is
created to explain current user interactions and future perceived interactions to
generate and evaluate ideas and communicate solutigremyr & Jonsson, 2017A
storyboard was used as an aid to communicating ideas through graphical representation

of a sequence to present interactio®wensby et al., 2018; Spadafora et al., 2016)

Users brief semi structured interviews were carried out with a view to collect data on
their experiences, attitudes and opiniofdremyr &Joénsson, 2017; Holtzblatt et al.,
20050 ¢ 2 dzy RSNEGFYR GKS dza SNE thany &peRenice | Y R
regarding the context, naturalistic as well as participatobyservationswere noted
(Aremyr & Jonsson, 2017lo facilitate users semi structured interviews and observation
noting process, an online questionnawsing google forms comprising closed ended,
open ended questions was also prepafetanington & Martin, 2019Data analysis was
carried out through Ideation worksip sessions comprising affinity diagrams, brain
storming and brain writing (8-5) exercises after each driving sprint. An affinity diagram

is used to assist in categorizing large and diverse verbal data in formulating an overview
of themes after sortingsegregating and combining similar ideas of the ugéegyue,
2005) Thedesign sprint®f user driving tests were articulated in consecutive six steps
of iterations, including understand, define, diverge, decide, prototype, and validate

(Direkova, (2015) agted in Nashrulloh et al., 2019)
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15 workshops involving a BMW training expert and participants were carried out to
understand and formulate a Trust and Governance affecting AD factors and Driving
Sprint Events Relationship Identification FrameworkeAfésorting to brain writing
3¢5 (6 participants, 3 ideas and 5 minutes) and brain storming sessions. In brain writing
6 ¢ 3¢5 sessions, participants created three ideas each during five minutes before these
were passed to the next participant feurther development in several repeated times
based on brain storming rulg®Vilson, 2013p Ly ONJ} AY &0 2NNXAYy 3 &
ideas were written down on sticky notes. After the first ideation session, ideas were
collected for the participants to review for improvements before a new session started
to generate other ideas. Users were subjected to withisubject tests, where all
participants were exposed to all conditions of the driving tasks in order to gather large
number of observations and reduce the error variance related to individual differences
(Charness et al., 2012; Psy330, 202he driver test trials with BMW X5 xDrive40i SUV
Vehicle were held on medium, low, and high density roads in Auckland to explore

various conditions during each user study sp(iigure4.8).

Figure4.8
Conditions imposed during Driving Sprititsw, Medium and High Density Roads

Stop light intersection

Medium

Density Road

Cslist, CEossi

Low Density Roundabout
Road

LY SI OK RN Jayid 250N W0 SR FodEigK Mgredaredad S R 6
ROyl ISAIDEBSOIARKAYE O2-¥dd BSBI L@ YWD BK HF

subject design permits more observations and decreases the error variance related to
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the individual differencegAremyr & Jonsson, 2017; Charness et al., 2012; Faas et al.,
2021)

Figure4.9
Within ¢ Subjects Design Method

One sample of Treatment Treatment Treatment
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A heuristic scenario was defined by the researcher ideatingratdwo questions; (1)
what should be the planned actions of the vehicle during manual and AD mode
translated into events? (2) What trust factors / key determinants are to be selected
against those events? Moreover, vehicle actions were also defined esuli of these
events in the real time environment along driving courses. Then various events,
including before driving, entering the vehicle, activating vehicle, manual mode 1,
automated mode, manual mode 2, exiting vehicle and continuous usage, weredefi

in workshop sessions. The researcher assisted the participants during their drives and
various workshop sessiof&remyr & Jonsson, 2017; Aremyr et al., 2018; Ekman, 2020b;
Ekman & Johansson, 2015b; Ekman e&l18) The participants commenced driving in

the manual mode, later activated the auto pilot (transition from human driving stage to
autonomous driving), then back to manual mode after deactivating the auto pilot.
However, during the drive, the parti@pts activated the auto pilot system, adaptive
cruise control and lane change a number of times. Before and during the driving
scenarios, the users were asked various event specific questions to get to know their
feelings, trust and confidence in the systeNext, these were mapped onto the timeline

of a driving scenario using sticky notes to make it more tangible. Later categories/ trust
factors were defined: mental mode, anthropomorphism, adaptive automaton,
customization, safety, privacy, security, triaig, and feedback. After selection,
categories were ranked based on their relevance to the research question. Later a matrix
was constructed to find the relative importance of these factors/categories against

various events to finalize key determinants
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4.6 Studycg 2: Structural Equation Modelling (SEM)

l'y SELJX 2NJ i2NB adNWBSe al dzYl yAT Ay3 5NA TSN
Likert scalgKinnear et al., 1993)embedding data from user study after the driving
sprints. The survey was analysed using Structural Equation Modelling (SEM) with the
main focus to address research objective 3. This study developed addtedl the
integrated trust and governance model based on identified latent trust constructs

(unobserved variables) and their observed (manifested) variables.

4.6.1 Significance of Study?2.

This study assisted in knowing the aspirations of the NZ gepetdic towards AVS,
challenges towards implementation and prior perceptions on trust and governance
mechanisms. It assisted in the validation of trust affecting factors regarding the adoption
of AVs in NZ. SEM is used at this stage to carry out an mnafysonceptual theory
developed in this research relevant to the phenomenon of trust and AVs adoption in NZ.
This analytical technique statistically estimates and confirms the interrelationships
between various trust corroborating latent factors (througibserved variables),
examine dependencies and test hypothegemir et al., 2010)The SEM has already
been applied in acceptance of the driverless technologies domain in number of earlier
studies (Kaur & Rmpersad, 2018; Nastjuk et al., 2020; Nordhoff et al., 2021; Yuen,
Huyen, et al., 2020; Zhang et al., 2028)) et al. (2018highlighted the advantages of
SEM in testing latent constructs, statistical assumptions and relationships. SEM has been
selected and justified for this study, keeping in view the main aim of this research and

associatechdvantages.

The research study articulates and tests seven hypotheses, correlation between user
factors and governance factors on adoption of AVs in NZ. It also validates the role of
trust as a mediator in this relationship. For descriptive statisti€&SS V26 and for
statistical analysis, AMOS version 26 is used. Statistical analysis is divided into two parts,
i.e. a first measurement model and then a structural model. Validity, Average Variance
Extracted (AVE), discriminant validity, and outer lodgimgee identified and discussed

in the measurement model. Furthermore, the bootstrapping procedure was run to
check the structural modelThe constructs and measures that are proposed and

employed in this study form a significant contribution to the litena.
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4.6.2 Survey Design and Data Collection Methodology

Studyc 2 is based on a quantitative survey conducted within the AV case study in NZ in
a concurrent embedded correlational design setting. The data for qualitative §tlidy
and quantitative Study, 2 were collected concurrently. A survey design includes data
collection and analysi€ooper & Schindler, 201,3yhich logically links data to the irat
research questiongYin, 2018pnd explores trust factors observed in literature review
and complementay user study. Quantification enhanced theory development adds
transparency, reliability of measurement and application in various indusBiester

et al., 2010; Veal, 2005yigure4.10illustrates the research design of Stugl within

the overall research design of this study.

Figure4.10
Research Damn for Study 2
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A questionnaire survey on online Qualtrics platforms was administered anonymously,
comprising 18 questions (see appendix). Respondents were asked various
demographics, concerns regarding AVs implementation in NZ, their adoption
preferences, factors affecting adoption, and their relative priorities. The strategy
operated on statistical sampling, thus choosing a representative sample from the
population (Fellows & Liu, 2015According td=owler Jr (2013)the minimum sample
sizes could be focused on instead of estimating the total population. For example, a

sample of 150 people can describe a population of 15,000 or 15 million with the same
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degree of accuracy. To havefbh Yy OSR @A Sgas | NIYyR2Y al Yl
AYRAGARdzZE f Ay (GKS LRLJzZ I GA2Yy K(Céswelyk Sl dzl
Creswell, 2018)429 respondents in NZ replied from July to Sep 2020, having a minimum
of one year of driving experience. The questionnaire was designed usipgiatd. ikert
scale(Allen & Seaman, 200 Brown, 2011from strongly agree to strongly disagree,
strongly concerned to strongly unconcerned, very likelydoy unlikely on an adopted
scale. Likert scales are a simple, straightforward method to collect resp@dsesar
et al., 1993) Multiple choice questions were used for demographic information. The
Likert scale contained various symmetric agdesagres items representing the strength
of the responses and indicating stating users level of agreeifhdwtrt, 1932) For easy
assimilation and answering of survey questions by the general public in NZ in a short

time bracket 5 point Likert scale was used in this research.

4.6.3 Theoretical Framework Development for Integrated Trust Model and
Hypotheses oftte Study

There are several factors identified in the literature (Chapter 2) affecting AD from earlier
studies and technology acceptance theories. However, these factors vary geographically
due to distinct barriers in the implementation of driverless teclogies. A number of
research studies ventured into capturing these factors. However, due to the limited
scope, uncertainty in a higher level of automation, reliance on public surveys or
simulations alone, none of the studies have explored these factolg fMloreover,
earlier studies did not identify interpersonal and institutional trust linkages from
integrated trust and governance views. Additionally, public surveys are unable to
provide true acceptability preferences as people never used such techaslogi
Similarly, simulation studies cannot substitute live traffic user studies to predict driver
behaviour in the absence of any risk. Hence, it was necessary to comprehensively
examine these factors globally and subsequently in NZ enabling environmene in t
backdrop of peculiar challenges. And then explore and verify AD factors in a realistic
user study. Therefore, an extensive literature review was done to provide a detailed
account of key barriers leading to significant trust affecting factors for AIZinThese

factors were then further reorganized and verified by the user study.

Next a conceptual, theoretical model was constructed having three second order latent

(unobserved) constructs, namely safety, security/cyber security and privacy in the legal
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readiness domain. Whereas dixst order latent constructs were identified, namely
trust, adoption,legal readiness, training, situation awareness and anthropomorphism
and three second order constructs i.e. safety, security and privalegse constructs
were analysed through 46 indicator items (manifested variablEable4.1) and seven
hypotheses. Considering the interrelationships of the trust affecting constructs among
each other towards adoptions of AVs in N&o conceptual integrated models were
developed. In the first integrated model, six hypotheses were tested without keeping
O2yaidNHzOG WiONHzZGIQ |ad | YSRALI (RdedlHin SSy
thesSO2yR AYGS3aANI ISR Y2RS{> KeLROIKS&aAa wl
role as a mediator between legal readiness and adoptiigure4.12) and to confirm

interpersonal and institutional trust linkagéswards the adoption of AVs in NZ.

Model A (without Trust role as mediator)

H1: There is a positive and significant relationship between legal readiness and
adoption.

H2:There is a positive and significant relationship between legal readiness and Trust.

H3: There is a positive and significant relationship between situation awareness and
trust.

H4:There is a positive and significant relationship between training and trust.

H5: There is a positive and significant relationship between Anthropomorphism and
trust.

H6: There is a positive and significant relationship between trust and adoption.
Model A (with Trust role as mediator)
H2a:Trust mediates the relationship between legal readiness and adoption.

Figure4.11
Model A (without mediator)
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Figure4.12
Model B (With Mediator)
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4.6.4 Operationalization of Constructs and Theoretical Framework

Key constructs were identified based on extensive literatigeiaw, determinants
affecting AD in NZ and an AV user study (identifie@iaible3.3 and Table2.3). Hence
finalized latent constructs (unobserved) explored in the stg@and their manifested

(observed)ariables are as below @ble4.1).
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Table4.1
Constructs and Manifested Variables Stqdy

Latent/ Construct Manifested Variabés Abbreviations
Constructs Second used in Model
First Order Order
Governance Privacy (PRI) (1) Data PrivacyPersonal and location information) of the Users PRI 1
Structure/ Legal (Glancy, 2012; (2) Personal Autonomy (Making your choices instead of AV) PRI_2
Readiness (LR) gi/g‘l’(et;'gma) & (3) Personal information Privacy PRI_3
' (4) Targeted Surveillance PRI_4
Safety (SAF) (1) Enough Safety safeguards (Equipment and personal) to make usentéeitable while driving AV~ SAF_1
(F{K;m”[)ersad & (2) Reliability of underlying technologies and user interfaces in AVs SAF_2
2018: Venkatesh (3) Assurance from Government to protect user from problems associated with AVs SAF 3
et al., 2003)
Security (SEC (1) Probability of Software failure during operation of AVs SEC 1
(Schoettle & (2) Probability of hardware failure SEC 2
Sivak, 2014a) (3)vehicle and System Security (hacking/terrorist activity) SEC 3
(4) Network security with transgbinfrastructure and other AVs SEC 4
Trust (TRS) (Helldin et al., (1) | feel safe if | own a sedfiving car? TRS 1
é%lnf; Kad“r & (2) I will trust the selfiriving car in heavy and light tridfconditions? TRS 2
2018‘))%"" ' (3) I am willing to give up control to an autonomous car? TRS_ 3
(4) Driverless cars can provide a robust and safe mode of transport. TRS 4
(5) I put faith in autonomous cars. TRS 5
(6) I think autonomous cars are reliable. TRS 6
(7) 1 trust seHldriving cars. TRS_ 7
Training (TR) Hanock et al. (1) | think continuous training on the AV systems can make me more proficient in handling unex TR_1

(2020);  Reasor gjtations

i;i:hgnggo) ang (@) I think regular testing of my driving skills would assist me in taking control back from the AV. TR_2

Summala (1995)
Spolander (1983)

(Filip etal., 2016) (1) The car's capability of "sensing" its surroundings would influence my trust in it (acotitaeysensors) SA 1
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Latent/ Construct Manifested Variabés Abbreviations
Constructs Second used in Model
First Order Order
Situational (2) The ability to take back control from the vehicle in less than 20 seconds would influence my tru SA 2
Awareness (SA) (3) Effectiveness of the car's learning curve (making judgments on the information received) SA 3
influence my tust in it.
(4) Amount of information that the car can access would influence my trust in it SA 4
(5) Amount of roadway information available to the car (weather, traffic, constructions, etc.) v SA 5
influence my trust in it.
(6) Feedbackaudio, visual, haptic or combined) would influence my trust in it. SA 6
Anthropomorphism Aremyr and (1)l would like to drive the AV if it carries human like voice to interact AnT 1
(Human like ‘éonssonk (2017I) (2)I would put faith in AV if duringansfer of control | get visual, auditory and haptic cues like vibra AnT_2
features) (AnT) (Zaorégic A alerts
Helldin et al. (3)Ithink the autonomous vehicles are reliable AnT_3
(2013) (4)1 like a seliriving car having user interface with eye tracking, emotion detection, gesture AnT_4
biometrics
Adoption (AD) (Kaur & (1) Taxis that are fully sedfiving AD_1
sgl“ggersad (2) Social Activities (dinner, events etc.) AD 2
(3) Daily commute (work, University) AD_3
(4) Closed areas (University, Airports) AD 4
(5) HighPedestrian activity AD_5
(6) Congested Traffic AD_6
(7) City Streets AD_7
(8) Drive on High ways and then driver takes over control of AV AD_8
(9) Public transport or shuttle bus with chaperone AD_9
(10) Drive on Freeway / Highway AD_10
(11) Car with No driver AD_11
(12) Long Road Trips(holidays) on country roads AD_12
(13) Finding a Car park AD_13

(14) Riding in a vehicle with no driving controls available like no street wheel, no brake pec AD_14

accelerator
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Latent/
Constructs
First Order

Construct
Second
Order

Manifested Variabés

Abbreviations
used in Model

(15) Dropoff or pickups by children
(16) selfdriving vehicle moving on themselves from one location to another
(17) Public transport or shuttle with no driver chaperone

AD15
AD-16
AD_17
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4.6.5 Pretest and Hybrid Structural Equation Model Development

For initial testing of the survey instrument, a ptest was done to ensure reflective
YSIadaNBYSyid RS@GSt2LYSyid 2F GKS 02y aidNuzOi
semantic§Chen & Yan, 2019kxperts in the field of investigation having theoretical /
practical experience are often asked fmovide a review or critique of likely
measurement error and an answering breakdown structure in a questioni(idagt,

2019) The expert reviewers range from 2, 3 to over (B@Maio & Landreth, 2004;
Olson, 2010)In this study, 7 experts wereitially selected and approached through the
LinkedIn platform. However, 3 experts agreed and signed the consent form. The experts
were given access to the survey questions. Later, a brief interview was also arranged on
zoom technology for clarification andetailed note taking. One expert suggested the
significance and calibration of trust as a mediator and the importance of governance
legal readiness and regulatory structure incorporating safety, security and privacy in the
guestionnaire as a second ordeonstruct. Another expert pointed few amendments in

two demographic questions to make these distinct and adequately measurable.

The central purpose of the dataset rests on testing the research models that diagnose
the impact of Trust and Governance Sturet on the successful adoption of AVs and the
YSRAFGAY3I NRtS 2F (KS WIiNHAGQD ! FGSNI F2 N
equation model (SEM) for this research is developed using IBM SPSS and Amos version
He &a2F0s6l NB® L. at ehsytd-ysé SEMYsBfvare thah testsy
interrelationships among observed and latent (unobserved) variables and tests
hypotheses quickly in a confirmatory approdtM, 2021)A hybrid structural equation

model integrated the measuremepiart and the structural model. With this model, the

study understood which variables were included in the quantified model, and the
expected theoretical and observed empirical relationships. The measurement model
section explained the theoretical interagatis between unobserved/latent variables and

the observed/measurable variables. A structural model part examined the open links

within the constructs and explained the direct and indirect causal relationships.
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4.6.6 Studyg 2 Data Analysis

Before performirg an analysis, data screening was executed to check missing values.
Microsoft MSExcel was used, applying the COUNTBLANK fornRukdiminary
RSAONRLIIAGS |ylfeara ol a dzyRSNII 1Sy dzaAy
profile, concerns and willingnesto adopt AVs by finding out mean and standard
deviation to analyse and rank the dat&aur & Rampersad, 2018Jhe data were

checked for normality and evaluated for reliability and validifjie normality was
checked against skewness and kurtdeisbias(Andersen & Kumar, 2006; Anderson et

al., 2018; Hair et al., 20083kewness indicates the symmetry while kurtosis pertains to
peakedness of distributions, with maximum acceptable levels of 2 af&tephen G

West et al., 1995)

Then the data is statisticallynalysed by applying exploratory and confirmatory factor
analysis (CFA) using Amos software followed by hypothesis testing to determine the
influence of each trust factor on the adoption of AlBentler & Bonett, 1980; Costello

& Osborne, 2005) The analysis commenced with exploratory té@canalysis to
O2YLINBKSYR (GKS a0GNHzZOU0Gdz2NE 2F (GKS @I NAI o S
and validity for the NZ region. Next CFA, was performed to confirm the factor structure
and specify how each construct is measured. This process assistegharch to
testthe hypothesighat a relationship between observed variables and their underlying
construct exists(Suhr, 2006) After screening of data, checks for the validity and
reliability of constructs were doneReliability refers to the level of consistency and
exactness of the measurement, whereas validity indicates the levehcoliracy
(Nunnally, 197Q)The constructs needed to exceed the minimum value of(Blihe,
2016) Similarly, reliability is also calculatesing data outputted AMOS on standardized
item loadings and error measurement, and it exceeded the minimum threshold of 0.7
(Hair et al., 2006)Items loadings are also found above the acceptable level of 0.5 for

convergent validity foall factors(Steenkamp, 1991

The applicability of the proposed model is examined by observing data employing
various popular indicators and recommended threshold standg@sang, 2012;
Bentler & Bonett, 1980; Hu & Bentler, 1999; Moss,200The EFA analysis is based on
principal axis factoring and rotation method on Promax with Kaiser Normalization. The

specific acceptable threshold value for the goodnekft measures, including chi
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square valueXx2 Root Mean Square Error of Approxititea RMSEAStandardized Root
Mean Square Residu8RMSRy\ormed fit indexNFI, TuckerLewis coefficient IndeXLlI
and Comparativeit-index CFl and others were met. Construct Reliability, Indicator
Reliability, Discriminant validity and Convergent Validdr CFA (second order) were
also evaluated. Through hypothesis testing, the results provided the empirical evidence

of the trust factors (details in Chapter 4).

4.7 Studyg 3: System Dynamics Modelling

Studyc 3 incorporates System Dynamics (SD) modgliéchnique capturing hard and

soft variables data from Studyl and Study; 2. Studyg 3 is pursued concurrently with
Studyc 4 in a convergent parallel design in Phase 2 of the Multiphase Design. The study
is carried out to visualize the theoretical puit of the holistic trust and governance
framework (formulated and validated in Stuqy2) for AVs deployment in NZ. It assists

in gaining insights into the long term potential impacts of AVs as a new mode of
transportation, market penetration of AVs andelmviour of the whole system.
Moreover, it provides a pragmatic realisation of policies utilizing the theoretical
framework as a basis for designing policy interventions and transport investment

decisions in NZ.

This SD study developed a unique simulatimodel for NZ depicting dynamic
interrelationships among significant identified construction in a quantitative way
(details in Chapter 4). The model utilizes innovation diffusion theory for the adoption of
AVs in NZ. SEM is applied to SD modelling usiygdVe Y &a2F i gl NB (2
variables of trust, situation awareness, training, anthropomorphism, and legal readiness
into the feedback model. The model then investigates the relationship between the soft

variables and additional observable variablestsas familiarity, comfort, technological

maturity, price and vehicle change etc. The study categorises AVs in six SAE automation

levels (discussed in Chapter 2) on a functional basis characterising each level with its

fleet size, technology maturity, avege purchase price and utility (based on trust, legal

readiness, comfort and familiarity).

E

/
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Figure4.13
Research Methodology for Multiphase Design Phase 2
Mixed Methods Multiphase Design Phase 2

Convergent Parallel Design Model

Quantitative Data
Collection and Analysis
Study - 3 [SD)

h 4

Compare or Relate Interpretation

Qualitative Data
Collection and Analysis
Study - 4 (Experts’
inteviews)

4.7.1 Justification of SD Study

This study explo® the real time quantitative insights into the market penetration of
AVs in NZ over a long time horizon based on significant determinants observed in studies
-1 and 2. Hence, it needed to apply a modelling approach that can be applied to
uncertain, dynami@and complex systems as forged by this innovative technology. AVs
are an entirely new phenomenon that is at the start of the product life time cycle. Its
futuristic demand and deployment need realistic articulation in the backdrop of trust
and sound technlogical and legal readiness structures. To observe the speed and
direction of the deployment of AVs over a longer time, it is necessary to study the
aggregated system behaviour. Several research methodologies were studied. However,
simulation seems more gpopriate. These simulation approaches are generally based
on Agent Based Simulation (ABM) (microscopic) and System Dynamics modelling SD
(macroscopicNieuwenhuijsen et al., 2018ABM is suitable once there is less data
available regarding macroscopic behaviour and more data regarding individual
behaviour of agent§Borshchev & Filippov, 2004)his study accrued more knowledge
about the aggregate phenomenon of overall structure and assumptions and less on
detailed behaviour of indidual AVs. Hence the SD Modelling approach was pursued to

focus on the behaviour and interaction of variables.
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4.7.2 Significance of SD Study and Dynamic Synthesis Methodology

SD technique incorporates both qualitative and quantitative methods for amagly
complex systems, as identified by Jay Forrester at MIT in @&7c, 2018; Lane, 2000,
2006, 2010) It discovers and represents the feedback processes, stock and flow
structures, nonlinearities and time dekyto find the dynamics of a system. Most
complex behaviours usually arise from the interactions (feedback) among various parts
of the system(Sterman, 2000)In 2000, Lane highlighted the SD Modelling approach as
follows:

W{5 KlFIa GKNBS OKFINIOGSNRAGAOEAD CANEI

feedback loops of causal links comprising delays andinearities as

well as processes of accumulation and draining. The second is rigorous

computer and the third isAto engage with mahtmodel§ gfvthe

RSOAAA2Y YI1SNA T2NJ AYLINPUSR ¢l éa 27
This study endeavours to venture into a rare research design of integrating SD modelling
and AV Case Study, which has not frequently been applied in engineering process
modeling and improvement requirementgFinkelstein, 1994; Sydenham, 1982;
Williams, 2002)To study the real world diffusion and deployment of AVs in NZ and the
following sequence of events, the research followed DyicaBynthesis Methodology.
Dynamic Synthesis Methodology (DSM) describes the amalgamation of theoretical
concepts, configuring parts and components of a process over time to constitute a
formal functional entity for improved synthesis and assimilation tefrditure, social
theories, and stakeholder concer(&illiams, 1999)The utility of SD Modelling in DSM
Ad AGa FLoAfAde (G2 KINYySaa WKINRQ YR WwWa?z
theoretical constructs that impact the research phenomenon under investigation by the
modeller (Gable, 1994; Randers, 198®Yynekoop (1992NB5 02 YYSy Ra G K
f SOStQ ljdzk yGAGEFGABS | yI f afal@Sto® ITyratSeRa SHan
0KS AYRAQGARdAZ £ OFNAIFOfSaQ 06SKIGA2dzNI A YL
thrives on six iterative teps, namely: Problem statement, Field studies, SD Model
Building, Case studies, Simulation experiments and Model Use and Theory Extension
(Williams, 1999)System Dynamics (SD) Modelling is usedteore the AVs adoption
based on the complexity of various relevant interrelated human factors and
technological determinants through a functional pathway. The functional pathway is

based on a gradual transition from basic or no automation towards pahnigt, and full
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automation of AVs. Spatial pathway relates to specific operational design domains of
KAIKglea a | &adzRRSYy &aGSLI FNRY y2 | dzi2®
functional pathways include level 0 (no automation) to level 5 (full automati@msed
on the SAE standards.

¢CKS ! 234 RAFTdzaA2Yy Ad oO0F&ASR 2y |y Ayy20lI G.
2F (SOKyz2ft23& I NB O2Edq6ish 2009ISis royliRitedity R A A R
specific country or region. It thrives on Technology Specific Innovation System (TSIS)
described byHekkert et al. (2007)where economic and institutional systems affect the

rate and direction of innovative technology. The automobile fleet size, current
infrastructure and population growth rate and GDP of atipatar region or country are
significant determinants of the adoption rate and market penetration of ADAS. This
study model is generally prepared in the backdrop of Nieuwenhuijsen modelling
approach(Nieuwenhuijsen et al., 2018nd is intended to be within the limits of the
advanced world. However, it focuses specifically on Nevladdadynamics due to the

enormity and complexity of data availability.

Moreover, the study required testing the model within the folds of AVs deployment case
study in NZ. Therefore, the model was applied to the NZafBase, optimistidigh
Automation wih high trust and Governance mechanism and conservative Low
Automation with low trust and Governance mechanism ScenaBase scenario values
were mainly chosen from studyl and studyg 2. For optimistic scenario, high trust and
legal readiness variablegere simulated. Whereas, for conservative scenario low trust

and legal readiness variables were simulated (see Chapter

4.7.3 Data Inclusion from SEM to SD Modelling

Three types of data, namely numerical, written and mental, are used to formulate and
structure decision rules in models as per the priority significance of (faterester,

1980) During the formulation of the simulation model, SEM is applied to the SD
Modelling containing soft variables into feedback loops while identifying the
relationships between unobservable, observable and auxiliariabigs (Houghton et

al., 2014; Medindorja & Pasupathy, 2007 studyg 3, constructs identified in earlier
studies are used. In this way, SEM assisted in drawing association among abstract

concepts and constris, which otherwise would have been extremely difficult. The
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finalized beta values from SEM for various variables in conjunction with other

unobserved variabled={gure3.12 and Figure3.13 Chapter 2) areantrolled according

to the mental model of the author during the SD Modelling procésgufe4.14). The

detailed SD process is given in Chapter 4.

Figure4.14

Data Irclusion SEM to SD for Quantified Constructs

Legal Readiness

Adoption (AD)

(LR)
BetaLR1 T
Situation BetalR2
Awareness (SA) Beta SA
Training (TR} Beta TR
Beta TRS
Anthropomorphism Beta dn Trust
(AnT) > (TRS)
Hypothesis Relationship Std. Beta
H1 LR 3 AD Beta LR1
H2 LR = TRS Beta LR2
H3 SA =2 TRS Beta SA
H4 TR = TRS Beta TR
H5 AnT=>» TRS Beta Ant

Situation Awarness AVn*Beta SA(t)+ anthropomorphism*Beta
Ant(t)+Legal Readiness AVn™* Beta LR(t) + Training AVn™ Beta

Trust AVn  TR(t)

48 StudycnY 9ELISNIAQ LYGSNWASSGaA

4.8.1 Justification of Study4

Studycn oF&aSR 2y ljdd tAGEHGAQDS

asSyYya

a i NHzO i c

concurrently with Study, 3. The interpretations from both stlies in the final phase

provides a complete understanding of the AVs implementation benefits and barriers,

way forward for ceevolution of regulation and technology, and deployment roadmap
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for the AVs in N4t assisted in validating the proposed integrdttrust and governance

framework.

This study explored these dimensions and interpreted the findings of the complete
research for the successful adoption of the proposed trust and governance framework
AY  b-depth iterylew is ideally suited for gaiin 'y dzy RSNARGF yRA Y 3
behavior, its context, and the meaning of that behavi¢Gubrium & Holstein, 2002;
Seidman, 2019)As a prospective study on the trusAdoption of AVs relationship, this
study adopted a semi structured interview approach widely known for spontaneous
commurication (Bogner et al., 2009)hese semi structured interviews are in\ween

the structured and unstructured interviews. Covering a range of topic areas where the
replies are recorded, following predetermined standard questions with some probing
questions for clarification and explanatioriBlumberg et al., 2011; Fellows & Liu,
2015)To remove bias, study 4 is an appropriate tool for gaining an-depth
exploratory understanding of the under investigation phenomenon and comparing a
different set of evidencéBojke L et al., 2021; Cutello et,&021; Erthal et al., 2021)
According toCohen et al. (2011)qualitative data analysis based on interviews is
distinguished byMlerging of analysis and interpretation, and often by the merging of

data collection with data analysi¥pp. 537)

4.8.2 Studyg 4 Research Methodology

Semi structure interviews took place with 13 experts around the globe, namely from NZ,
UK, Germany, Swederand Australia. Consisting AV industry professionals,
manufacturers, CEOs, academicians, policy makers and human factor experts in the AD
domain. It includes randomized purposeful sample selection, recording the discourse,
following standardized rules ofénscription, and employing software tools for thematic
analysis. Moreover, the interpretations are validated in theory context and structure,
and full transcripts were made available for review along with summary and excerpts

(Waitzkin, 1993)

The study employed the thematic analysis method as detaileBraun and Clarke
(2006) to validate the holistic trust and governance framework. Validation can be
performed in various wayscluding face and content validatigMousavi et al., 2018)

FRYAYAZGGNI GA2Yy 2F |+ &adNBSe 2NJ dziat Al Ay3
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(Inglis, 2008) Qualitative inquiry delineates phenomena in the backdrop of the
informants, explores multiple realities and ensues holistic understanding within a
specific contextHilal & Alabri, 2013)Utilizing qualitative data from serstructured
interviews on zoontechnology assisted in greater assimilation of the problem than just
analysing data on a large scdMalakolunthu, 2007)NVivo 11 software assisted in
gathering, organising and grouping evidence into similar ideas and further validating

data at a more specdilevel. It improved the rigours of the analytical stages.

4.8.3 Interview Sampling.

The interviewees were selected carefully through a purposeful sampling approach
known as a judgmental or qualitative sample. In this method, the researcher selects the
samples based on their judgmerffongco, 2007)Based onDworkin (2012) 550
participants are suggested as adequate. The researcher targeted 40 experts in this study
and subsequently formally contacted 30 experts by sending a request via the LinkedIn
messageservice. Snowball sampling was also ugbldy, 2008) as few recruited
participants recommended some of their colleagues potentially suitable and interested
for the study. Twenty experts responded, and 13 interviews were conducted on zoom
technology. To select an appropriate expert and achievamrgyful resultgWalton,

2016) the study looked at the field of expertise and degree of seniority for a reasonable
advice. Also, experts are expected to be in a position to apply their personal analyses in
practice (Bogner et al., 2009)The codes representing each expert interviewee
comprised a field identifier (CO for AV domain consultant, IM for AV industry
manufacturer, GO for a government official, AC for academician, IP for AV industry

professional) and a number for each expert within this group.

4.8.4 Interview Sessions.

Interviews took place from Sep 2020 to Jan 2020% of the experts occupy senior
management positins, and 70% of responderftadatitle of Dr or Professor in thAD
domain. Interviews were guided by a sestiuctured interview schedule The
guestionnaire developed were based on open and closed ended techniques. Open
ended questions are the main types of questions in the interviews to obtain new kinds
of information(Creswell et al., 200&nd closed ended questions are made as these are

easy to comlete and enhance th€Dlakwa, 1990 as cited in Rahman et al., 2014)
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diverse dimensions of challenges and benefits of AVs, key determinants for user
acceptance, future directionfor AVs deployment, and the role of naturalistic r&ate
studies. These questions inquired perspectives onHMI paradigms and the
significance of Human Factor Engineering. Interviews were audio recorded and
transcribed. Participants had the option teview the draft of the transcribed interview
and withdraw the data if required. High level and sub themes were based on interview

scheduled questions identified deductively and inducti@saun & Clarke, 2006)

4.8.5 Method of Interview Analysis

Interview feedback data was recorded, analysed, transcribed and decodeg tirgin
thematic analysis. Thematic analysis has repeatedly been employed in transport
research(Alyavina et al., 2020; Go6ssling et al., 2016; Hafner et al., 20h&)thematic
analysis method collects datasets aexplains patterns of themes in a greater detail
that emerged during an interview and enables the researcher to draw a meaningful
conclusion from the intervieyBraun & Clarke, 2006l this analysis method, six steps
were followed to reach a detailed conclusion. These steps included familiarizing,
generating initial codesearching, reviewing, defining and naming themes, and the final
report. In this way, the study resulted in a credible and valid pro¢essvell et al.,

2017)

Based on research questions, the data was generated from interviews anguhérto

codes based on raw quotes of the intervieweBazeley (2007/nentioned five tasks of
NVivo during the analysis of data thatiude; (1) manage data, (2) manage ideas, (3)
query data, (4) modelling visually, (5)and reportifitjlal & Alabri, 2013)The data
condensation into manageable codes. By combining codes, the themes were compiled.
The study evolved into 200 ideas and then classified into 20 themes. The themnes
reviewed, and relationship was built. Few themes had overlapping dimensions and some
of the quotes underpinned more than one theme. These were further analysed and
revisited thorough iterative process and validate concepts were developed through the
formation of matrices of ideas into 5 main themes. The detailed procedure is illustrated
in Figure4.15.
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Figure4.15

The Procedure followed for Interviews Data Analysi

Experts’ interviews
Audio Recording
Transcribing Data

Preparing and
importing Data in
NVivoll

Coding Qualitative
Data
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Interpretations

Analysing codes and concepts
Creating and Analysing Themes
Refining and Revisiting Themes

Articulating Narrative and Discourse

Employing Query based Data

Generating Figs, Sketches and Charts

4.9 The Chapter Summary

This chapter delineates the research methodologies and tools applied to accomplish the
research aim and objectives. It commences with the philosophical and theoretical
perspective and highlights the significance of the Pragmm@tiradigm philosophically

and the Design Science Research approach theoretically in a Multiphase Design
approach. The research harnessed mixed research methodologies utilizing concurrent
embedded correlational and the convergent parallel design modelkiwidVs case
study in NZ. The chapter then delves into the research process inquiry, and justification
of research methodologies. It informs regarding the data collection and analysis
techniques for developing a holistic Trust and Governance FrameworkZirfolN
successful deployment of AVs. The studies include a literature review and User Study,
SEM, SD and Experts interviews. A detailed account of the Research Ethical process is

also given. The next Chapter will focus on detailed findings and results.
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Chapter 5 ¢ Findings and Analysis

5.1 Introduction

This chapter presents the findings, qualitative and quantitative results, to answer the
research aim and objectives, and formulate a Trust and Governance Framework for
successfully deploying AVs in NZ. The chaptanekgies results and analysis of four
studies, i.e., Studg 1: AV User Study, Study: Statistical Equation Modelling, Stugly

3: System Dynamic Modelling and Stugdg Y 9 ELISNI & Q Ly G SNIASSHA
carried out in a Multiphase Design appobetaking interpretations from one to another;

hence each Study bears significant qualitative and quantitative linkages to the other

studies within the context of the Literature.

5.2 Studyg 1: AV User Study

The study was carried out to determine how appropriate level of user trust in an AV

can be evolved during usehkV interaction. This was achieved by identifying and
analyzing critical AD affecting during HMI. The Literature revealed various AD
factors/determinants from numerous research studies &ffé¢ A y 3 dzd SNE Q { NHz
complementary user study assisted in confirming the significance of these factors in
different usage phases of an AV and classifying them into two groups. The first cluster

of key determinants was grouped into trust influémg HFs domain, and the other

related to trust influencing Governance/Legal readiness domain. The Study also assisted

in the formulation of the HMI AD Event Relationship Identification Framework. The
Study is a significant step towards the conceptualizatad the holistic Trust and

Governance Framework in NZ.

5.2.1 AV User Study Findings and Evaluation

The user studgemographic data and coding of the user test subjects are shown below.

Table5.1

Subjects Reuited for AV User Test
Subject Ul U2 U3 U4 uUs U6
Age (Y) 23 25 36 37 44 45
Gender M M M M F M
Driving 3 3 8 10 10 15

Experience
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The driveQ st trials with BMW X5 xDrive40i SUV Vehicle were held on medium, low
and high density road$ighway, motoway and city roadsh Aucklandsee route maps

in Figure5.1). The results from the analysis of AV user study data and critical findings
from the brainstorming session used to analyze qualitative data are delineated in this

secton.

Figure5.1

Driving Routes
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Driving route 1: BMW NZ Group Offices — Southern Motorway — Panama Driving route 2: BMW NZ Group Offices — Southern Motorway — Carbine Road — Mount
Road — Carbine Road — Auckland Southern Motorway — BMW NZ Group Wellington — Penrose road — Barrack Road — Bunnings Warehouse Mt Wellington — Ellerslie
Panmure Highway — Auckland Southern Motorway — Market Road — Queenstown Road
Onehunga — Beachcraft Avenue — Redbadge Group — BMW Group NZ
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Driving Route 3 : BMW NZ Group- Auckland Southern Motorway — Point User Study Test Route No 2 (BMW NZ Group Offices — Southern Motorway —
Chavalier- Te ata tu south — kelston — New Lynn — Mt Roskill - Onehunga — Carbine Road — Mount Wellington — Penrose road — Barrack Road — Bunnings
Mangere East — Otahuhu — BMW NZ Group Warehouse Mt Wellington — Ellerslie Panmure Highway — Auckland Southern
Motorway — Market Road — Queenstown Road Onehunga — Beachcraft Avenue

— Redbadge Group — BMW Group NZ)

The theory of reasoned actidifrishbein & Ajzen, 197&nd the trust model byee and

See (2000)ARSYy(iATe GKS dzaSNEQ GNHzaG Ay | dz
communications initialyd K LIS G KS dzaSNRQ (NMzAd o0ST2NB
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trust is affected during the on job interaction and learning about the automation, which

Ad OFffSRSIQA AYdzAIKABWKK GdzReéd ! FGSNI KI Ay 3
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gAOK (GKS Fdzi2aYlFIGA2y aeaidsSys GKS dzaSNJ G NH
LIK | & S @reéusetpKaSe involewhat happened befor¢he first physical interaction
with the AD system. e usephase lastd until the participant learned how the AD
system works The performance phase took a long term peestive during the use

phase and performance phase through continuous usage ofAbesystem.Three

phases were based on the dynamic na&wf trust over time during AV test trials.

The heuristic scenario was defined around two questions;What should be the
planned actions of the vehicle during manual and Aenibat can be translated into
events? (2) Whatrust factors / key determinas are to be selected against those
events?Participant reactions to various situations and hazawgse observed in live
traffic conditions. The Study finalizéladree phasesnamely (1) preuse (2) use and(3)
performance and eight events namely (1) mformation before driving (2) entering
vehicle (3) activation (4) manual mode ,1(5) auto mode (6) manual mode 2X7) exit
vehiclg (8) and continuous usaggseeTable5.2). The participants commenced driving
in the manual mod, later activated the autopilot (transition from human driving stage
to autonomous driving), then back to manual mode after deactivating the autopilot.
However, during the drive, the participants activated the autopilot system, adaptive

cruise control andane change.

Tableb.2

Driving Scenarios Event Content and Structure

Phases Events

Description

Significance

Preuse

Information
before
driving

It starts before the driving
scenario.A prospective usel
receves p@assive information
from advertiements and
active information from A\
dealers. The user nesdto
calibrate his mental mode
appropriately to know how
the system works.

How information is
being portrayed toa
potential user fortheir
buy-in. Any over or
under information can
severely affect users
confidence and future
use of AV.

Use

Entering
Vehicle

This phase occurs durirthe
initial use of the driver anc
includessix events. Ihe first
event, the user enters the
vehicle for the first time anc
gans afirst impression of the

vehicle controls.

Anthropomorphic
features including
welcome voice anc
interior aesthetics
etc., play a crucial rolt
in  improving user
confidence.
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Phases Events Description Significance

Activation It includes assimilation an The system must b
interpretation of systems commensurate  with
functions while activation of the users mental
the engine by the user model,  personality,

culture, expert level
and SA.

Manual Driving on the road without AV system feedbac

Mode 1 an AD system. Aser receives during this phase i
first-hand knowledge abou critical, especially
the system in use, functions while transiting ad
external environment anthropomorphc
regarding road infrastructure features and adaptive
other road wusers, traffic automation. The
regulations, and safety, security anc
understandingvhen to switch privacy of the user
to AD mode. further affect his

confidence.

Auto mode The ser operates AV in Al AV adaptive systen
mode, knows about continuously provides
functionalities, interprets information and
feedback, and remainslert feedback. The
for transfer back control fron anthropomorphism
AV tothe user. affects user

understanding anc
confidence The AV
system must display it
limitation. The policy
regarding safety.
security and privacy
remairs effective.

Manual System control is handed ba¢ During the critical

Mode 2 to the driver, and he remains intervention,
vigilant of any critica feedback,
condition. The wser needs to anthropomorphism,
know and interpret functions customization  and
at the control transition stage adaptive automation
and deactivate the AD syster play their role. Safety

security and privacy
rules remain
deployed. Feedbac
from user interfaces
must not overstrain
the user while
transiting.

Exit Vehicle The diver leaves the sysem Polite communication

and turrs off the engine.The
user must understand the

system at this stage.

is vital Hence
anthropomorphism
plays the role.
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Phases Events Description Significance
Performance Continuous The ser carries out various Generally all factors
Usage driving trips on AV, improve depicted in the final

upon his mentalmodel, and
gets in sync with the AV /
model. The user remains ali
to changes in infrastructure
traffic,  regulations, the
behaviour of other road user
and how to react in syster

failure critical situations.

relationship matrix
remain dominant
during this phase.

Before and during the driving scenarios, the users were asked various event specific

guestions to get to know their feelings, trust and confidence in the system. Next, these

were mapped onto the timkne of a driving scenario using sticky notes to make it more

tangible. The most frequently evaluated concepts explored during the user study trials

and brainstorming sessions are illustratedrigure5.2. The user interview findgs and

observations are shown ifable5.3.

Figure5.2

Most Frequently Evaluated Concepts during AV User Driving Test Sprints

6

%) 5] + %]

Number of Subjects

=Y

ol
\SJ
2

‘R 5 ‘b
b o o

& «

0
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,66

Note: The graph displays the concepts most frequemintioned, brainstormed and evaluated by the

subjects during the tests.
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Key Determinants / Influencing Factors for AD in NZ
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Key
Determinants

Description

User study
Observations & Quotes

Analysisand Interpretationsfrom User
Study

Trust in HMI

Wrust mediates
relations not  only
between humamss but
human and automatior
and is a key challenge
the adoption of AV
(Bansal et al.,, 2016
Kyriakidis et al., 20
Sheridan & Henness
1984)

& | fUser acceptance Wiheavily depend on trust o
AVs as well as the legal framewodanprising safety
aSOdzNAGe YR RFEGF LINRA G
G!oY L GKAY]l GKS !'+ AYR
on building confidence and useXiiza G @ ¢

G!'m YR !'pY a& GNHzaG Ol
can further increase situation awareness, feedbg
voice and haptic control, especially during cont
GNI yaAGA2y adl3Sa oKATE S
G!'HY L GKAY]l AYLNROAY3
histheNd G Ndzad Ay (GKS ltrusé
predominantly increased before @ing to after driving
sessions.

1. Perception and selfeported trust
increased incrementally from prase stage
to useand performance stage. It may be
key determinant in mediatip the
relationship between human factors ar
governance structure forthe successfu
adoption of AVs.

2. Trust and Legal Readiness/Governal
structure are essential to the success
deployment of AVs.

3. Anthropomorphism, driver training, an
situation avareness significantly impact us
acceptance and trust in AVs.

4. Protecting the Safety, Security, Cyl
Security, and Data Privacy of users ar
Wydzald ySSRaQ (2 AY
readiness mechanism in NZ.

Training

W2 AYLINRGS
knowledg, system
training is conducted
before and after first
usagé€XParasuraman €
al., 2008; Toffetti et al.

2009)

a | mhé drivershouldbe provided training on how t(
use and interact with the syste;. & The Miver
should be given information about AV system reliabi
and its relation to the context. & ! nY !

experience, the user must be given information ab
GKS O2yySOGA@GAGE Ay (GKS

and training is the key to umistanding the

Due to increased training of users on AVs
various driving scenarios, thigoperformance
improved.

The training assists in appropriate men
model maturity and achievement ¢
calibrated trust.
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functionality and performance of AV and also impro
dza S NJ { NHza (i o ¢ -cedtredieducdtion i Kel
i2 GKS adz00Saa 27F !'+as

The AV industry and stakeholders sho
promote AV education through campaigr
workshops and trials.

Anthropomorphism

W system with acts
more like human in
terms of voice, gende|
and name&)Epley et al.
2007; Hoff & Bashir
2015; Waytz et al.
2014)

a | B\ anthropomorphic behaviour including vist
and auditory cues createfocus and ehanced my
attentondé¢ G'!cY L GKAYy]l !+

tendency to interact socially with technology a
interface must facilitate the formation of appropriat
O2yFARSYOS |yR GNYzAG Ay

Anthropomorphic features should b
designed for arappropriate calibrated trus
and situational awareness (SA) and not o
the trust. It should communicate intention
proces®s, and actions to keep the driver
the loop without oveloading the resource
with additional modalities.

Mental Model

To rightly use the
system, the user min(
need to figure out the
system functions an(
competencies for
assimilatiorflLee & See
2004; Toffetti et al.
2009)

The ggnificance ofan appropriate mental model i
found more prorounced in the predza S LIK |
Training workshop assisted mim calibrating my
mentalmodel£ & B: If AV reactions do not correspor
to driver mental modelthen it may lead to a negativ
reactiong

An insufficient mental model dhe user and
the Al mental model of the car may result
negativereactions and uncertainty.

Feedback
Situational
Awareness

/

n system agen
continuously providing
output and behaving
like senseQ(Dekker &
Woods, 2002; Lee ¢
See, 2004; Toffetti €
al., 2009; Verberne €

al., 2015)
The SA is  thq
Herception of the

Subjets noted that visual and haptic feedback
necessary at traffic ligbt and intersections fo
increased situational ¢ I NB y S aThebinterfare
should provide the driver with context information :
dzy RSNRG22R o6& (GKS !+ ¥
intentand S& dalcY L GKAYy] ! 4
intentions, processes, and actions to keep me in
f 22 L€

1. Correct and timely feedback regarding
status and intentios enhances the SA of th
driver. I must also communicate the
limitations of autanation to avoid mismatch
(mode confusion) between driver ment
model and car Ailhentalmodel.

2. It was also suggested that SA &
Feedback terminologies are significan
interrelated and hence grouped.
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elements in thke
environment within a
volume of time and

space, the
comprehension of thei
meaning, and the
projection of their
status in the near
futured(I. Endsley
1995)

Adaptive
Automation &
Customization

W system with can
I RIFLWG G2 @
(Helldin et al.,, 2013
Hoff & Bashir, 2015)

Whe ability to set non
critical functions as pe
user preferences
(Broek et al., 2011
Saffarian et al., 2017
Verberne et al., 2015)

G!'nyY L &0 KaRtyvief shouldi &dapy the
modalities of communication based on outside rg
environments as well as internal AV cal
SYGANRYYSyYylodé Gl oY ¢KS
customization of expert and novice usage and adag
communication style based on informati about the
dzd S NI ¢

1. The AV interface needto articulate its
customization and transform its adaptabili
based on the experience and expert level
the driver in terms of communication styl
and other multimodal interactions.

2. User study partigants observed tha
combining HD mapping, G5 communicatig
sensor data, and electroencephalograp
will assist in AVscceptability.
3. It was suggested that anthropomorphis
is a wholesome term that also encompas;
adaptive automation and customization

Safety

The Government nee
to make safety
standards around
manufacturing, vehicle
design, infrastructure
and communicationg

G! noY ! £ y S&Radedl ®ith ddgexase
GKFG LINPINI YYSNI OFyQi
G!'nnY L Y Y2NBE 02y OSN|
and safety of myself, my parents and my children w
RNAGAY I | +dé

1. Certain measuré are deemed to be
necessary to be taken to ensutiee safety,
security and privacy of users in AV$ha NZ
context. Besides legal readinessmprising
testing, training and liability regime is al
needed. These measures may be hig
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(BinfetKull &
Heitmann, 1998b
Huntington, 2018
Ward, 2011)

The participants were not found fully confident wh
sharing roadvith non-AVs during test runs from safe
point of view. They observed that road safety can o
be improved with an effective traffic governan
regulations and constructing infrastructure comprisi
separate lanes for AVs and névs.

Security/Cyber
security &
Privacy

Invasion

A selfdriving car may
be vulnerable to traffig
incidents and
interruptions, software
related security flaws
viruses and malware
(Kaur & Rampersac
2018)

G! npY wS3dzEFGA2ya FyR f
AVALIANBE |YyR SylFotS | s
foremost for cyber security and technology challeng
and | need to know what extent legal protection
LINE A RSR ¥ 2 NJ dzi A y Aserneed td
be aware of the potential consequences of cyl
&S OdzNR G @ I VR REGI LIN
Participants noted that they are somewhat safe in d
and personal privacy and security. And rankibe
following as most important for acceptability of AVs
well-developed laws (2) affordable cost (3) Dq

Privacy (4) system and network security

required to
acceptability of the user.

2. Safety is one of the primary factors in e
user adoption of AVs. A sound legal struct
is a must to counter unsafe situations a

other hacking issues.

garner the

trust and

The author assisted the participants during their drive and also during various worgshsipngFigure5.3).
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Figure5.3

Pictorialg Driving Scenarios

Pedestrian Warning active

Frontal Collision Warning
£a

Lane Departure Wamning

Active Blind Spot Detection

Note: These pictoriaimages relate to various driving scenarios and events, brainstorming and ideation
workshop sessions, BMW heag display and auto/manual modes during different user test driving

sprints.
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5.2.2 AVs User StudyAnalysis and Results

The key AD influencirfgctors after detailed user interviews and brainstorming sessions
were categorized intminetrust influencing factorsi.e., (1) mental modg(2) training
(3) feedback (4) anthropomorphism (5) safety (6) privacy (7) security (8)
customization, (9) ad adaptive automation. The details of critical determinants are
ensued infable5.3 above Each driving scenario and other sessions were translated into
a matrix indicating events and categories during various driving modes. ffezn
iterations, the finalized matrix was formalized and tested to formulate Hidl AD

Events Relationship Identification Framework (HMDERIFE)

5.2.3 HMI AD Events Relationship Framework (HMIERIF) Development

To explore the relationship andentify a framework, the trust factors were matched
against AD events in various usage phases based on user study and interviews. Trust
influencing factors and AD events were already identifiedable5.2 and Table5.3

above Due to the dynamic nature of trust, few factors may be matched with more
events and some with less. However, all events were subjected to identify essential trust

¢ human factors; governance determinant§.he underlying Framework identified nine
trust-affecting factors (Mental Model, Training, Feedback, Anthropomorphism, Safety,
Privacy, Security, Customization and Adaptive Automation) used against 8 HMI AD

events and three phases during AD everable5.4.

Table5.4

Key DeterminantsHMI AD Events Relationship Identification Framework

Phases Pre- Use Phase Performance
Use Phase

Events Info Entering Activation Manual  Auto Manual  Exit Continuous
before | Vehicle Medel Mode Meode2 Vehicle Usage

— driving

Factors +

Mental Model XXX

Training XXX XXX XXX XXX

Feedback XXX XXX KX XXX XXX

Anthropomorphism XXX XXX XXX XXX XXX

Safety XHX KKK KKK KKK KKK XXX XXX

Privacy XXX XXX XXX XXX XXX

Security XXX XXX XXX XXX XHXK MUK

Customization XXX XXX XXX

Adaptive KKK KKK KKK XHX

Automation
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A Kano model was employed to prioritise user preferences relating to key determinants
to classifythese AD influencing factors. The Kano Mq#&no, 1995js used to develop
attributes that benefitusers and can be employed to evaluate existing design criteria
and serveas a basis for developing new conceptsFigure5.4, the model visualizes
eight categories which arelassified as AV Usér9 E OA (i S YS& i S NIHS2SNMI Y ¢
needg &nda a dzolS Y B&@drding tahe relative importance of each category.

Figure5.4
Mapping of AVs Users Needs and Categorization of Keyrliaaints

Key Determinants Categories
Satisfied I

i
i
i
i
1
1
i
i
i
Need not ) :
fulfilled Need fulfilled : AV User Performance Needs

i

i

i

i

i

1

1

i

i

i

i

//., { Situation Awareness

1 Anthropomorphism
1 Training

Disstisfied

AV User Must;, be needs
1 Safety
1 Security / Cyber
Security

Note: The diagram depicts the holistic Trust and Governance requirements categorized on to Kano Model
representingd 9 E OA i S Y §Greenly 1S FOINF 2 NY(BIweYd &/ Ry igiZisl y S(Re)d ¢
according tahe relative importance of ach category

Excitement needs are the overarching Trust and Governance Requirements, which
further depend on HMI Performance needs, i.e., Situation Awareness, Training and
Anthropomorphism and Must be needs incorporating Safety, Security/Cyber Security
and Privacy requirements. Mugie needs related to the Governance/Legal Readiness
domain. The Performance needs relate to the HFs domain. However, all needs have
linkages to ensure the appropriate trust is garnered for the successful deployment of an
AV Figure 55 below). To simplify the preferences, it was decided to include
customization and adaptive automation in anthropomorphism and feedback into

situation awareness. Due to the prominent roles of gheinfluencing factors in the
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related determinants and improving the overall mental model and trust (personal as

well as institutional) of the users.

Figureb.5

Autonomous Driving Adoptidn New Zealand (Internal and External Determinants)

AVs Adoption ilNZ

!

'AaSNBRQ ¢Nuzad

A

INTERNAL DETERMINANTS (HUMAN FACTOR|| EXTERNAL DETERMINANTS (LEGAL READIN

Situation

Trainin Anthropomorphism Safet Security/Cybersecurit Privac
Awareness 9 b b y AR U y

5.2.4 Conclusion Study1

ThisSudy identifies critical determinants affecting user acceptance and trust employing
BMW vehicle user studygiving insights to early test case environmerifbe Study
achieved itsobjectives by verifying the trust influencing factors for AD in NZ. It also
assisted in confirming the significance of these varying factors in different usage phases
of an AV and classifying these into two groups. The first cluster of key determinats wa
grouped into HFs and the other cluster into the Governance/Legal readiness domain.
The Study has also formulated an HMI AD Event Relationship Identification Framework

that can be studied further to deploy AVs User studies and HMI design guidelines in NZ.

5.3 Studyg 2: Structural Equation Modelling (SEM)

AY SELX 2NJ (2NE &dz2NBSe a4l dnasdgployed shdandysdd & S NI
using Structural Equation Modelling (SEd®nhcurrently with the User study utilizing
concurrent embedded design corrélanal model approach. Thaain focusf the study

was to address reearch objective2 and 3.This studyassisted in knowing the
aspirations othe NZ general public towards AVs, challenges towards implementation

and the perceptions on trustand governarte mechanism. The study tested seven
hypotheses, found correlations, and validateely AD trust influencing factors fdahe

successful adoption of AVs in Nikhe Study also identified theole of trust as a
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mediator.SEM is an advanced statistical techmiqthat employs a confirmatory
approach to analysing developed theory in a study relevant to some phenomenon
(Byrne, 2016) Traditional multivariate methods are incapable of assessing measuring
errors.In contrast, SEM takes care of measurement errors and assists in examining the

influence of predictor variables on numerous dependant variafBgsne, 2016)

5.3.1 Findings and Analysis

The followng sections display the different analyses of this study, i.e., descriptive
statistics, the respondent's demographic attributesid hypothesis testingnitially, a
general analysis of collected datadone. And thenthe consequences @&ssessinghe
structural andthe measurement model by applyingffeérent statistical techniques are

presented.

5.3.1.1Response rate

A total of 510 questionnaires were distributed among different respondentéZfrom
JutSept 2020.The primary platform used was Qualsid-our hundred twentynine
research questionnaires we collected, which generatesh 84.1% response ratdable

5.5 belowcompiles the response rate of thgudy.

Table5s.5

Response Rate of Questionnaire

Total sent Total received Response rate (%)
510 429 84.1%

5.3.1.2Data Screeningnd Descriptive Analysis

Before performing an analysis, data screening was executed to check missing values. In
Microsot MSExcel, the COUNTBLANK folawas applied. Some values were found
missing, which wereeplacal by mean scorgeusing SPSS V2Bows havingextreme
missing valueswvere removed. Nextunengaged responses were also chestkn
Microsoft MSExcel with the blp ofthe STDEV.P formula. In this st&}2 unengaged
responseswere removed from the questionnaire. At the end of the data scliegn
process,there were 389 useable responseWith the help of SPSS V26, tlstady

created a profile of all respondentisased onrace,gender, education, age, income.
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5.3.1.3Gender

The present study ha889 respondentsof which 32.6% werémale and 67.4% were

male.The followingTable5.6 shows the detail.

Table5.6
Gender of Bspondents

Gender Quantity Percentage Gender -
(%)
Female 262 67.4
Male 127 32.6
Total 389 100.0
5.3.1.4Age

Age distribution waslivided intofive categories. It starts from 18 to above 65 years old.
It meansthat the present Sady covers 80%f respondents. Furthermore, 342 of
respondentswere 24 to 35 years oldand 1.3 percentvere more than 65 yeard.able

5.7 provides complete details

Tableb.7

Age ofRespondents

Age Quantity  Percentage

1824 years

%) i
1824 55 14.1 65 years
years
24-35 133 34.2
years
36-45 128 32.9
years
46-65 68 175
years
> 65 5 1.3
years

Total 389 100.0




5.3.1.5Education
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In terms of the education level of respdents, most of them had bachelor's degree.

The Study had.7.0% diploma holdet and 40.6% respondents hiduir Bachler degree.

The followingTable5.8 signifesthe educational characteristic of thi&udy.

Tableb.8

Education Level of Respondents

Education Quantity Percentage

level (%)
Less than 30 7.7
Bachelor

degree

Bachelor 158 40.6
Degree

Master 139 35.7
Degree

Doctoral 62 15.9
Degree

Total 389 100.0

4.3.1.6Ethnicity

EduLavel
M Less than Bachelor degree
M Bachelor Degree
M Master Degrae
M Doctoral Degree

Most of the partigpants were fromEuropeanbackgroundsalmost 35.2%Table5.9

providesthe complete detail othe ethnicity of thisSudy.

Table5.9

Ethnicity
Ethnicity Quantity Percentage

(%)

Euroean 137 35.2
Maori 4 1.0
Pacific 60 15.4
people
Asian 96 24.7
Middle 70 18.0
Eastern/
Latin
American/
African
Others 22 57
Total 389 100.0

BPacific people
sian
gMiddle Eastern/ Latin Ameri
African

B0thers
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5.3.1.7Employment Level
Most of the persons who participatkin thisSudy are fulltime employes,i.e., 40.4%.
Howeverthe datawas collected fronalmost every type oémployment, i.e., partime

employee, 23.9%, unemployed looking for work were 23 &b,

Table5.10

Employment Level

Employment Quantity Percentage Eoeiod S
Level (%) i
Employed 157 40.4 Do
Full Time

Employed 93 23.9

Part Time

Unemployed 22 5.7

looking for

work

Retired 31 8.0

Student 83 21.3

Disabled 3 0.8

Total 389 100.0

5.3.1.8Driving Experience

Thedriving experiencés divided into four ciegories.Table5.11 providesthe complete

details of the driving experience for thiSudy.

Table5.11

Driving Experience

Driving Quantity Percentage i B3y
experience (%) oo
1-3 years 74 19.0
4-5 years 90 23.1
6-7 years 80 20.6
>7 years 145 37.3
Total 389 100.0

5.3.1.9Major Concerns in Human Factors for AVs Deployment
The Study found that people generally considered trust the most dominating HF
challenge for the implementationfAVs in NZ, i.e., 26.5%, followed by vagli/eloped

regulation/governance regime and Situation Awareness, Anthropomorphism and
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Training which is in line with the context of Stugl§ and literature review. The details

are depicted infable5.12 and Figure5.6.

Tableb5.12

Human FactaConcerns

Human Factos Quantity Percentage (%)
Trust of the People on self
driving cars 103 26.5

Welldeveloped Rules and
Reguationsfor using

autonomous cars 69 17.7

Increased Situation Awareness

of Vehicle 67 17.2

Better User Interaction with

Vehicle (Mental Modal) 15 3.9

Feedback from Car to the User 59 15.2

Humanilike features of

Autonomous Cars 34 8.7

More Training andriving skills

of users 42 10.8

Total 389 100
Figure5.6

Human Factors Concerns

Human Factor

Trust of the People on self
driving cars

‘Well developed Rules and

Regulation for using autonomous
cars

.Increased Situation Awareness
of Wehicle

= Better User Interaction with
Vehicle (Mental Modal)

[OFeedback from Car to the User
.Human like features of
Autonomous Cars
Maore Training and Driving skills
of users

5.3.1.10 Safety, SecurityCyber Securitgnd Data Privacy Concerns

The survey found that NZ people consider safety asfdhemost challenge, i.e., 31.9%.

Followed by the ability to take back control from AV, Cyber security, Personal and Data
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Privacy, as shown ihable5.13 and Figure5.7, which again confirms the concernsda

challenges discussed in the literature review and Studly

Table5.13

Safety, Security and Privacy Concerns

Software and Hardware Quantity Percentage (%)

Software hardware and network security 54 13.9

Safety Safeguards (Equipment and Personal) 124 31.9

Personal and Data Privacy 47 12.1

Ability to take back control from Vehicle 66 17

Sensing (accuracy of sensors) and situational

awareness of the vehicle 39 10

Multi-modal Feedback System based on iaud

and Visual interface 19 4.9

Emotion Tracking of User Mental state (anxiety

anger, sadness, fatigue exc 9 2.3

Central Monitoring Station for Vehicles ( Netwo

Control Centre) 31 8

Total 389 100
Figure5.7

Safety, Security and Privacy Concerns

Influence of Software and Hardware

Software hardware and network
=
security
Safety Safe guards (Equipment
.and ersnna?)
W Personal and Data Privacy
.Abiliiy to take back control from
Vehicle
Sensing (accuracy of sensors)
Oand situational awareness of
thevehicle
Multi-modal Feed back System
based on Audio and
Visualinterface
[10.03% . .
Emotion Tracking of User Mental
\ Dslqte (anxiety, anger, sadness,
fatigue etc)
Central Monitoring Station for
[ Vehicles ( Network Control
entre)

53.1.11 Situations Most Likely to Adopt AVs

Preliminary descriptive analysis was also taken to determine situations where people
are most willing to adopt AVs in NZ. It was found that people prefer usingnA\sed
areas, drive on freeways and highways, congested traffic, drop off and pickups of
children, and social activities. The slightly less preferable situations include city streets,
cars with no driver, fully setriving taxis, public transport orhattle with no driver

chaperone etcFigure5.8 andTable5.14 depict the gendetbased adoption preferences.



Figure5.8
Situations Most Likely to Adopt A¥Males Vs. Females

100

80

60

Values

40

Row
m AdVeh Taxithat are fully self driving
Row N %

@ AdVeh Social Activites (Dinner, events,
social gathering etc) Row N %

m AdVeh Daily commute(to work, university
etc) Row N'%

AdVeh Closed areas like university,
airports and others Row N %
Ad\Veh High Pedestrain Activity Row N %

M Ad\eh Congested Traffic Row N %
AdVeh City Streets Row N %

m AdVeh Drive on Highways and then drive
takes over control of car Row N %
AdVeh Public transport or shuttle bus
with driver chaperone Row N %

m AdVeh Drive on Freeway/Highway Row
N %

AdVeh Car with no driver Row N %
AdVveh Long Road Trips( holidays) on
country roads Row N'%

W AdVeh Finding a car park Row N %

Ad\eh Riding in a vehicle with no driving
M controls avilable like no streeing Row N

%

AdVeh Drop off or pick ups by children
Row N %
Ad\Veh Self driving behicles moving on

M themselvves form one location to antoher
Row N %

Ad\Veh Public transport or shuttle with no
driver chaperone Row N %

Gender Male Gender Female Gender Gender diverse,
please state below:

Column

Table5.14
Situations Most Likely to Adopt A¥Males Vs Females

Adoptions Situation Preferences

Gender

Taxi

SocialActivities

Daily commte

Closed areas

High Pedestrian Activity

Congested Traffic

City Streets

Drive on Highways

Public transport with driver chaperone
Drive on Freeway/Higvay

Car with no driver

Long Road Trips

Finding a car park

Vehicleswith no driving controlsLike steering
Children Drop off or pickps

Seltdriving vehiclesnoving one place to another
Public transport with no driver chaperone

Male

Female

57.10% 42.90%
35.70% 64.30%
57.90% 42.10%
84.00% 16.00%
65.80% 34.20%
70.00% 30.00%
63.60% 36.40%
72.00% 28.00%
86.70% 13.30%
80.60% 19.40%
60.00% 40.00%
85.70% 14.30%
69.60% 30.40%
78.30% 21.70%
60.70% 39.30%
56.00% 44.00%
61.50% 38.50%

Note: This table concludes that Males in NZ prefer AD more than Females.

167
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53.1.12 Distribution of Feedback on each Measurement
On each measurement construct, telS & LI2 Y RSY 14 Q NBalLl2yasSa 4°¢
point Likert scale. The study also observed the correlation between concerns and the
Adoption of Vehicles as found from the survey data. It was concluded that there is a
negative relationship between both thmeasures. Hence the adoption of AVs can only
take place once the concerns and issues of the people are addressetfiade8.15,
where concerns and issues, i.e., Cl = lack of trust and rules and regulations vs. Adoption
correlation, are depicted. This is fundamental for the validation of the Trust and

Governance Framework for AVs.

Table5.15

Concerns and Issues for Adoption of AVs

Correlations

AD Cl

AD 1| -547*

Cl - 547** 1
** Correlation is significant at the 0.01

level (2tailed).
Note: Ad = AdoptionCl = Concerns and issues

5.3.2 Descriptive Statistics

The constructs were measured on five point Likert scale frostrangly disagree to 5

strongly agree.Table 5.16 demonstrates Mean, Minimum, Maximum, Standard
deviation, Skewness, and Kurtodtvaluation of normality of data against skewness and
Kurtosis shows that data is unbiased and exhibited acceptable levels of skewness
(ranging from-1.089to 0.883), and kurtosis (ranging froft.456 to 1.116) are well

below the threshold levels of 2 and 7 for these two tg8&ephen G. West et al., 1995)

LG Aa O2yOf dzRSR GKIFG GKS RIEGE &aSd KlFa
distributed.

Table5.16

Descriptive Statistics

Std.
N MIN MAX Mean Deviation Skewness Kurtosis
Gender 389 1 2 1.33 0.47 0.743 -1.456
Ethnicity 389 1 9 3.23 2.093 0.883 0.864
Age 389 1 5 2.58 0.978 0.102 -0.704
Employmentevd 389 1 6 2.48 1.611 0.645 -1.19
Edication level 389 1 4 2.6 0.846 0.098 -0.674
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Std.

N MIN MAX Mean Deviation Skewness Kurtosis
Drivingexperience 389 1 4 2.76 1.145 -0.288 -1.373
SA 1 389 1 5 3.72 1.016 -0.758 0.384
SA 2 389 1 5 3.74 1.039 -0.884 0.584
SA 3 389 1 5 3.72 0.997 -0.705 0.296
SA 4 389 1 5 3.75 1.035 -0.918 0.663
SA 5 389 1 5 3.77 1.038 -0.911 0.62
SA 6 389 1 5 3.78 1.02 -0.918 0.666
TRS 1 389 1 5 3.69 1.072 -0.851 0.375
TRS 2 389 1 5 3.63 1.055 -0.762 0.29
TRS 3 389 1 5 3.67 1.017 -0.803 0.398
TRS 4 389 1 5 3.7 1.095 -0.874 0.353
TRS 5 389 1 5 3.65 1.061 -0.847 0.422
TRS 6 389 1 5 3.7 1.102 -0.874 0.339
TRS 7 389 1 5 3.67 1.084 -0.923 0.496
PRI_1 389 1 5 3.71 1.05 -0.939 0.547
PRI_2 389 1 5 3.69 1.041 -0.904 0.504
PRI_3 389 1 5 3.65 1.037 -0.769 0.292
PRI_4 389 1 5 3.68 1.053 -0.752 0.186
SAF 1 389 1 5 3.7 1.081 -0.807 0.221
SAF 2 389 1 5 3.69 1.082 -0.925 0.459
SAF 3 389 1 5 3.7 1.044 -0.792 0.256
SEC 1 389 1 5 3.66 1.055 -0.864 0.444
SEC 2 389 1 5 3.65 1.048 -0.849 0.431
SEC 3 389 1 5 3.74 1.097 -0.885 0.323
SEC 4 389 1 5 3.65 1.056 -0.929 0.565
AD 1 389 1 5 3.69 1.002 -0.806 0.414
AD 2 389 1 5 3.67 1.077 -0.984 0.628
AD 3 389 1 5 3.72 1.042 -0.817 0.322
AD 4 389 1 5 3.69 1.027 -0.797 0.351
AD 5 389 1 5 3.66 1.069 -0.882 0.316
AD 6 389 1 5 3.6 1.111 -0.852 0.214
AD 7 389 1 5 3.57 1.141 -0.888 0.21
AD 8 389 1 5 3.66 1.144 -0.85 0.116
AD 9 389 1 5 3.63 1.078 -0.811 0.193
AD 10 389 1 5 3.67 1.163 -0.856 0.083
AD 11 389 1 5 3.61 1.099 -0.882 0.285
AD 12 389 1 5 3.67 1.128 -0.849 0.136
AD 13 389 1 5 3.68 1.092 -0.827 0.158
AD 14 389 1 5 3.62 1.086 -0.753 0.088
AD 15 389 1 5 3.61 1.087 -0.804 0.178
AD 16 389 1 5 3.65 1.109 -0.861 0.213
AD 17 389 1 5 3.63 1.104 -0.874 0.254
AnT 1 389 1 5 3.8 0.954 -0.871 0.763
AnT 2 389 1 5 3.77 1.003 -0.852 0.652
AnT_3 389 1 5 3.83 1.028 -1.089 1.116
AnT 4 389 1 5 3.75 1.04 -0.953 0.82
TR 1 389 1 5 3.6 1.093 -0.935 0.428
TR 2 389 1 5 3.65 1.094 -0.784 0.147
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Note: Ad = Adoption, TRS = Trust, SA = Situational Awareness, SEC = Security, Prj ArFrivacy
Anthropomorphism, SAF = Safety, TR = Training, LR = Legal Readiness

5.3.3 Exploratory Factor Analysis

Subsequently, the Study employed exploratory factor analysis tEFégt the validity

and applicability of the instrument in theZ region Athough there are two forms of
rotation in EFA (Orthogonal and Oblique), principal axis factoring was directed on the 47
items throughthe Oblique rotation method (Promaxit is argued that since the factor
inter-correlations are common in social sciencése oblique rotation is always a
suitable and appropriate method. Anél the factors ensue to be uncorrelatedoth
orthogonal and oblique produce the equivalent resi@ostello & Osborne, 2005yor
factor loadings for each item, thiStudy follows the criterion dffair et al. (2010)
grounded on sample size where a sample size of 192 for EFA, the significant factor
loadings are 0.40KaiserMeyer-Olkin (KMO)ssists in measuring sampling adequacy.
This Studyalsouseda fixed number of factors to extrache results regarding the

statistical assumption for EFake as follows:

1 The sample size is 389, enough to conduct @aBachnick & Fidell, 2013)

Bartlett's Test of Sphericity is Sig. (p < 0.q@igld, 2013)

1 KaiserMeyer-Olkin (KMO) value is 0.946, which is marvell@datcheson &
Sofroniou, 1999; Kaiser, 1974)

1 Communalities value for each item is > (Fteld, 2013)

=

The mttern matrix inTable5.17 depicts the factor loadings afterwards rotation. The
items that constellation on the indistinguishable components indorse that factor 1
denotes a adoption 29.074% of the total variation), factor 2 trust (9.263%), factor 3
situational awareness (7.926%), factor 4 security (6.110%), factor 5 privacy (4.678%),
factor 6 Anthropomorphism (3.652%), factor 7 safety (2.685%), and factor 8 training
(2.263). All factas explained 5%95% of the total variation. Out dfie 22 items, none

were removed.

Table5.17

Pattern Matrix

Pattern Matrix
Factor
1 2 3 4 5 6 7 8

AD_17 0.837
AD_10 0.825
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Pattern Matrix

Factor
4

0.823
0.82
0.817
0.811
0.806
0.8
0.8
0.796
0.776
0.772
0.766
0.745
0.708
0.697
0.685

0.838
0.811
0.809
0.802
0.783
0.739

0.73

0.81
0.796
0.788
0.769
0.765
0.743

0.86
0.812
0.757
0.741

0.857
0.803
0.789
0.767

0.817
0.808
0.805
0.785

0.857
0.811
0.773

0.9
0.879
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Note: Extraction Method: Principal Axis Factoringptation Method: Pomax with Kaiser Normalization,

a Rottion converged in 6 iterations arfehctor loading less thah4 suppressed.Ad = Adoption, TRS =

Trust, SA = Situational Awareness, SEC = Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety,
TR = Training

There is no croswading in EFA (meaning that a person understands each factor as a

separate atity).

5.3.4 Measurement Model Assessment and Confirmatory Factor Analysis (CFA)

CFA is a type of SEM that gauges the degree of accuracy of measurement of the
measuring togli.e., the relationship between observed indicaténseasures and latent
factordvariables(Brown & Moore, 2012)A factor is a latent vare that influences

more than one observed measure and accounts for correlation among them as they
share a common cause. Hence CFA gives a parsimonious understanding of the
covariation among a set of measures tag number of factors are less than the

measured variables.

It is also noteworthy that once the initial model estimation process is done, the model
is often required to do a model verification proceg€3adisa & Zhou, 2020n SEM,
numerous fitness of indexegveak how fit the model igo the data at handHair et al.
(2010)endorses the use of at least one fitness index from each category of model fit, of
GKAOK UGKSNB I NBE (KNESA yYONSSISY (d L NeBHEY 2 WiR:
absolute fit indiceglisplay that thechisquare is not significant. Btitte model still fits
because when large samples are ughe chisquare statistic nearly always rejects the
model(Bentler & Bonett, 1980)The model index symbolizes the change in the ealu
chirsquare for the model's fitness if that particular parameter is changed. In this study
model, the model verification process was implemented using AMOS modification
indexes. One secoraorder construct, i.e., propensity to trust PRT and the observed
values (PRT_1 to PRT_6), were found causing duplicity were removed during modified
measurement model estimation procedure due to low loadings. Resultantly, the
goodness of fit measures improved significaniigble5.18 demonstraes the goodness

of-fit indices for the measurement model atite level of acceptance.

Moreover, SEM model validity measurement testing is also crucial, which is generally

measured using construct validity, convergent validity and discriminant validity. SEM
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validity measurements testing improves the correctness of the constructs in the
conceptual model seeks to match it with the real world and measures to what degree
the theoretical ideas are rooteGadisa & Zhou, 2020Fonvergent validity explas the
relationship between two variables and determines the extent to which the measured
variables are correlated with their constru@¥lalhotra & Dash, 2011)n comparison,
the discriminant validity identifies correlations of the model constructs among
themselves and is the measure oftdistness of two similar concepts. Each individual
construct is expected to measure its anticipated objective satisfactorily. The reliability

describes the extent to which measure of a construct is dependable or consistent.

5.34.1 Model fit indicatorsdr measurement Model and CFA (See@mder)

The present study confirmed the measurement model feigal ReadinedsR (second
order) usng AMOS 26. The results displagt the LR construas multidimensional and
consists of three factors (PRI, SAF, an@)SE&raphical representation of the secend
order mockl illustrated inFigure5.9 also found that fit indices for the multidimensional
construct are acceptable and within recommended lev@gtair et al., 2010) For
instance, X 2 = 47.659, df = 41, X 2/df = 1.162, p = 0.200, comparative fit index (CFl) =
0.996, Tuckeglewis index (TLI) = 0.995, incremental fit index (IFI) = 0.996 and root mean
square error of approximan (RMSEA) = 0.020able5.18 represens the model fit
indexes criteria. Furthermore, the evidence for composite reliability (CR) and
discriminate validity (average variance extracte®VE) is illustrated ifable5.19. Table
5.20and Table5.21 providethe detaik of the convergent andiscriminant validity. The
presentSudy found that the loading value is higher than 0.70 for each i(EBornell &
Larcker, 1981)and that the AVE for all constructsas higher than the squared
correlation coefficients between therfAnderson & Gerbing, 1988jence there iso

problem in reliability and validity in this study data.

Table5.18

Model Fit Indicators

Fit Index Fit criteria Results (Yerl;\lo) References
X2 47.659
DF 41
P value >.05 0.200 Yes
X2/DF 1.00-5.00 1.162 Yes (Kline, 2016)
RMSEA <.08 0.020 Yes (Steiger, 1990)
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Fit Index Fit criteria Results (Yerl;\lo) References
SRMR <.08 0.0279 Yes (Hu & Bentler, 1999
NFI >0.80 0.975 Yes (Bentler & Bonett, 1980)
PNFI >.0.05 0.727 Yes (Bentler & Bonett, 1980)
IFI >.0.90 0.996 Yes (Bollen, 1990)
TLI >.0.90 0.995 Yes (Tucker & Lewis, 1973)
CFlI >.0.90 0.996 Yes (Byrne, 2016)
PCFI >0.50 0.743 Yes (James et al., 1982)

534.1.1 Construct Reliability (Second order)

¢tKS aS0O02yR 2NRSNJ AYRA DA RdzI fehtof theghyed maiiizO i
dormant variables, i.e., privacy, safety and security (0.844, 0.806 and 846), were more
than the suggested level of Q(Kannan & Tan, 2005; Nunnalh®94) Table5.19). Then,

the composite reliability (CR) of all the second order constructs was checked, i.e.,
privacy, safety and security (0.844, 0.806 and .846) and the values were found within
the recommended value of 0.fGefen et al., 2000; Hair et al., 2010; Kline, 2016)
RSY2Y&aidNIGAy3 &adzZFFAOASYy(Gte GKIG O2yailN:
I N2yol OKQa ! fLKI yR /w F2N Iff D&Y R 21
as adequately errefree (Table5.19).

5.34.1.2 Indicator Reliability

High loadings on a construct indicate that the associated indicators have much in
common captured by the constru¢Hair Jr et al., 2016)0On the other hand, if the
indicators display small or low loadings below 0.40, these must be eliminated from the
scale. However, the loadings ranging from 0.4 to 0.7 have to be considered for removal
only when improvig the CR value or average variance extracted (V&) Jr et al.,
2016) In this Study, all the indicators have their loadings surpassed the recommended
value of 0.5Hair et al., 2010)Thereis no indicator with loading below 0.704ble5.19

). All items satisfied the requirements without any removal item from the scale.

534.1.3 Convergent Validity

As already highlighted above, convergent validity is the extent lichva measure
correlates positively with alternative measures of the same construct. To establish
convergent validity, researchers consider the AM&r Jr et al., 2016 AVE with a value
equal to or hgher than 0.50 indicates that, on average, the construct explains more than

half of the variance of its indicators. On the contrary, AVE with a value less than 0.50
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indicates that, on average, more error remains in the items than the variance explained

by the construct.Table5.19 delivers the convergent validity of the construct.

Table5.19
Loading, Cronbach's Alpha, CR and AVE for zerder model

Facta

Indicator Direction Construct Loading S.E. t-Value P-Value " CR AVE
>0.5 >0.7 >0.7 >0.5

PRI 1 ¢ PRI 0.781 0.844 0.845 0.575

PRI 2 ¢ PRI 0.773 0.066 14.893 Fkk

PRI_3 ¢ PRI 0.726 0.066 13.987 Fkk

PRI 4 ¢ PRI 0.755 0.067 14.547 *hk

SAF 1 c SAF 0.735 0.806 0.806 0.583

SAF 2 c SAF 0.83 0.081 13.933  **x*

SAF 3 o SAF 0.718 0.074 12.739 *kk

SEC 1 c SEC 0.743 0.846 0.847 0.581

SEC 2 ¢ SEC 0.75 0.072 13.956 rx

SEC 3 o SEC 0.76 0.075 14.128 rrx

SEC 4 ¢ SEC 0.794 0.073 14.713 ok

Note: Confirmatory factor analysis fotegal Readinesd B h I'Crom | O K Q & CR=f Aalgosite
reliability, AVE= Average variance extracteld = Adoption, TRS = Trust, SA = Situational Awareness, SEC
= Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Bigimifitgnt at ***p < 0.001

534.14 Discriminant Validityby FornelLarcker criterion)

' 4 KAIKEAIKGSR 1020SY RAAONAYAYLIYy(d @FfAR
GNHz & RAAGAY OGO TFNRBY 20KSNFodd ®aardkaizQ98s) 0 &
The constructs havadequate or acceptable discriminant validity if the square root of

the AVE for each construct is larger than the correlation between the construct and any
other construct in the model. In this Study, two methods were used to access
discriminant validity. First, the Fornell Larcker criterion is frequently applied in
numerous researclfAimran et al., 2017; AMaroof & AFEmran, 2018; Hilkenmeier et

al., 2020; Isaac et al., 2017; Ong et al., 2021; -Seak 2021)Ard second, the utmost
acclaimed approach is HTMMenseler et al., 2015Table5.20 delivers the details of

discriminant validity through the Fornddcker method.

Table5.20

Discriminant Validity (by Fornelarcker criterion) for second order model

Construct 1 2 3
1.PRI 0.762

2.SAF 0.605 0.759
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3.SEC 0.662 0.562 0.763

Note: Diagonals represent the square root of the averageanag extracted while the other entries

represent the correlations. SEC = Security, Pri = Privacy, SAF = Safety

5.34.1.5 Discriminant Validity (by HTMT)
Henseler et al. (2015uggested HTMT as amnovative approach to evaluatintpe

discriminant validity and claimed that this approach is more solid and predictable than
the Fornell Laradr criterion. Henseler et al. (20159uggested thathe HTMT value
beneath 0.85 designates an acceptable and tolerable discriminant validityis Study,
HTMT values of all the constructs were found below the threshold value. Therefore, all
constructs have their distinct concepts. The followirable5.21 providesthe detaik of

discriminant validity througlhe heterotrait-monotrait method.

Tableb.21

Results of discriminant validity by HTMT criterion method for second order model

Cmstruct PRI SAF SEC
1.PRI

2.SAF 0.558

3.SEC 0.612 0.653

Note: Thresholds are 0.850 for strict and 0.900 for liberal discriminant validity. SEC = Security, Pri = Privacy,
SAF = Safety.
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Figure5.9

Graphical Representation of Second Ordexddl
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5.3.4.2 Model fit indicators for measurement Model and CFA (@eder)

In zero order measurement model, all eight latent variables i.e. Adoption, Trust,
Situational Awareness, Security, Privacy, Aoplomorphism, Safety, and Trainiagere
included CFA results publicized that X 2 = 1187.0, df = 1006, X 2/df = 1.180, p = 0.000,
comparative fit index (CFI) = 0.982, Tuckewis index (TLI) = 0.981, incremental fit
index (IFI) = 0.982 and root mean squareor of approximation (RMSEA) = 0.0ZBe

Tableb.22 shows the model fit indexes.

Table5.22
Model fit indicators (Zero Order)

Fit Index References Fit criteria Results (YerI/tNo)
X2 1187.0
DE 1006
P-value >.05 0.000 No
X2/DF (Kline, 2016) 1.00-5.00 1.180 Yes
RMSEA (Steiger, 1990) <.08 0.022 Yes
SRMR (Hu & Bentler, 1999) <.08 .0366 Yes

NFI (Bentler & Bonett, 1980) >0.80 0.894 Yes
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PNFI (Bentler & Bonett, 1980) >.0.05 0.832 Yes

IFI (Bollen, 1990) >.0.90 0.982 Yes
TLI (Tucker & Lewis, 1973) >.0.90 0.981 Yes
CFI (Byrne, 2016) >.0.90 0.982 Yes
PCFI (James et al., 1982) >0.50 0.914 Yes

Note: X2 = CHbquare, DF = Degree of freedom, CFI = Compafitivelex, RMSEA = Root Mean Square
Error of Approximation, SRMR: Standardized Root Mean Square ResiduaNodifed fit index, IFI = the
increment fit index, TLI = Tuckkeewis coefficient Index, PNFI = Parsimony Normed Fit Index. These are

recommended since they are frequently reported in the literat(dé@vang, 2012)

53421 Construct Reliability (Zero orfler
In the zeroorder construct t KS / NBy ol OKQa | f LKI O2STTA

variables i.e., adoption, trust, situational awareness, security, privacy,
anthropomorphism, safety, trainingare measured0.961, 0.905, 0.871, 0.846, 0.844,
0.820, 0.8060.765 simultaneously). All the constraechievel greater than 0.7 values
(Table5.23).

5.3.4.2.2 Indicator Reliabilit{Zero order)

In the zero order modekight variablesvere includedfor checking indicator reliability.

Theouter loading of all the zero order construtave greater than 0.7(s€Eable5.23).

5.34.2.3 Convergent Validity

Theaverage variance extracted for all eight structs in zero order must bgreater

than 0.5,indicatinga convergnt vdidity between the construct (se€able5.23).

Table5.23
[ 2F RAY3AX / NRyolrOKQa ! fLKEFES /w FYR 1''+9 F2NJ TS

Factor h CR AVE

Indicator Direction Construct Loading S.E. T-Value P-Value

>0.5 >0.7 >0.7 >05
AnT 1 ¢ AnT 0.694 0.820 0.820 0.534
AnT_2 ¢ AnT 0.754 0.093 12.266  ***
AnT_3 ¢ AnT 0.717 0.094 11.848  ***
AnT 4 ¢ AnT 0.755 0.097 12.284  ***
TR 1 ¢ TR 0.866 0.765 0.772 0.631
TR 2 ¢ TR 0.715 0.183 4,516 Fokk
SA 1 ¢ SA 0.732 0.871 0.871 0.530
SA 2 ¢ SA 0.742 0.076 13.737  ***
SA 3 ¢ SA 0.699 0.072 12.941  ***
SA 4 ¢ SA 0.735 0.075 13.601  ***
SA 5 ¢ SA 0.745 0.075 13.781  ***
SA 6 c SA 0.715 0.074 13.233  ***
TRS 1 ¢ TRS 0.751 0.905 0.905 0.576
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Factor
Indicator Direction Construct Loading S.E. T-Value P-Value " CR AVE
>0.5 >0.7 >0.7 >0.5
TRS 2 ¢ TRS 0.757 0.066 15.036  ***
TRS 3 ¢ TRS 0.746 0.064 14.782  ***
TRS 4 ¢ TRS 0.777 0.068 15.473  **+*
TRS 5 c TRS 0.763 0.066 15.16 ok
TRS 6 ¢ TRS 0.753 0.069 14.947  **+*
TRS 7 ¢ TRS 0.765 0.068 15.209  ***
PRI 1 ¢ PRI 0.784 0.844 0.844 0.575
PRI _2 ¢ PRI 0.774 0.064 15.187  ***
PRI 3 ¢ PRI 0.725 0.064 14.164  ***
PRI 4 ¢ PRI 0.75 0.065 14.687  ***
SAF 1 c SAF 0.748 0.806 0.807 0.583
SAF 2 ¢ SAF 0.817 0.077 14.226  ***
SAF 3 o SAF 0.722 0.072 13.02 ok
SEC 1 o SEC 0.749 0.846 0.847 0581
SEC 2 ¢ SEC 0.749 0.07 14101  ***
SEC 3 o SEC 0.757 0.074 14.245  ***
SEC 4 ¢ SEC 0.793 0.071 14.888  ***
AD 1 ¢ AD 0.728 0.961 0.961 0.592
AD 2 ¢ AD 0.725 0.074 14.415  **
AD_3 ¢ AD 0.693 0.072 13.739  ***
AD 4 ¢ AD 0.67 0.071 13.258  ***
AD 5 ¢ AD 0.798 0.073 15.955  x**
AD_6 ¢ AD 0.798 0.076 15.964  ***
AD 7 ¢ AD 0.816 0.078 16.356  ***
AD 8 ¢ AD 0.775 0.079 15.479  ***
AD 9 ¢ AD 0.791 0.074 15.82 Fkok
AD_10 ¢ AD 0.787 0.08 15.726  ***
AD 11 ¢ AD 0.798 0.075 15.972  ***
AD 12 ¢ AD 0.8 0.077 15.999  ***
AD_13 ¢ AD 0.767 0.075 15.301  ***
AD 14 ¢ AD 0.763 0.075 15.228  ***
AD_15 ¢ AD 0.782 0.075 15.622  ***
AD_16 ¢ AD 0.787 0.076 15.723  ***
AD_17 ¢ AD 0.786 0.076 15.717  ***

Note: Confirmatory factor analysis for Zero order MbdE  h T

I NEyol OKQ&

F£LKEFET [/ w

AVE = Average variance extracted, Ad = Adoption, TRS = Trust, SA = Situation Awareness, SEC = Security,

Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Training, Significant at ***p < 0.001

5.34.24

Discriminant Validit{By FornelLarckey

Table 5.24 shows the discriminant validity for all eight constrsicfThere is no

discriminant issue withithe zero order model.
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Table5.24

Discriminant validity by Fornellarcker criterior{Zero order modsgl

Construct 1 2 3 4 5 6 7 8
1.AD 0.769

2.AnT 0.102 0.730

3.TR 0.095 -0.011 0.794

4.SA -0.002 -0.033 -0.057 0.728

5.TRS 0491 0.139 0150 0.153 0.759

6.PRI 0.410 -0.005 -0.080 -0.003 0.544 0.759

7.SAF 0.447 0.031 0.022 -0.067 0.379 0.563 0.763

8.SEC 0.337 -0.117  0.090 0.039 0.469 0.605 0.661 0.762

Note: Diagonals represent the square root of the average variance extracted thhilgther entries
represent the correlationsAd = Adoptin, TRS = Trust, SA = Situatlevareness, SEC = Security, Pri =
Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Training

5.3.4.25 Discriminant ValiditfBy HTMT)
As highlighted above, thdTMT values mudie lesser than 0.85Table5.25provides the
detailsof HTMT othe zero order model.

The graphical repsentation of the zero order model éepicted inFigure5.10.

Table5.25
Discriminant Validity (By HTMT) Zero Order

Construct  AnT TR SA TRS PRI SAF SEC AD

0.54
SAF 0.051 0.018 0.082 0.372 0.558
SEC 0.111 0.096 0.038 0.473 0.612 0.653
AD 0.102 0.104 0.005 0.492 0.413 0.45 0.343

Note: Thresholds are 0.850 for strict and 0.900 for liberal discriminant validity. Ad = AddiRi®m; Trust,

SA = Situation Awareness, SEC = Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR =

Training
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Figure5.10

Graphical representation of Zerad2r Measurement Model
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5.34.3 Modelfit indicators for full measurement Model and CFA (Zero order +
Second order)

In full measurement model, all six latent variables i.e. Adoption, Trust, Situational
Awareness, Anthropomorphismhggal readinesand Trainingare included CFA results
publicizd X 2 = 1230.6, df = 1016, X 2/df = 1.211, p = 0.000, comparative fit index (CFI)
= 0.979, Tucketewis index (TLI) = 0.977, incremental fit index (IFI) = 0.972 and root
mean square error of approximation (RMSEA) = 0.02Ble5.26 demonstrates the

model fit indexes.
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Table5.26
Model Fit Indicators (Full Model)

Fit Index References Fit criteria  Results (YeI;I/tNo)
X2 1230.6
DF 1016
P-value >.05 0.000 No
X2/DF (Kline, 2016) 1.00-5.00 1.211 Yes
RMSEA (Steiger, 1990) <.08 0.023 Yes
SRMR (Hu & Bentler, 1999) <.08 0.0413 Yes
NFI (Bentler &Bonett, 1980) >0.80 0.890 Yes
PNFI (Bentler & Bonett, 1980) >.0.05 0.836 Yes
IFI (Bollen, 1990) >.0.90 0.972 Yes
TLI (Tucker & Lewis, 1973) >.0.90 0.977 Yes
CFI (Byrne, 2016) >.0.90 0.979 Yes
PCFI (James et al., 1982) >0.50 0.920 Yes

5.34.3.1 Construct Reliability (Full Model)
Finallyi KS FAYLFf Y2RSt [/ NPy oIl Ofkriedyconhstruckile, O2 S ¥
legal readiness, adoption, trust, situational awareness, anthropomorphism, traiising

checked(0.872, 0.966, 0.905, 0.871, 0.803765 simultaneously)rable5.27).

5.3.4.3.2 Indicator Reliability

In the final measurement modethe indicator reliabilitywas also achievedAll items
have greater tha®.7 outer loadings. No item wakleted inthe final model.Table5.27

provides the detailof factor loading.

5.3.4.3.3 Convergent Validity
In the full modd, the secondorder constructsconvergent validity is measurday the

validity of the set of sugimensions through AVBEwhich can be premeditated by
averaging the squared multiple correlations for the fiostler indicatoryMacKenzie et

al., 2011) Table5.27 confirms the result of the convergent validity via AVE.

Tableb.27
[ 2 RAY 33Z AlphPCRa&hd QWEdGE fmibdel

Factor h

Indicator Direction Construct Loading S.E. t-Value P-Value CR AVE

>0.5 >0.7 >0.7 >0.5

PRI ¢ LR 0.783 0.872 0.824 0.610
SAF ¢ LR 0.761 0.102 9.203 xkk

SEC c LR 0.798 0.102 9.573 bl
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Factor
Indicator Direction Construct Loading S.E. t-Value P-Value CR AVE
>0.5 >0.7 >0.7 >05
AnT 1 c AnT 0.694 0.820 0.820 0.534
AnT 2 ¢ ANT 0.754  0.093
AnT_3 c ANnT 0.717 0.094 11.848
AnT 4 ¢ AnT 0.755 0.097 12.284
TR 1 c TR 0.866 0.765 0.772 0.631
TR 2 ¢ TR 0.715 0.183
SA 1 ¢ SA 0.732 0.871 0.871 0.530
SA 2 c SA 0.742 0.076
SA 3 ¢ SA 0.699 0.072 12.941
SA 4 c SA 0.735 0.075 13.601
SA 5 ¢ SA 0.745 0.075 13.781
SA 6 c SA 0.715 0.074 13.233
TRS1 c TRS 0.751 0.905 0.905 0.576
TRS 2 ¢ TRS 0.757 0.066
TRS_ 3 c TRS 0.746  0.064 14.782
TRS 4 ¢ TRS 0.777 0.068 15.473
TRS 5 c TRS 0.763  0.066 15.16
TRS 6 ¢ TRS 0.753  0.069 14.947
TRS 7 ¢ TRS 0.765 0.068 15.209
PRI 1 c PRI 0.784 0.844 0.844 0.575
PRI 2 ¢ PRI 0.774  0.064
PRI 3 ¢ PRI 0.725 0.064 14.164
PRI 4 ¢ PRI 0.75 0.065 14.687
SAF 1 c SAF 0.748 0.806 0.807 0.583
SAF 2 ¢ SAF 0.817 0.077
SAF 3 ¢ SAF 0.722 0.072 13.02
SEC 1 ¢ SEC 0.749 0.846 0.847 0.581
SEC 2 ¢ SEC 0.749 0.07
SEC 3 c SEC 0.757 0.074 14.245
SEC 4 ¢ SEC 0.793 0.071 14.888
AD 1 ¢ AD 0.728 0.961 0.961 0.592
AD 2 ¢ AD 0.725 0.074 14.415  ***
AD_3 ¢ AD 0.693 0.072 13.739  ***
AD 4 ¢ AD 0.67 0.071 13.258  ***
AD 5 ¢ AD 0.798 0.073 15.9% Fkok
AD 6 ¢ AD 0.798 0.076 15.964  ***
AD 7 ¢ AD 0.816 0.078 16.356  ***
AD_8 c AD 0.775 0.079 15.479  ***
AD_9 ¢ AD 0.791 0.074 15.82 *hk
AD_ 10 c AD 0.787 0.08 15.726  ***
AD 11 ¢ AD 0.798 0.075 15.972  ***
AD 12 c AD 0.8 0.077 15.999  x**
AD B c AD 0.767 0.075 15.301  ***
AD 14 ¢ AD 0.763  0.075 15.228  ***
AD_ 15 c AD 0.782 0.075 15.622  ***
AD_16 ¢ AD 0.787 0.076 15.723  ***
AD 17 c AD 0.786  0.076 15.717  **+*
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Composite reliability, AVE = Average variance extracted Ad = Adoption, TRS = Trust, SA = Situation
Awareness, SEC = Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Training, LR =
Legal Readiness, Significant’ap < 0.001

5.34.34 Discriminant Validity
TheTable5.28 resultsdemonstrate that the overall fit indices for the full measurement

model are satisfactory and incremental fit. Parsimony fit indices are also &chiev
Hence, the evaluation of the measurement model psychometric properties regarding
construct reliability, CR, indicator reliability, convergent validity (AVE), and discriminant
validity were achieved. The Summary of Reliability, Composite reliability, akid
Discriminant validity is given ifable5.29. The graphical representation tfe full model is

depicted inFigure5.11.

Tableb.28

Discriminant Validity

Construcs 1 2 3 4 5 6
1.LR 0.781

2.AnT -0.047 0.731

3.TR 0.020 -0.005 0.787

4.SA -0.007 -0.033 -0.069 0.728

5.TRS 0.599 0.139 0.153 0.153 0.759

6.AD 0.504 0.102 0.104  -0.002 0.491 0.769

Note: Diagonals represent the square root of the average variance extracted while the other entries
represent the correlations. Ad = Adoptio TRS = Trust, SA = Situatidwareness, AnT =

Anthropomorphism, TR = Training

Table5.29

Summary of Reliability, Composite reliability, AVE and Discriminant validity

h CR AVE Discri_minant
Construct validity
>0.7 >0.7 >0.5 Yes/NO
Legal ReadinegkR) 0.872 0.824 0.610 Yes
Anthropomorphism(AnT) 0.820 0.820 0.534 Yes
Training(TR) 0.765 0.772 0.631 Yes
Situational Awarenes$SA) 0.871 0.871 0.530 Yes
Trust(TRS) 0.905 0905 0.576 Yes
Privacy(PRI) 0.844 0.844 0.575 Yes
Safety(SAF) 0.806 0.807 0.583 Yes

Security(SEC) 0.846 0.847 0.581 Yes
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Adoption(AD) 0.961 0.961 0.592 Yes

Figure5.11

Graphical Representation of Full Model

5.3.5 Structural Model and Hypotheses Verification

According toHair et al. (201Q)all the construct measures of thissearch have been
confirmed as reliable and valid in the above paras. The next stage is to address the
assessment and valuation of structural model outcomes and restlittis. procedure
involves examining KS Y2 RSt QA& analiSaRdagabiliie®rsl the ngl&ions
between all the constructs. For confirming hypothesis testing, the bootstrap procedure
run with 5,000 samples at a twailed significance leva$ 0.05. The testvas done by
AMOS software V.26. In this research study, it was vital toystivel causal effects of
latent constructs of Trust and Legal Readiness determinants on the Adoption
construction to examine the phenomenon of successful adoption of AVs in NZ and
formulation of validated Trust and Governance framework. This Study resdooted
FYy20KSN) adSL) 2F {9a 6KSNB (GKS NR{S 2F WY¢l










































































































































































































































































































































































































































































































































































































































































































































































































































