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Abstract 

Driverless Technology (DT) in the shape of Autonomous Vehicles (AVs) will emerge 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 trust is quintessential in 

ƘŀǊƴŜǎǎƛƴƎ ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ ¢Ǌǳǎǘ ƛǎ ŀ ƪŜȅ ƳŜŘƛŀǘƻǊ ƛƴ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ŀƴŘ 

promoting human-machine interaction (HMI). Present day research lacked examining 

this phenomenon and is mainly focused on optimistic technological orientations of AVs. 

User acceptance theories and models were 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 semi-autonomous vehicles. Trust in 

HMI is mainly considered as a by-product of interpersonal human trust without 

considering the institutional perspectives.  This warrants investigations into the user 

acceptance needs to unfold trust dynamics, the applicability of existing theories, 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 

Identification Framework (HMI-ADERIF), 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 re-assess and augment the various trust models and 

theories present in the literature today. HMI-ADERIF 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 unique 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. 

Study ς 1 is based on a qualitative AV user study in live traffic conditions with BMW X5 

xDrive40i SUV. Study ς 1 is embedded in the main quantitative Study ς 2 (SEM) in a 
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concurrent embedded correlational design setting in Phase - 1. Study ς 1 observed the 

ǳǎŜǊǎΩ ƛƴǘŜǊǇŜǊǎƻƴŀƭ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǘrust towards finalizing key autonomous driving 

(AD) corroborating factors. Study ς 2 deployed an exploratory survey and tested seven 

hypotheses using Structural Equation Modelling (SEM) and Confirmatory Factor Analysis 

(CFA) with IBM SPSS and AMOS version 26. Study ς 2 validated the integrated trust and 

ƎƻǾŜǊƴŀƴŎŜ ƳƻŘŜƭΣ ŀƴŘ ŎƻƴŦƛǊƳŜŘ ǘƘŜ ǊƻƭŜ ƻŦ ΨǘǊǳǎǘΩ ŀǎ ŀ ƳŜŘƛŀǘƻǊ ōŜǘǿŜŜƴ 

interpersonal and institutional trust.  

Study ς 3 employed the convergent parallel design with Study - 4 concurrently in Phase- 

2, and developed a quantitative SD model for NZ using System Dynamics (SD) modelling 

technique. Study ς 3 provided policy insights for articulating transport investment 

decisions for shaping up driverless eco-system. Study ς п ǳǎŜŘ мо ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ŦƻǊ 

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 scoping and the 

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 adoption of 

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 and finally, a 

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 and elderly disabled people (Fisher et al., 2020, p. 2; Wintersberger, 2020, 

p. 1). However, in this paradox of automation, where human errors can be significantly 

reduced, other unintended consequences may slow down their adoption. It includes the 

ƛƴŎƻǊǊŜŎǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǘǊǳǎǘ ƛƴ ǘƘŜ ǎȅǎǘŜƳ (Dirsehan & Can, 2020; 

Ekman, 2020a). The emergence of new types of human errors resulting in crashes 

(Khattak et al., 2020), and inappropriate and delayed policy interventions (Mordue 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 product (WHO, 

2020). The road crashes will 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 estimated 5.03 M resident population (S. NZ, 2020) and a rise of 

120,000 people in the last three years only in Auckland. A similar rise in vehicles is 

creating enormous 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 accidents (Orsman, 2017). In NZ, 

crashes are expected around 400 annually (MOT, 2020). Moreover, the Greenhouse Gas 
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(GHG) emissions from road transport have increased by 85% (Hasan et al., 2019). The 

deployment of AVs in the US alone to improve safety could 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). This phenomenon signals perceived time 

savings, ease of parking, fewer accidents, increased robotic developments, lower vehicle 

emissions, better fuel economy, and other societal benefits (Dirsehan & Can, 2020). The 

COVID -19 pandemic and ever evolving user and environmental demands for 

transportation could exacerbate the development and deployment of AVs around the 

globe (Thakur, 2020). 

Since AVs need 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 situations (Hoff & Bashir, 2015). 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 introspective analysis of 

ǳǎŜǊǎΩ ǘǊǳǎǘ ƛƴ ǘƘŜ ŜƴǘƛǊŜ ǎȅǎǘŜƳ ƛƴ ƎŜƴŜǊŀƭ ŀƴŘ ŘǳǊƛƴƎ ŀ ŘȅƴŀƳƛŎ ŘǊƛǾƛƴƎ ǘŀǎƪ ό55¢ύ ƛƴ 

particular using human factor (HF) research (Tang et al., 2020) based on real time user 

studies. In an earlier survey of knowing the public readiness for AVs among five 

countries, namely China, India, Japan, US, UK and Australia, the top most concern among 

b½ ǇŜƻǇƭŜ ƛǎ ŀōƻǳǘ Ψ¢Ǌǳǎǘ ƛƴ ǘŜŎƘƴƻƭƻƎȅ όурΦо҈ύΩ (Starkey & Charlton, 2020).  

The COVID ς 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 commerce (Boll, 2020). Critical technology adoption 

theories include the technology adoption model (TAM) (Davis, 1989) and the unified 

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

enumerate various factors, including trust (Kaur & Rampersad, 2018). However, none of 

the technology adoption models was formulated to address driverless technologies. The 

burgeoning rise of AVs epitomizes an era of transformation to new 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. J. Fagnant & K. Kockelman, 2015; Lee & Hess, 2020). Policy 

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, 2019). AVs' 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 infrastructure (Crayton 

& 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 licensing (D. J. Fagnant & K. 

Kockelman, 2015; Taeihagh & Lim, 2019). NZ regulatory framework is adequate for 

vehicles with automated features such as lane keeping, automated emergency breaking, 

collision mitigation, but it requires improvements in terms of vehicles at higher level of 

automation (level 3 and above) (FleetPartners, 2020). 

The core challenge is to bridge the gap between AV technology and general public 

acceptance to adopt smarter solutions towards safer transportation (Alawadhi 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., 2020). To achieve the desired result, there is a 

pressing need to identify the public expectations and trust needs, AVs implementation 

challenges, and critical success factors influencing the adoption of AVs in NZ. Within this 

context, scoping of this research study is done, primarily to arrive at a holistic 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 cities (Mouftah et al., 2020; Pieroni et al., 2018; 

Sell et al., 2019; Um, 2019). This disruptive yet beneficial technology will assist in shaping 

the future shared mobility paradigms, transport infrastructure, and urban landscape. It 

will ensure road safety with the optimum flow, less congestion, improved environmental 



4 

outcomes, efficiency, and productivity (D. J. Fagnant & K. Kockelman, 2015; Yan et al., 

2020). The global market in self-driving cars is estimated to reach $7.03 billion by 2021 

and $21billion by 2035 (Du et al., 2021). The recent COVID ς 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 Mobility-

as-a-Service (MaaS) value chain (Boll, 2020; MSCI, 2020). On the other hand, criticism 

towards AV deployment is geared towards job cuts, urban sprawl, reduced automobile 

ownership, and other technical, financial, and social challenges (D'Oca et al., 2018). 

NZ is set to gain long lasting benefits in the testing and deployment of AVs. The NZ 

environment is presently 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 strategies (Fitt, Frame, 

et al., 2018; Geoscience, 2020; KPMG, 2020; MOT, 2020; S. NZ, 2020). Public acceptance 

is essential for the widespread adoption of AVs in NZ and elsewhere (Yuen, Wong, et al., 

2020). Generally, if societal and behavioural intentions align with technical innovations, 

ƛǘ ǿƛƭƭ ƭŜŀŘ ǘƻ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ (Kraetsch et al., 2021).  

In human-centred transport research, the theoretical concept of trust is considered 

critical in successful technical design features and acceptance of 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 studies (Raats et al., 2020; Zhang et al., 2020). Two 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 hƻǿ ǘƘŜ ŜȄǘŜǊƴŀƭ άǿƻǊƭŘ ǾƛŜǿέ 

environment set in by governance and legal readiness structure as seen by user and 

technology alike affects trust. Hoff and Bashir (2015) stressed the need to investigate 

trust impacting factors in real world environments, explore situational and dispositional 

factors. They argue about 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 orientation 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, behavioural (Cavoli et al., 2017; Cohen & Hopkins, 2019) and 

legal arrangements, and public acceptability accessibility (Fitt, Curl, et al., 2018). 

These developments call for investigations into new methodologies in identifying 

ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜǎŜ ŎƻƳǇƭŜȄƛǘƛŜs warrant exploring key AD factors 

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 specific events 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 identify the 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 factors affecting 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 will further explore this integrated trust 

ƳƻŘŜƭϥǎ ǘƘŜƻǊŜǘƛŎŀƭ ƻǳǘǇǳǘ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀ ŦǳǘǳǊƛǎǘƛŎ ǊƻŀŘƳŀǇ ŦƻǊ !±ǎΩ ŀŘƻǇǘƛƻƴ ŀƴŘ ŀǊǊƛǾŜ 

at appropriate policy planning and guidance strategy for their successful deployment in 

NZ. 

 

1.4 Research Aim, Objectives and Questions 

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 questions (see Table 

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

shown in Figure 1.1 below. 
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Table 1.1 
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 examine the critical 

perspectives of driverless 

technologies in the backdrop 

of the deployment of AVs. 

RQ 1. What is the significance and futuristic role of driverless technologies 

ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ŀƴŘ ƭƻŎŀƭƭȅ ǿƛǘƘƛƴ !±ǎΩ ŎƻƴǘŜȄǘΚ 

RQ 2. How COVID -19, like pandemic crisis, can affect autonomous driving (AD) 

technologies? 

RQ 3. How can the co-evolution of regulations and technology influence the 

implementation of AVs in NZ and elsewhere? 

RQ 4. What are the perceived benefits and critical barriers for the deployment of AVs 

globally and in NZ? 

2. To analyse the role of key 

AD factors affecting trust 

based on significant HMI and 

governance determinants for 

the implementation of AVs in 

NZ. 

RQ 5. What is the significance of human factors (HFs) for autonomous driving (AD)? 

RQ 6. How do trust and user acceptance contribute to humanizing and adopting 

autonomous driving (AD) technologies? 

RQ 7. What are the key AD factors affecting interpersonal and institutional trust 

during human-machine interaction (HMI) for AVs deployment in NZ? 

RQ 8 What HMI AD events are affected by key trust affecting factors during human 

ς AV interaction? 

3. To develop and assess an 

integrated trust and 

governance framework for 

the successful adoption of 

AVs in NZ. 

RQ 9. How to articulate a relationship between key corroborating trust affecting 

factors for developing an integrated trust and governance framework for the 

adoption of AVs in NZ? 

RQ 10. Iƻǿ ǘƻ ǾƛǎǳŀƭƛȊŜ ŀ ŦǳǘǳǊƛǎǘƛŎ ǊƻŀŘƳŀǇ ŦƻǊ !±ǎΩ ŀŘƻǇǘƛƻƴ ŀƴŘ ǇƭŀƴƴƛƴƎ 

appropriate policy and guidance strategy for their successful deployment in NZ? 

RQ 11. Develop an integrated trust and governance framework and examine its 

feasibility and validation for AVs deployment in NZ. 
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Figure 1.1 

Research Study Objectives, Process, Contribution and Beneficiary 

 

 

 



8 

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 Equation 

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 addresses the future 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 

studies on the subject (Basu & Singhal, 2016; Brinkley et al., 2019; Häuslschmid et al., 2017b; 

Kaur & Rampersad, 2018; Lee & See, 2004; Rahman et al., 2018) are based on conceptual 

models developed by Mayor, Hoff and Lee (Hoff & Bashir, 2015; Lee & Moray, 1992; Mayer 

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

et al., 2012; Park & Kim, 2014; Rödel et al., 2014; Venkatesh et al., 2003) fall short of 

ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŘǊƛǾŜǊƭŜǎǎ ƻǊ ǎŜƳƛ ŘǊƛǾŜǊƭŜǎǎ ǎȅǎǘŜƳ ƛƴ ŀǳǘƻƳŀǘƛƻƴ ŀƴŘ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ 

requirements holistically. Earlier research is generally based on simulation or user studies in 

controlled environments. 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 practical approach 

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 NZTA policy on testing AVs 

in NZ (MOT, 2021; NZTA, 2021) 

The main research contributions include; (1) AD Trust Acceptance Model for Driverless 

Technology (DT), (2) HMI AD Event Identification Relationship Framework (HMI ς ADEIRF) 

giving insights regarding dynamic trust development process to HMI designer and other 

stakeholders, (3) Integrated trust and governance model for optimum acceptability of AVs in 

NZ, (4) A quantitative system dynamics model for observing the futuristic diffusion timelines 

and deployment roadmap for AVs in NZ, and (5) Provision of a comprehensive checklist for 

NZ managers. The detailed contribution of this study is deliberated in Chapter 5.  
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1.6 Research 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) approach. Phase ς 1 comprised Study ς 1 (AV 

User Study) and Study ς 2 (SEM). Phase ς 2 comprised Study -3 (SD Modelling) and Study ς 4 

ό9ȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎύΦ DSR is divided into three stages of pre-development, development and 

Ǉƻǎǘ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘŀƎŜΦ 5{wΩǎ Ǝƻŀƭ ƛǎ ǘƻ ŘŜǾŜƭƻǇ ǎŎƛŜƴǘifically grounded solutions to solve a 

real world problem, thus establishing a link between theory and practice (Rocha et al., 2012). 

The fundamental DSR requirements accepted by all schools of thought is to validate the 

artefact development using existing theories and guidelines (Österle et al., 2011). In a socio-

technical context, the artefact is influenced by the environment in which it operates. Various 

authors suggested steps for conducting DSR (Holmström et al., 2009; Lukka, 2003; March & 

Smith, 1995; Vaishnavi & Kuechler, 2004; Vaishnavi & Kuechler, 2015).  

A core research criterion as conceived by DSR is to set a framework based upon the 

connection between relevance (context of design) and rigor (the business/environment) and 

the scientific knowledge base built by previous research (Cash & Piirainen, 2015; Drechsler & 

Hevner, 2016; Hevner, 2007)Φ Lƴ ŀŘŘƛǘƛƻƴΣ 5{w ƛŘŜƴǘƛŦƛŜǎ ά ǘƘŜ ǾƛǊǘǳŜǎ ƻŦ ƘŀǊŘΣ ƎŜƴŜǊŀƭƛȊŀōƭŜ 

Řŀǘŀέ (Krivokapic-{ƪƻƪƻ ϧ hΩƴŜƛƭƭΣ нлммύ and supplements the strengths and weaknesses of 

qualitative and quantitative data (Amaratunga et al., 2002; Johnson & Onwuegbuzie, 2004). 

The design commences with the awareness of the problem occurring due to innovation in the 

shape of AVs, i.e., lack of trust as a significant determinant for the adoption of AVs technology 

in NZ. After awareness of the problem in stage ς 1 (pre development stage) of the process, 

during stage ς 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 BMW X3 M40i 

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 post-development 

stage, the data accrued from the literature review, user study, and SEM Modelling process is 
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used to develop an SD Model as a justification of framework (see Table 1.2). Then framework 

ǳǘƛƭƛǘȅ ŎƘŜŎƪ ƛǎ ŎŀǊǊƛŜŘ ƻǳǘ ǘƘǊƻǳƎƘ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎΦ  

Table 1.2 

Research Study Methodology 

Purpose Research 
Approach 

Research 
objectives and 
Questions  

 Data 
Collection 
Techniques 

The Pre- Development Stage       
To develop a problem statement, 
research aim, objectives and 
significance of the study 

Literature 
Review 

Obj -1 and 2 
RQ 1, 2, 3, 4, 5, 6,7 

Content 
Analysis 

Research Approach Design 
Science 
Research 

    

The Developmental Stage 
 

    
Designing and Development HMI 
Trust & Governance Conceptual 
Framework 

Mixed 
Methods  

Obj - 2, RQ 8  
Obj- 3, RQ 9 

User Study  
Survey, SEM 
 

The Post ς Development Stage 
 

    
Justification of Framework Mixed 

Methods 
Obj-3, RQ 10,11 System 

Dynamics 
Modelling  

Framework Utility Check 
  

Experts 
Interviews 

 

In an embedded design, the quantitative and qualitative studies (study 1-2) seek solutions 

regarding two different research questions within a study concurrently i.e. RQ8 and RQ9. The 

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

in a larger SEM quantitative study. In phase-2, the Convergent Parallel Design is pursued 

where ŘŜǎƛƎƴ ǎŜŜƪǎ ǘƻ άƻōǘŀƛƴ ŘƛŦŦŜǊŜƴǘ ōǳǘ ŎƻƳǇƭŜƳŜƴǘŀǊȅ Řŀǘŀ on the same topics. The 

integrated results are triangulated during interpretation. The study ς 3 incorporates 

quantitative System Dynamics (SD) modelling technique, and study ς 4 uses semi structured 

ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ŎŀǇǘǳǊƛƴƎ Ŧƻƭƭƻǿ ǳǇ Řŀǘŀ ŦǊƻƳ ǎǘǳŘȅ ς 1 and study ς 2. The data and results 

from study ς 3 and study ς 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 interpretations. The study ς 4 examines the feasibility of integrated 

trust and governance framework and after validation provide recommendation for adoption. 
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The studies seek to interrogate practical and pluralistic approaches that allow a combination 

of methods to articulate the actual behaviour of participants, the beliefs and consequences 

that follow from their behaviour allowing methodological pluralism. It assisted in utilizing the 

logic of inquiry through deduction (testing of hypothesis and theories developed during the 

process), achieving complementary strengths. Details of the research methodology are 

discussed in Chapter 3.  

1.7 Research Limitations 

This research study was affected by non ς availability of AV manufacturers and technology 

experts in NZ. Moreover, there is less technical and legal know-how among the general public, 

industrial stakeholders, and policy makers. This could 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, AI, and human factor engineering from the UK, Germany, Sweden, and 

Australia. Moreover, the present pandemic crisis of COVID ς 19, physical contact restrictions, 

and lock down affected the production and supply of AVs, hampering the user study 

investigations at critical 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, due to the 

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 Organisation 

This thesis encompasses seven chapters. 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. The fourth chapter 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 

technology 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.  

Chapter 2. It examines critical perspectives of driverless technology within AVs context, co-

evolution of regulations and technology, and the impact of the present COVID ς 19 pandemic 

on AVs proliferation. It discusses !±ǎΩ historical background, infrastructure requirements, and 

control systems. It provides insights into human factor engineering, automated driving 

ŎƻƴǘǊƻƭǎΣ Ƙƻǿ ŀǳǘƻƳŀǘƛƻƴ ǿƻǊƪǎΣ ŀƴŘ ǘƘŜ ŘǊƛǾŜǊΩǎ ǎƛǘǳŀǘƛƻƴ ŎƻƴŎŜǊƴƛƴƎ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘΦ Lǘ ŀƭǎƻ 

identifies the potential opportunities and critical barriers for AVs implementation and 

observes public opinion and expectations at home and abroad. The chapter observes the key 

ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ŦƻǊ !5 ŀƴŘ ƭƻƻƪǎ ŀǘ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ŘǊƛǾŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭΣ ǎƛǘǳŀǘƛƻƴŀƭ 

awareness, feedback, and training in the resumption of control. Additionally, the research 

identifies the significance of cyber security, privacy, liability, safety, technology and 

infrastructure issues. At 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 institutional trust to 

formulate a holistic trust and governance framework for AD in NZ. In the end, it provides key 

research findings, conclusions and implications arising from the literature review of Chapters 

1 and 2, and identifies seven hypotheses within the context of literature.  

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 approach theoretically. It describes the detailed 

process of harnessing mixed research methodologies utilizing Multiphase Design comprising 

Concurrent Embedded Correlational Model in Phase 1 and Convergent Parallel Design Model 

in Phase 2. Moreover, the chapter provides 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 results of Study 1 to 4 to support and validate the research aims 

and objectives. It highlights Study ς 1 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 critical 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 Relationship Framework (HMI-ADERIF). 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, it ascertains 15 barriers/concerns in the human factors domain and 17 AV adoption 

preferences. After 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 integrated trust model and 

the linkages of interpersonal and institutional trust. It also identifies another integrated 

ƳƻŘŜƭ ŦƻǊ ǾŀƭƛŘŀǘƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ ΨǘǊǳǎǘΩ ŀǎ ŀ ƳŜŘƛŀǘƻǊ ōŜǘǿŜŜƴ ƭŜƎŀƭ ǊŜŀŘƛƴŜǎǎ ŀƴŘ ŀŘƻǇǘƛƻƴΦ Lǘ 

is followed by the result and findings of Study ς 3 for projection into AVs diffusion timelines 

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

ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎΦ 

Chapter 6. This chapter synthesizes the findings from Study ς 1 to Study ς 4, and deliberates 

on the research case in the backdrop of the research aims and objectives within the context 

of literature. It is followed by a detailed synopsis of research insights and the uniqueness of 

research, and comparison with earlier researches in the field. At the end, it provides 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 disciplines. It 

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 and pragmatic 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 historical background, 

infrastructure requirements, and control systems. It highlights the critical perspectives of 

driverless technology within AVs context, co-evolution of regulations and technology, and the 

impact of the present COVID ς 19 pandemic on AVs proliferation. It describes the significance 

ƻŦ IǳƳŀƴ CŀŎǘƻǊǎ όICǎύ ƻƴ ŀǳǘƻƴƻƳƻǳǎ ŘǊƛǾƛƴƎ ό!5ύ ŀƴŘ ǘƘŜ ŘƛǾŜǊΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ǘƻ ǘƘŜƛǊ 

mental model, situation awareness, training, and role of anthropomorphism. Then it looks 

comprehensively at AVs perceived benefits and 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 and intelligent transport services (ITS) using big data-

based networks and cloud services (Lanamäki, 2021; Yigitcanlar Tan et al., 2019). 

Undoubtedly, AVs are one of the most advanced innovations in automated technology, which 

utilizes numerous ITS tools (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 acceptability of AVs, 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 impact of AVs 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 governance framework towards the smooth transition and 

adoption of AVs. Figure 2.1 illustrates the details of the literature review of this study divided 

into chapter 2 and chapter 3.  
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Figure 2.1 

The Literature Review 
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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 self-propelled carriage in 1478 for Renaissance 

Festival (Fuller, n.d). Vehicle automation was initially conceived in 1918 (Pendleton et 

al., 2017), and General Motors first introduced the concept of AV ŀǘ ǘƘŜ мфоф ²ƻǊƭŘΩǎ 

Fair (Shladover, 2018). Automated Vehicle (AVs) can be defined as: 

άΧǾŜƘƛŎƭŜǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ŀƴ ŀǳǘƻƳŀǘŜŘ ŘǊƛǾing system (ADS) that is 
capable of monitoring the driving environment and controlling the 
dynamic driving task (steering, acceleration, and braking) with limited 
ƻǊ ƴƻ ƘǳƳŀƴ ƛƴǇǳǘέ (NTC, 2018, p. 1). 

In the 1950s, General Motors, in collaboration with Radio Corporation of America 

Sarnoff Laboratory, carried out initial research & development (Shladover, 2018). In the 

ensuing decades, from 1964 to 2007, several other R&D projects were initiated. A series 

of prototypes were developed in the US, Japan, and Europe (Forrest & Konca, 2007), 

including automated bus and truck platoons and smart vehicle systems. An automated 

trip under the European PROMETHEUS project in the 1980s was carried out on public 

roads from Bavaria to Denmark (Billington, 2018). At the same juncture, the U.S. 

Defence Department developed the first automated ground vehicles (AGVs) to support 

ground forces which are still in progress.  

During the 1990s, the US Department of Transport (USDOT), in collaboration with the 

National Automated Highway System Consortium, commenced $90M Automated 

IƛƎƘǿŀȅ {ȅǎǘŜƳ ό!I{ύ ǇǊƻƎǊŀƳ ŎǳƭƳƛƴŀǘƛƴƎ ƛƴ ǎǳŎŎŜǎǎŦǳƭ 5ŜƳƻΩфт ŎƻƳǇǊƛǎƛƴƎ 

automated driving in cars, trucks, and buses on Interstate 15 in San Diego witnessed by 

thousands of people. It created a paradigm shift in public consciousness (Fisher et al., 

2020). At the same time, Japan carried out Demo 2000 in Tsukuba, showing AV 

capabilities through Advance Cruise ς Assist Highway Research Association and 

emphasized the role of infrastructure supported systems. In the late 1990s, the 

European Commission kick-started tests of platooning automated heavy trucks on public 

roads under the European CHAUFFEUR project (Shladover, 2012). The surge in these 

efforts occurred through the Defense Advanced Research tǊƻƧŜŎǘǎ !ƎŜƴŎȅΩǎ ό5!wt!ύ 

Grand Challenges Program in the US in 2004 and 2007. AVs traversed the desert terrain 

and urban roads, and the top three finishers were Carnegie Mellon University/General 
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Motors, Stanford University, and Virginia Tech, respectively. These vehicles handled 

various challenging situations, including traffic circles, four-way stops, parking lots, and 

road obstacles manoeuvring among human-driven vehicles (Pendleton et al., 2017; 

Shladover, 2018). These efforts catalyzŜŘ DƻƻƎƭŜΩǎ ǎŜƭŦ-driving driving car program in 

2010, ŀƴŘ ōȅ нлмт DƻƻƎƭŜΩǎ !± ŦŜŜǘΣ ²!¸ah, finished three million miles driving within 

four US states. Volvo introduced its first AV in 2017, and today, Audi, BMW, Mercedes ς 

Benz, Nissan, and numerous other companies have already ventured into this market 

(Faisal et al., 2019). A list of important project details regarding AVs is given in Table 2.1 

below.  

Table 2.1 

History of AVs: Important Milestones 

 

Note: The list of major AVs tests and trials from Autonomous Cars and Society by Forrest. A and Konca.M, 

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

01609. 
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2.3.1 AVs technologies and infrastructure 

AVs perceived superiority to the human driver is a function of high-level computing 

supplemented by vehicleςtoςvehicle (V2V) and vehicleςtoςinfrastructure (V2I) 

communication enabling AVs to learn faster (Taeihagh & Lim, 2019). AVs can be defined 

ŀǎ άǾŜƘƛŎƭŜǎ ƛƴ ǿƘƛŎƘ ŀǘ ƭŜŀǎǘ ǎƻƳŜ ŀǎǇŜŎǘǎ ƻŦ ŀ ǎŀŦŜǘȅ-critical control function (e.g., 

steering, throttling, or brakƛƴƎύ ƻŎŎǳǊ ǿƛǘƘƻǳǘ ŘƛǊŜŎǘ ŘǊƛǾŜǊ ƛƴǇǳǘΦέ(Cunningham & 

Regan, 2015; NHSTA, 2020). AVs operate on a three-ǇƘŀǎŜ ŘŜǎƛƎƴ ƪƴƻǿƴ ŀǎ άǎŜƴǎŜ ς 

plan ς ŀŎǘέΣ ŜƳǇƭƻȅƛƴƎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǊŀŘŀǊΣ [ƛŘŀǊΣ ŀƴŘ Ƴƻƴƻ ƻǊ ǎǘŜǊŜƻ ŎŀƳŜǊŀ 

systems (Bagloee et al., 2016). AVs carries out a variety of functions, including 

localization, path planning, control, and management. Whereas, Connected 

!ǳǘƻƴƻƳƻǳǎ ±ŜƘƛŎƭŜ ƛǎ ŀƴ ά!± ǘƘŀǘ ŎƻƳƳǳƴƛŎŀǘŜǎ ǿƛǘƘ ƻǘƘŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ƎŀǘƘŜǊ 

ƛƴŦƻǊƳŀǘƛƻƴέ(Faisal et al., 2019).  

AVs uses a combination of sensors, machine learning systems, actuators, ultrasonic and 

inertial measurement unit, and complex algorithms to process software and carry out 

travel without human involvement (Singh & Saini, 2021)Φ άThe sensors collect real-time 

data of the environment comprising geographical coordinates, speed and direction of 

AV, its acceleration and intervening obstaclesέ (Urooj et al., 2018). The key feature of 

the AV is the advanced driving system (ADS). The SAE (2021) standard J3016 defined it 

as: 

ά¢ƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ that are collectively capable 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 specifically to describe a level 3, 4, or 5 
driving automatiƻƴ ǎȅǎǘŜƳέ όǇΦ оύΦ 

The end goal of ADS is to drive the vehicle to its destination safely, efficiently, and legally 

(Fisher et al., 2020). ADSs will form the core of the Driverless Technology ecosystem 

comprising AVs, monitoring centres, and road infrastructure. The car navigation system 

is equipped with a global positioning system (GPS) to collect location information. The 

location system employs an inertial navigation system (INS) to find the relative location 

of AV (Farrell & Barth, 1999). HD map is an electronic map that stores traffic and road 

facilities (Zhao et al., 2018). Path planning is done by map matching.  
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To perceive the environment, AV uses laser, visual, and radar perception. In laser 

perception, cloud data of target point, shape, or 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 pulses create a 3 ς 

dimensional 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 

requirement for localization and perception. Vehicular ad-hoc networks (VANETs) apply 

the principles of mobile ad-hoc networks (MANETs) to the vehicle domain in the case of 

connected cars (Sheikh et al., 2020). Advanced Driver Assistance Systems (ADAS) control 

trajectories override driving commands to avoid a collision. Actuation technologies, i.e., 

throttle, computer control steering, braking, and transmission, are mature enough. 

However, embedded control software development, inter-vehicular communication, 

and real-time cloud computing support are real technical challenges (Babak et al., 2017; 

Tokody et al., 2018).  

Additionally, some challenges need to be addressed to achieve a full automation 

scenario. It includes vehicle ς to ς X connectivity (V2X) comprising vehicleςtoςvehicle 

(V2V) and vehicleςtoςinfrastructure (V2I), Decision control algorithms, digital 

infrastructure (road automation). These comprise static and dynamic physical world 

representations, human factors, sensor perception in poor weather and unfavourable 

lighting conditions, HD Mapping, simultaneous localization and mapping (SLAM), and 

roadworthiness testing (Smith & Svensson, 2015; Van Brummelen et al., 2018). AV 

control systems include lateral control and longitudinal controls. Lateral controls relate 

to steering for path planning. Longitudinal controls assist in speed control and regulate 

a vŜƘƛŎƭŜΩǎ ŎǊǳƛǎŜ ǾŜƭƻŎƛǘȅ (Babak et al., 2017). Lateral control keeps the vehicle in the 

chosen lane and comprises Lane Departure Warning Systems (LDWS), Lane Keeping 

Assist System (LKA), and parallel parking assistance.  

Longitudinal control assists in forward and reverse directions and include rear parking 

assistance, adaptive cruise control (ACC), which controls the vehicle's speed relative to 

the vehicle in front, and pre-crash brake assistance (Forrest & Konca, 2007). Figure 2.2 

highlights various AV Technologies. 
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Figure 2.2 

AV Technologies  

 

 

 

Note: Technologies allow AVs to sense, plan and act in response to the dynamic driving environment. 

From Autonomous Cars and Society by Forrest. A and Konca.M, 2007, Department of Social Science and 

Policy Studies. Copyright 2007 Worcester Polytechnic Institute Worcester, MA 01609 and Safety and 

security through the design of autonomous intelligent vehicle systems and intelligent infrastructure in the 

smart city (p.384-396) by Tokody, D., Albini, A., Ady, L., Rajnai, Z., & Pongrracz, F, 2018, Interdisciplinary 

Description of Complex Systems: INDECS, 16(3-A).  

2.3.2 Recent Developments in AVs 

Recent developments are exacerbated in the backdrop of the COVID ς 19 pandemic 

(McBride, 2021). Applications and services based on VANET technology comprise prior 

warnings about accidents, fog, and black ice, notifications about crashes and 

construction on roads, over-speed, and traffic signals (Singh & Saini, 2021).  Leading car 

manufactures such as Ford, BMW, Kia, Hyundai, Honda, Toyota, Mercedes ς Benz, 

General Motors, Nissan, Volvo, and Volkswagen incorporated emergency breaking, 

smart parking, semi-automatic pilot driving, and accident warning (NHSTA, 2020). 
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Partnerships between car manufacturers and technology companies like BMW ς 

Daimler Mercedes in Europe, Ford - AI Argo in the US, and others have enabled further 

advancement in AVs (Faggella, 2020; McBride, 2021; Van Brummelen et al., 2018). 

Amazon experimented with autonomous package delivery and invested jointly with 

Google and tesla for AV robot Amazon scout. It is forecasted that AVs are likely to 

constitute around 50% of vehicle sales, 40% of all vehicles travel and 30% of vehicles by 

2040. Figure 2.3 depicts a brief synopsis of competition between various car giants. 

Figure 2.3 

AV Competitors  

 

Note: Many car makers are manufacturing prototype AVs capable of driving in certain situations. From 

Autonomous Vehicles: challenges, opportunities, for transport policies (p.284-303) by Baglooe. S.A., 

Majid, T., Asadi, M., and Oliver, T. 2016. Copy right Journal of Modern Transportation. 

 

Self-driving Software Company Aptiv collaborated with Lyft and did 100,000 plus rides 

in Boston, Las Vega, Pitts burg, Shanghai, and Singapore. Audi unveiled an autonomous 

A8 vehicle along with its merger with Argo AI. Didi Chuxing is testing Robo taxis. General 

Motors (GM) has teamed up with Honda and Lyft for cruise automation. Huawei 

partnered with BYD to produce low-cost LIDAR products and Russian autonomous giant 

Yandex for affordable driver assistance technology. Tesla partnered with Baidu in 

January 2020 to use its mapping data (Insights, 2020) . A bird's eye view of the recent 

developments in AVs is depicted in Figure 2.4.
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Figure 2.4 

AVs Developments ς Recent Milestones   

Note: KPMG (2020). 2020 Autonomous Vehicles Readiness Index from https://home.kpmg/uk/en/home/insights/2020/07/2020-autonomous-

vehicles-readiness-index.htm
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2.4 Significance of Driverless Technology 

Driverless technology comprising automation, electrification, and sharing is likely to 

alter the urban landscape and future mobility (Agriesti 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 (FAD) functionality by improving accurate algorithms, 

advanced cloud platforms, deep learning capabilities and autonomous decision-making 

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, 2020). AVs promise to eliminate human errors in traffic using 

sensors, cameras, light detection, and global positioning systems (GPS) technologies. 

AVs employ various safety-critical control functions such as steering, throttle, or braking 

without direct driver input (Dirsehan & Can, 2020).  

AVs use Artificial Intelligence (AI), Deep Learning, and real-time HD mapping to ensure 

safety during driving (Jones, 2017). AVs are likely to revolutionize future mobility 

paradigms, improve safety and environmental impacts (Litman, 2020; S. Wang et al., 

2020), and open new travel options for the elderly, disabled, and underage persons 

(IRGC, 2016). These technologies will shift a considerable share of the mobility market 

ǾŀƭǳŜ ŀǿŀȅ ŦǊƻƳ ǇǊƻŘǳŎǘǎ ǘƻǿŀǊŘǎ άƳƻōƛƭƛǘȅ-as-a-ǎŜǊǾƛŎŜέ όaŀŀ{ύΦ !±ǎ ǿƛƭƭ ŎƻƴǾŜǊƎŜ 

transportation, automotive, software, hardware, and data services (Pizzuto et al., 2020). 

Nonetheless, the real disruption from autonomous driving (AD) will come in road 

transport, enabling efficient sharing of vehicles and the use of micro-mobility modes as 

a last-mile connection. Self-driving cars will reach 4.8 million units in 2035, and their 

value may reach $ 200 billion-1900 billion in 2025 (Agriesti et al., 2020). Although AVs 

caused occasional fatal accidents, either on drivers or pedestrians (NTSB, 2019a, 2019b), 

they prevented serious pedestrian injuries (BBC, 2016).  

Generally, the public is inclined towards AVs (Rödel et al., 2014). However, these 

attitudes might vary depending upon the user experience and offering of the 

automation levels (Kyriakidis et al., 2015). AVs' decision-making capabilities are likely to 

gather detailed situation awareness in the future, capable of anticipating and reacting 

to complex situations better than humans (Hussain & Zeadally, 2018; Karnouskos, 2020).  
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It is believed that environmental perception technology, driver assistance systems, and 

automotive safety electronics are key driverless technologies. These technologies foster 

safety, energy conservation, market demand, high-level perception, advanced road 

facilities, and related legal provisions (Liang, 2020). The automotive future is perceived 

to be electrified, autonomous, shared, connecǘŜŘ ŀƴŘ ȅŜŀǊƭȅ ǳǇŘŀǘŜŘέ(Kuhnert et al., 

2018). Connected and Autonomous Vehicles (CAVs) are considered a subset of Cyber 

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

and human components in highway transportation (Liu et al., 2020).  

Environmentally, AVs are likely to reduce energy consumption (Wadud et al., 2016), and 

avoid environmental degradation (Bagloee et al., 2016). As well as optimize fuel usage 

(Mamouei et al., 2018), lower emissions and air pollutions (Bauer et al., 2018), and noise 

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

dedicated lanes to allow platooning, as shown in Figure 2.5 below.  

Figure 2.5 

AVs sales, Fleet Travel and Benefit Projections  

 

Note: This figure graph shows AVs sales, fleet travel and benefit projection from 2030 

to 2060 and onwards. From Autonomous vehicle implementation predictions: 

Implications for transport planning by Litman, T. Copyright 2020. Victoria Transport 

Policy Institute Australia. 
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Earlier research indicated that AVs would be commercially available from 2030 to the 

2040s. However, these will be costly and likely to become affordable by the 2050s 

(Litman, 2020). Moreover, it is predicted that half of the new vehicles and half of the 

vehicle fleet will be autonomous by 2045 and 2060, respectively (Litman, 2020). Figure 

2.6 below highlights the AVs technology proliferation timeline. 

Figure 2.6 

AV Technology Planning and Impact Project Timeline  

 

2.4.1 Trust Dynamics for Acceptance of Driverless Technology  

According to social science research, public attitudes towards a new technology are 

affected by culture (Williams, 2003), psychological (Frewer et al., 1998), and cognitive 

factors (Au & Enderwick, 2000). The role of human trust in automated systems is to 

ŜƴǾƛǎŀƎŜ ŀƴŘ ƻǇǘƛƳƛȊŜ ƻǇŜǊŀǘƻǊǎΩ ƛƴǘŜǊǾŜƴǘƛƻƴ ōŜƘŀǾƛƻǳǊ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ǘǊǳǎǘ ƻǊ ǘƘŜ 

properties of automation that determine their trust (Muir & Moray, 1996). It may form 

a yardstick in measuring the success of the implementation of AVs, especially when 

faced with an asymmetric information dilemma (Raats et al., 2020). Trust is a widely 

researched phenomenon (Hoff & Bashir, 2015; Muir & Moray, 1996; Schaefer et al., 

2016)Φ aǳƛǊΩǎ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ƳƻŘŜƭ ƛƴ ƘǳƳŀƴ-automation theory bases its 

foundation on interpersonal trust (Barber, 1983; Muir & Moray, 1996; Rempel et al., 

1985). It is controlled by three distinct factors, namely predictability, dependability, and 

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 accumulation of behavioural 

evidence, and faith relates to expectations that the machine performs beyond the 

current situation. Lee and See (2004) proposed 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 

ǇǊƻƎǊŀƳƳŜŘ ŀƭƎƻǊƛǘƘƳΣ ŀƴŘ ƛǘǎ ǇǳǊǇƻǎŜ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ŘŜǎƛƎƴŜǊΩǎ Ǝƻŀƭ ŦƻǊ ǿƘƛŎƘ 

automation was developed (Chancey et al., 2017; Lee & Moray, 1992). Recent research 

suggests that naïve users initially build trust in the perceived performance of automation 

systems. And later develop it further based on more interactions 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 performance (Sato et al., 2020)Φ wƛǎƪ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ 

there is uncertainty about whether potentially significant and/or disappointing 

ƻǳǘŎƻƳŜǎ ƻŦ ŘŜŎƛǎƛƻƴǎ ǿƛƭƭ ōŜ ǊŜŀƭƛȊŜŘέ (Sitkin & Pablo, 1992). A key challenge to the 

adoption of AVs is the public trust (Kyriakidis et al., 2019; Kyriakidis et al., 2015). Trust 

in technology is a cognitive attitude that changes over time (Lee & See, 2004) and is an 

intermediate behaviour variable (Comte, 2000).  The foundation of trust refers to the 

social order that allows trust to arise, whereas performance, process, and purpose are 

purely related to technical domains of automation (Lee & See, 2004).  

2.4.2 Co-Evolution of Regulation and Technology 

A visible tendency for policy to lag behind new technological innovations is seen in 

several industries (Justo-Hanani & Dayan, 2015; Mordue et al., 2020; Saxena et al., 

2017). The policymakers need to 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 

guiŘŜƭƛƴŜǎΦ ά¢ŜŎƘƴƻƭƻƎȅ ǎȅƳōƻƭƛȊŜǎ ƳŀǊƪŜǘǎΣ ŜƴǘŜǊǇǊƛǎŜǎΣ ŀƴŘ ƎǊƻǿǘƘΣ ǿƘƛƭŜ ǊŜƎǳƭŀǘƛƻƴ 

ǊŜǇǊŜǎŜƴǘǎ ƎƻǾŜǊƴƳŜƴǘΣ ōǳǊŜŀǳŎǊŀŎȅΣ ŀƴŘ ƭƛƳƛǘǎ ǘƻ ƎǊƻǿǘƘέ (Wiener, 2004, p. 483). The 

regulatory oversight happens due to a number of reasons. These include insufficient 

knowledge (Goldbach, 2015) and taking a long time to develop and implement complex 

politically sensitive policy (Trump, 2017). Another reason is asymmetric resource 
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availability between regulators and other stakeholders like manufacturers, engineers, 

the general public (Abbot, 2012). As AVs enter the roadways, these will be sharing the 

roads with human drivers for the near future. Regulations 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 

safer vehicles in the future (Shladover & Nowakowski, 2019). The difference between 

the testing and deployment regulations is that the system's safety is considered 

ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ŘǊƛǾŜǊΩǎ ƛƴǇǳǘΣ ŀƴŘ ǘƘŜ ǎȅǎǘŜƳ Ƴǳǎǘ ŎŀǊǊȅ ƻǳǘ ǎŜƭŦ-diagnostic. The 

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, or lightning) by the manufacturer 

(NTSB, 2019). The recent deployment of vehicles at various autonomy levels resulting in 

occasional death, injuries, or crossing red lights illustrates the need to keep the 

regulatory process in tandem with the development of technology (NTSB, 2019). In 

9ǳǊƻǇŜΣ ¢ƘŜ DŜƴŜǊŀƭ 5ŀǘŀ tǊƻǘŜŎǘƛƻƴ wŜƎǳƭŀǘƛƻƴ όD5twύ Ƙŀǎ ƭŀƛŘ Řƻǿƴ 9ǳǊƻǇŜΩǎ ŦƛǊƳ 

stance on new data privacy and security laws and levy harsh fines for violators (GDPR, 

2020).  Safety is paramount for public trust and acceptance (Lee & Hess, 2020). The 

transition of AVs from testing to widespread use will cause privacy issues to be more 

pronounced. One of the research identified that; 

  ά¢ƘŜ ǾŜƘƛŎƭŜ ƛƴŘǳǎǘǊȅ Ƙŀǎ ŜȄǇǊŜǎǎŜŘ ŎƻƴŎŜǊƴǎ ŀōƻǳǘ ǘƘŜ ǇǊƛǾŀŎȅ 
limitations and the risks of cyber-attacks in these cooperative systems, 
particularly for the safety-critical applications involving collision 
ǿŀǊƴƛƴƎ ŀƴŘ Ŏƻƭƭƛǎƛƻƴ ŀǾƻƛŘŀƴŎŜέ(Petit & Shladover, 2015, p. 546).    

Communication with other vehicles is vital for safety. However, it can give rise to privacy 

issues, including the travel time, the activity of the user, and location (Lee & Hess, 2020). 

Safety is related to the vehicle itself and communication with the environment, including 

internet connectivity, data, and reporting (UNECE, 2018). Liability is a closely linked issue 

as it becomes necessary once safety is compromised during a collision. Global 

manufacturers use two sets of vehicle safety standards, including U.S. Federal Motor 

Vehicle Safety Standards (FMVSS) and the United Nations Economic Commission for 

Europe and the E.U.(Commission, 2019a).  
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/ŜǊǘƛŦƛŎŀǘƛƻƴ ƻŦ ǎǘŀƴŘŀǊŘǎ ŘƛŦŦŜǊǎ ōŜǘǿŜŜƴ άǘȅǇŜ ŀǇǇǊƻǾŀƭέ ŎƻǳƴǘǊƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 9¦ 

area and Australia (Canis & Lattanzio, 2014; Commission, 2019b) administering the 

certification, and self-certification countries where the manufacturers conduct the tests. 

Shladover and Nowakowski (2019) noted that safety has two dimensions. The 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 facet of safety 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 vehicle owners 

(Fabian et al., 2018).  

US has 420 AV company headquarters, and its vehicle makers are continuing 

developmental work on AVs (KPMG, 2020). In January 2020, General Motors launched 

ΨhǊƛƎƛƴΩ a ride-share self-ŘǊƛǾƛƴƎ ŎŀǊΣ ŀƴŘ ƛƴ нлмф !ǇǇƭŜ ōƻǳƎƘǘ Ψ5ǊƛǾŜΦŀƛΦΩ Uber resumed 

AV testing in San Francisco in March 2020. Ford invested US$1 billion in American AV 

start-ǳǇ Ψ!ǊƎƻ !LΩΣ ŀƴŘ DŜǊƳŀƴ ǾŜƘƛŎƭŜ ƳŀƪŜǊ ±ƻƭƪǎǿŀƎŜƴ ƛƴǾŜǎǘŜŘ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ¦{ϷнΦс 

billion (KPMG, 2020)Φ ¢ƘŜ ŦŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘ ƭŀȅǎ Řƻǿƴ ǘƘŜ άƴŀǘƛƻƴŀƭ ǎŀŦŜǘȅ ǎǘŀƴŘŀǊŘǎέ 

in the US, and states issue licences and regulate driver behaviour (Halsey, 2018). 

National Institute for Standards and Technology (NHTSA) delineated a Vehicle 

Performance Guidance for selling, manufacturing, designing, supplying, testing, 

operating, and deploying AVs (NHSTA, 2020). California pursues functional safety plans 

for testing AVs besides self-certifying the safety requirements (DMV, 2020). The Chinese 

government made testing AVs on public roads easier with human supervisors in test 

vehicles (Shepherd, 2019, 2020). Chinese government adopts a light control-oriented 

ǎǘǊŀǘŜƎȅ ǘƻ ŀŘŘǊŜǎǎ ǎŀŦŜǘȅ Ǌƛǎƪǎ ŀƴŘ ǎŜŜƪǎ ǘƻ ŎǊŜŀǘŜ ŀ άŦǊƛŜƴŘƭȅ ǇƻƭƛŎȅ ŜƴǾƛǊƻƴƳŜƴǘέ ŦƻǊ 

accelerating the development of AVs (Taeihagh & Lim, 2019). The City of Shanghai has 

already issued permits to Chinese vehicle maker SAIC and ride-hailing company Didi 

Chuxing. BMW of Germany and AV start-ǳǇ Ψ!ǳǘƻ·Ω ŀƴƴƻǳƴŎŜŘ ǘƻ ƭŀǳƴŎƘ млл wƻōƻ-taxis 

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 insurance and AV 
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ƻǿƴŜǊǎ ƛŦ ŀƴ ŀŎŎƛŘŜƴǘ ƻŎŎǳǊǎΦ ¦YΩǎ 5ŦǘΣ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ /ŜƴǘǊŜ ŦƻǊ ǘƘŜ tǊƻǘŜŎǘƛƻƴ 

of National Infrastructure (CPNI), created guidelines asking manufacturers to follow the 

Privacy Architecture framework outlined by ISO 29101, demonstrating a light control-

ƻǊƛŜƴǘŜŘ ǎǘǊŀǘŜƎȅΦ ¦Y Ƙŀǎ ŀƭǎƻ ƭŀǳƴŎƘŜŘ ΨCǳǘǳǊŜ ƻŦ ¢ǊŀƴǎǇƻǊǘ ¦Ǌōŀƴ {ǘǊŀǘŜƎȅ wŜƎǳƭŀǘƻǊȅ 

wŜǾƛŜǿΩ (CCAV, 2020; Dft, 2015, 2017a, 2017b). According to McCall et al. (2019), the 

Association of British Insurers (ABI) proposed several requirements for sensible 

regulation of vehicle automation from an insurer's perspective. It includes precise 

labelling AV capabilities or vehicles' geo-fencing to suitable environments and 

standardized access to telemetry data. It asks for self-certification for automation 

performance instead of pre-market approval to bring the products to market 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 establishing six test facilities 

ŦƻǊ !±ǎ ŀǎ ά¢Ŝǎǘ.ŜŘ ¦Yέ ōȅ ½ŜƴȊƛŎ ƛƴ ǘƘŜ ǎƻǳǘƘ-east and central England (KPMG, 2020). 

UK has also launched its review of exploring the regulatory framework for AVs besides 

having consultations regarding flexible bus services and micro-mobility vehicles such as 

electric scooters and MaaS (KPMG, 2020).  

Australia is one of the four countries, including Singapore, Finland, and the Netherland, 

with the highest score for its AV regulations (KPMG, 2020). Transport for New South 

Wales (NSW) has been testing autonomous buses since 2017. Motoring organization 

Ψwƻȅŀƭ !ǳǘƻƳƻōƛƭŜ /ƭǳōΩ όw!/ύ ƛǎ ƻŦŦŜǊƛƴƎ ǊƛŘŜǎ ƛƴ ƛǘǎ ŘǊƛǾŜǊƭŜǎǎ ŜƭŜŎǘǊƛŎ ΨƛƴǘŜƭƭƛōǳǎΩ ƻƴ 

public roads of Busselton in Western Australia since 2019. Vehicle maker EasyMile and 

Coffs Harbour City Council commenced an on-ŘŜƳŀƴŘ ǎŜǊǾƛŎŜ ŎŀƭƭŜŘ Ψ.ǳǎ.ƻǘΩ ǘƻ ŀ 

retirement village in 2019. It has also used AVs for mining and fully remotely controlled 

iron ore pits trucks (KPMG, 2020).  In Australia National Transport Commission (NTC) 

published non-mandatory guidelines for safe AV testing and has developed four 

regulatory options to regulate safety (NTC, 2020). The Australian state Victoria stresses 

safety management plans in the permit with high penalties of violations. Europe 

emphasizŜǎ ǎǘǊƛŎǘŜǊ ŎƻƴǘǊƻƭǎΣ ŀƴŘ ǘŜǎǘƛƴƎ ƛǎ ǘȅǇƛŎŀƭƭȅ άŎƻƴŦƛƴŜŘ ǘƻ ǇǊŜŘŜŦƛƴŜŘ ŀǊŜŀǎέ 

(KPMG, 2020; Tech, 2020). Sweden enhanced its scope on AVs tests on public roads. 

Driverless electric truck built by Swedish AV start-ǳǇ Ψ9ƛƴǊƛŘŜΩ Ƙŀǎ ŀƭƭƻǿŜŘ ƘǳƳŀƴ 

supervisors to leave their hands off steering wheels (KPMG, 2020; Tech, 2020). 
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{ƛƴƎŀǇƻǊŜΩǎ нлнл ōǳŘƎŜǘ ƭŀƛŘ ¦{ϷпΦо Ƴƛƭƭƛƻƴ ǘƻ ǎǳǇǇƻǊǘ !± ǘŜǎǘōŜŘǎ ŀƴŘ ƛǎ ŀǘ ǘƘŜ ǘƻǇ ƛƴ 

policy and legislation. Volvo launched a 12-ƳŜǘŜǊ !± ŜƭŜŎǘǊƛŎ ōǳǎ ƛƴ {ƛƴƎŀǇƻǊŜΩǎ bŀƴȅŀƴƎ 

Technological University (KPMG, 2020). German vehicle manufacture BMW is involved 

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 autonomous buses in 

Berlin, Hamburg, Leipzig, and Deutsche Bahn national railway company (KPMG, 2020). 

The German federal strategy allows driving level 4 AVs since 2017. Germany only 

requires VDA (Verband der Automobilindustrie) for AV level 3 (Automobilindustrie, 

2015). VDA level 3 regularizes automated features used to drive the vehicle under 

limited conditions.  

Regarding data and reporting, Victoria demands real-time monitoring and recording of 

performance and location and compliance with permit requirements during the test 

(appropriate training, driver and vehicle safety assessment) (Victoria, 2018). Germany 

and California require a black box that is placed inside the vehicle and records all CAVs 

tests. California also 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 damage which is responsible for testing. The human 

safety driver, vehicle owner, or both can be held accountable in Germany. Similarly, 

Dutch Safety Board (2019) stressed the need for user-centred design to improve the AV 

design to prevent the human misuse of the system, such as tracking of driver eye 

movements so that they 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 world (Lee & Hess, 2020). First, the 

presence of a human safety driver during on-road 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 safety drivers 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 should be standardized across all manufacturers. Sixth, testing 
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permit accompanied with substantial insurance. Seventh, the requirement to record the 

trials in real-time and the availability of black boxes in AVs for safety investigations.  

2.4.3 Driverless Technology in NZ Enabling Environment 

NZ's low population density, inconsistent safety infrastructure, road markings, limited 

private capital, and government funding are significant barriers to AVs' more 

comprehensive development and deployment (KPMG, 2020). However, NZ has a well-

known history as a popular testbed of emerging technologies due to its unique 

geographic isolation, tech-savvy people, population density, and similarities to American 

and European markets (Fookes, 2016). NZ 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 facilities, world-class universities, and the 

appeal of the NZ lifestyle (NZTA, 2021). AVs can lead to a step-change in road trauma 

reduction (Philp, 2020). There is likely a greater demand for electric AVs for transporting 

feed and supplies, mowing, and spraying (Petterson, 2020). 

However, it has potential in autonomous aviation, maritime areas, and the use of 

drones. It has already hosted tests of the Cora selfςflying air taxi developed by Wisk, a 

US joint venture of Boeing and Kitty Hawk (Wisk, 2020). In the maritime environment, 

crewless ǾŜǎǎŜƭǎ ǎǳŎƘ ŀǎ ǘƘŜ Ψ{Ŝŀ 9ȄǇƭƻǊŜǊΩ ƎƭƛŘŜǊ ǎǳǊǾŜȅƛƴƎ ǎǳōƳŀǊƛƴŜ ƛǎ ƛƴ ƻǇŜǊŀǘƛƻƴΣ 

and automated straddle carriers are unloading ships and loading trucks 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 2023 (Geoscience, 2020). 

NZ transport technology Company ΨHMI technologiesΩ has run AV shuttle trials in 

Christchurch, Melbourne, and Sydney in the commercial domain. It has also run its first 

5G network-connected vehicle test in Auckland (Harry, 2019; HMI, 2018). The 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 combines real-time 

weather data, sensors in the road, and Advanced 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 platooning (FleetPartners, 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 greenhouse 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 NZ. NZ 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 roads (MOT, 2021). NZ currently focuses on an amicable AV 

deployment regulatory regime comprising safety, liability, cyber security, and social and 

economic issues. New Zealand Transport Authority (NZTA) and Ministry of Transport 

ƘŀǾŜ ǊŜƭŜŀǎŜŘ ǊŜǇƻǊǘǎ ǊŜƭŀǘƛƴƎ ǘƻ !±ǎΣ ƛƴŎƭǳŘƛƴƎ ΨLƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳǎ 

Technology Action Plan 2014-муΩΣ ΨwŜƎǳƭŀǘƛƻƴ нлнрΥ 9ƳŜǊƎƛƴƎ LƴǎƛƎƘǘǎΩΣ ΨhǾŜǊǾƛŜǿ ƻŦ 

!ǳǘƻƴƻƳƻǳǎ ±ŜƘƛŎƭŜ tǊƻƎǊŀƳΩ ŀƴŘΣ ǘƘŜ DƻǾŜǊƴƳŜƴǘ tƻƭƛŎȅ {ǘŀǘŜƳŜƴǘ ƻƴ [!b5 

TRANSPORT 2021/22-2030/31. NZ authorities are revisiting critical pieces of transport 

legislation, such as the Land Transport Act 1998 and the Civil Aviation Act 1990 (Fookes, 

2016; NZ, 2020c, 2020d; NZTA, 2014, 2021). NZ is a signatory of the 1949 Convention of 

wƻŀŘ ¢ǊŀŦŦƛŎ !ǊǘΦ уόмύΣ άŜǾŜǊȅ ǾŜƘƛŎƭŜΧ ǎƘŀƭƭ ƘŀǾŜ ŀ ŘǊƛǾŜǊέ (UN, 1949), which is in 

contrast to the NZ legislation regime that does not require a driver. The NZ 

ƘƻǳǎŜƘƻƭŘŜǊǎΩ ǎǳǊǾŜȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘŀǘ ǇŜƻǇƭŜ ŀǊŜ Ŏŀǳǘƛƻǳǎ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ΨŎƻƴǘǊŀŘƛŎǘ 

autonomy and vehicle ownershipΦΩ However, younger generations are comfortable with 

automation (Wolken et al., 2018).  

This research noted that planners in NZ are struggling to imagine the consequence of 

driverless technology disruption. The challenge for transport planning professionals is 

to articulate a coherent and cohesive framework (Gleeson et al., 2018) and the public 

policy engagement to garner people's trust in this technology. The law changes are 

needed for liability clarification in offences involving AVs, including speeding and illegal 

parking (Cameron, 2018). NZ needs to adopt US Federal Government Policy to 

encourage manufacturers to produce safety assessments of their AVs under NZ 



33 

conditions. Besides specific amendment is required in Land Transport Act to create a 

new liability regime  (Cameron, 2018).  

2.4.4 COVID ς 19 Impact on Driverless Technology, Trust and Beyond 

The COVID-19 is not an essential component of this research study, however, a need is 

felt to draw parallels in order to realize a prudent outcomes of the study. Countries 

around the globe responded to the COVID -19 with lockdowns and cutting edge 

technology solutions with AVs and smart cities. The COVID -19 pandemic and ever 

evolving user and environmental demands for transportation could exacerbate the 

development and deployment of AVs around the globe (Thakur, 2020). Intelligent 

Transport Systems and COVID-19 safety guidelines set sights on taking out human 

presence out of the eco - system. 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, avoidance of mass 

movements of people in crowded public buses, rails and subways (Wiseman, 2020a, 

2020b)Φ bŜǿ ¸ƻǊƪ /ƛǘȅΩǎ ǎǳōǿŀȅ ǎȅǎǘŜƳ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ Ƴŀƛƴ ŘƛǎǎŜƳƛƴŀǘƻǊǎ ƻŦ /h±L5 

-19 (Harris, 2020)Φ Lǘ Ƙŀǎ ŀƭǊŜŀŘȅ ōŜŜƴ ǇƻƛƴǘŜŘ ǘƘŀǘ /ƘƛƴŀΩǎ ǎŜƭŦ-driving car project 

accelerated during pandemic (Shepherd, 2020). Driverless technology is believed to 

have an expanded role in addressing the movement of people and goods amidst 

pandemic requirements and its fallout would further see the crowded public transit 

relieved by on ς demand, autonomous minibuses to promote social distancing and AVs 

meeting shipping demands for contactless delivery (Threlfall, 2020). 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 people (Wiseman, 2017, 2020a). AVs has proved to be blessings in fight against 

pandemic in number of ways 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 non-wearing of masks or large gatherings. In 

China, Apollo and Neolix uses AVs to disinfect road on Shanghai Zhangjiang AI Island. 

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

 Similarly Baidu released 104 AVs in 17 cities of China for anti-epidemic jobs and Baidu 

Apollo robo taxi is proving 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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ȊƻƴŜǎ ƛƴ /ƘƻƴƎǉƛƴƎΩǎ ¸ƻǳƴƎŎƘǳŀƴ ŘƛǎǘǊƛŎǘ ŀƴŘ !ƴƘǳƛ ǇǊƻǾƛƴŎŜ ǘƻ ǘŜǎǘ ƭŜǾŜƭ п !±ǎΦ CƻǊ ǘƘŜ 

deployment of smart cities and intelligent Transportation System, Baidu Apollo released 

the Ace Transportation Engine to integrate AI with infrastructure, equipment, services 

and industry governance (Baidu, 2020). In America, AVs, sidewalk robots and shuttles 

ŦǊƻƳ ǾŀǊƛƻǳǎ ŎƻƳǇŀƴƛŜǎ ǎǳŎƘ ŀǎ  DŜƴŜǊŀƭ aƻǘƻǊǎ /ƻΩǎΣ ¢ƻȅƻǘŀ-backed Pony.ai, Nuro, 

TuSimple, Navya etc are delivering groceries, meals and medical supplies (Jane Lanhee 

Lee, 2020). Since the onset of COVID ς 19 pandemic, 62% of the US people perceive that 

self-driving vehicles are the way of future and their enthusiasm is continuously growing 

(Vigliarolo, 2020). 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 Argo AI, 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 uncertainties, rise in appeal of personal car ownership, potential 

advantages in logistic, deliveries, and food service industry (Boll, 2020; Sridhar, 2020). It 

has forced OEMs to propel AV technology to the next level and transit from production 

to R&D. COVID ς 19 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 EVs, (2) relaxation on private mobility and emission targets 

to assist OEMS, (3) and loosening of regulatory mandates to recover ailing automotive 

market. Similarly, investment in micro-mobility and shared mobility might drop along 

with suspension of AVs testing. However, 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 COVID ς 19 pandemic conditions are likely to influence the public trust towards 

driverless technologies. Lee and Moray (1992) Model envisages that with an increased 

interaction with an automated system, the user is more likely to develop performance 

ōŀǎŜŘ ǘǊǳǎǘ ŀǎ ǿŜƭƭ ŀǎ ǇǳǊǇƻǎŜ ōŀǎŜŘ ǘǊǳǎǘΦ aǳƛǊΩǎ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ƛƴ ƘǳƳŀƴ 

automation theory bases its foundation on interpersonal trust (Barber, 1983; Muir & 

Moray, 1996; Rempel et al., 1985) controlled by three distinct factors: predictability 

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

refers to stability of machine based on accumulation of behavioural evidence, and faith 
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refers to expectations that the machine performs beyond the current situation. Later, 

Lee and See (2004) proposed four dimensions of trust namely 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 relaǘŜǎ ǘƻ ǘƘŜ ŘŜǎƛƎƴŜǊΩǎ Ǝƻŀƭ ŦƻǊ 

which automation was developed (Chancey et al., 2017; Lee & Moray, 1992). Recent 

research suggests that naïve users initially develops trust on the perceived performance 

of automation system and later develop it further based on other dimensions with more 

interactions 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 performance (Sato et al., 

2020)Φ wƛǎƪ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ǘƘŜǊŜ ƛǎ ǳƴŎŜǊǘŀƛƴǘȅ ŀōƻǳǘ ǿƘŜǘƘŜǊ 

potentially significant and/or disappointing outcomes of deŎƛǎƛƻƴǎ ǿƛƭƭ ōŜ ǊŜŀƭƛȊŜŘέ 

(Sitkin & Pablo, 1992). These model mirrors the present pandemic situation where 

general public is interacting and adopting new technology 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 AV technology will continue to 

trust if they gather enough behavioural evidence to maintain appropriate level of trust 

with sufficient dependability and predictability (Yamani et al., 2020) such as daily use of 

AVs being witnessed today to fight pandemic as highlighted in above paras.  COVID ς 19 

is likely to accelerate the development of trust and deployment of AVs amid smart cities 

in the long term to improve safety, deliver supplies and advance new infrastructure 

besides increasing day to day commerce (Boll, 2020). The manufacturers of the 

driverless technologies need to focus on communicating system information correctly 

ǘƻ ǊŜǘŀƛƴ ǳǎŜǊǎ ǿƘƻ Ƴŀȅ ōŜ άŦƻǊŎŜŘέ ǘƻ ǳǎŜ ǳƴŦŀƳƛƭƛŀǊ ǘŜŎƘƴƻƭƻƎƛŜǎ ŘǳǊƛƴƎ ǘƘŜ /h±L5-

19 pandemic (Yamani et al., 2020). 

2.5  Significance of Human Factors (HFs) on Automated Driving (AD) 

The transformation towards entire automated fleets is likely to take decades. The 

human will remain in the 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 development (Kyriakidis et al., 2019). Related 
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manufacturers, fleet operators, researchers, regulatory agencies, policy makers, 

insurance industries, and the users compete for overlapping interests in the system. 

¢ƘŜǎŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ŦƻǊƳ ŀ ƭƛƴƪ ōŜǘǿŜŜƴ ǘƘŜ ŘǊƛǾŜǊΩǎ ōŜƘŀǾƛƻǳǊΣ ǘƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ ǘƘŜ 

system, and the realization of overarching benefits (Fisher et al., 2020) to society. The 

HFs knowledge is central to addressing the competing interests and challenges before, 

during, and after the deployment of AVs on public roads (Kyriakidis et al., 2019). Proctor 

and Van Zandt (2017) ŘŜŦƛƴŜŘ ICǎ ŀǎ άΧΦ Χthe study of those variables that influence the 

efficiency with which the human performer can interact with the inanimate components 

of a system to accomplish the system goalsέ όǇΦ фύΦ World Health Organization (2009) 

descǊƛōŜŘ ICǎ ǘƘŀǘ  άΧexamines the relationship between human beings and the systems 

with which they interact by focusing on improving efficiency, creativity, productivity, and 

job satisfaction, on minimizing errorsέόǇΦ мллύΦ ICǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ƛƴŘǳǎǘǊȅ ŀǎΥ 

άΧthe 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 peǊŦƻǊƳŀƴŎŜέ (Proctor & Van Zandt, 2017, p. 9) 

To understand the HFs involved in automated systems, there is a need to understand 

the system and its goal, human and associated safety risks during human-machine 

interaction (HMI) (Fisher et al., 2020). Researchers need to look into trust in automation 

and its linkages with safety, user interfaces, warning and control systems, handover 

control procedures, situation awareness, drivers mental model, training, vulnerable 

road users,  and special people needs (Fisher et al., 2020). HFs research scientists warned 

against going for automation straightaway without looking into the synergy between 

humans and automation (Fitts, 1951; Hancock, 2014). Bainbridge (1983b) explained the 

ΨƛǊƻƴƛŜǎ ƻŦ ŀǳǘƻƳŀǘƛƻƴΩ ŀƴŘ ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ΨǘƘŜ ƳƻǊŜ ŀŘǾŀƴŎŜŘ ŀ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ƛǎΣ ǘƘŜ 

more crucial role of the human operatorΦΩ Humans tend to be poor supervisors, and 

there is a need to investigate how humans may misuse, disuse, and abuse automation 

technology (Parasuraman & Riley, 1997). A human operator will 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. 

¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŀǳǘƻƳŀǘƛƻƴ ƻƴ ŘǊƛǾŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭΣ ǿƻǊƪƭƻad and, 

situation awareness (Brookhuis et al., 2009; De Winter et al., 2014; Saffarian et al., 2012; 

Whitmore & Reed, 2015; Young et al., 2007). Also the level of acceptance (Brookhuis et 

al., 2009), reliance and trust on automated systems (Chancey et al., 2017; Coelingh, 

2013; Dzindolet et al., 2003; Lee & See, 2004), and potential changes in behaviour (Gouy 

et al., 2014). Additionally, the necessary human skills needed during manual driving 

(Vlakveld, 2015), the role of humans in emergency situations when automation fails 

(Levitan et al., 1998). As well as the clarification of supervisory control between human 

operators and automated systems (Banks & Stanton, 2016; Lu et al., 2016; Marinik et 

al., 2014). Researchers highlighted the estimation of minimum time needed for the 

operator to resume manual control when asked by an automated system (Christian et 

al., 2016; Merat et al., 2014; Zeeb et al., 2015). Few other studies explored the 

interaction between AVs and other vehicles and road users (Madigan et al., 2016; 

Martens & van den Beukel, 2013; Merat & Lee, 2012). The study of the HFs relates to all 

stakeholders. 

Manufacturers need to know about user interfaces that do not ƛƴŎǊŜŀǎŜ ŘǊƛǾŜǊΩǎ ǎǘǊŜǎǎ 

overload drivers, are designed for a diverse range of impairments, and bring operators 

back in the loop ASAP at higher levels of automation (Fisher et al., 2020). Driving tutors 

need to find out new ways of training 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 and low-income countries need 

to make decisions on affordable and lifesaving user interfaces (Fisher et al., 2020). One 

ƻŦ ǘƘŜ ǊŜƴƻǿƴŜŘ IC ǎŎƛŜƴǘƛǎǘΩǎ ŜȄŎŜǊǇǘǎ ƛǎΥ 

άICǎ ǊŜǎŜŀǊŎƘ ƛǎ ƴŜŜŘŜŘΤ CƛǊǎǘΣ ƻǳǘƭƛƴŜ ǘƘŜ ŀŎŎŜǇǘŀƴŎŜ ŎǊƛǘŜǊƛŀ ƻŦ 
human drivers regarding the AD functionalities. Second, how to define 
the individual capabilities of human drivers (e.g., situation awareness 
and reaction times). Third, to provide design solutions for AVs user 
interfaces. Finally, to explore the interaction between AVs and other 
ǊƻŀŘ ǳǎŜǊǎέ 5Ǌ. Klaus Bengler interview excerpt from Kyriakidis et al. 
(2019). 

Another HF scientist outlined additional research topics as under: 
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ά!ƴ ŀŘŘƛǘƛƻƴŀƭ ǊŜǎŜŀǊŎƘ ƛǎ ǊŜǉǳƛǊŜŘΥ όмύ ǘƻ ŘŜŦƛƴŜ Ƙƻǿ ƘǳƳŀƴ ŘǊƛǾŜǊǎ 
should be informed in case of a system failure, (2) depending on the 
type of failure, what the human driver is able and allowed to do, (3) to 
optimise the safe interaction of the new technology with human 
ŘǊƛǾŜǊǎΣ ŀƴŘ όпύ ǘƻ ŜƴǎǳǊŜ ǇǳōƭƛŎ ŀŎŎŜǇǘŀƴŎŜ ŀƴŘ ǘǊǳǎǘ ƛƴ !±ǎέ 5Ǌ. Karel 
Brookhuis interview excerpt  (Kyriakidis et al., 2019) 

2.5.1  Levels of Automation and Active Safety Systems 

In line with the categorized vehicle-centric taxonomy, the automation levels at which 

vehicle operates depends on three critical factors. First, it relates to either one, both, or 

neither lateral (automatic steering) and longitudinal (ACC) features. Second, the role of 

the driver (should monitor or need not monitor the roadway), and third, the time 

available to the driver to resume control (immediate to never) (Fisher et al., 2020; SAE, 

2021). Earlier, a 4-level of vehicle automation taxonomy was formulated by the National 

Highway Traffic Safety Administration (NHTSA) in 2013 (Wadud et al., 2016), and 5-level 

automation was developed by the Society of Automotive Engineers International (SAE) 

in 2014 and 2016 (Coppola & Morisio, 2016; Faisal et al., 2019). In 2016, NHTSA adopted 

{!9Ωǎ ǘŀȄƻƴƻƳȅ ŀƴŘ ŀǳǘƻƳŀǘƛƻƴ ƭŜǾŜƭǎ (NHSTA, 2020).  

The Operational Design Domain (ODD) concept is significant to an automated driving 

system (ADS; SAE Levels 3 or higher). It describes ǘƘŜ άƻǇŜǊŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ǳƴŘŜǊ ǿƘƛŎƘ 

a given driving automation system is designed to function; including, but not limited to, 

environmental, geographical, and time of day restrictions, and/or the requisite presence 

or ŀōǎŜƴŎŜ ƻŦ ŎŜǊǘŀƛƴ ǘǊŀŦŦƛŎ ƻǊ ǊƻŀŘǿŀȅ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎέ (SAE, 2021). According to SAE 

J3016 (SAE, 2021)Σ ŀƴ !5{ ƛǎ ά¢ƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ ǘƘŀǘ ŀǊŜ ŎƻƭƭŜŎǘƛǾŜƭȅ ŎŀǇŀōƭŜ 

of performing the entire Dynamic Driving Tasks (DDT) on a sustained basis, regardless of 

whether it is limƛǘŜŘ ǘƻ ŀ ǎǇŜŎƛŦƛŎ h55Φέ !5{ ǊŜƭŀǘŜ ǘƻ ƭŜǾŜƭ о-5, and the Driving 

Automation System (DAS) refers to any level that performs part or all of the dynamic 

driving task on a sustained basisΦ ¢ƘŜ 55¢ Ŏƻƴǎƛǎǘǎ ƻŦ άŀƭƭ ƻŦ ǘƘŜ real-time operational or 

tactical functions required to operate a vehicle, excluding the strategic functions such 

ŀǎ ǘǊƛǇ ǎŎƘŜŘǳƭƛƴƎ ŀƴŘ ǎŜƭŜŎǘƛƻƴ ƻŦ ŘŜǎǘƛƴŀǘƛƻƴǎ ŀƴŘ ǿŀȅǇƻƛƴǘǎέ (Wintersberger, 2020).  

At the lower levels (Levels 1 -2), Driver Support Features (DSFs) carries out the portion 

of driving jobs, controlling longitudinal or lateral control (Level 1) or both (Level 2), with 

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 
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the defined ODD, whereas human input is required to take over the control when 

requested by the system. In Levels 4 and 5, the ADS carries out full vehicle control. For 

Level 4, it is conditional and relates to a particular ODD, whereas for level 5, it is 

unconditional and human input is not required. However, achieving this level is not likely 

in the near foreseeable future (Fisher et al., 2020). Ideally, in a highway system, an ADS 

Ŏŀƴ άǎŜŜέ ǎŜǾŜǊŀƭ ǎŜŎƻƴŘǎ ŀƘŜŀŘ ƻŦ ǘƛƳŜΣ which may be in the order of 300m (Waymo, 

2017). These automation levels identify the various degrees of human versus machine 

controls and do not 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 at a 100 percent fail safe 

system yet. Hence fallback position is required. At lower levels (0-3), it is the human 

driver, whereas at higher levels 4 and 5, the system itself is the fallback and must detect 

the prƻōƭŜƳ ά{ŀŦŜ {ǘƻǇέ aƛƴƛƳŀƭ wƛǎƪ /ƻƴŘƛǘƛƻƴ όaw/ύ (NHSTA, 2020). It applies to the 

situations when ADS leaves its ODD and requires either pulling out of the traffic stream 

and parking at a safe place or stopping in the lane with flashers on. Table 2.2 lays down 

the operational functions of the automated driving system (ADS) and the role of humans 

at each level of vehicle automation.
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Table 2.2 

SAE Levels  

Categories Level of 
Automation 

Names/ 
definitions 

Role of Human Driver Role of  ADS Fall back of 
DDT 

 
 
Driver 
Support 
Functions 
(DSF)  

  Manual control  Active Monitoring Operational functions  

0  No  AS 
No ACC 

Both steering / 

accelerating  

Yes              N/A 

1 (Driver 
Assistance) 

AS/LCA or 
ACC but not 
both 

Steering or accelerating 

but not both  

Yes (most functions are 
controlled by the driver)  

Lateral and Longitudinal 
control 

Yes, Limited 
Warning 

2 (Partial 
automation) 

Both AS/LCA 
or ACC 
engaged, PA  

Hands off  Yes (at least one driver 
assistance system is 
automated)  

Lateral and Longitudinal 
control 

Yes, Limited 
Warning 

Automated 
Driving 
System 
(ADS) 
Features 

3 
(Conditional 
Automation) 

AS and ACC Eyes off  No (driver can shift 
safety-critical functions 
to vehicle) 

Lateral and Longitudinal 
control, Localisation, 
Perception, Planning, 
Management 

Yes, several 
seconds of 
warning 

4 (High 
Automation) 

AS and ACC Attention off  No (fully autonomous, 
but not in every driving 
scenario) 

Lateral and Longitudinal 
control, Localisation, 
Perception, Planning, 
Management 

Yes, minutes 
of warning 

5 (Full 
Automation) 

AS and ACC 
Passenger  

No (fully autonomous, 
ǾŜƘƛŎƭŜΩǎ ǇŜǊŦƻǊƳŀƴŎŜ is 
equal to a human driver in 
every driving scenario) 

Lateral and Longitudinal 
control, Localisation, 
Perception, Planning, 
Management 

No 

Note: AS: automatic steering; ACC: adaptive cruise control; LCA: Lane Control Assistant; PA: Parking Assistant. Taxonomy of road vehicle automation 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 

provides increased safety and reduced human error. At the same time, it has substantial 

human factor challenges associated with driverΩǎ negative adaptation due to 

misunderstanding, misuse, and overreliance on system or distraction from the driving 

tasks (Blanco et al., 2015; Lee et al., 2021; Rau et al., 2014). Moreover, automation might 

negatively impact ǘƘŜ ŘǊƛǾŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ǇŜǊŎŜƛǾŜ ŎǊƛǘƛŎŀƭ ŦŀŎǘƻǊǎ ƻǊ ǎȅǎǘŜƳ ŦŀƛƭǳǊŜǎ ŘǳŜ ǘƻ 

passive monitoring, decreased information processing abilities, workload level, and 

willingness to engage in non-driving tasks.  

Though the SAE taxonomy of LoA is relatively well defined, however, more deliberations 

are needed ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŘǊƛǾŜǊΩǎ ǎƛǘǳŀǘƛƻƴ ŀǿŀǊŜƴŜǎǎ όŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎύΣ 

handover situations, and legal liability in case of a crash from level 2 to level 4 (McCall 

et al., 2016b; Wintersberger, 2020). Sitǳŀǘƛƻƴŀƭ !ǿŀǊŜƴŜǎǎ ό{!ύ ƛǎ ŀ άǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜ 

elements in the environment within a volume of time and space, the comprehension of 

ǘƘŜƛǊ ƳŜŀƴƛƴƎ ŀƴŘ ǘƘŜ ǇǊƻƧŜŎǘƛƻƴ ƻŦ ǘƘŜƛǊ ǎǘŀǘǳǎ ƛƴ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜέ (M. R. Endsley, 1995; 

Endsley, 2016). Underlying research paradigms need to be explored and matured during 

the emergency instances where the driver is likely to be legally liable for possessing 

adequate SA. Still, he may not be fully aware and respond appropriately to being 

involved in other tasks. At level 3 and above, the system is responsible for environmental 

monitoring in autonomous mode; however, there is confusion in being situationally 

aware between levels 3 and 4. At level 3, the drivers need to resume control after a 

certain amount of undefined time. However, they doƴΩǘ ƴŜŜŘ ǘƻ monitor or intervene 

while being receptive to various alerts actively. At level 4, standard and fallback 

performance do not require necessary involvement of humans and are limited to 

specific ODDs. At level 5, ODD is unrestricted. At higher levels, the most critical point is 

the control transition stage once control is handed back to the driver from ADS, 

handback or takeover situations. 

Resultantly, the legal responsibility in case of an accident would fall on the driver or the 

system. Few experts believe that to counter this ambiguity, especially at level 3, the 

responsibility needs to change concerning the handover timeline. This requires a further 

breakdown of taxonomy levels by explicitly looking at the taxonomic categorization for 

a split of liability between the vehicle driver and the autonomous system (McCall et al., 
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2019). Earlier researchers identified many factors to improǾŜ ŘǊƛǾŜǊΩǎ {! ŀƴŘ ǊŜƭŀǘŜŘ 

taxonomies. These include focussing on driver skills for safe transitions, design of vehicle 

interfaces, taxonomy based on handover situations, and assigning liability for an 

incident during handover and impact on SAE levels (Flemisch et al., 2012; McCall et al., 

2016a; McCall et al., 2019; Nilsson et al., 2014; Parasuraman et al., 2000). Parasuraman 

et al. (2000, 2008) elaborated on ten levels of computer automation. They identified 

that automation needs to be categorized by the different phases of the control loop 

where automation supports the operator and the degree of human intervention. They 

observed acquisition, analysis, decision, and action automation, highlighting various 

examples from the aviation sector. Researchers further highlighted that 

 άƳŜƴǘŀƭ ǿƻǊƪƭƻŀŘΣ ǎƛǘǳŀǘƛƻƴŀƭ ŀǿŀǊŜƴŜǎǎΣ ŎƻƳǇƭŀŎŜƴŎȅ όƻǾŜǊ ǘǊǳǎǘύΣ 
ŀƴŘ ǎƪƛƭƭ ŘŜƎǊŀŘŀǘƛƻƴέ ŀǊŜ ŎǊƛǘƛŎŀƭ ƘǳƳŀƴ ŦŀŎǘƻǊ ŎƘŀƭƭŜƴƎŜǎ ǿƘŜƴ ǘƘŜ 
human operator is ever expected under abnormal conditions to take 
ƻǾŜǊ ŎƻƴǘǊƻƭ ŀƴŘ άǘƘŜ ōǳǊŘŜƴ ƻŦ ǇǊƻƻŦ ǎƘƻǳƭŘ ǘƘŜƴ ōŜ ƻƴ ǘƘŜ ŘŜǎƛƎƴŜǊέ 
(Parasuraman et 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 owning AV rather 

unattractive. It is evident that with the increasing levels of autonomy, the issues of 

liabilities become blurred. Therefore, there is a need to link responsibility more closely 

to autonomy levels and explore alternative insurance models, including the no-fault 

approach (McCall et al., 2019). 

2.5.3  Driver and Environment 

Research points toward looking at parallels between the driver and its environment and 

the aviation industry for valuable insights and analysis. The flight management system 

(FMS) in aviation is based on multiple controls sub-systems at the strategic, tactical, and 

operational levels. It automates the overall flight path providing input to the autopilot 

(Wintersberger, 2020)Φ tƛƭƻǘǎ ǇŜǊŦƻǊƳ άŀǳǘƻƳŀǘƛƻƴ ƳƻƴƛǘƻǊƛƴƎέ ǳǎƛƴƎ ƛƴǎǘǊǳƳŜƴǘ ŦƭƛƎƘǘ 

ǊǳƭŜǎ όLCwύ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ άŜƴǾƛǊƻƴƳŜƴǘ ƳƻƴƛǘƻǊƛƴƎέ ōȅ ŘǊƛǾŜǊǎ ǳǎing a driving automation 

system. However, there is more significant variability in driver and vehicle environment 

(Young et al., 2007). Driving automation systems automate all phases (i.e., action 

automation) without informing the driver how and why certain decisions are 

implemented. Whereas the aviation system automates specific phases like decision 
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automation and demand agreement for error trapping. The driving 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 high-risk environments (Parasuraman et al., 2000; Wintersberger, 2020). 

Figure 2.7 provides a comparison of different phases in aviation and driving.  

Figure 2.7 

Different Types of Automation in Different Phases of Processing Loop ς Aviation vs Driving 

 

 Note: Different types of automation in the different phases of the processing loop adopted from a model 

for types and levels of human interaction with automation by Parasuraman, R., Sheridan, T. B., & Wickens, 

C. D. 30(3), p 286-297. 2000. Copyright IEEE Transactions on systems, man, and cybernetics-Part A: 

Systems and Humans.  

The driving environment has shorter time frames and is more complex than aviation as 

split-second decisions are needed. Roads are narrower and flooded with other road 

users nearby. There is usually ample space in the air to conduct manoeuvres (Feldhütter 

et al., 2016). Pilots undergo extensive training and licensing process besides knowing 

fundamental principles of the system, while drivers are not necessarily domain experts 

and lack system experience (Trösterer et al., 2017). 
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2.5.4 Situation Awareness 

Situation awareness (SA) serves as a lynchpin in assimilating complex drivers and 

vehicles' complex environments in terms of complicated traffic, bad lightning and 

visibility, sudden movement of people, and other road users in front. Therefore, it is 

quintessential to understand and timely respond to events (McCall et al., 2019). Lack of 

SA is a cause of most of the driving errors (Gugerty, 1997). M. R. Endsley (1995) 

demonstrated that out of loop (OOTL) problem occurs due to the loss of SA when 

overseeing automation. Low SA happens due to three primary mechanisms. First, the 

changes in the information presented are due to interface related failures and a low 

level of transparency. Second, the lack of monitoring and vigilance, and overtrust 

exacerbated by complacency and over-reliance on automation. And third, the operator 

lower-level engagement when acting as a passive monitor of automation (Endsley, 

2017)Φ ¢ƘŜǎŜ ǇǊƛƳŀǊȅ ƳŜŎƘŀƴƛǎƳǎ ŎǊŜŀǘŜ ŀ ŦǳƴŘŀƳŜƴǘŀƭ Ψautomation conundrumΣΩ a 

barrier to autonomy in critical safety functions. Lack of SA and over-reliance contributed 

to the May 2016 Tesla crash when AV did not correctly identify the truck (NTSB, 2016).  

In earlier researchers, Matthews et al. (2001) identified different aspects of SA. These 

comprise Spatial Awareness: location relative to the environment, e.g., lateral position 

on the road; Identity awareness: knowledge of salient items; Temporal Awareness: how 

the situation is likely to change over time; Goal Awareness: how completing a goal 

becomes possible or not possible and, System Awareness: awareness of the current 

system status.  

Endsley (1988) laid down different levels of SA, including perception, comprehension, 

and projection. The perception (Level 1 SA) relates to the ŘǊƛǾŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜŎŜƛǾŜ ƛƴǇǳǘ 

from internal and external environments. The comprehension (Level 2 SA) means how 

the operator realizes the current information from the surroundings and the projection 

(Level 3 SA), which is the near future estimation of change in the current situation. The 

reasons for over 40% of driver-related crashes occur due to poor perception related to 

inadequate surveillance, inattention, and internal and external distractions. In contrast, 

misjudƎŜƳŜƴǘ ƻŦ ƎŀǇ ƻǊ ƻǘƘŜǊǎΩ ǎǇŜŜŘ ŀƴŘ ŦŀƭǎŜ ŀǎǎǳƳǇǘƛƻƴ ƻŦ ƻǘƘŜǊǎΩ ŀŎǘƛƻƴǎ ŀŎŎƻǳƴǘǎ 

for 3.2%  and 4.5% due to lack of comprehension and projection (Fisher et al., 2020). A 

significant factor in SA application is a clear demarcation of Level 1, 2, and 3 SA 

requirements through a goal-directed task analysis (GDTA). GDTA describes the goals for 
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a given operational role in the domain (e.g., driver, pedestrian, and mechanic). The 

critical decisions associated with each goal and the SA requirements needed to make 

each decision (Fisher et al., 2020; Kokar & Endsley, 2012). 9ƴŘǎƭŜȅΩs (1995) cognitive 

model of SA can be used to know the factors impacting driver SA in the dynamic road 

environment (see Figure 2.8 below). SA helps the drivers to find out the intentions and 

the correct information about the system rather than training users on what to do in 

specific scenarios  (Parasuraman et al., 2008). The system must provide the right 

information by giving correct feedback at the right time using contextual information 

and system information besides helping the driver integrate, assimilate, and know the 

future implications of the current context.   

Figure 2.8 

Model of SA in dynamic decisionςmaking 

 

Note: SA Cognitive Model from Situation awareness and cognitive modelling by Endsley, M. R.  27(3), p 

91-96. 1995. Copyright IEEE Intelligent Systems. Key cognitive processes including driver attention, 

working memory, and goal-directed and data-driven approaches in complex driving environments are 

given at the bottom of the figure.   

2.5.5 Distributed Situational Awareness 

A holistic understanding of AV systems calls for going beyond the SA needs of human 

road users towards the SA needs of AVs. AVs need to share SA with human agents as 
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well as non ς human agents such as AVs, infrastructure, and overall transportation 

system. Stanton et al. (2006, p. 1291) defined the 5{! ƳƻŘŜƭ ŀǎ άŀŎǘƛǾŀǘŜŘ ƪƴƻǿƭŜŘƎŜ 

for a specific task within a system and the use of appropriate knowledge held by 

individuals and captured by devices that relates to the state of the environment and 

changes as ǘƘŜ ǎƛǘǳŀǘƛƻƴ ŘŜǾŜƭƻǇǎέ όFigure 2.9). 

 Figure 2.9 

A framework for DSA based design 

 

Note: A framework for DSA based design from Distributed situation awareness in road transport: theory, 

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 through the design life cycle will lead to an unsafe and 

congested road transport system. Earlier studies either focussed on driving simulators 

or paid attention to isolated events of automation failure or handover control while 

testing the safety risks of automation. These studies neglected key areas in HMI, such as 

the interaction of AVs with vulnerable road users and with other AVs designed by 

different manufacturers with differing algorithms (Fisher et al., 2020). In a recent Uber 

ς Volvo collision, the SA needs of the AV and the driver and other road users require 

further deliberations where AV should provide an adequate alert to the driver regarding 

pedestrian detection (Stanton et al., 2019). Salmon et al. (2016) recently developed a 

complex control structure model in Queensland, Australia, which describes all the 

agents involved in road transportation up to government and agencies. Similarly, other 

authors observed the use of Cognitive Works Analysis (CWA) (Vicente, 1999) to find out 
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essential design requirements, the Socio-Technical System (STS) theory (Read et al., 

2017), and STS Design Toolkit to formulate new designs.   

2.5.6 5ǊƛǾŜǊΩǎ aŜƴǘŀƭ aƻŘŜƭ 

System behaviour is predicted by the accuracy and completeness of ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ 

mental model, which shapes up from various driving experiences and the effectiveness 

of the system interfaces. Toffler (1970) ǎǘŀǘŜŘ ǘƘŀǘ άŜǾŜǊȅ ǇŜǊǎƻƴ ŎŀǊǊƛŜǎ ǿƛǘƘƛƴ Ƙƛǎ ƘŜŀŘ 

a mental model of the world ς a subjective representation of external realityΦέ This 

notion of the mental model was first believed by Craik, who observed thaǘ άŀ ōǊŀƛƴ ŎƻǳƭŘ 

translate an external process into a model of the world, which is a small-scale model of 

ŜȄǘŜǊƴŀƭ ǊŜŀƭƛǘȅ ŀƴŘ ƛǘǎ ǇƻǎǎƛōƭŜ ŀŎǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ ƘŜŀŘέ(Craik, 1943). Later Norman 

ƘƛƎƘƭƛƎƘǘŜŘ ǘƘŀǘ άǇŜƻǇƭŜ ŦƻǊƳ ƛƴǘŜǊƴŀƭ ƳŜƴǘŀƭ ƳƻŘŜƭǎ ƻŦ ǘƘŜƳǎŜƭǾŜǎ ŀƴŘ ǘƘŜ ǘƘƛƴƎǎ ǿƛǘƘ 

which they interact with the environment, with others, and with the artefacts of 

technology that can provide predictive and explanatory power for understanding the 

ƛƴǘŜǊŀŎǘƛƻƴέ(Norman, 1983).  

Lǘ Ƙŀǎ ōŜŜƴ ŀǊƎǳŜŘ ǘƘŀǘ ŀ ƳŜƴǘŀƭ ƳƻŘŜƭ ƛǎ ŀƴ ƻǇŜǊŀǘƻǊΩǎ ƪƴƻǿƭŜŘƎŜ ŀōƻǳǘ ǘƘŜ 

system, its purpose, form, function, and structure (Johnson-Laird, 2013; Rouse & Morris, 

1986). Research on mental models can be divided into two branches; the first focuses 

on internal mental processes and cognitive phenomena within psychology based on 

comprehension, reasoning, and deduction. And the other supports interactions 

between people and the external world, i.e., HMI, which stepped out from psychology 

and applied mental models (Xie et al., 2017). Norman (1988) stressed the need to bridge 

the gap between designers' ŀƴŘ ǳǎŜǊǎΩ ƳŜƴǘŀƭ ǿƘƛƭŜ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ǇǊƻŘǳŎǘǎΦ 

Decrease in situational awareness results in mode confusion (Cunningham & Regan, 

2015). Mode confusion ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ŀ ΨƳƛǎƳŀǘŎƘ ōŜǘǿŜŜƴ ǘƘŜ ŀŎǘǳŀƭ ƻǇŜǊŀǘƛƻƴǎ ƻŦ !± 

ŀƴŘ ŀǎ ǇŜǊŎŜƛǾŜŘ ōȅ ŘǊƛǾŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭΩ (Ekman et al., 2018). Generally, research in 

this domain mainly focuses on the role of mental models in using computers and 

appliances (Shih & Alessi, 1993) and learning and training (Revell & Stanton, 2014; 

Tollman & Benson, 2000). As mental models reside in the head, these cannot be 

detected directly as they pose challenges of incompleteness, vague boundaries, 

instability over time, and superstitions (Norman, 1988). Therefore, they need to be 

inferred indirectly. Within HCI, the researchers use techniques of verbalization through 

interviews, think aloud and laddering, rating, drawing sketches, and card sorting for 
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figuring out individual and shared mental models (Payne, 2007; Rieh et al., 2010; Rowe 

& Cooke, 1995; Zhang, 2012). Presently, drivers get help from vehicle automation. 

However, they still need to monitor automated systems and traffic environments to 

carry out object/event detection and response (OEDR), act as fallback agents, and fulfil 

all non-automated functions (Lee, 2018; SAE, 2021). To share safe driving goals in sync 

with automation, drivers need to supervise automation in any dynamic, uncertain 

situation through information integration, analysis, system expertise, continuous 

attention, and analytical decision-making using manual skills (Bhana, 2010; Casner et al., 

2014). Accurate, well developed mental models are quintessential for successful HMI; 

otherwise, they lead to misunderstandings and inappropriate use (Fisher et al., 2020) 

and negatively affect trust and acceptance (Lee & See, 2004).  

Mental models are associated with two types of knowledge. Declaratory 

knowledge based on acquired education is referred to as General Mental Model. And 

the procedural knowledge gained by the practice is known as Applied Mental Model 

(Rumelhart & Norman, 1981; Shiffrin & Schneider, 1977). The general mental model is 

the initial mental model of the driver before using an automated system constructed 

ǘƘǊƻǳƎƘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜŀǎǳǊŜǎ ǎǳŎƘ ŀǎ ƻǿƴŜǊΩǎ manual, word of mouth, marketing, and 

perceptions (Cotter et al., 2008; Fisher et al., 2020). A correct general model is essential 

for constructing the applied mental model to assist the driver successfully in vehicle 

automation use behaviour in the short and long term and reliance decisions (Seppelt & 

Lee, 2007). A calibrated trust depends on correct information supplied to the driver on 

the system purpose, process, and performance (PPP) (Lee & See, 2004). To measure and 

quantify user mental model, Beggiato and Krems (2013) developed a 32 item 

questionnaire on ACC functionality in specific PPP situations. Seppelt (2009) made a 16 

item questionnaire to determine users' ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ŘŜǎƛƎƴŜǊΩǎ ƛƴǘŜƴŘŜŘ ǳǎŜΦ 

Recently updated research on these mental models suggests that training drivers 

understand in situ vehicle limitations and capabilities during dynamic HMI phenomena, 

provide routine training, and assist in adapting intelligent tutoring systems (Fisher et al., 

2020; Seppelt & Lee, 2019). Figure 2.10 illustrates the driver conceptual mental model. 
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Figure 2.10 

/ƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ƻŦ ŀ ŘǊƛǾŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭ ƻƴ ŀǳǘƻƳŀǘƛƻƴ ǊŜƭƛŀƴŎŜΦ 

 

bƻǘŜΥ /ƻƴŎŜǇǘǳŀƭ ƳƻŘŜƭ ƻŦ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ ŀ ŘǊƛǾŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜl on automation reliance from 

Handbook of human factors for automated, connected, and intelligent vehicles by Fisher, D. L., Horrey, W. 

J., Lee, J. D., & Regan, M. A. 2020. Copyright CRC Press 

 

Endsley (2017) described the relationship between factors contributing to the 

ΨŀǳǘƻƳŀǘƛƻƴ ŎƻƴǳƴŘǊǳƳΩ ƛƴ ǘƘŜ ǎƘŀǇŜ ƻŦ ŀ ƳƻŘŜƭ ƻŦ ƘǳƳŀƴ-autonomy system oversight 

(HASO). The operator must have sufficient SA, time, and resources to assess the critical 

situation and intervene accordingly. The increase in automation reliability (ability to 

function accurately) and robustness (ability to perform under various possible 

conditions) decreases driver attention allocation. The model displays that with improved 

ŀǳǘƻƳŀǘƛƻƴ ǇŜǊŦƻǊƳŀƴŎŜΣ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊƻōǳǎǘƴŜǎǎΣ ǘƘŜǊŜ ǿƛƭƭ ōŜ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŘǊƛǾŜǊΩǎ 

trust and the likelihood of ignoring automation performance. An effective interface 

design significantly improves SA of automation and levels in automation (Endsley, 2016). 

On the other hand, automation can negatively influence SA by increasing system 

complexity and inaccurate mental models due to various features, tasks and, driver 

workload. The model (Figure 2.11 below) presents the fundamental system design 

features that influence the driver cognitive process, such as SA, Mental Model, and 

workload involved in successful collaboration with automated systems. 
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Figure 2.11 

Human ς Autonomy System Oversight (HASO) Model 

 

Note: The HASO Model presents the fundamental automation design features that influence the human 

cognitive abilities interacting with successful oversight and intervention. From Here to autonomy: lessons 

learned from human-automation research by Endsley, M. R. 59(1), p 5-27. 2017. Copyright Human factors 

Journal.  

2.5.7 {ƛƎƴƛŦƛŎŀƴŎŜ ƻŦ 5ǊƛǾŜǊΩǎ ¢ǊŀƛƴƛƴƎ  

¢ǊŀƛƴƛƴƎ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ άǎȅǎǘŜƳŀǘƛŎ ŀŎǉǳƛǎƛǘƛƻƴ ƻŦ ƪƴƻǿƭŜŘƎŜΣ ǎƪƛƭƭǎ, and attitudes that 

together lead to improved performance in a ǎǇŜŎƛŦƛŎ ŜƴǾƛǊƻƴƳŜƴǘέ(Grossman & Salas, 

2011). Nowadays, there is a proliferation of Advanced Driver Assistance Systems (ADAS) 

in new vehicles. However, drivers often misunderstand their capabilities and limitation 

(Larsson, 2012; McDonald et al., 2018; McDonald et al., 2017; Rudin-Brown & Parker, 

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

to the users, which, if not portrayed correctly, leads to wrong interpretation (Norman, 

2013). The usersϥ ƳŜƴǘŀƭ ƳƻŘŜƭ ƻŦǘŜƴ ŘƛŦŦŜǊǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŦǊƻƳ ǘƘŜ ŘŜǎƛƎƴŜǊΩǎ ƛƴǘŜƴǘƛƻƴǎ 

due to varying reasons, leading to users' errors. Hence the perceived benefits of these 

technologies cannot be realized (Jonassen, 1995; Parasuraman & Riley, 1997). Mental 

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

cognizant of their roles and responsibilities while operating AVs (Wickens et al., 2015). 
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It has also been observed that drivers generally do not read or rarely translate the 

ƻǿƴŜǊΩǎ Ƴŀƴǳŀƭ ŀŎŎǳǊŀǘŜƭȅ. On the other end of the spectrum, manufactures may also 

try to avoid potential legal claims by requiring consumers to undergo extensive training 

regarding hazards and limitations of the system. Training must be designed to improve 

safety, create an appropriate level of trust, and increase user acceptance of the benefits 

of technology (Fisher et al., 2020). Practical evaluation of driver support features like an 

autonomous emergency brake (AEB), blind-spot monitoring (BSM), forward collision 

warning (FCW), lane departure warning (LDW), and lane-keeping assistance (LKA) 

coupled with feedback is critical to the success of driversΩ ǘǊŀƛƴƛƴƎΦ  

The construct of trust, ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŀǘǘƛǘǳŘŜ ǘƘŀǘ ŀƴ ŀƎŜƴǘ ǿƛƭƭ ƘŜƭǇ ŀŎƘƛŜǾŜ ŀƴ 

ƛƴŘƛǾƛŘǳŀƭΩǎ Ǝƻŀƭǎ ƛƴ ŀ ǎƛǘǳŀǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅέ (Lee & 

See, 2004), s complicated and multi-ŦŀŎŜǘŜŘΦ 5ǊƛǾŜǊǎΩ ƛƴŀǇǇǊƻǇǊƛŀǘŜ ǘǊǳǎǘ ŀƴŘ ƪƴƻǿƭŜŘƎŜ 

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., 1998). The training documents should cover topics of 

!± ǎȅǎǘŜƳΩǎ ƛƴǘŜnt, ODD, system capabilities 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 ensure that they are fully aware of the system (AAMVA, 

2018; US DOT, 2016). A study observed that complete understanding of adaptive cruise 

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

study survey, 130 ACC users indicated that drivers need special attention to situations 

they usually do not pay attention to during conventional driving (Larsson, 2012). 

Abraham et al. (2017) highlighted various methods for learning vehicle technologies, 

ƛƴŎƭǳŘƛƴƎ ǘǊƛŀƭ ŀƴŘ ŜǊǊƻǊΣ ǾŜƘƛŎƭŜ ƻǿƴŜǊΩǎ ƳŀƴǳŀƭΣ ŘŜƳƻƴǎǘǊŀǘƛƻƴΣ ǿŜō-based content, 

embedded training, and feedback (Fisher et al., 2020). 

2.5.8 Anthropomorphism 

Anthropomorphism has been regarded as a design feature to increase trust in highly 

automated vehicles (HAVs) (Hoff & Bashir, 2015; Waytz et al., 2014). The word is a 

combination of Greek wordǎ άAƴǘƘǊƻǇƻǎέ ŦƻǊ ƳŀƴΣ ŀƴŘ άƳƻǊǇƘŜέ ŦƻǊ ŦƻǊƳ ŀƴŘ ƛǎ 

defined by Duffy (2003, p. 180) as: 
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άΦΦΦǘƘŜ ǘŜƴŘŜƴŎȅ ǘƻ ŀǘǘǊƛōǳǘŜ ƘǳƳŀƴ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƻ ƛƴŀƴƛƳŀǘŜ 
objects, animals and others to help us rationalise their actions. It is 
attributing cognitive or emotional states to something based on 
ƻōǎŜǊǾŀǘƛƻƴ ǘƻ ǊŀǘƛƻƴŀƭƛǎŜ ŀƴ ŜƴǘƛǘȅΩǎ ōŜƘŀǾiour in a given social 
ŜƴǾƛǊƻƴƳŜƴǘέΦ 

This definition is supported by Zhang et al. (2008) in the IaL ǇŜǊǎǇŜŎǘƛǾŜ ŀǎ άΦΦΦǇƘȅǎƛŎŀƭ 

characteristics, like human shape and size, as well as perceivable behaviours and 

ƳŀƴƴŜǊƛǎƳǎέΦ Waytz et al. (2014) observed that anthropomorphic features employed in 

vehicleςdriver communication such as name, gender, and voice increase trust in a 

vehicle to perform reliably. Other studies also reported increased trust to control 

conditions using a humanoid robot as co-drivers (Kraus et al., 2016; Lee, Kim, et al., 

2015). However, most studies to investigate this phenomenon are simulator based 

(Häuslschmid et al., 2017a). Epley et al. (2007) three-factor theory explains why humans 

perceive non-human agents as human-like? It is due to elicited knowledge, effectance 

motivation, and sociality motivation.  

The basic assumption is that humans tend to interact with technology similarly as they 

interact with humans (Fong et al., 2003). DiSalvo and Gemperle (2003) highlighted four 

reasons for using anthropomorphism in the HMI design process, namely; (1) keep things 

the same, (2) explain the unknown, (3) reflect product attributes, (4) and project human 

values. For example, the BMW Vision Next 100 uses a small sculpture to depict the 

intelligence of the ǎȅǎǘŜƳ ά ¢ƘŜ /ƻƳǇŀƴƛƻƴέ ŀǘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ the dashboard (Aremyr & 

Jönsson, 2017). Lee, Gu, et al. (2015) investigated four conditions representing varying 

levels of anthropomorphism. They concluded that agents 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 trust in ǇƻǎƛǘƛǾŜ ǳǎŜǊǎΩ 

perceptions of the system. The Summary of the key AD barriers in the HFs domain (as 

discussed above) is given in Table 2.3, and theƛǊ ƭƛƴƪŀƎŜǎ ǿƛǘƘ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ŀǊŜ 

illustrated in Figure 2.12 below. 
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Table 2.3 

Key Enablers & Barriers AD ς Human Factors (HFs) Domain (Internal Determinants) 

Barriers/Enablers Description Likely Impacts Intervention 
Aspects 

Key studies  References Survey Constructs 
References 

Situation 
Awareness / 
Vehicle Feedback 
(SA) 
Human Ability 
based 

¢ƘŜ {! ƛǎ ǘƘŜ ΨǇŜǊŎŜǇǘƛƻƴ 
of the elements in the 
environment within a 
volume of time and 
space, the 
comprehension of their 
meaning, and the 
projection of their status 
in the near future. 

Feedback, Out of loop 
problem (OOTL), 
Automation conundrum,  
Interaction with other 
road users and vehicles 
Trust and User 
Acceptance 

Perception, 
Comprehension, 
Projection 

Endsley SA Cognitive 
Model, Stanton DSA 
Model, Salmon 
Complex Control 
Model, Vicente 
Cognitive Works 
Analysis  

M. R. Endsley (1995) 
Stanton et al. (2006) 
Salmon et al. (2018) 
Vicente (1999) 
Fisher et al. (2020) 
Ekman (2020b); 
Endsley (1988) 
Rest Refer para 2.5.3 

Filip et al. (2016) 

Driver Mental 
Model (MM) 

To rightly use the system, 
the user mind needs to 
figure out the system 
functions and 
competencies for 
assimilation. 

Comprehension, 
Reasoning and Deduction 
HMI, Trust and User 
Acceptance, SA 

General Mental 
Model, Applied 
Mental Model 

Role of MM in 
computers, Role of 
MM in training, 
Norman, Craik and 
Seppelt studies, 
Endsley HASO Model 

Craik (1943) 
Toffler (1970) 
Norman (1983) 
Endsley (2017) 
Fisher et al. (2020) 
Seppelt and Victor 
(2020),Rest Refer para 
2.5.4 

 

Driver Training (TR) 
Human Expertise 
Ability based 

To imǇǊƻǾŜ ǘƘŜ ǳǎŜǊΩǎ 
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 DOT, Pereira and 
other studies referred 
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, gender and name. 

Safety, Comfort, Trust, 
User Acceptance 

Elicited Agent 
Knowledge, 
Effectance 
Motivation, Sociality 
Motivation 

Epley three-factor 
theory, Kraus, Lee, 
Kim, DiSalvo and 
other studies referred 
above in para 2.5.6 

Duffy (2003), Hoff and 
Bashir (2015) 
Epley et al. (2007) 
Aremyr et al. (2018) 
Waytz et al. (2014) 

Adopted from Aremyr 
and Jönsson (2017), 
Bartneck et al. (2009) 
With relation to Trust 
Helldin et al. (2013) 
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Figure 2.12 

Autonomous Driving Adoption ς (Internal Determinants) 
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2.6 Perceived Benefits and Critical Barriers  

The integration of the Cyber Physical Systems (CPS) with the Fourth Industrial Revolution 

(FIR) relates to the application of Autonomous Driving (AD) and Connected Autonomous 

and Intelligent Vehicles (CAIVs), giving rise to the new mobility concepts (Bezai et al., 

2021; Pieroni et al., 2018). These innovations will radically change the transportation 

infrastructure and profoundly impact future planning, realizing numerous potential 

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 AVs (Alawadhi et al., 2020). These 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 end-users psycho-

social behaviours and how AVs' adoption will be influenced by public opinion (Yuen, 

Wong, et al., 2020) and government actions (Bezai et al., 2021). 

2.6.1 AVs Perceived Benefits  

AVs will increase safety and comfort, reduce congestion, fuel consumption, pollution, 

and facilitate mobility accessibility to disable, underage and older people (Hing, 2019; 

Litman, 2020). Moreover, self-driving is likely to decrease the number of accidents and 

crashes (D. J. Fagnant & K. Kockelman, 2015). Several scholars discussed the potential 

benefits of adopting AVs, summarized in Table 2.4 below. 

Table 2.4 

tŜǊŎŜƛǾŜŘ !±ǎΩ .ŜƴŜŦƛǘǎ ŦƻǳƴŘ ƛƴ [ƛǘŜǊŀǘǳǊŜ 

Anticipated Benefits Studies References 

Economic and Social Bechtsis et al. (2018); Litman (2020), Bichiou and 
Rakha (2019) 

Increased Safety and road capacity, 
reduced congestion, parking cost and 
energy consumptions, shared mobility 

Bezai et al. (2020); Bezai et al. (2021), Litman 
(2020),Singh and Saini (2021), Bagloee et al. 
(2016); D. J. Fagnant and K. Kockelman (2015); 
Hing (2019); Joiner (2018); Lohmann (2015) 

Control of Traffic Flow, Efficient Road 
Transport, Increase Tourism 

Alfonso et al. (2018); Cohen and Hopkins (2019); B. 
Liu et al. (2019) 

Innovative freight delivery  Alessandrini et al. (2015) 
Entertainment, attractiveness Panagiotopoulos and Dimitrakopoulos (2018) 
Increase in Travel speed, offer 
mobility who are unable to drive 

Alessandrini et al. (2015); Kröger et al. (2019) 
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AVs are the harbinger of a substantial transition to societies and cities since internet 

emergence (Bezai et al., 2021). Adopting AVs is likely to reduce or eliminate these crash 

errors while outperforming human operators in perception, execution, and decision 

making (J. Wang et al., 2020). Earlier studies identified that there would be a one-third 

reduction in crashes if all vehicles employ adaptive headlights, land departure, and 

forward-collision warnings, and blind-spot assistance (Bagloee et al., 2016; Jermakian, 

2011). AVs are likely to serve as private and commercial vehicles (Faisal et al., 2019). 

Private AVs can offer flexibility in use, whereas commercial AVs could be operated as a 

bus, shuttle, tram, taxi, and freight services or as a shared AV due to the advantage of 

multitasking and relatively inexpensive (Fagnant & Kockelman, 2014; Krueger et al., 

2016; Milakis et al., 2017). 

 AVs proffer environmental benefits to encourage fuel and energy efficiency and the 

organization of traffic flow (Lohmann, 2015). Nowadays, the limited and costly land 

supplies in the city centres of most large cities, such as Auckland, have raised significant 

challenges for the environment and economics. Petrillo et al. (2018) stressed the need 

ǘƻ ƛƳǇǊƻǾŜ ǊƻŀŘ ŎŀǇŀŎƛǘȅ ŀƴŘ ǘǊŀŶŎ ŎƻƴƎŜǎǘƛƻƴ ƳƛǘƛƎŀǘƛƻƴΦ AVs are considered as a 

potential solution (Fox-Penner et al., 2018). Meyer et al. (2017) demonstrated that AVs 

are expected to offer a higher comfort of travelling at lower prices and, at the same 

time, increase road capacity. In their results, increases in road capacity result from 

shorter reaction times of AVs compared to humans. Ye and Yamamoto (2019) also 

supported this point. They analysed optimal solutions to accommodate AVs in terms of 

managed lanes and attempts to formulate the road capacity of the mixed traffic. Kröger 

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 eco-driving principles throughout a journey, reducing fuel consumption by 20% and 

reducing GHG emissions of GHGs to a similar extent όLƎƭƛƵǎƪƛ ϧ .ŀōƛŀƪΣ нлмтύ.  

Levin and Rey (2017) highlighted that when vehicles know their reservation in advance, 

they can adjust their speed to reach the intersection at the appropriate time. This speed 

adjustment reduces fuel consumption and avoids start-up loss times. D. J. Fagnant and 

K. M. Kockelman (2015) indicated that motorway delays would be decreased by 60% 

and fuel consumption by 25%. This would result in 8%-23% (Tsugawa & Kato, 2010) and 

an 8%-16% reduction in a Japanese and a European case separately όLƎƭƛƵǎƪƛ ϧ .ŀōƛŀƪΣ 
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2017). The result was also confirmed by Ross and Guhathakurta (2017), where an 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 preventing excessive stops at 

signalized intersections. This benefit was also found to be consistent with Marchau et 

al. (2019). Besides, a cooperative vehicle intersection control (CVIC) algorithm presented 

a 44% reduction in fuel consumption (Chang & Edara, 2018). In the light of the above 

studies, it is suggested that the adoption of AVs are expected to improve road capacity 

while reducing fuel consumption and emissions. In another online survey of 1533 

participants from the US, UK, and Australia, it was found that people perceive AVs would 

bring better fuel economy (72%), fewer accidents (70.4%), and decrease the severity of 

crashes(71.7%) (Schoettle & Sivak, 2014a). 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%). Still, they did not 

fully endorse the benefits of improved safety and better fuel economy. Analytical 

findings from 16 articles observed AVs potentials in the realization of benefits in (1) 

safety, (2) reliability, (3) flexibility, (4) comfort, (5) contribution to traffic optimization, 

(6) integrated transport use, (7) sustainability, and (8) cost savings (Starkey & Charlton, 

2020).  

Chen et al. (2020) recently measured public acceptance of driverless busses in China and 

found that people are more concerned about safety performance, riding time, cost, and 

personal safety. Schoettle and Sivak (2014a) found that almost 88% of participants are 

somewhat worried about riding in AV due to safety consequences of equipment or 

system failure (96.2%), legal liability of drivers (92.8%), and confusion due to unexpected 

situations (94.7%). Kyriakidis et al. (2015) observed that participants are concerned 

regarding software hacking and misuse, legal responsibility, safety, and data privacy. 

Some studies also indicate that males are less concerned about AVs than women, are 

confidents of AVs benefits, and are comfortable with various driving functions 

(Cunningham et al., 2019; Payre et al., 2014; Schoettle & Sivak, 2014a). Moreover, it is 

found that younger individuals are more open towards AVs (Becker & Axhausen, 2017). 

In a more recent interview of 30 riders during an 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 social well-being and shape future 

cities and transportation infrastructure. The widespread adoption of this technology is 

affected by how people perceive and accept AVs. It needs to examine the prospective 

ǳǎŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴ ƭƛƴƪŀƎŜǎ ǿƛǘƘ ǘƘŜ ŎǊƛǘƛŎŀƭ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǘƘŜ ōŀŎƪŘǊƻǇ ƻŦ legal 

readiness/governance structure. Numerous studies have investigated these barriers 

earlier (Becker & Axhausen, 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., 2020). However, this research study will investigate these critical 

barriers distinctly 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 

and objectives (Figure 2.13).  

Figure 2.13 

Critical Barriers in Adoption of AVs 

 

2.6.2.1 Safety 

Over 40% of fatal accidents occur due to alcohol use, driver distraction, drug use, and 

fatigue (D. J. Fagnant & K. Kockelman, 2015). Driver error is the main reason for over 

90% of all crashes attributed to human factors such as inattention, speeding, aggressive 

driving, inexperience, and slow reaction time (NHSTA, 2020; Taeihagh & Lim, 2019). The 

crash cost carries a ripple effect leading to medical expenses, legal and court costs, 

workplace and productivity loss, emergency service costs, insurances, property 

damages, and congestion burden (Bagloee et al., 2016).  

Analysis of several recent articles points towards four major safety barrier domains: 

pedestrians (road users), technology, share-ability, and infrastructure. (Bezai et al., 

2021). In the UK, 26% of road deaths were related to pedestrians, and about 66 injuries 

and five fatalities occur every day (Kilbey et al., 2013; Perch, 2014). A US study revealed 
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that an 80 % reduction in pedestrian fatalities could be avoided by having AVs equipped 

with pedestrian sensors (Combs et al., 2019). Safety demands foolproof traffic 

management strategies comprising good wireless connectivity based on big data, AI, IoT, 

and cloud computing in the infrastructure domain due to complexity in urban areas 

(Villagra et al., 2018). Automated Road Transport System (ARTS) recommended a 

CityMobil 2 project (Alessandrini, 2018), and Volvo suggested a magnetic road project 

(Perch, 2014). Panagiotis Lytrivis et al. (2018) identified gradual up-gradation of 

infrastructure based on 30 years planning horizon focussing on the section of roadways 

besides ensuring appropriate training of experts, deploying, operating, and maintaining 

the infrastructure (Jadaan et al., 2017). There are some concerns about insurance and 

safety regulations (Aguiléra, 2018; Bezai et al., 2020).  

ICT application will play a decisive role where road safety is compromised by visibility, 

communication, and road conditions (Alfonso et al., 2018). It is suggested that hybrid 

communication based on On-Board Units (OBUs) and RoadςSide Units (RSUs) and 

standardization is the key to realize the benefits. However, the development of common 

standards and interoperability remain the key concern (Skeete, 2018). On the other 

hand, introducing AVs might give rise to new safety issues. It is likely that vehicle users 

might not fasten seat belts, adopt unsafe time headways (contagion effect) (Gouy 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; Litman, 2021). State of California Department of Motor 

Vehicles reported that the majority of AVs related accidents are caused by other parties 

such as vehicles,  bicycles, and drunk pedestrians sharing the road with AVs (DMV, 2019). 

Moreover, cyber-attacks would be a great threat to traffic eco-system safety where 

message falsification, radio jamming would seriously jeopardize AVs operations 

(Amoozadeh et al., 2015). It might also increase energy expenditure up to 300% during 

platooning while influencing the motion of AVs (Gerdes et al., 2013). 

Before full commercialization, the AV cars must drive 291 million miles without any 

crash to ensure 75% equivalence to a human operator based upon reliability yardstick 

(Howard, 2020; Singh & Saini, 2021). !ƴ ƛƴŘŜǇŜƴŘŜƴǘ ǎŀŦŜǘȅ ǘŜǎǘΣ ΨaŎƛǘȅ !./Ω ƛǎ 

ǎǳƎƎŜǎǘŜŘ ōȅ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛŎƘƛƎŀƴΩǎ ŀǳǘƻƴƻƳƻǳǎ ŎŀǊ ǘŜǎǘƛƴƎ ŦŀŎƛƭƛǘȅ ǘƻ ŀƴŀƭȅǎŜ 

these aspects.  It is testing safety performance of AVs regarding accelerated evaluation 
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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 traffic, the zig-zag 

motion of joggers on the street) (Peng, 2019). 

2.6.2.2  UseǊǎΩ !ŎŎŜǇǘŀƴŎŜ 

People's mindsets and attitudes serve as the key to adopting new technology and affect 

the realization of perceived benefits (Liljamo et al., 2018; Yuen, Wong, et al., 2020). 

Public opinion guides the manufacturer to future development pathways (Kyriakidis et 

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

public opinion due to various ǳǎŜǊǎΩ concerns. These include safety, lack of control 

(situational awareness), steep learning curve (training), cyber security, trust, and non-

readiness of legal and liability rules (Yuen, Wong, et al., 2020). It has been revealed that 

people from Australia (61.9%), the US (56.3%), and UK (52.2%) bear a positive view of 

AV technology (Schoettle & Sivak, 2014a). However, the public in the US, compared to 

the UK, found more concerned about the legal responsibility of drivers and owners, data 

privacy, and interactions with non-AVs. UK public is more worried about the system and 

vehicle security and interaction between AVs and pedestrians/cyclists. While 

investigating differences in public opinion of China, India, Japan, US, UK and Australia 

from 1722 respondents, it was found that Chinese respondents overwhelmingly believe 

in AVs benefits (87.2%). The Indians 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, 2014b). Bansal et al. (2016) found that people 

were unwilling to ride AVs for short distances (42.5%) and long distances (40%). The 

unwillingness is mainly due to the ǳǎŜǊǎΩ ŘƛǎǘǊǳǎǘ ƛƴ ŀǳǘƻƳŀǘƛƻƴ (Joiner, 2018; Winter et 

al., 2018). 

The three main behavioural theories (Table 2.5 below) identify factors influencing public 

acceptance and specify their interrelationships (Yuen, Wong, et al., 2020). Hekkert et al. 

(2007) Technology Specific Innovation System (TSIS) described the processes based on 

ǎƛƎƴƛŦƛŎŀƴǘ ΨŦǳƴŎǘƛƻƴǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳΩΦ ¢ƘŜ Innovation diffusion theory is based on 

relative advantage, compatibility, complexity, trialability, 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 S-curve framework depicts the technological 



61 

innovation cycles. It highlights that due to increase in consumption choices, the utility 

of the product increases (Innovation, 2006).  The Perceived value theory is derived from 

a new product's economic, functional, hedonic, and social benefits (Cunningham et al., 

2019; Yuen et al., 2018). And, the trust theory that ƘƛƎƘƭƛƎƘǘǎ Ψŀ ǇǎȅŎƘƻƭƻƎƛŎŀƭ ǎǘŀǘŜ ƻŦ 

the public comprises the intention to accept vulnerability in a situation involving risk, 

based on positive expectations of AVs (Castelfranchi & Falcone, 2010). The formation of 

trust can be increased through driving expertise (training), integrity, and benevolence. 

Trust theory addresses key public concerns through public trust in the AVsΩ ability to 

perform their tasks safely and reliably (Lee & Kolodge, 2020). The exact determinants of 

ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ŦƻǊ AVs are still not conclusive (Nordhoff et al., 2016).  

Table 2.5 

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

Theoryôs 
Characteristics  

Innovation 
diffusion theory  

Perceived value 
theory  

Trust theory  

Paradigm  Innovation acceptance  Consumer utility  Social psychology  
Basic assumption  Its characteristics 

support the speed of 
diffusion and 
acceptance of an 
innovation  

A rational user will 
select or accept an 
artefact that offers 
the best value 
amongst market 
choices  

The acceptance of 
innovation can be 
increased by 
developing trust  

Representative 
constructs  

Relative advantage, 
compatibility, 
complexity, trialability 
and observability  

Perceived value  Trust  

References Rogers (2003) Kotler and Armstrong 
(2010) 

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

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

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

Production, 121904. 

 

2.6.2.2.1 Consumer Perceptions 

Human psychobiology related to AD is constrained, and the real intention behind 

realizing acceptance is still not conclusive (Meinlschmidt et al., 2019; Nordhoff et al., 

2016). Since people cannot imagine the AVs' adoption, they are more concerned about 

safety and reliability (Bansal & Kockelman, 2017). The onus of responsibility in case of 

accident or any damage to AV will impact commercialization and the use of AVs (De 
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Bruyne & Werbrouck, 2018). Moreover, increasing the sense of security in AVs (Boutueil, 

2018), media campaigns (Anania et al., 2018), and the use of libraries (Joiner, 2018) will 

have a positive effect on acceptance and awareness about legislation and insurance. 

Khan (2017) ƘƛƎƘƭƛƎƘǘŜŘ ŦŜǿ ŦŀŎǘƻǊǎ ǘƘŀǘ Ŏŀƴ ƛƴŦƭǳŜƴŎŜ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜΤ (1) self-

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 age. Schoettle and Sivak (2016), in a survey of 618 respondents, 

found that most people (59.1%) want to get notification of taking control of partially 

selfςdriving vehicles through vibration, voice, and visual signals.  

2.6.2.2.2 Trust 

One of the significant challenges in the successful adoption of AVs is trust (Adnan et al., 

2018; Wintersberger, 2020)Φ ¦ǎŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴǎ ǊŜǉǳƛǊŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ trust a new traffic 

regime (Choi & Ji, 2015). People need to be educated, trained, and allowed to use and 

interact with AVs. The top reason for the lack of adoption will be the lack of trust in 

technology (Alawadhi et al., 2020). The trust will be discussed in greater length in 

Chapter 3. 

2.6.2.2.3 ¦ǎŜǊǎΩ tŜǊŎŜǇǘƛƻƴǎ ǘƻǿŀǊŘǎ bŜǿ aƻōƛƭƛǘȅ {ŜǊǾƛŎŜǎ 

Ferrero et al. (2018) noted that the widespread use of car-sharing services is changing 

people's perceptions from car ownership to a service on demand. Provision of new 

mobility services decreases the value of time, affecting mode choices and riders' 

behaviour and significantly impacting usersΩ ŀŎŎŜǇǘŀƴŎŜ (Kolarova et al., 2018). An 

analysis of US households survey data found a sharp decrease in car ownership and a 

quick shift to vehicle sharing and driverless taxis (Schoettle & Sivak, 2015) due to lower 

VKT and the use of new demands from low-income people. Driverless taxis are likely to 

obviate the associated annual fixed, maintenance, and parking costs of car sharing (D. J. 

Fagnant & K. Kockelman, 2015; Martin & Shaheen, 2011). Therefore, AV technologies 

are likely to be conducive to driverless cabs or similar car-sharing models, excluding the 

Ŏƻǎǘ ƻŦ Ŏŀō ŘǊƛǾŜǊΩǎ ǘƛƳŜ ŀƴŘ ǘŀƭŜƴǘ (Bagloee et al., 2016). Privacy will be a significant 

barrier, as information gathered through V2X communication can be misused (Yuen, 

Wong, et al., 2020). Therefore, AVs' ŀŎŎŜǇǘŀƴŎŜ ǿƛƭƭ ŘŜǇŜƴŘ ƻƴ ǳǎŜǊǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ 

share their data from the vehicle, which consequently requires compliance with the data 
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protection legal framework. Besides, data protection algorithms need to be embedded 

within AV systems.  

2.6.2.2.4 Cost  

Cost can potentially slow down AVs' adoption due to costly sensors technologies and 

AVs' longer life spans (Bezai et al., 2021; Liljamo et al., 2018; Zhong et al., 2018). AVs' 

cost and operational expenses are still uncertain (Alawadhi et al., 2020; D. J. Fagnant & 

K. Kockelman, 2015). It has been argued that total AV software and hardware cost is 

likely to be around £3000 by 2025 and would decrease to half by2035 (Sachin Babbar, 

2017). Puylaert et al. (2018) observed that direct and indirect costs include energy costs, 

travel time, trip length, congestion, safety, reliability, and insurance costs. The estimated 

increase in the price of installing remote sensing and top view cameras amounts to more 

than USD 5000 (Litman, 2021). The cost of travelling per mile on AV is estimated at 

around USD 0.42 to USD 0.49 (Hörl et al., 2016), and an average user is likely to pay an 

additional USD 5551 and USD 14,589 for Level 4 and 5 AVs (Bansal et al., 2016).  

However, it is claimed that AVs' social acceptance and reliability would decrease the cost 

of usage (Bansal et al., 2016) besides increasing shared mobility and on-demand access 

(Webb et al., 2019). Wadud (2017) used the total cost of ownership while comparing 

AVs and conventional vehicles (CVs). The study found out that commercial application 

of AVs will remain the most dominant success. Overall, it is believed that users' 

experience would be the key to integrating the physical world with the digital one. 

Therefore, their real-time performance on actual roads will decide their social 

acceptance (Geng, 2017; Straub & Schaefer, 2019).  

2.6.2.3  Legal Readiness Structure/Governance 

Legal advancement is the key to the successful adoption of AVs (Alawadhi et al., 2020). 

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

2019). Numerous studies highlight the role of national policies for successful 

deployment of AVs (Automobilindustrie, 2015; Bezai et al., 2021; Canis & Lattanzio, 

2014; CCAV, 2020; DMV, 2020; GDPR, 2020; KPMG, 2020; Lee & Hess, 2020; Mordue et 

al., 2020; Shladover & Nowakowski, 2019; Singh & Saini, 2021; UNECE, 2018). Moreover, 

the legal framework ensures safety, encourages AVs large scale testing and ensue 

technological advancements (De Bruyne & Werbrouck, 2018). Legal readiness structure 
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is a prime challenge for AVs deployment due to liability, insurances, and explaining who 

bears the individual or shared responsibility in case of a crash (Schellekens, 2015). Chen 

et al. (2017) studied the use of three different lane policies for diverse combinations of 

conventional vehicles (CVs) and AVs. They concluded that one lane should be dedicated 

to AVs and platooning and the other one for CVs permits 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 depicted a decrease in 

travel time (Conceição et al., 2017). Straub and Schaefer (2019) suggested a series of 

questions that can help in guiding future policy towards AVs. Faisal et al. (2019) 

suggested future policy directions for the formulation of AVs policies. These include 

avoiding conflict between federal and state government laws, negotiations between 

stakeholders such as governments, industries, and experts on liability and privacy, and 

technology standardisation. The study stressed the need for prioritizing vehicles on road 

and pricing to manage vehicle kilometres travelled (VKT). The legal readiness for AVs 

deployment will be later discussed in detail in succeeding paras.  

2.6.2.3.1 Liability 

In traditional car crashes, the driver is primarily liable as they retain control of the vehicle 

(Collingwood, 2017). Hence third parties involved in the design of AV safety systems 

remain vulnerable to lawsuits involving AV product liability during an AV crash 

(Automotive, 2019). The complication arises relating to the driver engagement with 

varying levels of AVs, mainly level 2 to 4, where the question arises should the drivers 

be expected to take over in certain situations? And is he expected to know that? What 

about criminal liability if a driver of AV is ŦƻǳƴŘ ƛƴǘƻȄƛŎŀǘŜŘ ŀǘ ǘƘŜ άǿƘŜŜƭέ ƛƴ ŎŀǎŜ ƻŦ a 

crash, even though he is not driving AV? Who should be responsible for personal injury 

and property damage resulting from the AV crash? (Hing, 2019).  

In a survey study, 72% of people out of 302 participants were found uncomfortable with 

the liability of AVs in case of an accident (Bloom et al., 2017). Evas et al. (2018) reported 

ǘƘŀǘ 9ǳǊƻǇŜŀƴ tŀǊƭƛŀƳŜƴǘ ƛǎ ŀǎƪŜŘ ǘƻ ŘŜƭƛōŜǊŀǘŜ ƻƴ άƭƛƳƛǘŀǘƛƻƴ ǘƻ ƭƛŀōƛƭƛǘȅέ όǊƛǎƪ 

ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊƻŀŎƘ ƻǊ ǎǘǊƛŎǘ ƭƛŀōƛƭƛǘȅύ ŀƴŘ άhōƭƛƎŀǘƻǊȅ ƛƴǎǳǊŀƴŎŜ ǎŎƘŜƳŜ ŀƴŘ 

guarantee fundΦέ It is predicted that insurance law would involve multiple parties 

contributing to the insurance. It is likely to include the extent to which car owners would 

need thirdςparty liability insurance and carmakers need product liability coverage. The 
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UK is the only country that has enacted the Automated and Electric Vehicles Act 2018, 

clarifying liability for insurers in accidents caused by AVs (Taeihagh & Lim, 2019). 

2.6.2.3.2 Privacy 

AVs optimize data obtained from sensors, high definition maps, and other V2V and V2I 

communication (Taeihagh & Lim, 2019; West, 2016). AVs relay information about 

vehicle exact geographical location and movement (Glancy, 2012) for  AV operations and 

locate AV users. This information ƳƛƎƘǘ ōŜ ǳǎŜŘ ǘƻ ƘŀǊŀǎǎ !± ǳǎŜǊǎΣ ǎǘŜŀƭ ǳǎŜǊǎΩ ƛŘŜƴǘƛǘȅ 

ŀƴŘ ǇǊŜŘƛŎǘ ǳǎŜǊǎΩ ŀŎǘƛƻƴǎΦ Ln addition, it would seriously jeopardize the AVs operations 

ǘƘǊƻǳƎƘ ƛƭƭŜƎŀƭ ŀŎŎŜǎǎ ƻŦ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ !±ǎΩ ǿƛǊŜƭŜǎǎ ƴŜǘǿƻǊƪ ǘƻ ŎƻƴŘǳŎǘ ǊŜƳƻǘŜ 

surveillance, undermining individual autonomy through psychological manipulation 

(Schoonmaker, 2016). With the increased adoption of AVs and interconnected transport 

systems, a balance needs to be struck between public safety and privacy protection. 

Adequate privacy assurances will be critical for successfully adopting AVs and 

underpinning public trust (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 recognition will be classified as personal information under Privacy 

Act 1988 (NTC, 2019). The US and South Korean governments enacted new data privacy 

ƭŜƎƛǎƭŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ Ψ{t¸ /!wΩ ŀŎǘ ƛƴ ǘƘŜ ¦{Σ ƎƛǾƛƴƎ bI¢{! ŀǳǘƘƻǊƛǘȅ ǘƻ ǇǊƻǘŜŎǘ 

access of driving data on all vehicles manufactured for sale in the US. 

Similarly, the EU has already amended the EU General Data Protection Regulation (EU 

GDPR Directive of 95/46/EC of 1995) to process data for all EU residents, strengthening 

consent conditions. In addition, it has increased fines up to 4% of companies' global 

ǊŜǾŜƴǳŜ ŀƴŘ ǇǊƻǘŜŎǘŜŘ ŎƛǘƛȊŜƴǎ ΨǊƛƎƘǘ ǘƻ ŜȄǇƭŀƴŀǘƛƻƴΩ ŀƭƭƻwing them to review certain 

algorithmic decisions (GDPR, 2020). China and Japan have taken legislative action to 

control all personal data privacy and cyber security risks (KPMG, 2020; Taeihagh & Lim, 

2019). ¢ƘŜ ¦YΩǎ 5Ŧ¢Σ ƛƴ ŎƻƻǊŘƛƴŀǘƛƻƴ ǿƛǘƘ ǘƘŜ /ŜƴǘǊŜ ŦƻǊ ǘƘŜ tǊƻǘŜŎǘƛƻƴ ƻŦ bŀǘƛƻƴŀƭ 

Infrastructure (CPNI), created guidelines for privacy and cybersecurity, suggesting 

manufacturers follow the Privacy Architecture framework outlined by ISO 29101 (Dft, 

2017a)Φ DŜǊƳŀƴȅΩǎ ŎǳǊǊŜƴǘ Řŀǘŀ ǇǊƻǘŜŎǘƛƻƴ ƭŀǿǎ ŀǊŜ ǎǘǊƛŎǘ ǘƻǿŀǊŘǎ ǇŜǊǎƻƴŀƭ Řŀǘŀ 

connected to AVs (Taeihagh & Lim, 2019). 
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2.6.2.3.3  Cyber Security 

Policymakers, auto manufacturers, and future AV users portray concerns about 

electronic security (D. J. Fagnant & K. Kockelman, 2015). Current cyber-attacks mostly 

happen as an act of espionage rather than sabotage. Within the context of AVs, cyber-

attacks are considered more detrimental than just getting information due to the 

complexity of the degree of connectivity and advanced level of technology (Kennedy, 

2016). Several cyber-attack applications include software hacking, physical attack on 

hardware, keeping users locked inside the vehicle due to remote less entry, wrong 

reading of user interfaces, and slowing down of vehicle (Linkov et al., 2019). Technology 

manufacturers unknowingly develop systems that are prone to such attacks (Sheehan 

et al., 2019).  

The risk of cybercrime is a significant concern for governments, policymakers, and 

insurers around the world. Since AV technologies are still evolving, there is less empirical 

evidence on cyber-attacks (Alawadhi et al., 2020). While hacking Chrysler Jeep through 

its internet connection and controlling its engine and brakes, Miller and Valasek 

observed that these malicious attacks on AVs are a potential possibility (Schellekens, 

2016). Feeding fake messages, sensor manipulation, bright light on cameras, and radar 

interference to blind AVs regarding obstacles and spoofing of the global navigation 

system (GNSS) are significant threats (Bagloee et al., 2016; Page & Krayem, 2017; West, 

2016). It requires continuous updating of system software to detect these malfunctions 

and to change existing security architectures (NHSTA, 2020). In the US, OEMs are 

suggested to design systems on international standards such as NHTSA, SAE, and the 

Alliance of Automobile Manufacturers.  

A new electronic system research department to analyze and monitor cyber 

ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎ ŀƴŘ ǘƘŜ Ψ{t¸ /ŀǊ !ŎǘΩ Ƙŀǎ ōŜŜƴ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ŜƴŦƻǊŎŜ ŎȅōŜr security and 

privacy laws (SCA, 2017). This law presents specifications for information security during 

the move and in transit, separates critical and non-critical systems in every vehicle, and 

required instantaneous disclosure of any attempt to hack driving data. EU is also 

following suit to control cyber security risks by introducing a comprehensive cyber 

security strategy in 2013 (EU, 2016). Like the 9¦Ωǎ D5twΣ /Ƙƛƴŀ Ƙŀǎ ƛƴǘǊƻŘǳŎŜŘ ŎȅōŜǊ 

security laws to protect personal information and critical infrastructure information. It 

describes the responsibilities of network operators, certifications of security 



67 

technologies, and enforced penalties for violations. Singapore strengthened its strategy 

against computer-related offences through Computer Misuse and Cybersecurity Act 

amendment in 2017 (Qi et al., 2018). The UK Government implemented two cyber 

security strategies (2016 ς 2021) and the creation of the National Cybersecurity Centre 

(NCSC) in 2016 (Cabinet Office, 2017). Germany has set up five working groups to 

analyze these threats, and Australia is also working on similar lines (Taeihagh & Lim, 

2019).  

2.6.2.4 Technology and Infrastructure Readiness  

Information and Communication Technologies (ICT) embedded in the suitable 

infrastructure allows users to exploit innovative technologies (Aguiléra, 2018). It is 

believed that technology and infrastructure readiness 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 technologies (Bezai 

et al., 2021). 

2.6.2.4.1 Super Computers and Sensors 

AVs are likely to deal with an enormous amount of data processed every second 

regarding road and climatic conditions, communications, and obstacles. It requires new 

system architecture based on centralized computer systems, sensors, and significant 

development in algorithms (Aria et al., 2016; Bezai et al., 2021; Bichiou & Rakha, 2019). 

AVs depend on the collection and fusion of data from various sensors, including LIDAR, 

radars, and cameras, to assist in computer vision, decision making, and intrusion 

detection systems against cybersecurity risks and ensuring reliability (Armingol et al., 

2018; Loukas et al., 2019; Wadud, 2017). These technologies assist AVs in performing 

various tasks, including automatic braking, lane-keeping, and adaptive cruise controls. 

Additionally, AVs need navigation tools based on GPS for their accurate localisation. 

Presently, these sensors are vulnerable to environmental conditions, and GPS 

technology also suffers from signal blockage, requiring more research in advanced 

onboard and off-board localization and fusion systems (Alawadhi et al., 2020; Van 

Brummelen et al., 2018; Zheng et al., 2019). AVs related software and hardware need 

ample time for testing various scenarios, trials, and legal approval before deployment 

(Kalra & Paddock, 2016; Mullins et al., 2018). In this backdrop, google AVs testing has 

covered 2 million miles on actual streets and is still in progress (Guanetti et al., 2018). 
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Selecting real-world scenarios during these tests is very significant (Marletto, 2019). 

Moreover, highly customized simulation tools for simulation studies are necessary 

(Tsolakis et al., 2019).   

2.6.2.4.2 Accurate Positioning and Dynamic Mapping 

AV needs to localize itself to the surrounding environment and vehicles to navigate 

autonomously. Static information can be created from simultaneous localization and 

mapping (SLAM) or high-definition mapping (HD) from the geographical database from 

lane borders, road signs, and speed limits (Héry et al., 2021). Dynamic information can 

be collected from the local dynamic map (LDM) (an overlay) regarding the pose, 

longitudinal speed, or yaw rates of the vehicles using perception from overhead sensors 

(Rosa et al., 2015). An LDM is a cyber-physical representation of the physical driving 

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

Though deep learning techniques have sought tremendous improvements, perception 

information is still limited to physical view and range of sensors (Cognetti et al., 2014). 

Recent research presented a decentralized cooperative localization method based on 

the exchange of LDMs (Héry et al., 2021). Another study observed Channel ς SLAM 

method to enable multi-paths to improve single-vehicle positioning using a cooperative 

mapping approach (Chu et al., 2021). Recently, 5 G's new radio development brought 

vehicular positioning and tracking opportunities (Win et al., 2018). Global Positioning 

System (GPS) and Inertial Measurement Unit (IMU) with LiDAR and Global Navigation 

Satellite Systems (GNSS) can produce highςresolution ground maps (3D) for precise 

localization (Konrad et al., 2018; Levinson et al., 2011). However, due to inaccuracies 

and accumulated errors, more research needs to improve !±Ωǎ ƴŀǾƛƎŀǘƛƻƴ (Bezai et al., 

2021). 

2.6.2.4.3 Communication Systems 

With the emergence of the Internet of Vehicles (IoV) and Internet of Things (IoT), AVs 

establish communication through integration of Vehicular Ad-hoc Networks (VANETs), 

On-Board Units (OBUs), and Road-Side Units (RSUs) (Atzori et al., 2018). VANETS are 

employed to establish communication between vehicles and different nodes V2X. V2X 

comprises Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), and Vehicle to 

Pedestrians (V2P) (Alfonso et al., 2018; Aria et al., 2016). The c ost, privacy and security 
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issues are critical barriers in this domain (Arena & Pau, 2019; Saini et al., 2018). Data 

transmission within the network is another challenge due to complex changes in the 

urban driving environment and high mobility (Bezai et al., 2021; Gao et al., 2020).  

2.6.2.4.4 Roads and Traffic Signs 

Road and Traffic signs need to be upgraded to prepare infrastructure for AV deployment 

(Alawadhi et al., 2020). AVs require intelligent transport infrastructure to recognize the 

driving environment easily. AVs use a 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 infrastructure (Latham & Nattrass, 2019; 

Sparrow & Howard, 2017; Zohdy & Rakha, 2016). Similarly, AVs will require charging 

infrastructures such as the location of charging stations, the impact of charging time on 

fleet size, trip demands, and the waiting times (Chen et al., 2016). Duarte and Ratti 

(2018) highlighted the role of visibility and consistency of road signage. The study 

stressed the need to lower the variability in parameters to increase AVs adoption, such 

as speed, following speeds, and road width. AVs also rely on road markings to keep 

themselves in the centre of the lane, and these markings are subject to wear and tear 

on sealed roads. In NZ, AV deployment requires significant development of 

infrastructure (Leslie & Jenson, 2017).  

2.6.2.5 Public Perceptions and Critical Barriers in NZ Environment 

Earlier studies revealed that most of the people (>90%) in NZ knew about selfςdriving 

cars, electric cars, hybrid cars and believed in perceived benefit in reducing accidents, 

improved fuel economy decreased traffic congestion, and reduction in emissions 

(Starkey & Charlton, 2020). The respondents wanted to use CAVs to do other things 

during the travel and desired AVs journey on motorways, especially once they are tired 

or over drunk. However, very few respondents wanted to use AVs for the transportation 

of their children. Only 23% had practically used ADAS, and a quarter of 20% of the 

sample reported that they would never use AV. The significant barriers highlighted by 

the survey respondents were (1) trust, (2) safety, (3) lack of control, and (4) higher cost. 

In addition, few reported that they would like to enjoy driving themselves in a classic 

car.  
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A recently shared mobility survey in 2020 found out that 80% of respondents knew 

about app-based ride-hailing services, 76% ridesharing services, and 64% car sharing 

(Starkey & Charlton, 2020). Barriers to use these services were car ownership, lack of 

availability, safety, cost, inconvenience, loss of freedom, and not sure how to use these 

services. The same study did 12 focus group discussions across NZ and found that 

transport sharing is feasible to use a private car.  

Another study under Australian and New Zealand Driverless Initiative (ADVI) comprising 

5,102 Australian and 1,049 NZ based on a 90 item survey on Qualtrics platform found 

that respondents are willing to pay more for an AV than the exact vehicle without 

automation (Cunningham et al., 2019). However, both countries' public views differ 

regarding awareness of technology, perceived benefits, associated concerns, and 

willingness to pay (Cunningham et al., 2019). The respondents were found least 

concerned about data privacy (67%) and riding in a car with no driver (67%) and highly 

believe in benefits like the mobility of people with driving impediments (73%) and 

reduce insurance premium (50.6%). A research study survey by the University of Otago 

on selfςdriving, hybrid, electric cars, and bikes observed that safety is considered to be 

the most critical barrier and enabler in selfςdriving cars, and the cost is cited as the 

primary concern in electric cars (Lucy & Ben, 2018). A moderate correlation behaviour 

was found between perceived attractiveness and knowledge of selfςdriving cars, 

whereas Aucklanders reported more knowledge regarding AVs and perceived them 

safer than other regions. 

Lack of legislation towards full AVs creates a vacuum due to legal uncertainty in NZ, thus 

slowing AVs' deployment at early stages. This may also result in an increase in the cost 

of AVs and deǘǊƛƳŜƴǘŀƭ ǘƻ ǳǎŜǊǎΩ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ŀŎŎŜǇǘƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ (Evas et al., 

2018; Funkhouser, 2013; Geistfeld, 2017).  NZ has 3rd highest market share of electric 

cars with no AV Company, research, investment, or patent. NZ innovation capability is 

likely to be boosted by a trial of satellite-based augmentation system technology in 

collaboration with Australia to improve the accuracy of GPS (KPMG, 2018). However, it 

has to strengthen its legal readiness structure, 5G coverage, and road infrastructure.  In 

present shape, the NZ Accident compensation scheme (ACC) is a no-fault scheme, where 

an injured person may claim compensation paid out of petrol taxes and motor vehicle 

licence fees but cannot bring a civil action. This means they will be having no recourse 



71 

against AV manufacturers (Cameron, 2018; Hing, 2019). Manufacturers do not 

contribute to motor vehicle funds under ACC since they do not suffer financial impact 

due to personal injuries associated with their products (NZ, 2020b). Liability for property 

damages caused by conventional vehicles (CVs) is covered under the tort of negligence, 

the Consumer Guarantees Act 1993 (CGA), statutory land transport rules, and the Fair 

Trading Act 1986. The current framework puts the onus of liability for property damage 

in case of general negligence on quality parameters, which augurs well for CVs and semi-

autonomous vehicles, but this is unsuitable for full AVs. So current framework only 

relates to manufacturer liability if a human driver is in control (Hing, 2019). 

In the privacy domain, the NZ government has recently enacted The Privacy Act 2020, 

replacing The Privacy Act 1993 that described 12 information privacy principles. In the 

recently promulgated Act, the role of the Privacy Commissioner has been enhanced, and 

early intervention and risk management by agencies, including AV manufactures, has 

been advocated (MOJ, 2020). In NZ, privacy torts alongside the Privacy Act provide 

another avenue of relief but are not entirely suitable for AVs. 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 advertisers (Geistfeld, 2017). NZ is 

recommended to follow the privacy aspects similar to the Ψ¦{ {9[C 5ǊƛǾŜ !ŎǘΩ (Green, 

2020), where manufacturers would be required to develop a privacy plan before AVs 

deployment and proactively pursue the ΨǇǊƛǾŀŎȅ ōȅ ŘŜǎƛƎƴΩ ŎƻƴŎŜǇǘ (Cavoukian, 2009). 

The NZ government should also enforce the need for consent in the processing of 

personal data. AV manufacturers must bear liability for personal injuries caused by their 

products. 

Additionally, the scheme for property damage on the lines of the ACC needs to be 

formulated and funded by AV manufacturers, users, and the government. The Privacy 

Act 2020 is quite comprehensive for  AVs deployment (Hing, 2019). In NZ, all cybercrime 

offences involving computers are defined in Crimes Act 1961, sections 249 to 252, and 

the Harmful Digital Communication Act 2015 (Jain, 2020; NZ Govt, 2020; Police, 2020). 

NZ Cyber strategy comprises Cyber Resilience and Cyber Capability addressing 

Cybercrime and International Cooperation. NZ ranks 14th on Human Development Index 

(HDI) (UNDP, 2020), and it lost around $6.5 million due to cybercrimes (TVNZ, 2019). For 

Q2 2020, NZ lost $1.7 million more than the last quarter (Jain, 2020). 1/3rd of NZ people 
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have faced a cybercrime in the previous 12 months, and it takes around 28 days for NZ 

police to resolve a cybercrime case (State, 2018). A study reported that 1 out of every 

six adults in NZ is subjected to some form of identity theft (Williams, 2020). The research 

found that NZ is quite proactive when dealing with cybercrime with the help of an 

organization like Netsafe (Jain, 2020). However, the cybersecurity risks and terrorism 

are likely to have a dampening effect on motivation towards vehicle automation (Fitt, 

Frame, et al., 2018). Within the context of ethics, NZ also needs to develop a platform 

for public engagement and regulations to find out the appropriate course of action for 

AVs (Leslie & Jenson, 2017)Φ ¢ƻǿŀǊŘǎ ǘƘƛǎ ŜƴŘΣ Ψ¢ƘŜ aƻǊŀƭ aŀŎƘƛƴŜ 9ȄǇŜǊƛƳŜƴǘΩ ōȅ aL¢ 

(Massachusetts Institute of Technology) gathered around 40 million respondent 

decisions from 233 countries regarding correct choices in various scenarios (Alex, 2018).  

2.7 Summary of the Critical Barriers in Adoption of AVs 

The literature review identified key AD Barriers for the successful adoption of AVs mainly 

ƛƴ ǘǿƻ ŘƻƳŀƛƴǎ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǳǎŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ŀƴŘ ǘǊǳǎǘΦ ¢ƘŜ ŦƛǊǎǘ ŘƻƳŀƛƴ ǊŜƭŀǘŜǎ ǘƻ 

ǘƘŜ IaL ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǘƘŜ ICǎ ŘƻƳŀƛƴΣ ǿƘƛŎƘ ǊŜƭŀǘŜǎ ǘƻ ǘƘŜ ǳǎŜǊǎΩ ŎƻƎƴƛǘƛǾŜ ŀōƛƭƛǘƛŜǎ ŀƴŘ 

how they interact with AV. These are named internal detŜǊƳƛƴŀƴǘǎ ŎƻƳǇǊƛǎƛƴƎ ǘƘŜ ǳǎŜǊΩǎ 

mental model, SA, training, and anthropomorphism. The second domain pertains to HMI 

challenges in the backdrop of legal readiness/governance structure that are 

ǉǳƛƴǘŜǎǎŜƴǘƛŀƭ ŦƻǊ ǳǎŜǊǎΩ ǘǊǳǎǘ ŀƴŘ ŀŎŎŜǇǘŀƴŎŜ ƻŦ !±ǎΦ ¢ƘŜǎŜ ŀǊŜ named external 

determinants, including safety, legal readiness mechanism comprising privacy, 

cybersecurity, and liability, and infrastructure summarized in Table 2.6Φ ¦ǎŜǊǎΩ 

acceptance linkages with external drivers are graphically depicted in Figure 2.14. Since 

infrastructure readiness belongs to the overall safety of the driverless ecosystem, hence 

Figure 2.15 highlights the summary of the key internal and external AD determinants 

ŀƴŘ ǘƘŜƛǊ ƭƛƴƪŀƎŜǎ ǿƛǘƘ ǳǎŜǊǎΩ ǘǊǳǎǘ ŀƴŘ ŀŎŎŜǇǘŀƴŎŜΦ ¢ƘŜǎŜ ƛŘŜƴǘƛŦƛŜŘ ƪŜȅ !5 ŜƴŀōƭŜǊǎ 

and barriers include mental model, SA, training, anthropomorphism (HFs domain), and 

safety, privacy, and security/cybersecurity (Legal Readiness domain) for successful 

adoption of AVs in NZ. 
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Table 2.6 

Key AD Enabler & Barriers ς Legal Readiness / Governance Domain (External Determinants) 

Barriers/Enablers Aspects of Intervention Outcomes / End State References Survey Constructs  

Safety (SAF) Road Users 

Shareability 

 

Legal Readiness 
Framework (Synergy with 
Security and Privacy) 

Maturity of Technology 

¦ǎŜǊǎΩ ¢ǊǳǎǘΣ ¦ǎŜǊǎΩ 
Acceptance / Adoption 

(Amoozadeh et al., 2015; Bezai et al., 2021; Binfet-Kull & Heitmann, 
1998a; Board, 2019; Collingwood, 2017; Commission, 2019a; D. J. 
Fagnant & K. Kockelman, 2015; Flemisch et al., 2012; Gerdes et al., 
2013; Gugerty, 1997; Hess, 2020; Howard, 2020; Huntington, 2018; 
Koopman, 2018; Litman, 2020, 2021; Milakis et al., 2017; NHSTA, 
2020; Peng, 2019; Singh & Saini, 2021; Skeete, 2018; Straub & 
Schaefer, 2019; Taeihagh & Lim, 2019; J. Wang et al., 2020; Ward, 
2011) 

Adopted from 

Venkatesh et al. 
(2003) 

and 

Kaur and 
Rampersad (2018) 

Users Acceptance  Consumers Perception 

Trust 

New Mobility Services 

Cost 

Users Adoption 

Trust and Legal Readiness 
(Governance) Framework 

Users Trust 

Car Sharing Services 

(Anania et al., 2018; Bansal & Kockelman, 2017; Becker & Axhausen, 
2017; Bezai et al., 2021; Boutueil, 2018; Castelfranchi & Falcone, 
2010; Cunningham & Regan, 2020; De Bruyne & Werbrouck, 2018; 
Du et al., 2021; Ferrero et al., 2018; Geng, 2017; Hilgarter & Granig, 
2020; Hörl et al., 2016; Khan, 2017; Kolarova et al., 2018; Kotler & 
Armstrong, 2010; Kraetsch et al., 2021; Kyriakidis et al., 2015; Lee & 
Kolodge, 2020; Liljamo et al., 2018; Lucy & Ben, 2018; Martin & 
Shaheen, 2011; Meinlschmidt et al., 2019; Nordhoff et al., 2019; 
Nordhoff et al., 2016; Puylaert et al., 2018; Rogers, 2003; Sachin 
Babbar, 2017; Schoettle & Sivak, 2014b; Schoettle & Sivak, 2015, 
2016; Starkey & Charlton, 2020; Wadud, 2017; Wang et al., 2018; 
Webb et al., 2019; Winter et al., 2018; Yuen et al., 2018) 

Adoption scenarios 
from  

Schoettle and Sivak 
(2014a) 

and 

Kaur and 
Rampersad (2018) 

Governance 
Structure (Legal 
Readiness) 

Liability 

Privacy 

Security/Cybersecurity 

Ethics 

User Studies and Trials 

Social Interaction 

Privacy, Security synergy 
with Safety 

Users Trust & Adoption 

Trust & Legal Readiness 

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

Super Computers and 
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., 2016; Bezai et 
al., 2021; Chen et al., 2016; Chu et al., 2021; Du et al., 2021; Duarte 
& Ratti, 2018; Gao et al., 2020; Héry et al., 2021; Latham & Nattrass, 
2019; Saini et al., 2018; Sparrow & Howard, 2017; Zohdy & Rakha, 
2016) 

 

 

Figure 2.14 

Autonomous Driving Adoption ς (External Determinants) 
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 Figure 2.15 

Autonomous Driving Adoption in New Zealand ς (Internal and External Drivers) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXTERNAL DETERMINANTS (LEGAL READINESS)  INTERNAL DETERMINANTS (HUMAN FACTORS) 

AVs Adoption in NZ  

¦ǎŜǊǎΩ ¢Ǌǳǎǘ ŀƴŘ !ŎŎŜǇǘŀƴŎŜ 

Situation 
Awareness  

Mental Model Training Anthropomorphism Safety  Security/Cybersecurity Privacy 

INTERNAL DETERMINANTS  
Situation Awareness (SA) 
Mental Model (MM) 
Training (TRG) 
Anthropomorphism (AnT) 
 

EXTERNAL DETERMINANTS  
Safety (SAF) 
Security/Cybersecurity (SEC) 
Privacy (PRI) 
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2.8 The Chapter Summary 

This Chapter is Part - 1 of the literature review. It has analytically synthesized the 

ǇǊŜŘƻƳƛƴŀƴǘ ŎƻƴŎŜǇǘǎΣ ǿƻǊƪƛƴƎ ǇǊƛƴŎƛǇƭŜǎΣ ŀƴŘ ǳǎŜǊΩǎ ŀŎŎŜǇǘŀƴŎŜ ŎƘŀƭƭŜƴƎŜǎ ƛƴ 

autonomous driving (AD) relating to AVs. The Chapter highlighted the role of human 

factors (HFs) and co-evolution of regulations and technology ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǳǎŜǊǎΩ 

trust for successful adoption of AVs in NZ. It has identified the key AD influencing factors 

in HFs and Legal readiness/governance domains for the smooth proliferation 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 significance of ǘƘŜ ΨǘǊǳǎǘΩ ŦƻǊ 

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

3.1 Prelude  

This 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 institutional 

trust to formulate a holistic trust and governance framework for AD in NZ. In the end, 

the Chapter provides key research conclusions and implications arising from the 

literature review of Chapters 1 and 2 (see Figure 3.1).  

Figure 3.1 

The Literature Review ς Chapter 3 

 

 

3.2 Trust and Driverless Technology 

¦ǎŜǊǎΩ ¢Ǌǳǎǘ ƛƴ ŘǊƛǾŜǊƭŜǎǎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǉǳƛƴǘŜǎǎŜƴǘƛŀƭ ǘƻ ǊŜŀƭƛȊŜ ǘƘŜ ōŜƴŜŦƛǘǎ ƻŦ !±ǎ 

(Ekman, 2020a). Trust is a precondition for using automated systems (Muir & Moray, 

1996; Parasuraman & Riley, 1997). Furthermore, it is essential for user acceptance 

(Ghazizadeh et al., 2012) and a good user experience (Waytz et al., 2014). The Research 

on Trust in automation surfaced in the early 1980s when it was found that pilots are not 

fully exploiting the perceived safety benefits due to the increased use of automated 

systems (Wickens & Kessel, 1979). These automation induced challenges were classified 

ŀǎ άironies of automationέ ōȅ .ŀƛƴōǊƛŘƎŜ, who ǇƻǎƛǘŜŘ ǘƘŀǘ άthe more advanced a control 

system is, the more crucial may be the contribution of the human operatorέ (Bainbridge, 

1983a). With the proliferation of driverless technology, drivers face new responsibilities 
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relating to the monitoring system (SAE level 2 and below) for error detection and taking 

back manual control (SAE levels 2 and 3) in an emergency.  

¢ƘŜ ǎŜŎƻƴŘ ŎƘŀƭƭŜƴƎŜ ƛǎ ŜȄŀŎŜǊōŀǘŜŘ ōȅ ǘƘŜ ŘǊƛǾŜǊΩǎ ƭƻǎǎ ƻŦ Ƴŀƴǳŀƭ ǎƪƛƭƭ ŘǳŜ ǘƻ ǘƘŜ 

automation's continuous task performance (Wintersberger, 2020). The outcome of 

userςŀǳǘƻƳŀǘƛƻƴ ƛƴǘŜǊŀŎǘƛƻƴ Ŏŀƴ ƻƴƭȅ ōŜ ǎŀŦŜ ƛŦ ǳǎŜǊǎΩ ǘǊǳǎǘ ƛǎ appropriate to the 

performance of the automation (Lee & See, 2004). An over trust in an automated system 

can lead to misuse and crashes (Parasuraman & Riley, 1997). And under trust may lead 

to disuse of the system by the user. Knowledge and experience of the automation 

system are necessary to achieve an appropriate level of trust (Edelmann et al., 2019). 

Understanding AVs limitations and constraints are therefore essential for the users. 

Muir (1987) ǎǘŀǘŜŘ ǘƘŀǘ άno matter how sophisticated or intelligent the system may be, 

the operator must neither underestimate nor overestimate the system capabilitiesΦέ 

Recent research studies in AVs are mainly focused on the use of driving simulators. 

However, simulation studies do not allow holistic capturing of the intricacies of 

perceived risks, uncertainties, and interdependencies for ǾŀƭƛŘ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǳǎŜǊǎΩ 

trust (Mayer et al., 1995; Rempel et al., 1985). Realistic user studies are essential to 

identify the theoretical and practical design space and related variables to garner an 

appropriate level of ǳǎŜǊǎΩ ǘǊǳǎǘ (Ekman, 2020a). Trust has complementary trajectories 

towards the mental model and SA, where it guides driver attention and behaviour for 

an effective response towards the system (Fisher et al., 2020; Kokar & Endsley, 2012; 

Lee, 2006). Furthermore, trust mediates micro and macro interactions regarding 

people's reliability and acceptability towards new forms of transport (Fisher et al., 2020). 

To formulate a holistic trust and governance conceptual framework for AVs, this study 

will examine the various trust theories, acceptance of support systems, and AD factors 

affecting trust. These findings will assist in chalking out an overall frame of reference 

where vehicle automation and users reside in an interconnected network. The study will 

then examine this web of trust (WoT) and explore its mediation linkages at the micro-

level with human-machine interaction constructs and an overall government regulatory 

structure at a macro level.  
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3.2.1  What is Trust? 

Trust is a multidimensional and multifaceted construct that perpetuates from seconds 

to decades and can be approached from many different angles (Lee & See, 2004; Muir, 

1987). Common among all trust theories is the concept that trust is an attitude held by 

a trustor1 (either human or a machine). It ensures the relationship between the trustor 

(the actor who trusts something) and the trustee2 (the actor to be trusted). Therefore, 

ǘǊǳǎǘ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŀǘǘƛǘǳŘŜ ǘƘŀǘ ŀƴ ŀƎŜƴǘ ǿƛƭƭ ƘŜƭǇ ŀŎƘƛŜǾŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ Ǝƻŀƭǎ 

in a situation characterised by uncertainty and vulnerabilityέ(Lee & See, 2004). Hence, 

there is a need for an incentive to collaborate between both actors, i.e., trustor and 

trustee. However, collaboration might fail due to the risks and uncertainties in the 

relationship (Mayer et al., 1995; McKnight & Chervany, 2000). Initially, a collaborative 

relationship stems out of trustor beliefs regarding impressions and information about 

the trustee. Then through 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 reliance (Lee & See, 2004). This relationship activates in 

the presence of a risk of something going wrong (Ekman, 2020a).  

Rempel et al. (1985) interpersonal trust model elaborates three non-mutually exclusive 

cognitive and emotional abstracts of trust: predictability, dependability, and faith. 

Predictability denotes the trustor ability to predict the ǘǊǳǎǘŜŜΩǎ ōŜƘŀǾƛƻǳǊ based on past 

behaviours. Dependability describes trustee relationship as a whole, i.ŜΦΣ άas 

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 partnerΦέ CƛƴŀƭƭȅΣ ŦŀƛǘƘ thrives once a relationship encounters novel 

situations that cannot be anticipated due to prior experiences. Muir presented the two-

dimensional framework of trust combining these stages, taking the lead from sociology 

as proposed by Barber (1983) and highlighted the phenomenon of distrust, mistrust, and 

calibration (Muir, 1987). It is ǎƛƳƛƭŀǊ ǘƻ tŀǊŀǎǳǊŀƳŀƴ ŀƴŘ wƛƭŜȅΩǎ ǿƻǊƪ ƻƴ ǳse, misuse 

(overreliance: to use once not required or failing to monitor effectively), disuse, and 

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

(Parasuraman & Riley, 1997). Operators must adjust or calibrate trust according to the 

                                                      
1 A person 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 regarding the trust 

ŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎ ōȅ ŘƛŦŦŜǊŜƴǘ ŀǳǘƘƻǊǎΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ǘǊǳǎǘŜŜΩǎ ŎƻƳǇŜǘŜƴŎŜ, 

benevolence, integrity, and predictability. The competence is the influence of trustee to 

ŀŎƘƛŜǾŜ ǘǊǳǎǘƻǊΩǎ Ǝƻŀƭǎ and benevolence is the ǘǊǳǎǘƻǊΩǎ ŜȄǇŜŎǘŀǘƛƻƴ ǘƘŀǘ the trustee is 

motivated in favour of the trustor. Whereas integrity is the ǘǊǳǎǘŜŜΩǎ ŜȄǇŜŎǘŀǘƛƻƴ ǘƘŀǘ 

the trustor keeps the promise and tells the truth (Mayer et al., 1995), and predictability 

is the ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ǘƘŜ ǘǊǳǎǘŜŜΩǎ ŀŎǘƛƻƴ ǎƻ ǘƘŀǘ the trustor foresee future 

actions(McKnight & Chervany, 2000). Hence, to sustain collaboration between two 

actors working towards a common end state, the trustee must hold confidence in the 

eyes of the trustor.  

Performance, purpose, and process are three key sources of information that convey 

information about the automated system's goal-oriented characteristics. Information of 

performance relates to an automated system's capability, predictability, and reliability, 

similar to capability and competence elements in interpersonal trust. This information 

is acquired from automated systems' current and historical operation and elaborates its 

capability to realize user goals. User trust, therefore, resides in the performance of the 

automated system (Hoff & Bashir, 2015). Information on purpose relates to the 

ŘŜǎƛƎƴŜǊΩǎ ƛƴǘŜƴŘŜŘ ǳǎŜ ƻf the system. It is similar to benevolence in interpersonal trust 

(Lee & See, 2004). Information regarding the process relates to the attributes of the 

ŀǳǘƻƳŀǘŜŘ ǎȅǎǘŜƳΦ Lƴ ŀ ƴǳǘǎƘŜƭƭΣ ǘǊǳǎǘ Ŏŀƴ ōŜ ŦƻǊƳŜŘ άfrom a direct observation of 

system behaviour (performance), an understanding of the underlying mechanisms 

(process), or from the intended use of the system (purpose)έ(Lee & See, 2004). 

3.2.2 User acceptance Theories 

Acceptance is a multifaceted concept and has been defined in many ways with 

overlapping characteristics (Rahman et al., 2018). Generally, measuring acceptance with 

behavioural intention is more pragmatic and explored by numerous researchers. Adell 

(2009) ŘŜŦƛƴŜŘ ŀŎŎŜǇǘŀƴŎŜ ŀǎ άthe degree to which an individual corporates the system 

in his/her driving, or if the system is not available, intends to use itέ όǇΦомύΦ Davis (1993) 

ǎǘŀǘŜŘ ǘƘŀǘ άuser acceptance is a user's intention to actually use a given system, 

determined by his/her overall attitude towards using [it]Φέ The user acceptance theories 

focussing on behavioural intention using technology (Wibowo, 2019) include 

Technology Acceptance Model (TAM) (Ajzen, 1991; Davis, 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., 2003) and Automation Acceptance Model (AAM) (Ghazizadeh 

et al., 2012). The TAM was built on the theory of reasoned action (TRA) by Fishbein and 

Ajzen (1975). It was initially proposed to explain the acceptance of information 

technology by the users. Various adoption theories are shown in Figure 3.2. 

Figure 3.2 

Adoption Models ς User Acceptance 

 

 

In TAM, perceived ease of use (PEOU) and perceived usefulness (PU) are two main 

predictors of attitude, and this attitude forecasts behaviour intention to use and the 

actual use of the system (Davis, 1989). PU refers to the degree to which a user believes 

in technology performance, and PEOU refers to the perceived effort of the user while 

using an automated system (Figure 3.3). The TAM bears a close resemblance ǘƻ bŜƛƭǎŜƴΩǎ 

usefulness explanation, where utility denotes PU and usability refers to PEOU (Nielsen, 

2012).  

Figure 3.3 

Technology Acceptance Model 

 

Note: Adopted from User acceptance of computer technology: a comparison of two theoretical models 

by Davis, F. D., Bagozzi, R. P., & Warshaw, P. R. 35(8), p 982-1003. 1989. Copyright Management science 

Journal, Elsevier Ltd 
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The TAM is based on Psychological Attitude Paradigm and, over the years, have been 

extended with additional factors leading to TAM2 (Venkatesh & Davis, 2000) and TAM3 

(Venkatesh et al., 2003). Belanche et al. (2012) explored causality between trust, PE, 

PEOU, attitude, intention to use) and suggested trust as an additional factor in TAM 

(Figure 3.4). 

Figure 3.4 

Extension of Technology Acceptance Model 

 

Note:  Extended Technology Adoption Model adopted Integrating trust and personal values into the 

Technology Acceptance Model: The case of e-government services adoption by  Belanche, D., Casaló, L. 

V., & Flavián, C. 15(4), p. 192-204. 2012. Copyright Elsevier Ltd 

Ghazizadeh et al. (2012) identified trust and compatibility as additional factors affecting 

PU and PEOU in TAM in Automation Acceptance Model (AAM). Similarly, the UTAUT 

model observes effort expectancy (EE), Social Influence (SI), performance expectancy 

(PE), and facilitating condition (FC) as the core variables and considers that gender, age, 

experience, and voluntariness of use (VOU) having moderating effects on these core 

variables (Figure 3.5).  

Figure 3.5 

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. p.425-478.2003. Copyright Management Information Systems 

Research Center, University of Minnesota JSTOR.  

The TAM is the most widely used theory in various research studies in the context of 

driver acceptance. Xu et al. (2010) observed PU and PEOU with four other factors and 

modelled advanced traveller information system. Roberts et al. (2012) integrated 

ΨǳƴƻōǘǊǳǎƛǾŜƴŜǎǎΩ ƛƴ ǘƘŜ ¢!a ǘƻ ƳŜŀǎǳǊŜ ŘǊƛǾŜǊǎΩ ŘƛǎǘǊŀŎǘƛƻƴ ǿƛǘƘ ŀǳǘƻƳŀǘŜŘ ǿŀǊƴƛƴƎ 

systems. Reagan et al. (2017) and Kidd and Reagan (2019) highlighted that positive 

perceptions contribute to adopting driver assistance technologies through PU and 

PEOU. Park and Kim (2014) investigated the effects of attitude and PU on behavioural 

intention and stated in favour of their effects. Chen and Chen (2011) observed 

ΨǇŜǊŎŜƛǾŜŘ ŜƴƧƻȅƳŜƴǘΩ ŀƴŘ ǳǎŜŘ ΨǇŜǊǎƻƴŀƭ ƛƴƴƻǾŀǘƛǾŜƴŜǎǎΩ ǘƻ ŎƻƴŦƛǊƳ ƛǘǎ ƳƻŘŜǊŀǘƛƻƴ ƻƴ 

behavioural intention. Osswald et al. (2012) recommended an acceptance model based 

on attitude, effort expectancy, performance expectancy, and social influence, among 

others, as a precondition to behavioural intention. Larue et al. (2015) used TPB to model 

acceptance of railway level crossing warning systems and found the effect of attitude 

and subjective norm. Adell (2010) observed the utility of UTAT in a naturalistic study and 

observed significant effects of performance expectancy and social influence. Some of 

the models bear similar components, e.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 social 

influence in UTAUT (Rahman et al., 2018). Age and gender are the most explored 

demographic factors that affect acceptance (Rahman, 2016; Rahman et al., 2018). 

Since the TAM was purposefully developed for IT users (Table 3.1 below), it does not 

account for all factors affecting HAV user acceptance (Aremyr & Jönsson, 2017). Besides, 

both TAM and AAM are not supported by empirical observations despite having a solid 

theoretical background (Rahman et al., 2018). Lately, the theoretical underpinning of 

trust in automation and AVs within HMI emphasizes an interdisciplinary approach to 

study beyond usability and perceived ease of use as explored by TAM. It asks for 

exploring the factors external to HMI towards social, material, cultural, and dispositional 

domains (Raats et al., 2020).  
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Table 3.1 

User Acceptance major Theories and Models in the context of AD 

Theory / Model Significant Factors Definitions Key Studies in the domain 

Technology 
Acceptance Model 

(TAM) 

Perceived Usefulness 
(PU) 

Davis (1989)ά¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀ ǇŜǊǎƻƴ ōŜƭƛŜǾŜǎ ǘƘŀǘ ǳǎƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ 
ǎȅǎǘŜƳ ǿƻǳƭŘ ŜƴƘŀƴŎŜ Ƙƛǎ ƻǊ ƘŜǊ Ƨƻō ǇŜǊŦƻǊƳŀƴŎŜέ όǇΦ фурύΦ 

(Ghazizadeh et al., 2012; 
Ghazizadeh et al., 2012b; 
Larue et al., 2015; Park & Kim, 
2014; Roberts et al., 2012; 
Rödel et al., 2014) 

Attitude Fishbein and Ajzen (1975)ά!ƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇƻǎƛǘƛǾŜ ƻǊ ƴŜƎŀǘƛǾŜ ŦŜŜƭƛƴƎǎ 
(evaluŀǘƛǾŜ ŀŦŦŜŎǘύ ŀōƻǳǘ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ǘŀǊƎŜǘ ōŜƘŀǾƛƻǳǊέ όǇΦ нмсύΦ 

Perceived Ease of 
Use (PEOU) 

Davis (1989)ά¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀ ǇŜǊǎƻƴ ōŜƭƛŜǾŜǎ ǘƘŀǘ ǳǎƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ 
ǎȅǎǘŜƳ ǿƻǳƭŘ ōŜ ŦǊŜŜ ƻŦ ŜŦŦƻǊǘέ όǇΦ фурύΦ 

Unified Theory of 
Acceptance and Use 
of Technology 
(UTAUT) 

Effort Expectancy(EE) Venkatesh et al. (2003) ά¢ƘŜ ŘŜƎǊŜŜ ƻŦ ŜŀǎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ 
sysǘŜƳέ όǇΦ прлύΦ 

(Adell, 2010; Chen et al., 
2020; Larue et al., 2015; 
Madigan et al., 2016; 
Osswald et al., 2012; Rödel et 
al., 2014) 

Performance 
Expectancy (PE) 

Venkatesh et al. (2003)ά¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ōŜƭƛeves that using 
ǘƘŜ ǎȅǎǘŜƳ ǿƛƭƭ ƘŜƭǇ ƘƛƳ ƻǊ ƘŜǊ ǘƻ ŀǘǘŀƛƴ Ǝŀƛƴǎ ƛƴ Ƨƻō ǇŜǊŦƻǊƳŀƴŎŜέ όǇΦ пптύΦ 

Social Influence Venkatesh et al. (2003)ά¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǇŜǊŎŜƛǾŜǎ ǘƘŀǘ 
ƛƳǇƻǊǘŀƴǘ ƻǘƘŜǊǎ ōŜƭƛŜǾŜ ƘŜ ƻǊ ǎƘŜ ǎƘƻǳƭŘ ǳǎŜ ǘƘŜ ƴŜǿ ǎȅǎǘŜƳέ όǇΦ прмύΦ 

Theory of Planned 
Behaviour (TPB) 

Attitude Same as above in TAM (Larue et al., 2015; Rödel et 
al., 2014) Subjective Norm Fishbein and Ajzen (1975)ά¢ƘŜ ǇŜǊǎƻƴΩǎ ǇŜǊŎŜǇǘƛƻƴ ǘƘŀǘ Ƴƻǎǘ ǇŜƻǇƭŜ ǿƘƻ ŀǊŜ 

important to him think he should or should not perform the behaviour in 
ǉǳŜǎǘƛƻƴέ όǇΦ олнύΦ 

Perceived 
Behavioural control 

Ajzen (1991)ά¢ƘŜ ǇŜǊŎŜƛǾŜŘ ŜŀǎŜ ƻǊ ŘƛŦŦƛŎǳƭǘȅ ƻŦ ǇŜǊŦƻǊƳƛƴƎ ǘƘŜ ōŜƘŀǾƛƻǳǊέ ǇΦ 
188). 

Automation 
Acceptance (AAM) 
and Various Other 
Models 

Trust  Lee and See (2004)ά¢ƘŜ ŀǘǘƛǘǳŘŜ ǘƘŀǘ ŀƴ ŀƎŜƴǘ ǿƛƭƭ ƘŜƭǇ ŀŎƘƛŜǾŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩs 
Ǝƻŀƭǎ ƛƴ ŀ ǎƛǘǳŀǘƛƻƴ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ǾǳƭƴŜǊŀōƛƭƛǘȅέ 

(Aremyr & Jönsson, 2017; 
Aremyr et al., 2018; Belanche 
et al., 2012; Ervin, 2005; 
Ghazizadeh et al., 2012; 
Ghazizadeh et al., 2012b; 
Regan et al., 2006) 

 Compatibility Moore and Benbasat (1991)ά¢ƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀƴ ƛƴƴƻǾŀǘion is perceived as 
being consistent with the existing values, needs, and past experiences of 
ǇƻǘŜƴǘƛŀƭ ŀŘƻǇǘŜǊǎέόǇΦ мфрύΦ 
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Theory / Model Significant Factors Definitions Key Studies in the domain 

Personal 
Innovativeness 

Agarwal and Prasad (1998)ά¢ƘŜ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ŀŘƻǇǘ όǘŜchnology) innovations 
ŜŀǊƭƛŜǊ ǘƘŀƴ ƻǘƘŜǊǎΦέ 

Effectiveness Rahman et al. (2018) ά{ȅǎǘŜƳΩǎ ŜȄǘŜƴǘ ǘƻ ŎŀǊǊȅ ƻǳǘ ƛǘǎ ƛƴǘŜƴŘŜŘ ǘŀǎƪǎΦέ 
Affordability Regan et al. (2006)άǿƛƭƭƛƴƎ ǘƻ Ǉŀȅ ǘƻ ǇǳǊŎƘŀǎŜΣ ƛƴǎǘŀƭƭ ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ 

ǎȅǎǘŜƳέόǇΦмпмύ 
Endorsement Rahman et al. (2018). ά¢ƘŜ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ŀǇǇǊƻǾŜ ƻǊ ǎǳƎƎŜǎǘ ǘƘŜ ǇǳǊŎƘŀǎŜ 

ŀƴŘκƻǊ ǳǎŜ ƻŦ ŀ ŘǊƛǾŜǊ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳΦέ 
Note: The Table adopted from Modelling driver acceptance of driver support systems by Rahman, M. M., Strawderman, L., Lesch, M. F., Horrey, W. J., Babski-Reeves, K., & 

Garrison, T. 121. p 134-147 . 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 acceptance (Wintersberger, 2020). Trust needs 

treatment more than just a precondition of acceptance. It is quintessential to user 

behaviour during interaction (Wintersberger, 2020). In recent literature, the prominent 

trust model theories and taxonomies are postulated by Lee & See and Hoff & Bashir. 

However, several scholars studied the trust based framework in automation, including 

Ekman and Wintersberger (Du et al., 2021; Ekman, 2020a; Hoff & Bashir, 2015; Lee & 

See, 2004; Lind Oros, 2020; Okamura & Yamada, 2020; Sato et al., 2020; Sun et al., 2020; 

Wintersberger, 2020; Zhang et al., 2020). 

3.2.3.1 Work on Trust and Appropriate Trust by Lee & See 

Lee & See highlighted that it is essential to differentiate between trust as an attitude 

and reliance as a behaviour because people say they trust AV. Still, their actions may not 

reflect their statement. While describing their conceptual framework of Ψ ! 5ȅƴŀƳƛŎ 

Model of Trust and Reliance on Automation, Ω Lee and See (2004) found that trust and 

automation interaction affect each other in a dynamic close loop in stages (Figure 3.6). 

Figure 3.6 

Trust as an Attitude Influencing Reliance 

 

Note: Framework describing how trust as attitude may influence reliance as a behaviour adopted from 

Trust in automation: Designing for appropriate reliance by Lee, J. D., & See, K. A. 46(1), p. 50-80.2004. 

Copyright Journal of Human factors. 



87 

 

 In stage one, user interfaces are vital to assist the user in forming a belief about 

automation. In stage two, trust grows with positive interaction with interfaces. Then 

user forms an intention to rely on automation juxtaposing other contextual factors such 

as workload, perceived risk, and effort to engage. In the last stage, this reliance intent 

guides the user's behaviour to interact with the system in time constraints and 

configuration errors. The misuse and disuse of automation occur once users over trust 

or distrusts the automaton while inappropriately relying on automation (Parasuraman 

& Riley, 1997). Lee and See (2004) displayed calibration with the help of a diagonal line 

(Figure 3.7). 

Figure 3.7 

The relationship between calibration, resolution, and automation capability  

 

Note: Over trust may lead to misuse, and distrust may lead to disuse adopted from Trust in automation: 

Designing for appropriate reliance by Lee, J. D., & See, K. A. 46(1), p. 50-80.2004. Copyright Journal of 

Human factors. 

They described a relationship between calibration, resolution, and automation 

capability to define appropriate trust in automation, as shown in Figure 3.7. They 

observed that the appropriateness of trust is a function of calibration, resolution, and 

specificity. Lee and See (2004) stated that resolution reƭŀǘŜǎ ǘƻ άhow precisely a 

judgement of trust differentiates levels of automation capabilityέ όǇΦ рсύ, and specificity 

ǊŜƭŀǘŜǎ ǘƻ άto the degree to which trust is associated with a particular component or 

ŀǎǇŜŎǘ ƻŦ ǘƘŜ ǘǊǳǎǘŜŜέ (p.55). Functional specificitȅ ƛǎ άsystem-wide versus component-

specific trustέ ǿƛǘƘ ǇŀǊǘƛŎǳƭŀǊ ŜƳǇƘŀǎƛǎ ƻƴ ŦǳƴŎǘƛƻƴ ŀƴŘ ƳƻŘŜǎ ƻŦ ŀǳǘƻƳŀǘƛƻƴΦ ¢ŜƳǇƻǊŀƭ 

specificity describes how fast changes in performance are articulated in trust. In the 
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trust calibration domain, Hergeth et al. (2017) displayed that prior familiarization with 

take-over requests can assist in dealing with over trust issues. Kraus et al. (2020) showed 

malfunctions decrease trust if users do not provide previous information, but these 

observations were based on a control group of participants. Similarly, very few papers 

discussed temporal or functional safety or referred to over or under trust (Bazilinskyy et 

al., 2018; Faltaous et al., 2018; Kunze et al., 2018). Many studies suggested using 

additional feedback mechanisms to support the calibration process using design 

features equipped with better transparency and uncertainty information 

(Wintersberger, 2020). 

3.2.3.2 Trust Model by Hoff & Bashir 

A significant work towards investigating the relevant aspects of trust is conducted by 

Hoff and Bashir (2015) Trust Model (Figure 3.8). Initially (Marsh & Dibben, 2003) 

presented a conceptual model highlighting three layers: dispositional, situational, and 

learned trust.  

Figure 3.8 

Model of Three Layer of Variability in Trust in Automation 

 

Note: Adapted from Trust in automation: Integrating empirical evidence on factors that influence trust by 

Hoff, K. A., & Bashir, M. 57(3), p. 407-434.2015. Copyright Journal of Human Factors, the University of 

Illinois at Urbana-Champaign Champaign, IL 61820  

The dispositional trust is influenced by the ǳǎŜǊΩǎ ƭƻƴƎ ǘŜǊƳ ǘŜƴŘŜƴŎȅ ǘƻ ǘǊǳǎǘ 

automation irrespective of the environment. Situational trust is related to the context 

of specific interaction and learned trust in which the user evaluates the system based 
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on past experiences. Hoff & Bashir extended these layers. Their Model observed that 

ŘƛǎǇƻǎƛǘƛƻƴŀƭ ǘǊǳǎǘ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ŀƴ ƻǇŜǊŀǘƻǊΩǎ ŎǳƭǘǳǊŜΣ ƎŜƴŘŜǊΣ ŀƎŜΣ ŀƴŘ ǇŜǊǎƻƴŀƭƛǘȅ 

traits. Situational trust displays internal variability (difficulty in task, system type and 

complexity, workload, potential risks and benefits, task framing, and the organizational 

setting) and external variability (mood, or capacity to pay attention, self-confidence, and 

expertise in the subject). Learned trust is based on the brand/ reputation of the system, 

understanding and experience with similar systems, and expectations from the system. 

Dynamically learned trust emerges from direct system interaction (reliability, validity, 

dependability, predictability, usefulness, error types and their timing/difficulty) and 

design features such as level of control, transparency, appearance, communication 

style, and ease of use (Wintersberger, 2020).  

!ƭƭ ŦŀŎǘƻǊǎ ŎǳƳǳƭŀǘŜ ǘƻ ǎƘŀǇŜ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ƛƴƛǘƛŀƭ ǊŜƭƛŀƴŎŜ ōŜƘŀǾƛƻǳǊΦ !ƴŘ ŘȅƴŀƳƛŎŀƭƭȅ 

learned trust finally determines reliance behaviour (Hoff & Bashir, 2015). The initially 

learned trust and the behaviour lead to the performance of the whole system. The 

situational factors such as situation awareness, influence reliance, and cognitive 

workload apply to both Lee & See and Hoff & Bashir Models (Wintersberger, 2020). 

Several studies identified the application of the Hoff & Bashir Model discussing the 

aspects of training for the operator (Payre et al., 2016), self-confidence as a predictor of 

trust (Tenhundfeld et al., 2020), external variably in the context of risk (Li et al., 2019), 

the influence of driving behaviour on trust (Sonoda & Wada, 2016), and the utility of 

feedback in the HMI design process ensuring transparency (Hartwich et al., 2019; Körber 

et al., 2018).  

3.2.3.3 HMI Design Aspect by Ekman 

Ekman (2020a) presented an AV framework for designing appropriate trust. Ekman 

studied the basis for the emergence of trust in three distinct stages: pre-use, learning, 

and performance. The Pre-use stage occurs before interaction with AV. The learning 

happens during interaction with AV in a specific context once the user has learnt about 

the system's performance. And, the performance phase takes place while doing various 

road operations with AV during different changing contexts (Ekman & Johansson, 

2015a). These factors comprised mental model of driver, common goals, training, 

expert/reputable, anthropomorphism, feedback, adaptive automation, customization, 

uncertainty information, why and how information and, error information. Situation 
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awareness accounts for most of the HMI design process functions, including feedback, 

why and how information, error information, and uncertainty information. These 

processes are preconditions to acquire optimum situation awareness in automated 

systems with the help of various user interfaces. Similarly, it can also be summed up that 

anthropomorphism is a holistic term that can also have a subset of the aspects such as 

customization and adaptive automation.  

3.2.3.4 Automation Acceptance Model (AAM) 

Automation Acceptance Model, as shown in Figure 3.9, creates an integrated 

automation acceptance model by combing research from cognitive engineering and 

information systems domains (Ghazizadeh et al., 2012). AAM incorporates two more 

factors, including trust and compatibility to the TAM model directly influencing PU and 

PEOU. AAM displays trust and compatibility determinants directly influenced by external 

variables and shows feedback loops affecting these factors while the system is in use 

Perspective has been applied to the dynamic nature of trust and multiple layers of 

automation. 

Figure 3.9 

Automation Acceptance Model (AAM) 

 

 

 

 

 

 

 

Note: Dashed line indicate AAM workflows and straight line arrows are of original TAM. Adapted from 

Extending the Technology Acceptance Model to assess automation. Cognition, Technology & Work by 

Ghazizadeh, M., Lee, J. D., & Boyle, L. N. 14(1), p.39 -49.2012. Copyright Springer-Verlag London Limited  
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Behavioural intention to use is directly influenced by trust like PU. Trust and 

Compatibility are directly affected by external variables such as system features and user 

characteristics (Davis et al., 1989). Task technology compatibility indirectly affects 

behavioural intention through PU and PEOU. Compatibility refers to how well the 

automated system performs vis-à-vis user needs and requirements in a specific context. 

Additionally, feedback loops are added to depict the actual system usage, affecting the 

loop's various factors.  

It is important to design HMI for HAV, considering the mediating effect of trust on 

reliance and the importance of information availability and information observability to 

make the right decision to rely on automation (Aremyr & Jönsson, 2017). Lee 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 and self-confidence. Trust 

in automation is a significant mediator (though not the only one) of using automation 

(Wintersberger, 2020). Muir (1987) two-dimensional framework in the backdrop of 

sociology leads to the following definition of trust in HMI:  

ά¢Ǌǳǎǘ ƛǎ ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴΣ ƘŜƭŘ ōȅ ŀ ƳŜƳōŜǊ ƻŦ ŀ ǎȅǎǘŜƳΣ ƻŦ ǇŜǊǎƛǎǘŜƴŎŜ 
of the natural and moral social orders, and of technically competent 
performance, and of fiduciary responsibility, from a member of the 
system, and is related to, but not necessarily isomorphic with, 
ƻōƧŜŎǘƛǾŜ ƳŜŀǎǳǊŜǎ ƻŦ ǘƘŜǎŜ ǉǳŀƭƛǘƛŜǎέ όǇΦромύ 

As depicted in Automation Acceptance Model (AAM), uǎŜǊǎΩ ŎƭƻǎŜǊ ǾƛŜǿ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 

rather than its capabilities lead to trust induced behaviour, namely reliance (Aremyr & 

Jönsson, 2017). In this context, Wickens et al. (2013) information processing model at 

the perception stage bears significance. Lee and See (2004) suggested an assimilation 

model that highlights the interplay of analogical, affective and analytic processes in the 

context of human-machine trust. The analytic paradigm relates to pragmatic thinking 

and evaluation oŦ ǘƘŜ ǘǊǳǎǘŜŜΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ ¢ƘŜ analogical is based on societal norms, 

rules, and regulations defined by others, and affective refers to the emotional response 

to the expectancies. 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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processes (Figure 3.10). Lee and See (2004) observed that thŜ ǳǎŜǊΩǎ ǘǊǳǎǘ ƭŜǾŜƭ ƛǎ ōŀǎŜŘ 

ƻƴ άthe relationship between trustor and trustee, the information that is available to the 

trustor, and the way information is displayedέ όǇΦсмύΦ Therefore, it is concluded that to 

garner the holistic trust of users for the acceptability of AVs, users need to have trust in 

the governance regime based on rules and regulations. Users should be fully cognizant 

of AV's purpose, process, and performance to have appropriate situational awareness 

(Endsley, 2016; Parasuraman et al., 2008). Moreover, the user needs to trust how 

information is displayed and human-like mental capabilities attributed to the 

automation system in the backdrop of anthropomorphism (Epley et al., 2007; Waytz et 

al., 2014).  

Figure 3.10 

The interplay between the assimilation process underlying trust 

 

3.2.4 Trust based HMI Frameworks in Earlier Studies 

Numerous studies focussed on trust based frameworks while dealing with automated 

systems. Lee and Moray (1992) observed a passenger riding inside prototype level 2 AV 

that driver anxiety in critical situations may be reduced once he sees the vehicle 

managing different driving situations. They proposed the use of an agent and creating 

an emotional contact between the driver and an agent. Wintersberger (2020) observed 

that choice of diver gender has little effect on emotional and mental states. Häuslschmid 

et al. (2017b) compared various visualization overlaid on a driving scene of a chauffeur 

avatar, a world in miniature, and car indicators. They observed an increase in trust. Basu 

and Singhal (2016) suggested a framework based on user trust and agent trust to 
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harness multi-modal sensor data from the vehicle aƴŘ ǳǎŜǊΩǎ ǿŜŀǊŀōƭŜ handheld device 

using features like gaze, facial expression. Ekman et al. (2018) identified trust based on 

usage phases, automated driving (AD) events, factors and levels, explaining each event 

that trust starts long before the ǳǎŜǊΩǎ ŦƛǊǎǘ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳ ŀƴŘ ŎƻƴǘƛƴǳŜǎ 

after that.  

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

with better human capabilities so that trust is repaired actively after an unintended 

action or violation. He stressed the need to distinguish automated systems such as GPS 

navigation from drones and advocated a new framework based on underlying concepts 

of industrial psychology. The framework propagated to infuse a unique human-like 

ability to build and actively repair the trust into autonomous systems. Chien et al. (2018) 

explored a validated cross-cultural trust measure in the US, Taiwan, and China 

considering Honour, Face, and Dignity factors based on [ŜǳƴƎ ŀƴŘ /ƻƘŜƴΩǎ ǘƘŜƻǊȅ ƻŦ 

/ǳƭǘǳǊŀƭ {ȅƴŘǊƻƳŜǎ ŀƴŘ IƻŦǎǘŜŘŜΩǎ /ǳƭǘǳǊŀƭ 5ƛƳŜƴǎƛƻƴǎΦ They identified that despite 

cultural differences, substantial commonalities were found in developing trust through 

a relationship between reliability and reliance. The trust dynamics vary significantly in 

different disciplines due to various definitions (Erchov, 2017). Therefore, it might be a 

reasonable attempt to examine trust following the neuro-ergonomic approach 

(Gramann et al., 2017). 

Another study identified that a false alarm device activated different brain regions of a 

human compared to machines (Fedota & Parasuraman, 2010). Cho and Hansman (2018) 

defined a framework showing complete architecture involving driver, automation 

systems, and the environment. De Visser, Beatty, et al. (2018) postulated that with the 

increase in complex AI, developing new methods to monitor AI is necessary. They 

hypothesized that electroencephalograms (EEGs) could provide a trust measurement 

index without self-reporting. Trust can be examined in computer algorithms through the 

utility of neural correlates or error monitoring.  

Wintersberger (2020) investigated distrust, over trust, and multitasking theoretical 

considerations and highlighted the significance of multi-modal and attentive user 

interfaces to deal with these issues. Table 3.2 displays the key trust based HMI 

Frameworks found in the Literature. 
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Table 3.2 

Key Trust based HMI Frameworks 

Trust Scenarios Decisions/Result Methods Samples References 
Researcher Identified 
dimensions of trust in driving 
automation and trust 
calibration framework 

Highlighted the significance of multi-modal 
and attentive user interfaces 

Series of studies- total 7 Students and Staff of 
University 

Wintersberger (2020) 

The researcher investigated 
user acceptance and the 
willingness to use AVs 

Media affect self-efficacy and subjective 
norms, resultƛƴƎ ƛƴ ǇŜƻǇƭŜΩǎ ǘǊǳǎǘ ŀƴŘ 
behaviour change 

Structural Equation 
Modelling 

173 college students of IT 
used survey questionnaire  

Du et al. (2021) 

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 manual take over and human 
awareness, cognitive 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 on 
Auto-regressive Moving 
Average was examined. 

The success of collaboration (measured as 
efficiency) improved constantly as the 
operators became familiar with the plant 
operation 

For three days, 2 hours 
per day sessions of 
running an orange 
pasteurizer automated 
plant, the authors 
recorded the trust 
dynamics of several 
operators 

19 (male and female) 
undergraduate students, 
operators, responded to 
60sets of a rating scale on 
a subjective rating scale 
and regression analysis 

Lee and Moray (1992) 

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

Real-time trust cannot be reflected by 
traditional trust questionnaires and is 
affected more by early on robot failure than 
by later losses of reliability 

iRobot ATRV-JR 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 
feedback  measured with 
the Muir survey. 

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

Developed adaptive trust seeking robots that 
can predict human trust in a given situation 
and adapt its actions and social behaviour to 
improve the trust. 

5ŜǾŜƭƻǇŜŘ Ψht¢LaƻΣΩ ŀ 
dynamic Bayesian model 
of trust as a function of a 
vehicle's performance, 
frequency of human 
interventions, the 
previous state of trust 
and self-reported 
trust states 

 Twenty-one roboticists 
from 7 universities were 
involved in two human-
robot interaction scenarios 
to follow sequences of 
different boundary targets. 

Xu and Dudek (2015) 

Proposed a framework for 
integrating Human-Robot 
mutual trust including User 
trust, Agent trust, and the 
two fundamental 
components of Mutual trust. 

How to harness multi-modal sensor data 
from the car ŀǎ ǿŜƭƭ ŀǎ ŦǊƻƳ ǘƘŜ ǳǎŜǊΩǎ 
wearable or handheld device? 
 

  Basu and Singhal (2016)  

Suggested a framework for 
implementing trust-related 
factors into the HMI 
interface. 

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

User study conducted 
using a NHTSA level 2 AV 
system found in a 
Mercedes Benz E-class. 
Repeated Measure 
Design Approach for 
validation 

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

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

A conceptual model of Trust 
in automation was explored. 

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

Literature Analysis  Lee and See (2004)  
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Trust Scenarios Decisions/Result Methods Samples References 
Presented a three-layered 
trust model that synthesizes 
existing knowledge 

Three layers of variability in human-
automation trust 

A systematic review of 
empirical research on 
trust in automation 

101 total papers, 
containing 127 eligible 
studies 

Hoff and Bashir (2015) 

Trust in autonomous driving 
can be increased by 
means of a driver interface in 
the shape of chauffer avatar, 
car indicators, and the world 
in miniature 

Intelligent autopilot visualization of the 
ŎŀǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ 
situation, as well as its corresponding 
actions, increased trust 

Questions measured 
trust factors on 5 point 
Likert scale, user 
experience on 7 point 
Likert scale, and then 
the Friedman test. 

First, a pilot study with 6 
participants to test transfer 
of trust and evaluated the 
design. Then recruited 30 
persons (12 female) 
measure attitudes and 
behaviours 

Häuslschmid et al. 
(2017b)  

Investigate the key factors 
influencing the adoption of 
driverless cars in a closed 
environment 

The ability of the driverless car to meet 
performance expectations and its reliability 
were important adoption determinants. 

Embedded quantitative 
study (Tonsley 
innovation at flinders 
Uni) with a survey (5 
point Likert scale) and 
confirmation in SPSS 

Pretesting with 3 
participants and then 
survey involving 101 
individuals 

Kaur Kaur and 
Rampersad (2018)   

Investigated the cognitive 
and emotional dimensions 
while designing AVs 

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

Electronic 
questionnaire, The 
affective similarity 
evaluated via the 
semantic differential 
method Following the 
three-dimensional 
Euclidian distance 

1000 participants Wolf (2016) 

Using QFD for designing an 
autonomous underwater 
robot 

{ƛƎƴƛŦƛŎŀƴǘ ǳǎŜǊǎΩ ŘŜǎƛƎƴ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ 
identified 

Interviews of 30 Thai 
Navy officers 

30 participants Pasawang et al. (2015)  
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3.2.5 Public Trust in Driverless Technology via Governance / Legal Readiness 
Structure ς A case for the regulatory ecosystem  

The author would try to highlight the significance of public trust in Driverless Technology 

concerning the regulatory ecosystem in the country from an institutional trust and 

structuration theory point of view. There has been very little research in the literature 

regarding the role and relevance of AVs regulation in a smart urban transport system 

(Ljungholm, 2020). NZ Government has a vital role in maximising social welfare goals of 

cybersecurity regulating safety, security, and privacy. These goals are then translated 

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 into the holistic safety domain in the transport regulation paradigm 

(Anderson et al., 2018). Against this backdrop, the capacity development within the 

responsible organizations for successful AD is required. It comprises development 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 public by elaborating rules and enforcing these rules. 

Deployment of the AVs will result in the rise of new human factors issues related to 

safety risks at lower levels of automation, such as behavioural adaptation, over-reliance, 

skill loss, complacency, and inadequate process monitoring. (Fisher et al., 2020). 

Governments and responsible organizations need to learn from other regimes 

potentially shaping the regulatory ecosystem, including Australia, UK, the US, Sweden, 

and Norway (Hansson, 2020). And consider principle-based approaches to regulation. 

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

the relationship between humans and machinesΦ {ȅǎǘŜƳ ǘǊǳǎǘ ƛǎ ǘƘŜ άtrust in the 

functioning of bureaucratic sanctions and safeguards, the so-called legal systemέ (Lewis 

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

pursued from an interpersonal trust (Knowles & Richards, 2021). 

Individuals trust that the system itself has appropriate mechanisms for ensuring 

trustworthiness (Giddens, 1990; Kroeger, 2017)Φ Ψ{ȅǎǘŜƳƴŜǎǎΩ ƛǎ ŀ ǘŜǊƳ ŘȅƴŀƳƛŎŀƭƭȅ 

embedded through dimensions of strucǘǳǊŜ ŎŀƭƭŜŘ Ψ{ǘǊǳŎǘǳǊŀǘƛƻƴΦΩ Lǘ underpins the 

interplay between structure and its reproduction and is often termed 

ΨLƴǎǘƛǘǳǘƛƻƴŀƭƛȊŀǘƛƻƴΩ (Knowles & Richards, 2021). Trusting an institution means trusting 
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in system structures (Kroeger, 2017). Giddens (1990) described the dimensions of 

structure (rules and resources that govern social practices) that form institutions. These 

include significance, legitimation, and domination. Significance refers to symbolic 

actions that portray meaning concerning the institution, such as a white coat that 

symbolizes a doctor (Jones & Karsten, 2008). The Legitimation furnishes norms and 

values known to people and further reinforced with institution sanctions of failure to 

comply. Finally, domination is the allocation of power to the agents of an institution. 

The coherence of these dimensions resonates with trust emphasizing integrity (Mayer 

et al., 1995).  

Norms in the institution lose their legitimacy and validity if individuals breaking the rules 

are not punished, and people working for the institution must be sufficiently 

empowered. Trust in an institution grows through the concept of facework identified by 

Goffman (1955). It signifies a person's self-presentation 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 to thŜ ǳǎŜǊΩǎ ƛƴŀōƛƭƛǘȅ ǘƻ 

understand AV, but it can mainly be a reaction to lack of relevant structural assurances 

of the trustworthiness provided by the institutions. Formulating technical standards and 

documents for AVs testing, certification and deployment can ensure the system's 

trustworthiness. Institutional trust ultimately promotes interpersonal trust, increasing 

the feeling of security (Spadaro et al., 2020). The concerns of safety, 

security/cybersecurity and privacy not only resides in the folds of interpersonal trust but 

also bear fundamental relevance to institutional or system trust (Anderson et al., 2018; 

Ljungholm, 2020; Manda & Backhouse, 2016; Taeihagh & Lim, 2019; Taeihagh et al., 

2021)  

Leveraging lessons from Artificial Intelligence and the deployment of drones provide 

evidence for the establishment of appropriate trust to mitigate the risk of user 

acceptance challenges (Altawy & Youssef, 2016; Cunneen et al., 2019a; Elmaghraby & 

Losavio, 2014; Taeihagh et al., 2021). Trust mediates people micro intentions on 

automation reliance and macro interactions for overall public acceptability towards the 

transportation system as a whole (Fisher et al., 2020) 
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During HMI, the trust based on user acceptance may mediate the relationship between 

AD influencing factors regarding the ǳǎŜǊΩǎ ŎƻƎƴƛǘƛǾŜ ŀōƛƭƛǘƛŜǎ ŀƴŘ ǎƳƻƻǘƘ ƭŜƎŀƭ ǊŜŀŘƛƴŜǎǎ 

mechanism. In other words, interpersonal and institutional trust form a holistic trust and 

governance mechanism for successfully deploying AVs.  Figure 3.11 illustrates the trust 

in the automation ecosystem where the holistic trust based on institutional and 

interpersonal trust influencing AD factors ensures acceptance of AVs. 

Figure 3.11 

Trust in Automation Eco System 

 

The underlying Figure 3.12 describes the holistic trust affecting AD factors based on the 

research study. 

Figure 3.12 

Holistic Trust and Governance Affecting Factors 
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The graphical representation in Figure 3.12 displays the primary internal and external 

determinants based on interpersonal and institutional trust for the successful adoption 

of AVs. The internal determinants include the ǳǎŜǊΩǎ ƳŜƴǘŀƭ ƳƻŘŜƭΣ ǎƛǘǳŀǘƛƻƴ 

awareness/feedback, training, and anthropomorphism. The external determinants are 

based on safety, privacy, and security/cyber security. Situational trust relates to 

institutional trust, and dynamic trust is formed based on interpersonal trust factors.  The 

third set of determinants indirectly relates to initial and dynamic learned trust. These 

determinants relate to familiarity, economic utility, price and technological maturity of 

automation levels that might contribute to proliferation of AVs with several other 

variables. These determinants can be used for predicting the futuristic impact of AVs 

proliferation and deployment timelines.  

Based on the above discourse, this study proposes 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 layers (Figure 3.13 below). 

Figure 3.13 

Study Environmental Context for exploring relationship between Trust and Adoption of AVs 

 

The undermentioned Table 3.3 identifies all AD trust influencing factors for the 

successful adoption of AVs.  
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Table 3.3 

Holistic Trust Affecting Factors 

Factors Explanation References Remarks/Domain 

Mental Model To rightly use the 
system, the user mind 
need to figure out the 
system functions and 
competencies for 
assimilation 

Lee and See (2004); 
Toffetti et al. (2009) 
See rest in above paras 

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

Situation 
Awareness & 
Feedback 

Perception of the 
elements in the 
environment. A system 
agent is continuously 
providing output and 
behaving like senses.  

Dekker and Woods 
(2002); Desai et al. 
(2013); Fisher et al. 
(2020); Lee and See 
(2004); Verberne et al. 
(2015). See rest above 

Interpersonal Trust, 
Internal HMI Design 
Determinant 

Training ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ ǳǎŜǊΩǎ 
knowledge, system 
training is conducted 

Ekman (2020a); 
Parasuraman et al. 
(2008); Toffetti et al. 
(2009). See rest above 

Interpersonal Trust, 
Internal HMI Design 
Determinant 

Anthropomorphism  A system that acts more 
like a human in terms of 
voice, gender and name 

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-
critical functions as per 
user preferences and A 
system that can adapt to 
ǳǎŜǊΩǎ ƭƛƪƛƴƎǎ 

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 
ǎƻŦǘǿŀǊŜ ǎȅǎǘŜƳǎ ΨōǊŀƛƴΩ 
of an AV 

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

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

Utility  The usefulness of a 
product economically 

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

Interpersonal Trust, 
Institutional Trust, 
External System 
Governance Domain 

Safety Features and 
Standards 

The Government need to 
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 self-driving car may be 
vulnerable to traffic 
incidents and 
interruptions, software-
related security flaws, 
viruses and malware 

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

Interpersonal Trust, 
Institutional Trust, 
External System 
Governance Domain 

Price The Cost of an AV Nieuwenhuijsen et al. 
(2018) 

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

The acceptance of AVs for current and potential drivers, especially older people and 

people with disabilities, depends on the design and accessibility of vehicle user 

interfaces (Ferati et al., 2017). The multi-modal approach seems pragmatic in the 

backdrop of the users involved in non-driving tasks such as reading or using 

smartphones and the users with sensory impairment (Hastie et al., 2017; Ji, 2015; Kun 

et al., 2016). Big data in the realm of AI and the burgeoning rise of immersive 

technologies comprising Virtual, Augmented and Mixed Reality (VAMR), and 

Electroencephalography (EEG) environments are creating non-invasive Brain Robot and 

Human-Computer interaction paradigms (Ma et al., 2020; Rehman et al., 2018). Their 

perceived utility in the context of AVs will underpin the exciting use of such technologies 

ŎǊŜŀǘƛƴƎ ŀ άōǊŀƛƴ ǘƻ ǾŜƘƛŎƭŜέ ŎƻƴƴŜŎǘƛǾƛǘȅΣ ƛƳǇǊƻǾŜŘ {!Σ ǇƻǊǘŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǊƛŘŜǊǎ, 

and provision of safe testing grounds in real-time conditions. Harnessing the collective 

prowess of these technologies will be at the forefront of predicting, developing, and 

deploying AVs.  

Numerous well-known companies, including Google, Tesla, GM, Uber, BMW, Daimler, 

Toyota and Baidu, employ advanced technologies in AVs (Sun et al., 2021). AI 

approaches based on Machine Learning (ML), Deep Learning (DL), and Reinforcement 

Learning (RL) are being employed to improve the SA and human-like decision capability 

in AVs. The perceived opportunities and challenges are related to the application of 

these emerging technologies in big data, high definition maps, and high-performance 

computing, augmented reality (AR), virtual reality (VR), and 5G communication (Ma et 

al., 2020). In a recent study survey, various AVs communications (V2V, V2I, and V2X) 

were grouped into three categories based on transmission range (Ahangar et al., 2021). 

The study suggested that short-range technologies in strict latency needs, including 

collision warning and medium range, can be used for V2X communication, whereas C-

V2X and 5G-NR were considered key 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, generate a rationale for decisions, and convey its intent 

to the driver for manual intervention (Ng-Thow-Hing et al., 2013).  It can show a planned 

lane change to the driver to augment its situational awareness. Additionally, AR Head-
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Up Displays are likely to be the future of car navigation and enhanced control 

mechanisms to improve traffic safety (Basso et al., 2018). VR windshields application will 

remove the requirements of road signs, traffic lights, and road paintings and 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 assist in envisaging the brake reaction time of a driver for designing 

collision warning systems for autonomous vehicles (Govindarajan, 2017). MR Lab at the 

University of Southern California has successfully explored human-machine teaming 

(USC, 2017). It concluded that the training, testing, and practice of the operator and AV 

algorithms with a pre-configured VR environment is necessary for the successful 

deployment of AVs. Well-ŘŜǎƛƎƴŜŘ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜǎ ƛƴŎǊŜŀǎŜ ǳǎŜǊǎΩ ǘǊǳǎǘ (Brinkley et al., 

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 study arrived at research conclusions and implications that affect ǳǎŜǊǎΩ ǘǊǳǎǘΣ 

acceptability, deployment, and implementation timelines of AVs. The study was aimed 

to develop a holistic trust and governance framework for optimum acceptability and 

adoption of Autonomous Vehicles (AVs) in NZ. This frame of reference in 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 users, and the 

role of trust affecting the AD in NZ. The literature review was carried out to provide the 

solution to the following research questions.  

RQ1. What is the significance and futuristic role of driverless technologies 

ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ŀƴŘ ƭƻŎŀƭƭȅ ǿƛǘƘƛƴ !±ǎΩ ŎƻƴǘŜȄǘΚ 

RQ2. How COVID -19, like pandemic crisis, can affect autonomous driving (AD) 

technologies? 

RQ3. How can the co-evolution of regulations and technology influence the 

implementation of AVs in NZ and elsewhere? 

RQ4. What are the perceived benefits and critical barriers for the deployment of AVs 

globally and in NZ? 

RQ5. What is the significance of human factors (HFs) for autonomous driving (AD)? 
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RQ6. How do trust and user acceptance contribute to humanizing and adopting 

autonomous driving (AD) technologies? 

RQ7. What are the key AD factors affecting interpersonal and institutional trust during 

human-machine interaction (HMI) for AVs deployment in NZ? 

RQ 8-11. Develop an integrated trust and governance framework and examine its 

feasibility and validation for AVs deployment in NZ. 

3.3.1 Significance of Driverless Technology within AVs Context. 

Driverless technology comprising automation, electrification, and sharing is likely to 

alter the urban landscape and future mobility ǘƻǿŀǊŘǎ άƳƻōƛƭƛǘȅ-as-a-ǎŜǊǾƛŎŜέ όaŀŀ{ύΦ 

ADSs will form the core of the Driverless Technology ecosystem comprising AVs, 

monitoring centres, and road infrastructure. AVs use Artificial Intelligence (AI), Deep 

Learning, and real-time HD mapping to ensure safety during driving. AVs are perceived 

to improve safety and environmental impacts and open new travel options for the 

elderly, disabled and underage persons. 

3.3.2 COVID ς 19 Pandemic Impact on Driverless Technology and Research  

The COVID -19 pandemic and ever-evolving user and environmental demands for 

transportation have witnessed a proliferation in the development and deployment of 

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

of driverless technologies in the future. It has forced manufacturers to propel AV 

technology to the next level and, transit from production to R&D. COVID ς 19 is likely to 

have a lasting impact on future mobility solutions. This disruption has created unlimited 

opportunities in the longer term. Intelligent Transport Systems and COVID-19 safety 

guidelines set sights on taking human presence out of the loop. 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 draw parallels in order to realize a 

prudent outcomes of the study, though COVID-19 is not an essential component of this 

research study. Increase use of autonomous technologies and self-driving projects 

during present crisis forged increased familiarity, dependability and predictability of 

these technologies which ultimately impact acceptance and deployment. 
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3.3.3 Role of User Studies and Co-evolution of regulation and Technology. 

 User experience, real-time user studies, simulations, and testing will be vital in 

integrating the physical world into the digital world for the acceptance 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, reputation, and future electability. Moreover, key determinants 

affecting AD must be explored in real-world 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 technology.  

3.3.4 AVs Perceived Benefits and Barriers Globally 

The perceived benefits of AVs include economic and social benefits, increased safety 

and road capacity, reduced congestion, reduced parking costs, and energy consumption. 

The study found numerous other benefits comprising shared mobility, control of traffic 

flow, efficient road transport, increased tourism, innovative freight delivery, 

entertainment, attractiveness, increase in travel speed, and offer of mobility to people 

who cannot drive. The key barriers include trust, safety, user acceptance, privacy, 

security/cyber security, Legal readiness structure, and proportioning liability regime. 

Some others include technology and infrastructure readiness, updating road traffic 

signs, and associated allied costs towards automation.  

3.3.5 AVs Perceived Benefits and Barriers in NZ Environment 

NZ low population density, inconsistent safety infrastructure, and road markings, limited 

funding from private capital and government institutions are significant barriers to the 

wider development of AVs. NZ mostly relies on 2nd hand cars imported from Japan. There 

is no company involved in the manufacturing of AVs. Only one transport technology 

ŎƻƳǇŀƴȅΣ ΨIaL ǘŜŎƘƴƻƭƻƎƛŜǎΣΩ Ǌŀƴ !± ǎƘǳǘǘƭŜ ǘǊƛŀƭǎ ƛƴ /ƘǊƛǎǘŎƘǳǊŎƘΣ aŜƭōƻǳrne and 

Sydney, but manufacturing took place from imported technology. NZ supports the 

testing of AVs due to no explicit legislative requirement of a driver in the vehicle. 

However, it requires significant improvements at a higher level of automation (level 3 

and above). Policy planners in NZ are struggling to imagine the consequence of driverless 

technology disruption and have ŀŘƻǇǘŜŘ ŀ Ψǿŀƛǘ ŀƴŘ ǎŜŜΩ ǇƻƭƛŎȅΦ The law changes are 

needed for liability clarification (criminal and product liability) in AVs offences. It 
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includes speeding and illegal parking, voluntary self-assessment, road code and specific 

amendments in Land Transport Act. Similarly, AVs users cannot bring a civil action and 

property damages to court. Moreover, cybersecurity risks and terrorism are likely to 

have a dampening effect on motivation towards vehicle automation.  

 NZ people believe in AVs' perceived benefits in reducing accidents, improved 

fuel efficiency, decreased traffic congestion, reduction in emissions, mobility to disabled 

people, and reduced insurance premiums. However, people consider lack of trust as a 

predominant barrier towards acceptance of AVs. Other barriers comprise safety, lack of 

control, cost, fear of relieving ownership, lack of adequate road infrastructure, and 5G 

coverage as key barriers towards AVs deployment.   

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

The HFs knowledge addresses the safety risks and acceptability barriers relating to the 

deployment of AVs. Human presence in the loop results in AD challenges, including over-

reliance, skill loss, handling of lower-level handover situations, complacency, 

inadequate process monitoring, and behavioural adaptation. It leads to injuries and 

deaths. It ultimately affects the trust, acceptance, and HMI design process of AVs. HFs 

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.  

¦ǎŜǊǎΩ Trust is the key enabler to the social acceptance of AVs. It is a multidimensional 

and multifaceted construct that perpetuates at a period of seconds to decades and acts 

as a lynchpin towards other enablers. The literature study observed different but 

theoretically reƭŀǘŜŘ ǇŀǊŀƳŜǘŜǊǎ ŦǊƻƳ ƴǳƳŜǊƻǳǎ ŀǊŜŀǎ ƻŦ ǊŜǎŜŀǊŎƘ ŀŦŦŜŎǘƛƴƎ ǳǎŜǊǎΩ ǘǊǳǎǘ 

in AVs. The study then categorized these parameters in two main domainsΥ ¦ǎŜǊǎΩ ¢Ǌǳǎǘ 

ICǎ ŀƴŘ [ŜƎŀƭ wŜŀŘƛƴŜǎǎ ŘƻƳŀƛƴǎΦ ICǎ ŘƻƳŀƛƴ ƛƴŎƭǳŘŜǎ ǳǎŜǊǎΩ ƳŜƴǘŀƭ ƳƻŘŜƭΣ ǎƛǘǳŀǘƛƻƴ 

awareness, training, and anthropomorphism. The legal readiness domain includes 

safety, security/cyber security, and privacy factors. Moreover, it has been observed that 

these determinants have inter-linkages with both domains and have a significant 

relationship with the ǳǎŜǊǎΩ ǘǊǳǎǘΦ  
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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 towards transportation system. System trust rest on the 

functioning of the bureaucratic legal system that leads to social order addressing its 

complexities that cannot be pursued from the interpersonal trust. Interpersonal trust 

forges an effort to manage the interpersonal relationship between humans and 

machines. This connotation of trust formation in the Driverless technology perspective 

deserves a relook towards the generation of holistic trust mechanism. The concerns of 

safety, security/cybersecurity and privacy reside in the folds of interpersonal trust and 

bear fundamental relevance to institutional or system trust. 

3.3.9 Layers of Influence Holistic Trust and Governance in NZ. 

Trust and Governance affecting AD Factors can be influenced by three layers model 

where Trust is the key towards user acceptance of AV technology. The first and second 

layers include parameters within HFs and the legal readiness domain though having 

interlinkages that demand investigations and validation. The third layer comprising 

familiarity, technology maturity, and economic utility of automation, are significant 

contributory factors in foreseeing the futuristic possibilities of proliferation and 

implementation timelines for AVs. The layers of influence also indicate the strength of 

the relationship between trust, legal readiness, and the adoption of AVs. High trust and 

mature legal readiness structure are likely to contribute towards the proliferation of AVs 

adoption in a given time and space. 

3.3.10 Knowledge gap in Automation Technology Acceptance Models.  

Trust and acceptance models and theories widely used in Literature bear their 

emergence to human-robot interaction or Information Technology paradigms. These 

theories gradually introduced trust, perceived risk based on safety requirements, 

personality traits, social influence, and external environment parameters. Lately, 

Automation Acceptance Model identified trust and compatibility. Both TAM and AAM 

are not supported by empirical observations despite having strong theoretical 

background. Theoretical underpinnings of these models do not address the semi-

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 (HAVs). Particularly when the user confronts a 

lower level of automation where the vehicle requires human input for full control. The 

phenomenon of trust and driver acceptance, especially in ADAS, is profoundly complex 

compared to its application in drones, aviation, and other industries. These theories and 

models need a fresh look in the backdrop of a unique split-second myriad of safety risks.  

No modelling theory describes the acceptance domain for AVs considering interpersonal 

and institutional trust.  

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

The concept of the Operational Design Domain (ODD) and levels of automation in the 

context of Dynamic Driving Tasks (DDT) of AVs are central to the capability of the 

automated driving system. However, 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 alone. It should also be categorized as various transitory stages 

of the control loop where technology assists human operators. Moreover, with the 

increasing levels of autonomy, liabilities become blurred, and there is a need to link 

responsibility more closely to autonomy levels. Hence, there is greater room for 

deliberations in the context oŦ ŘǊƛǾŜǊΩǎ {! όŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎύΣ ƘŀƴŘƻǾŜǊ 

situations, and legal liability against crashes from level 2 to level 4 AVs. Few experts 

believe that to counter this ambiguity, especially at level 3, the responsibility needs to 

change to the handover timeline. This requires a further breakdown of taxonomy levels 

by explicitly looking at the taxonomic categorization concerning the split of liability 

between the vehicle driver and the autonomous system. From the HMI design 

perspective, a possible way forward may include moving towards full automation (FAD) 

and eliminating human operator input at lower levels or making shared controlled 

devices. Similarly, DDT may either be performed by the operator or automation, and the 

operator may do multitasking when automation 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 levels, i.e., driving with and 

without human input.  
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3.3.12  Significance of Multi-modal User Interface.  

Multi-modal user interfaces and immersive technologies of virtual, augmented, and 

mixed reality (VAMR) and Electroencephalography (EEG) environments are likely to 

create non-invasive Brain Robots and Human-Computer interaction paradigms. These 

will assist ƛƴ ƎŀǊƴŜǊƛƴƎ ǳǎŜǊǎΩ ǘǊǳǎǘ ǘƻǿŀǊŘǎ !±ǎΦ 

3.3.13  Likely Best Fit AVs Deployment Business Model for NZ.  

In the NZ environment, transport systems and infrastructure are likely to evolve 

continuously, comprising distinct variations emerging in different regions and for diverse 

needs of users. HAVs and shared ownership are likely to co-exist with conventional and 

private vehicle ownership pursuing a collaborative consumption in a multifaceted 

economic model. Thus it would be a social transition instead of a technological 

transition. Moreover, likely AVs deployment pathways could be creating 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 available in the 2030s to 2040s. However, these will be costly, 

providing less driver stress and independent mobility for less affluent non ς drivers. The 

AVs are predicted to be affordable by the 2050s providing benefits of autonomous 

mobility to a large segment of society, cheap taxi, and micro-transit services. Moreover, 

it is also pointed out that half of the new vehicles and half of the vehicle fleet will be 

autonomous by 2045 and 2060. Still, reduced congestion will only take place with 

dedicated lanes that can allow platooning.  

3.3.15   Further Research Implications for this Study.  

This conclusion 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 environments 

and the role of trust based on interpersonal and institutional trust in real-time live traffic 

conditions. There is a need to examine how and why dynamic calibrated trust develops 

in specific forms in particular conditions for chalking out a holistic trust and governance 
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framework for NZ. While investigating, the focus would be on critical determinants 

comprising situation awareness, feedback, mental model, customization, adaptive 

automation, training, and anthropomorphism. These are depicted as compatibility in 

AAM, PE in UTAT, situational and dynamically learned trust in Hoff and Bashir Model. 

Moreover, the privacy, security / cyber security (depicted as FC in UTAT and linkages 

with Hoff and Bashir Model) specific to NZ settings affecting user trust and acceptability 

need investigation.  

3.3.16   Comparison with Earlier Studies.  

An extensive review of the existing and latest knowledge in the subject and its relevance 

to different aspects of a wider body of knowledge in trust, HMI, and acceptability of 

driverless technology has been carried out. Most of the earlier studies on the subject 

are based on conceptual models developed by Mayor, Hoff, and Lee and other models 

such as TAM, UTAT. These theories fall short of addressing the driverless or semi 

driverless system in the presence of ADAS in the HMI design process. These studies did 

not capture internal as well as external environmental factors. Trust is always 

considered from an interpersonal point of view (taking the lead from human to human), 

and no study in automaton described institutional trust. This study has attempted to 

follow a practical approach of creating a calibrated trust framework for AD systems 

within an HMI design process based on internal determinants and external 

determinants. Though this study bears similarity to PEOU, PU, and FC as depicted in 

these earlier models yet ensue a comprehensive approach adding additional factors.  

3.4 The Chapter Summary 

¦ǎŜǊǎΩ ¢Ǌǳǎǘ ǿƛǘƘƛƴ ǘƘŜ ŦƻƭŘǎ ƻŦ ƛƴǘŜǊǇŜǊǎƻƴŀƭ ǘǊǳǎǘ ŀƴŘ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ǘǊǳǎǘ ƛǎ ŀ ƪŜȅ ŜƴŀōƭŜǊ 

towards social acceptance and adoption of AVs in NZ. It is a multidimensional and 

multifaceted construct that perpetuates at a period of seconds to decades. It acts as a 

lynchpin towards other exogenous and endogenous enablers in two distinct domains, 

namelȅ ΨICǎΩ ŀƴŘ ΨLegal Readiness/DƻǾŜǊƴŀƴŎŜΩ ŎŀǘŜƎƻǊƛȊŜŘ ōȅ ǘƘƛǎ ǎǘǳŘȅΦ ¢ƘŜ ǘǊǳǎǘ ŀƴŘ 

acceptance theories found in literature and functional levels of automation warrant a 

relook towards driverless technology in semi-autonomous vehicles that uses ADAS and 

from a legal readiness context. Policymakers need insights into the co-evolution of 

regulation and technology to arrive at a mature governance regime towards AV 
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deployment and other stakeholders. Due to its unique characteristics, NZ is likely to see 

the rise of AVs and shared ownership in tandem with conventional and private vehicle 

ownership pursuing a collaborative consumption in a multifaceted economic model. 

Thus it would be a social transition instead of a technological one for successful 

deployment of AVs in NZ, as suggested by the proposed layers of influence of this 

Research Study. 

 

  



112 

Chapter 4  - Research Methodology 

4.1 Introduction 

This chapter delineates the research methodologies, tools and techniques applied to 

accomplish the research aim and objectives. This chapter 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 methods used in a Multiphase Design to 

address the research questions. These phases focus on understanding the problem, 

ǳǎŜǊǎΩ ƴŜŜŘǎ ǘƘŀǘ ǿƛƭƭ ƛƴǘŜǊŀŎǘ ŀƴŘ ŦŀŎŜ ǘƘŜ ǇǊƻōƭŜƳΣ ŀƴŘ ǘƘŜ ŜƴŀōƭƛƴƎ ŎƻƴǘŜȄǘ ǿƘŜǊŜ ǘƘŜ 

users and problem resides. Research aim and objectives drive 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 or Interpretivist paradigms. Instead, the 

truth lies somewhere pursuing the Pragmatic paradigm (Creswell & Clark, 2017; Yvonne 

Feilzer, 2010) within the folds of dialectical pluralism (Goertzen, 2010). Based 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 of reality) (Kivunja & 

Kuyini, 2017).  

tƘƛƭƻǎƻǇƘƛŎŀƭ ǿƻǊƭŘǾƛŜǿǎ ŘŜƴƻǘŜ ǘƘŜ άōŀǎƛŎ ǎŜƭŦ ƻŦ ōŜƭƛŜŦǎ ǘƘŀǘ ƎǳƛŘŜ ŀŎǘƛƻƴǎέ (Guba, 

1990; Petersen & Gencel, 2013). It governs how to view the reality surrounding our 

world and directs the processes of the research. This study aims to realize an appropriate 

level of trust 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, 

organization and 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 capabilities (Hevner et al., 2008). To understand the overall context in the 
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ƘǳƳŀƴ ƳŀŎƘƛƴŜ ƛƴǘŜǊŀŎǘƛƻƴ ŘƻƳŀƛƴΣ 9ƴƎŜǎǘǊƻƳΩǎ !ŎǘƛǾƛǘȅ ¢ƘŜƻǊȅ ό!¢ύ (Cao et al., 2013; 

Kaptelinin & Nardi, 2007; Nardi, 1996) best explains the six processes (Figure 4.1 below). 

It underlines the role of a user (subject) who performs activities with an object 

(environment i.e., AV) employing mediating artefact (Trust). The 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 multifaceted construct that 

ǇŜǊǇŜǘǳŀǘŜǎ ŀǘ ŀ ǘƛƳŜ ǇŜǊƛƻŘ ƻŦ ǎŜŎƻƴŘǎ ǘƻ ŘŜŎŀŘŜǎΦ ! ǇŜǊǎƻƴΩǎ ǘǊǳǎǘ ƛƴ ǘǊǳǎǘŜŜ ŦƭǳŎǘǳŀǘŜǎ 

over time with new experiences and knowledge (Ekman, 2020a). User perception is 

significant in finding out the trust towards deployment of AVs (cf. constructivism 

(Creswell & Clark, 2017) and perception may be accessed through interviews, 

questionnaires and mixed methods (Ekman, 2020a; Ekman et al., 2018).  

Figure 4.1 

The Activity Theory Framework 

 

Note: The AT Framework adopted from Questions of the Theory and History of Psychology, chapter 

Consciousness as a Problem in the Psychology of Behaviour (p.40-41) by Vygotsky, L. S.1925. Copyright 

Collected Works. Moscow 

4.2.1 Research Paradigm, Methodology 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 Paradigm supports mixed methods. It seeks to interrogate 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, 2017) which is the main aim of this research study. It is impossible to 

ŀŎŎŜǎǎ ǘƘŜ ΨǘǊǳǘƘΩ ŀōƻǳǘ ǘƘŜ ǿƻǊƭŘ ǎƻƭŜƭȅ ōȅ ŀ ǎƛƴƎƭŜ ǎŎƛŜƴǘƛŦƛŎ ƳŜǘƘƻŘ ǇƻǎǘǳƭŀǘŜŘ ōȅ ǘƘŜ 

positivist paradigm theorists (Mertens, 2012) or determine social reality as propagated 

by the Interpretivist paradigm. 

Moreover, this paradigm allows methodological pluralism in a concurrent embedded 

and convergent design methods allowing the convergence of qualitative and 

quantitative data, thus ensuring validity and reliability (Cresswell & Cresswell, 2018). 

Epistemologically, 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 physical 

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 justified using 

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 

ǎǘǊǳŎǘǳǊŜŘ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ŦƻǊ ƻǾŜǊŀƭƭ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ŀƴŘ ǊŜǎŜŀǊŎƘ ƻǳǘŎƻƳŜǎΦ 

4.2.1.1 Multiphase 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)Φ ¢ƘŜ ƳƛȄŜŘ ƳŜǘƘƻŘǎ aǳƭǘƛǇƘŀǎŜ 5ŜǎƛƎƴ ƛǎ ǳǎŜŘ ǘƻ άǎǳǇǇƭŜƳŜƴǘ 

research strategies to collect data that would not otherwise be obtainable by using the 

Ƴŀƛƴ ƳŜǘƘƻŘέ (Morse, 1991, p. 191) ŀƴŘ ΨΩŦƻǊ ǘƘŜ broad purposes of breadth and depth 

ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ŎƻǊǊƻōƻǊŀǘƛƻƴέ (Johnson et al., 2007, p. 123). In Phase 1, 

Concurrent Embedded Design Correlational Model comprising study ς 1 (AV user study) 

and 2 (SEM) is used. In Phase 2, Convergent Parallel Design Model comprising study ς 3 

ό{5ύ ŀƴŘ п ό9ȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎύ ƛǎ ǇǳǊǎǳŜŘ όFigure 4.2). Multiphase Design aims to 

address the incremental research questions and provide an overarching methodological 

trust and governance framework for 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 multiple phases (Almeida, 2018; Baran & Jones, 2016; 

Creswell & Clark, 2017). 

4.2.1.1.1 Concurrent Embedded Design Correlational Model 

In an embedded design, the quantitative and qualitative studies seek solutions regarding 

two different research questions within a study (Creswell & Clark, 2017; Fonner et al., 

2021) sequentially or concurrently. One form of the data is used in a subservient role 

and embeds into the main experimental or correlational study (Harrison, 2013). A 

correlation model is another variant of embedded design where the researcher obtains 

qualitative data to develop predicting relations in a larger correlation study (Creswell & 

Creswell, 2018; Creswell et al., 2003). The timings of mixing qualitative and quantitative 

components are significant in the backdrop of simultaneity and dependence (Guest, 

2013). According to Schoonenboom and Johnson (2017), the concurrent design may use 

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

In this study, the qualitative data (user study ς 1 in a supporting role) addresses the 

primary question in the predominant quantitative study (SEM/CFA study ς 2). The 

qualitative data is embedded in the study ς 2 to shape and develop the intervention and 

use correlations to identify relationships between trust 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. The quantitative methodology provides a solution 

to research question 9 in objective 3 for identification and evaluation of key trust 

affecting AD factors during human-AV interaction and discussion of the outcomes. A 

single data source was not considered sufficient 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 peopƭŜ ŀǎǇƛǊŀǘƛƻƴǎ ŀƴŘ ƻōǎŜǊǾƛƴƎ ǘƘŜ ǳǎŜǊǎΩ 

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 significant 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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4.2.1.1.2 The Convergent Parallel Design. 

It is also known as the concurrent triangulation design (Castro et al., 2010). This research 

ŘŜǎƛƎƴ ǎŜŜƪǎ ǘƻ άƻōǘŀƛƴ ŘƛŦŦŜǊŜƴǘ ōǳǘ ŎƻƳǇƭŜƳŜƴǘŀǊȅ Řŀǘŀ ƻƴ ǘƘŜ ǎŀƳŜ ǘƻǇƛŎǎέ (Morse, 

1991). It incorporates simultaneously prioritizing qualitative and quantitative phases 

(Harrison, 2013; McBride et al., 2019). The integrated results are triangulated during 

interpretation (Tashakkori & Creswell, 2007). Thus, it harnesses the strengths and 

dilutes the weakness of independent qualitative and quantitative research (Creswell & 

Creswell, 2018). This design method is similar to concurrent embedded design, except 

equal weights are given to both the data sources (Castro 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 timelines and likely proliferation 

road map for AVs in NZ. In this design phase, study ς 3 incorporates quantitative System 

Dynamics (SD) modelling technique, and study ς п ǳǎŜǎ ǎŜƳƛ ǎǘǊǳŎǘǳǊŜŘ ŜȄǇŜǊǘǎΩ 

interviews capturing follow up data from study ς 1 and study ς 2. The data and results 

from study ς 3 and study ς 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 interpretations (Albsoul, 2021). The studies realize the theoretical 

output of integrated trust and governance framework (developed in Study ς 2) in 

practical ways and give policy guidelines for AVs deployment in NZ. It illustrates the 

quantiǘŀǘƛǾŜ ǊŜǎǳƭǘ ǿƛǘƘ ǉǳŀƭƛǘŀǘƛǾŜ ŦƛƴŘƛƴƎǎ ƛƴ ǘƘŜ ƴŜȄǘ млл ȅŜŀǊǎΩ ǘƛƳŜƭƛƴŜ ŎƘŀǊǘ ŦǊƻƳ 

2021 to 2121. This design provides a holistic understanding of AVs deployment 

phenomenon comparing multiple levels within a system. 
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Figure 4.2 

Research Paradigm, Methodology and Methods 

 

4.2.2 Theoretical perspective ς Situating AV Case Study within Design Science 
Research (DSR) approach  

Design Science Research (DSR) is a well-known research approach within the 

Information Systems (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 real-world problems (Costa et al., 2016; Rocha et al., 2012). The 

artefact may include conceptual constructs (Peffers et al., 2012) and system design and 

guidelines (Offermann et al., 2010). DSR is also employed for social innovations and new 

technical and architecture design theories and practices (Costa et al., 2016). The DSR 

comprises the construction of a viable artefact (Hevner et al., 2004), the rigorous 

evaluation of the artefact (Peffers et al., 2012), and the knowledge contribution (Gregor 

& Hevner, 2013). 

In multidisciplinary research, case study research (CSR) can be applied in DSR at ex ante 

evaluation (user study interviews and questionnaires) ŀƴŘ ŜȄ Ǉƻǎǘ ŜǾŀƭǳŀǘƛƻƴ όŜȄǇŜǊǘǎΩ 

interviews from various industrial sectors) for naturalistic evaluation/interpretation of 
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the artefact design (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. The difference happens 

in the selection of new participants for interviews, with the modification made according 

ǘƻ ǘƘŜ ŦŜŜŘōŀŎƪ ƻōǘŀƛƴŜŘΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ ǊŜƛƴŦƻǊŎŜǎ ǘƘŜ ŀǊǘŜŦŀŎǘΩǎ ǾŀƭƛŘŀǘƛƻƴ ǇǊƻŎŜǎǎ ŀƴŘ 

generalization of findings (Costa et al., 2016). The knowledge obtained from the existing 

theories, artefacts and needs from actual case studies transform research objectives to 

design and development (Yildiz & Møller, 2021). ! ŎŀǎŜ ǎǘǳŘȅ ƛǎ ŀƴ άempirical research 

method used to investigate a contemporary phenomenon, focusing on the dynamics of 

the case, within its real life contextέ (Yin, 2018). Case studies are generally performed 

ǿƘŜǊŜ όмύ άƘƻǿέ ƻǊ άǿƘȅέ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ǳǎŜŘΣ όнύ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ Ƙŀǎ ƴƻ ŎƻƴǘǊƻƭ ƻǊ ƭƛǘǘƭŜ 

control over events, or (3) the contemporary phenomena with a real-life context is being 

explored. CSR is used for inductive, deductive and abductive research (Costa et al., 

2016). 

The fundamental DSR requirements accepted by all schools of thought is to validate the 

artefact development using existing theories and guidelines (Österle et al., 2011). In a 

socio-technical context, the artefact is influenced by the environment in which it 

operates. This research is in the realm of socio-technological 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 HMI (Ostheimer et al., 

2021). DSR in IS employs designs, analysis, reflection and abstraction in pre-

development, development and post development stages for addressing the knowledge 

gaps (Vaishnavi & Kuechler, 2015). In the first stage of the process, the research proposal 

is an output of the problem awareness. While the last two steps involve justification 

using SEM aƴŘ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ǳǘƛƭƛǘȅ ǳǎƛƴƎ {5 ŀƴŘ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ŦƻǊ ǾŀƭƛŘŀǘƛƻƴ ŀƴŘ 

evaluation (Benfell, 2021). In DSR, all research strategies should be included, as anyone 

can be valuable depending upon characteristics and goals, including surveys, action 

research, grounded theory, experiments, case studies and ethnography (Johannesson & 

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 scientific knowledge. (Cash & Piirainen, 2015; Drechsler & Hevner, 2016; 

Hevner, 2007; Hevner et al., 2008). 

Figure 4.3 

Research Framework 

 

The DSR facilitates the research 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 Cycle, design problems, constraints and requirements are 

identified and fed by the relevance cycle linking the environment with the design (Figure 

4.4 below). In the next design cycle, the artefact 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 back to the knowledge base (Piirainen, 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 

ŎŀǊǊƛŜŘ ƻǳǘ ǘƘǊƻǳƎƘ ǎȅǎǘŜƳ ŘȅƴŀƳƛŎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŜȄǇŜǊǘΩǎ ƛƴǘŜǊǾƛŜǿǎΦ 

Figure 4.4 

A Four Cycle View of Design Science Research (DSR) 

 

Note: Adapted from. A four-cycle model of IS design science research: capturing the dynamic nature of IS 

artefact design by Drechsler, A., & Hevner, A. 2016. Copyright Breakthroughs and Emerging Insights from 

Ongoing Design Science Projects: the 11th 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 approval was sought from Auckland University of Technology (AUT) Ethics 

Committee (AUTEC). This involved preparing participant information sheets and consent 

ŦƻǊƳǎΣ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿ ƎǳƛŘŜΣ ŘŜǘŀƛƭǎ ƻŦ ΨȊƻƻƳΩ ǎŜǎǎƛƻƴ ƳŜǘƘƻŘƻƭƻƎȅΣ ǳǎŜǊ ǎǘǳŘȅ ŀƴŘ 

a survey questionnaire, 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. The 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 unless the participants consent permission (AUTEC, 2020a, 

2020b; Petrova et al., 2016). The complete data was anonymised so that it is impossible 

to reveal the identity of individual responses. No information of the project study was 

employed for purposes other than the study's objectives (AUTEC, 2020c; Mittelstadt & 

Floridi, 2016). The accrued information was analysed and reported in which 

confidentiality of the information is fully guaranteed (Williams & Pigeot, 2017). The 

project information was shredded, and a small size of data was secured in password 

protected folder at the end of the research (AUTEC, 2020a). The access was restricted 

to only the research and supervisory team directly involved in research and data 

analysis. These research practices were pursued during the entire research 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 employs 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 ς 1 comprised a user study with BMW AV level 2, with most of the 

features of level 3 in an exploratory setting. Stage ς 2 involved a quantitative survey and 

SEM, Stage ς 3 SD Modelling and Stage ς п ƛǎ ōŀǎŜŘ ƻƴ ǎŜƳƛ ǎǘǊǳŎǘǳǊŜŘ ŜȄǇŜǊǘǎΩ 

interviews. Qualitative analysis reinforced 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 Aim: To develop a holistic trust and governance framework for optimum 

acceptability and adoption of Autonomous Vehicles (AVs) in NZ. 

Research objective ς 1: To examine the critical perspectives of driverless technologies 

in the backdrop of the deployment of AVs 

Research objective ς 2: To analyse the role of key AD factors affecting trust based on 

significant HMI and governance determinants for the implementation of AVs in NZ. 

Research objective ς 3: To develop and assess an integrated trust and governance 

framework for the successful adoption of AVs in NZ. 
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Figure 4.5 

Research Study Methodology in Detail 

 

4.5 Study ς 1: Literature Review and Complementary User Study 

In Stage ς 1, the literature review explores the meaning, composition and correlation of 

constructs by considering the facts and evidence within the area of study in a specific 

context (Adlbrecht et al., 2021). Creswell and Poth (2016, p. 15) observed that 

qualitative research is an inquiry embedded in distinct methodological traditions to 

explore a social or human problem and is based upon the observations and 

ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ ǇŜƻǇƭŜΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǾŀǊƛƻǳǎ ŜǾŜƴǘǎ ƛƴ ŀ ƴŀǘǳǊŀƭ ǎŜǘǘƛƴƎ (Guba & 

Lincoln, 1994). The literature review assisted in gaining an understanding of how various 

theoretical constructs relevant to the study relate to each other (Wolfswinkel et al., 

2013). Hence, the study synthesized the literature, identified the gaps in the knowledge 

and provided a theoretical foundation for the 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 bearing on ideƴǘƛŦȅƛƴƎ ǘƘŜ ǳǎŜǊǎΩ ƭŜǾŜƭ ƻŦ ǘǊǳǎǘ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴǎ ƛƴ ǊŜŀƭƛǎǘƛŎ 

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 of 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 

ōŀŎƪŘǊƻǇΣ ǘƘŜ ǳǎŜǊǎΩ ŎƻƳƳŜƴǘǎ and perceptions form the unit of analysis. The user study 

furnished context specific input on what, how and when ǘǊǳǎǘ ŦŀŎǘƻǊǎ ŀŦŦŜŎǘ ǳǎŜǊΩǎ ǘǊǳǎǘ 

besides confirming the relevance of events in user ς AV interaction scenarios taking 

inspiration from few earlier studies (Aremyr & Jönsson, 2017; Aremyr et al., 2018; 

Ekman, 2020b; Ekman & Johansson, 2015a; Ekman et al., 2018). The goals of the 

literature study pertaining to user study were to further explore and identify significant 

theoretical constructs relevant to AVs in HMI and Governance Domain affecting user 

trust (Kaur & Rampersad, 2018; Parasuraman et al., 2008). The aim of the user test was 

twofold, first to find out the answer to (1) What are the key AD factors affecting 

interpersonal and institutional trust during human-machine interaction (HMI) for AVs 

deployment in NZ?, (2) What HMI AD events are affected by key trust affecting factors 

during human ς AV interaction? 

4.5.1 Study 1 ς User Study Methodology 

User studies delineates people, behaviour and contexts. These adopt qualitative and 

quantitative approaches to articulate the holistic view and the robust data required to 

triangulate and validate data collected (Banwell & Coulson, 2004). User studies are 

effective ways of evaluating everything from visualization methods (Sanyal et al., 2009) 

to complex environments, including aeroplane cockpits (Sarter, 2006; Sarter & Woods, 

1994), surgical simulators and AVs (Ekman, 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 

usŜǊǎΩ ǉǳŜǎǘƛƻƴǎΣ ƛƴǘŜǊǾƛŜǿǎΣ ōǊŀƛƴ ǎǘƻǊƳƛƴƎ ƛŘŜŀǘƛƻƴ ǿƻǊƪǎƘƻǇǎ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ŀŦŦƛƴƛǘȅ 

diagrams (Figure 4.6 and Figure 4.7) during various test sprints. The qualitative data is 

embedded in study ς 2 to identify the relationship between trust affecting variables at 

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

Figure 4.6 

User Study Method Design including Three Phases 

 

 

 

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 study was 

used as a supporting study to embed data in the primary study ς 2 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 

assistant, 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.  

Figure 4.7 

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, 2015a). Besides, fewer participants can improve their 

performance while undergoing a scenario number of 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 one sample can expose 80% usability 

challenges in 3 - 4 user tests (Rubin & Chisnell, 2008; Stadler et al., 2020).  

The user study consisted of a sample of 6 participants: five males and one female, 23-45 

ȅŜŀǊǎ ƻƭŘΣ ƘƻƭŘƛƴƎ ŀ Ŧǳƭƭ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴǎŜ ŀƴŘ ƛƴ ƎƻƻŘ ǇƘȅǎƛŎŀƭ ƘŜŀƭǘƘΣ ǊŀƴŘƻƳƭȅ ǎŜƭŜŎǘŜŘ 

after putting an advertisement on social medial. Auckland 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 autonomous functions, 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 vehicles formalities 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 almost all 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 vehicleΩǎ ǎǇŜŜŘΦ ¢ƘŜ .a² ǎȅǎǘŜƳ ǊŜƭƛŀōƭȅ ŘŜǘŜŎǘǎ ƘŀƴŘǎ ƻƴ ǘƘŜ 

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 workshop session to the participants. All sessions with the 

expert were video recorded. After the introductory sessions, the participants were taken 

to an initial warm-up driving sprint to get accustomed to the user interface and the 

ǾŜƘƛŎƭŜΩǎ ŘǊƛǾƛƴƎ ǎǘȅƭŜΦ 5uring actual driving sprints, the participants were subjected to 

questions 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 to various trust affecting factors. After inquiring about the 

ŘŜƳƻƎǊŀǇƘƛŎǎΣ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǉǳŜǎǘƛƻƴǎ ǿŜǊŜ ƻǊƎŀƴƛȊŜŘ ŀǊƻǳƴŘ ¢ǊǳǎǘΣ 

Anthropomorphism, Safety, Security, Privacy, Legal readiness, Customization, and 

Adaptive Automation before, during and after driving 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 cars opposite lanes. See the detailed user study 

questionnaire 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 storyboards. 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; Parkhurst et al., 2019). A scenario is 

created to explain current user interactions and future perceived interactions to 

generate and evaluate ideas and communicate solutions (Aremyr & Jönsson, 2017). A 

storyboard was used as an aid to communicating ideas through graphical representation 

of a sequence to present interactions (Owensby 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 opinions (Aremyr & Jönsson, 2017; Holtzblatt et al., 

2005)Φ ¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǘƻ ǊŜŦƭŜŎǘ ƻƴ ǘƘŜ ŦƛǊǎǘ-hand experience 

regarding the context, naturalistic as well as participatory observations were noted 

(Aremyr & Jönsson, 2017). To facilitate users semi structured interviews and observation 

noting process, an online questionnaire using google forms comprising closed ended, 

open ended questions was also prepared (Hanington & Martin, 2019). Data analysis was 

carried out through Ideation workshop sessions comprising affinity diagrams, brain 

storming and brain writing (6-3-5) 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 sorting, segregating and combining similar ideas of the users (Tague, 

2005). The design sprints of user driving tests were articulated in consecutive six steps 

of iterations, including understand, define, diverge, decide, prototype, and validate 

(Direkova, (2015) as cited in Nashrulloh et al., 2019).  



127 

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 Framework. After resorting to brain writing 6 ς 

3 ς 5 (6 participants, 3 ideas and 5 minutes) and brain storming sessions. In brain writing 

6 ς 3 ς 5 sessions, participants created three ideas each during five minutes before these 

were passed to the next participant for further development in several repeated times 

based on brain storming rules (Wilson, 2013)Φ Lƴ ōǊŀƛƴ ǎǘƻǊƳƛƴƎ ǎŜǎǎƛƻƴǎΣ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

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 within ς subject 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, 2021). The 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 sprint (Figure 4.8). 

Figure 4.8 

Conditions imposed during Driving Sprints- Low, Medium and High Density Roads 

 

Lƴ ŜŀŎƘ ŘǊƛǾƛƴƎ ǎǇǊƛƴǘΣ ΨǿƛǘƘƛƴ-ǎǳōƧŜŎǘǎΩ ŘŜǎƛƎƴ ǿŀǎ ǳǎŜŘ όFigure 4.9). There are two 

ŀŘǾŀƴǘŀƎŜǎ ƻŦ ΨǿƛǘƘƛƴ-ǎǳōƧŜŎǘǎΩ ŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ΨōŜǘǿŜŜƴ-ǎǳōƧŜŎǘǎΩ ƳŜǘƘƻŘΦ ²ƛǘƘƛƴ-

subject design permits more observations and decreases the error variance related to 
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the individual differences (Aremyr & Jönsson, 2017; Charness et al., 2012; Faas et al., 

2021). 

Figure 4.9 

Within ς Subjects Design Method 

 

 

 

 

A heuristic scenario was defined by the researcher ideating around two 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 as a result 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, were defined 

in workshop sessions. The researcher assisted the participants during their drives and 

various workshop sessions (Aremyr & Jönsson, 2017; Aremyr et al., 2018; Ekman, 2020b; 

Ekman & Johansson, 2015b; Ekman et al., 2018). 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 participants 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 system. Next, 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, training, 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 Study ς 2: Structural Equation Modelling (SEM) 

!ƴ ŜȄǇƭƻǊŀǘƻǊȅ ǎǳǊǾŜȅ άIǳƳŀƴƛȊƛƴƎ 5ǊƛǾŜǊƭŜǎǎ ¢ŜŎƘƴƻƭƻƎȅέ ǿŀǎ ŘŜǎƛƎƴŜŘ ƻƴ р Ǉƻƛƴǘ 

Likert scale (Kinnear 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 and validated 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 ς 2.  

This study assisted in knowing the aspirations of the NZ general public 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 analysis of conceptual 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 (through observed variables), 

examine dependencies and test hypotheses (Hair et al., 2010). The SEM has already 

been applied in acceptance of the driverless technologies domain in number of earlier 

studies (Kaur & Rampersad, 2018; Nastjuk et al., 2020; Nordhoff et al., 2021; Yuen, 

Huyen, et al., 2020; Zhang et al., 2020). Ali et al. (2018) highlighted 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 

associated advantages.  

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 statistics, SPSS 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 lodgings were identified and discussed 

in the measurement model. Furthermore, the bootstrapping procedure was run to 

check the structural model. The constructs and measures that are proposed and 

employed in this study form a significant contribution to the literature. 
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4.6.2 Survey Design and Data Collection Methodology 

Study ς 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 Study ς 1 

and quantitative Study ς 2 were collected concurrently. A survey design includes data 

collection and analysis (Cooper & Schindler, 2013), which logically links data to the initial 

research questions (Yin, 2018) and explores trust factors observed in literature review 

and complementary user study. Quantification enhanced theory development adds 

transparency, reliability of measurement and application in various industries (Blaxter 

et al., 2010; Veal, 2005). Figure 4.10 illustrates the research design of Study ς 2 within 

the overall research design of this study. 

Figure 4.10 

Research Design for Study ς 2 

 

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, 2015). According to Fowler 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 have baƭŀƴŎŜŘ ǾƛŜǿǎΣ ŀ ǊŀƴŘƻƳ ǎŀƳǇƭƛƴƎ ǿŀǎ ŘƻƴŜ ŀǎ άŜŀŎƘ 

ƛƴŘƛǾƛŘǳŀƭ ƛƴ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ŀƴ Ŝǉǳŀƭ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ōŜƛƴƎ ǎŜƭŜŎǘŜŘέ (Creswell & 

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 using a 5-point Likert 

scale (Allen & Seaman, 2007; Brown, 2011) from strongly agree to strongly disagree, 

strongly concerned to strongly unconcerned, very likely to very unlikely on an adopted 

scale. Likert scales are a simple, straightforward method to collect responses (Kinnear 

et al., 1993). Multiple choice questions were used for demographic information. The 

Likert scale contained various symmetric agree-disagree items representing the strength 

of the responses and indicating stating users level of agreement (Likert, 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 of the 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 technologies. 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 factors fully. Moreover, 

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 technologies. 

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 environment in the 

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 AD in NZ. These 

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 six first 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 privacy. These constructs 

were analysed through 46 indicator items (manifested variables) (Table 4.1) and seven 

hypotheses. Considering the interrelationships of the trust affecting constructs among 

each other towards adoptions of AVs in NZ, two conceptual integrated models were 

developed. In the first integrated model, six hypotheses were tested without keeping 

ŎƻƴǎǘǊǳŎǘ ΨǘǊǳǎǘΩ ŀǎ ŀ ƳŜŘƛŀǘƻǊ ōŜǘǿŜŜƴ ƭŜƎŀƭ ǊŜŀŘƛƴŜǎǎ ŀƴŘ ŀŘƻǇǘƛƻƴ (Figure 4.11). In 

the sŜŎƻƴŘ ƛƴǘŜƎǊŀǘŜŘ ƳƻŘŜƭΣ ƘȅǇƻǘƘŜǎƛǎ нŀ ǿŀǎ ǘŜǎǘŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ŀƴŘ ǾŜǊƛŦȅ ǘƘŜ ΨǘǊǳǎǘΩ 

role as a mediator between legal readiness and adoption (Figure 4.12) and to confirm 

interpersonal and institutional trust linkages towards 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. 

Figure 4.11 

Model A (without mediator) 
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Figure 4.12 

Model B (With Mediator) 

 

 

 

 

 

 

 

4.6.4 Operationalization of Constructs and Theoretical Framework 

Key constructs were identified based on extensive literature review, determinants 

affecting AD in NZ and an AV user study (identified in Table 3.3 and Table 2.3). Hence 

finalized latent constructs (unobserved) explored in the study ς 2 and their manifested 

(observed) variables are as below (Table 4.1).  
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Table 4.1 

Constructs and Manifested Variables Study ς 2  

Latent/ 
Constructs 
First Order 

Construct 
Second 
Order 

Manifested Variables Abbreviations 
used in Model 

Governance 
Structure/ Legal 
Readiness (LR) 

Privacy (PRI) 
(Glancy, 2012; 
Schoettle & 
Sivak, 2014a) 

(1) Data Privacy (Personal and location information) of the Users PRI_1 
(2) Personal Autonomy (Making your choices instead of AV) PRI_2 
(3)  Personal information Privacy PRI_3 
(4) Targeted Surveillance PRI_4 

Safety (SAF) 
(Kaur & 
Rampersad, 
2018; Venkatesh 
et al., 2003) 

(1) Enough Safety safeguards (Equipment and personal) to make user feel comfortable while driving AV SAF_1 
(2) Reliability of underlying technologies and user interfaces in AVs SAF_2 
(3) Assurance from Government to protect user from problems associated with AVs SAF_3 

Security (SEC) 
(Schoettle & 
Sivak, 2014a) 

(1) Probability of Software failure during operation of AVs SEC_1 
(2) Probability of hardware failure SEC_2 
(3)Vehicle and System Security (hacking/terrorist activity) SEC_3 
(4) Network security with transport infrastructure and other AVs SEC_4 

Trust (TRS) (Helldin et al., 
2013; Kaur & 
Rampersad, 
2018) 

(1) I feel safe if I own a self-driving car? TRS_1 
(2) I will trust the self-driving car in heavy and light traffic conditions? TRS_2 
(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) I trust self-driving cars. TRS_7 

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

(1) I think continuous training on the AV systems can make me more proficient in handling unexpected 
situations 

TR_1 

(2) I think regular testing of my driving skills would assist me in taking control back from the AV. TR_2 

(Filip et al., 2016) (1) The car's capability of "sensing" its surroundings would influence my trust in it (accuracy of the sensors) SA_1 
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Latent/ 
Constructs 
First Order 

Construct 
Second 
Order 

Manifested Variables Abbreviations 
used in Model 

Situational 
Awareness (SA) 

(2) The ability to take back control from the vehicle in less than 20 seconds would influence my trust in it. SA_2 
(3) Effectiveness of the car's learning curve (making judgments on the information received) would 
influence my trust in it. 

SA_3 

(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.) would 
influence my trust in it. 

SA_5 

(6) Feedback (audio, visual, haptic or combined) would influence my trust in it. SA_6 

Anthropomorphism 
(Human like 
features) (AnT) 

Aremyr and 
Jönsson (2017), 
Bartneck et al. 
(2009) 
Helldin et al. 
(2013) 

(1)I would like to drive the AV if it carries human like voice to interact AnT_1 
(2)I would put faith in AV if during transfer of control I get visual, auditory and haptic cues like vibration 
alerts 

AnT_2 

(3)I think the autonomous vehicles are reliable AnT_3 
(4)I like a self-driving car having user interface with eye tracking, emotion detection, gesture and 
biometrics 

AnT_4 

Adoption (AD) (Kaur & 
Rampersad, 
2018) 

(1) Taxis that are fully self-driving AD_1 
(2) Social Activities (dinner, events etc.) AD_2 
(3) Daily commute (work, University) AD_3 
(4) Closed areas (University, Airports) AD_4 
(5) High Pedestrian 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 pedal, no 
accelerator 

AD_14 
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Latent/ 
Constructs 
First Order 

Construct 
Second 
Order 

Manifested Variables Abbreviations 
used in Model 

(15) Drop off or pickups by children AD-15 
(16) self-driving vehicle moving on themselves from one location to another AD-16 
(17) Public transport or shuttle with no driver chaperone AD_17 



137 

 

4.6.5 Pre-test and Hybrid Structural Equation Model Development 

For initial testing of the survey instrument, a pre-test was done to ensure reflective 

ƳŜŀǎǳǊŜƳŜƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ŎƻƴǎǘǊǳŎǘǎΣ ŎƻƴǘŜƴǘ ǾŀƭƛŘƛǘȅ ŀƴŘ ǘƘŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜΩǎ 

semantics (Chen & Yan, 2019). Experts in the field of investigation having theoretical / 

practical experience are often asked to provide a review or critique of likely 

measurement error and an answering breakdown structure in a questionnaire (Ikart, 

2019). The expert reviewers range from 2, 3 to over 20 (DeMaio & Landreth, 2004; 

Olson, 2010). In this study, 7 experts were initially 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 and detailed 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 

questionnaire as a second order construct. 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 Structure on the successful adoption of AVs and the 

ƳŜŘƛŀǘƛƴƎ ǊƻƭŜ ƻŦ ǘƘŜ ΨǘǊǳǎǘΩΦ !ŦǘŜǊ ŦƻǊƳǳƭŀǘƛƴƎ ǘƘŜ ŎƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪΣ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ 

equation model (SEM) for this research is developed using IBM SPSS and Amos version 

нс ǎƻŦǘǿŀǊŜΦ L.aϯ {t{{ϯ !Ƴƻǎϰ ƛǎ ŀƴ easy-to-use SEM software that tests 

interrelationships among observed and latent (unobserved) variables and tests 

hypotheses quickly in a confirmatory approach (IBM, 2021). A hybrid structural equation 

model integrated the measurement part 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 interactions 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 Study ς 2 Data Analysis 

Before performing an analysis, data screening was executed to check missing values. 

Microsoft MS-Excel was used, applying the COUNTBLANK formula. Preliminary 

ŘŜǎŎǊƛǇǘƛǾŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ǳƴŘŜǊǘŀƪŜƴ ǳǎƛƴƎ {t{{ ±нс ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ 

profile, concerns and willingness to adopt AVs by finding out mean and standard 

deviation to analyse and rank the data (Kaur & Rampersad, 2018). The data were 

checked for normality and evaluated for reliability and validity. The normality was 

checked against skewness and kurtosis for bias (Andersen & Kumar, 2006; Anderson et 

al., 2018; Hair et al., 2006). Skewness indicates the symmetry while kurtosis pertains to 

peakedness of distributions, with maximum acceptable levels of 2 and 7 (Stephen G 

West et al., 1995).  

Then the data is statistically analysed 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 AVs (Bentler & Bonett, 1980; Costello 

& Osborne, 2005). The analysis commenced with exploratory factor analysis to 

ŎƻƳǇǊŜƘŜƴŘ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ ŦƛƴŘ ƻǳǘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ŎƻǊǊŜƭŀǘƛƻƴ 

and validity for the NZ region. Next CFA, was performed to confirm the factor structure 

and specify how each construct is measured. This process assists the research to 

test the hypothesis that 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 done. Reliability refers to the level of consistency and 

exactness of the measurement, whereas validity indicates the level of accuracy 

(Nunnally, 1970). The constructs needed to exceed the minimum value of 0.7 (Kline, 

2016). Similarly, reliability is also calculated using 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 for all factors (Steenkamp, 1991).  

The applicability of the proposed model is examined by observing data employing 

various popular indicators and recommended threshold standards (Awang, 2012; 

Bentler & Bonett, 1980; Hu & Bentler, 1999; Moss, 2009). The EFA analysis is based on 

principal axis factoring and rotation method on Promax with Kaiser Normalization. The 

specific acceptable threshold value for the goodness-of-fit measures, including chi-
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square value X2, Root Mean Square Error of Approximation RMSEA, Standardized Root 

Mean Square Residual SRMSR, Normed fit index NFI, Tucker-Lewis coefficient Index TLI 

and Comparative-fit-index CFI and others were met. Construct Reliability, Indicator 

Reliability, Discriminant validity and Convergent Validity for 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 Study ς 3: System Dynamics Modelling 

Study ς 3 incorporates System Dynamics (SD) modelling technique capturing hard and 

soft variables data from Study ς 1 and Study ς 2. Study ς 3 is pursued concurrently with 

Study ς 4 in a convergent parallel design in Phase 2 of the Multiphase Design. The study 

is carried out to visualize the theoretical output of the holistic trust and governance 

framework (formulated and validated in Study ς 2) 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 and behaviour 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 simulation model 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 using VeƴǎƛƳ ǎƻŦǘǿŀǊŜ ǘƻ ƛƴŎƭǳŘŜ ΨǎƻŦǘΩ 

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 variables such as 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, average purchase price and utility (based on trust, legal 

readiness, comfort and familiarity).   
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Figure 4.13 

Research Methodology for Multiphase Design Phase 2 

 

4.7.1 Justification of SD Study 

This study explores 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, dynamic 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 technological 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 appropriate. These simulation approaches are generally based 

on Agent Based Simulation (ABM) (microscopic) and System Dynamics modelling SD 

(macroscopic) (Nieuwenhuijsen et al., 2018). ABM is suitable once there is less data 

available regarding macroscopic behaviour and more data regarding individual 

behaviour of agents (Borshchev & Filippov, 2004). This study accrued more knowledge 

about the aggregate phenomenon of overall structure and assumptions and less on 

detailed behaviour of individual 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 analysing 

complex systems, as identified by Jay Forrester at MIT in 1957 (Kunc, 2018; Lane, 2000, 

2006, 2010). It discovers and represents the feedback processes, stock and flow 

structures, nonlinearities and time delays to 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: 

Ψ{5 Ƙŀǎ ǘƘǊŜŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦ CƛǊǎǘ ƛǎ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ 
feedback loops of causal links comprising delays and non-linearities as 
well as processes of accumulation and draining. The second is rigorous 
computer and the third is to engage with mental models of the 
ŘŜŎƛǎƛƻƴ ƳŀƪŜǊǎ ŦƻǊ ƛƳǇǊƻǾŜŘ ǿŀȅǎ ƻŦ ƳŀƴŀƎƛƴƎ ŀ ǎȅǎǘŜƳΩΦ όǇǇΦпύ  

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 

modelling and improvement requirements (Finkelstein, 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 Dynamic Synthesis 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 of literature, social 

theories, and stakeholder concerns (Williams, 1999). The utility of SD Modelling in DSM 

ƛǎ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ƘŀǊƴŜǎǎ ΨƘŀǊŘΩ ŀƴŘ ΨǎƻŦǘΩ ŎƻƴŎŜǇǘǎ ƛƴǘƻ ŀ ŦƻǊƳŀƭ ƳƻŘŜƭΣ ǘƘǳǎ ŀǊǘƛŎǳƭŀǘƛƴƎ 

theoretical constructs that impact the research phenomenon under investigation by the 

modeller (Gable, 1994; Randers, 1980). Wynekoop (1992) ǊŜŎƻƳƳŜƴŘǎ ǘƘŀǘ ΨƳƛŎǊƻ 

ƭŜǾŜƭΩ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ōŜ ŦǳǎŜŘ ǿƛǘƘ ǉǳŀƭƛǘŀǘƛǾŜ ϥƳŀŎǊƻ-ƭŜǾŜƭΩ ŀƴŀƭȅǎŜǎ ǘƻ ƻōǎŜǊǾŜ 

ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǾŀǊƛŀōƭŜǎΩ ōŜƘŀǾƛƻǳǊ ƛƳǇŀŎǘ ƻƴ ŀƴ ƻǊƎŀƴƛǎŀǘƛƻƴŀƭ ǇƘŜƴƻƳŜƴƻƴΦ ¢ƘŜ 5{a 

thrives on six iterative steps, 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 used to observe 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 partial, high and full 
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automation of AVs. Spatial pathway relates to specific operational design domains of 

ƘƛƎƘǿŀȅǎ ŀǎ ŀ ǎǳŘŘŜƴ ǎǘŜǇ ŦǊƻƳ ƴƻ ŀǳǘƻƳŀǘƛƻƴ ǘƻ Ŧǳƭƭ ŀǳǘƻƳŀǘƛƻƴΦ ¢Ƙƛǎ ǎǘǳŘȅΩǎ 

functional pathways include level 0 (no automation) to level 5 (full automation) based 

on the SAE standards. 

¢ƘŜ !±ǎ ŘƛŦŦǳǎƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ ŀƴ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳ ǿƘŜǊŜ ΨǘƘŜ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ŘƛŦŦǳǎƛƻƴ 

ƻŦ ǘŜŎƘƴƻƭƻƎȅ ŀǊŜ ŎƻƭƭŜŎǘƛǾŜ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ŀŎǘǎΩ (Edquist, 2001). It is not limited to a 

specific country or region. It thrives on Technology Specific Innovation System (TSIS) 

described by Hekkert 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 a particular 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., 2018) and is intended to be within the limits of the 

advanced world. However, it focuses specifically on New Zealand dynamics 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 NZ for a Base, optimistic High 

Automation with high trust and Governance mechanism and conservative Low 

Automation with low trust and Governance mechanism Scenarios. Base scenario values 

were mainly chosen from study ς 1 and study ς 2. For optimistic scenario, high trust and 

legal readiness variables were simulated. Whereas, for conservative scenario low trust 

and legal readiness variables were simulated (see Chapter ς 4). 

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 data (Forrester, 

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 auxiliary variables (Houghton et 

al., 2014; Medina-Borja & Pasupathy, 2007). In study ς 3, constructs identified in earlier 

studies are used. In this way, SEM assisted in drawing association among abstract 

concepts and constructs, 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 variables (Figure 3.12 and Figure 3.13 Chapter 2) are controlled according 

to the mental model of the author during the SD Modelling process (Figure 4.14). The 

detailed SD process is given in Chapter 4. 

Figure 4.14 

Data Inclusion SEM to SD for Quantified Constructs 

 

 

4.8 Study ς пΥ 9ȄǇŜǊǘǎΩ LƴǘŜǊǾƛŜǿǎ 

4.8.1 Justification of Study ς 4 

Study ς п ōŀǎŜŘ ƻƴ ǉǳŀƭƛǘŀǘƛǾŜ ǎŜƳƛ ǎǘǊǳŎǘǳǊŜŘ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ŎŀǊǊƛŜŘ ƻǳǘ 

concurrently with Study ς 3. The interpretations from both studies in the final phase 

provides a complete understanding of the AVs implementation benefits and barriers, 

way forward for co-evolution of regulation and technology, and deployment roadmap 



144 

for the AVs in NZ. It assisted in validating the proposed integrated trust 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 

ƛƴ b½Φ ΨLƴ-depth interview is ideally suited for gaininƎ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǇŜƻǇƭŜΩǎ 

behavior, its context, and the meaning of that behaviour (Gubrium & Holstein, 2002; 

Seidman, 2019). As a prospective study on the trust ς Adoption of AVs relationship, this 

study adopted a semi structured interview approach widely known for spontaneous 

communication (Bogner et al., 2009). These semi structured interviews are in between 

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 explanations (Blumberg et al., 2011; Fellows & Liu, 

2015).To remove bias, study ς 4 is an appropriate tool for gaining an in-depth 

exploratory understanding of the under investigation phenomenon and comparing a 

different set of evidence (Bojke L et al., 2021; Cutello et al., 2021; Erthal et al., 2021). 

According to Cohen et al. (2011), qualitative data analysis based on interviews is 

distinguished by ΨMerging of analysis and interpretation, and often by the merging of 

data collection with data analysis.Ω (pp. 537) 

4.8.2 Study ς 4 Research Methodology 

Semi structure interviews took place with 13 experts around the globe, namely from NZ, 

UK, Germany, Sweden and 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 of transcription, 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 detailed in Braun and Clarke 

(2006) to validate the holistic trust and governance framework. Validation can be 

performed in various ways, including face and content validation (Mousavi et al., 2018), 

ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ ŀ ǎǳǊǾŜȅ ƻǊ ǳǘƛƭƛȊƛƴƎ ƪƴƻǿƭŜŘƎŜ ƻŦ ŜȄǇŜǊǘǎΩ ƛƴǘŜǊǾƛŜǿǎ ƛƴ ǘƘŜ ŦƛŜƭŘ 
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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 context (Hilal & Alabri, 2013). Utilizing qualitative data from semi-structured 

interviews on zoom technology assisted in greater assimilation of the problem than just 

analysing data on a large scale (Malakolunthu, 2007). NVivo 11 software assisted in 

gathering, organising and grouping evidence into similar ideas and further validating 

data at a more specific level. 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 judgment (Tongco, 2007). Based on Dworkin (2012), 5-50 

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 

message service. Snowball sampling was also used (Noy, 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 achieve meaningful results (Walton, 

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 2021. 90% of the experts occupy senior 

management positions, and 70% of respondents had a title of  Dr or Professor in the AD 

domain. Interviews were guided by a semi-structured interview schedule. The 

questionnaire 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., 2003) and closed ended questions are made as these are 

easy to complete and enhance the (Dlakwa, 1990 as cited in Rahman et al., 2014) 
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ǊŜǎǇƻƴǎŜ ǊŀǘŜΦ vǳŜǎǘƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊƻŦŜǎǎƛƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ 

diverse dimensions of challenges and benefits of AVs, key determinants for user 

acceptance, future directions for AVs deployment, and the role of naturalistic real-time 

studies. These questions inquired perspectives on AV-HMI paradigms and the 

significance of Human Factor Engineering. Interviews were audio recorded and 

transcribed. Participants had the option to review 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 inductively (Braun & Clarke, 2006). 

4.8.5 Method of Interview Analysis  

Interview feedback data was recorded, analysed, transcribed and decoded using the 

thematic analysis. Thematic analysis has repeatedly been employed in transport 

research (Alyavina et al., 2020; Gössling et al., 2016; Hafner et al., 2017). The thematic 

analysis method collects datasets and explains patterns of themes in a greater detail 

that emerged during an interview and enables the researcher to draw a meaningful 

conclusion from the interview (Braun & Clarke, 2006). In this analysis method, six steps 

were followed to reach a detailed conclusion. These steps included familiarizing, 

generating initial codes, searching, reviewing, defining and naming themes, and the final 

report. In this way, the study resulted in a credible and valid process (Nowell et al., 

2017).  

Based on research questions, the data was generated from interviews and then put into 

codes based on raw quotes of the interviewees. Bazeley (2007) mentioned five tasks of 

NVivo during the analysis of data that include; (1) manage data, (2) manage ideas, (3) 

query data, (4) modelling visually, (5)and reporting (Hilal & 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 themes were 

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 Figure 4.15. 
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Figure 4.15 

The Procedure followed for Interviews Data Analysis 

 

 

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 Pragmatic Paradigm 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 models within AVs 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 Framework in NZ for 

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   ς 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 chapter delineates results and analysis of four 

studies, i.e., Study ς 1: AV User Study, Study ς 2: Statistical Equation Modelling, Study ς 

3: System Dynamic Modelling and Study ς пΥ 9ȄǇŜǊǘǎΩ LƴǘŜǊǾƛŜǿǎΦ {ƛƴŎŜ ŀƭƭ ǎǘǳŘƛŜǎ ŀǊŜ 

carried out in a Multiphase Design approach taking 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 Study ς 1:  AV User Study 

The study was carried out to determine how an appropriate level of user trust in an AV 

can be evolved during userςAV interaction. This was achieved by identifying and 

analyzing critical AD affecting during HMI. The Literature revealed various AD 

factors/determinants from numerous research studies affeŎǘƛƴƎ ǳǎŜǊǎΩ ǘǊǳǎǘ ƛƴ !±ǎΦ ¢Ƙƛǎ 

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 influencing 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 conceptualization of the holistic Trust and 

Governance Framework in NZ. 

5.2.1 AV User Study Findings and Evaluation  

The user study demographic data and coding of the user test subjects are shown below. 

Table 5.1 

Subjects Recruited for AV User Test 

Subject U1 U2 U3 U4 U5 U6 

Age (Y) 23 25 36 37 44 45 
Gender M M M M F M 
Driving 
Experience 

3 3 8 10 10 15 
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The driverΩǎ test trials with BMW X5 xDrive40i SUV Vehicle were held on medium, low, 

and high density roads (highway, motorway and city roads) in Auckland (see route maps 

in Figure 5.1). 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 

section.  

Figure 5.1 

Driving Routes 

 

 

The theory of reasoned action (Fishbein & Ajzen, 1975) and the trust model by Lee and 

See (2004) ƛŘŜƴǘƛŦȅ ǘƘŜ ǳǎŜǊǎΩ ǘǊǳǎǘ ƛƴ ŀǳǘƻƳŀǘƛƻƴΦ aŜŘƛŀ ŎŀƳǇŀƛƎƴǎ ŀƴŘ 

communications initially ǎƘŀǇŜ ǘƘŜ ǳǎŜǊǎΩ ǘǊǳǎǘ ōŜŦƻǊŜ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ !±Φ IŜƴŎŜ ǘƘŜ 

{ǘǳŘȅ ƛŘŜƴǘƛŦƛŜŘ ŀ ǘǊǳǎǘ ǇƘŀǎŜ ƴŀƳŜŘ ΨǇǊŜςǳǎŜΩ ōŜŦƻǊŜ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ !±Φ ¢ƘŜƴ ǳǎŜǊ 

trust is affected during the on job interaction and learning about the automation, which 

ƛǎ ŎŀƭƭŜŘ ŀǎ ΨǳǎŜ ǇƘŀǎŜΩ ƛƴ ǘƘƛǎ {ǘǳŘȅΦ !ŦǘŜǊ ƘŀǾƛƴƎ ŜƴƻǳƎƘ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴ 
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ǿƛǘƘ ǘƘŜ ŀǳǘƻƳŀǘƛƻƴ ǎȅǎǘŜƳΣ ǘƘŜ ǳǎŜǊ ǘǊǳǎǘ ƳŀǘǳǊŜǎ ŦǳǊǘƘŜǊ ŘǳǊƛƴƎ ǘƘŜ ΨǇŜǊŦƻǊƳŀƴŎŜ 

ǇƘŀǎŜΦΩ ¢ƘŜ pre-use phase involved what happened before the first physical interaction 

with the AD system. The use phase lasted until the participant learned how the AD 

system works. The performance phase took a long term perspective during the use 

phase and performance phase through continuous usage of the AD system. Three 

phases were based on the dynamic nature of trust over time during AV test trials. 

The heuristic scenario was defined around two questions; (1) What should be the 

planned actions of the vehicle during manual and AD mode that can be translated into 

events? (2) What trust factors / key determinants are to be selected against those 

events? Participant reactions to various situations and hazards were observed in live 

traffic conditions. The Study finalized three phases, namely (1) pre-use, (2) use, and (3) 

performance, and eight events, namely (1) information before driving, (2) entering 

vehicle, (3) activation, (4) manual mode 1, (5) auto mode, (6) manual mode 2, (7) exit 

vehicle, (8) and continuous usage  (see Table 5.2). The participants commenced driving 

in the manual mode, 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 and lane change.  

Table 5.2 

Driving Scenarios Event Content and Structure 

Phases Events Description Significance 

Pre-use  Information 
before 
driving 

It starts before the driving 
scenario. A prospective user 
receives passive information 
from advertisements and 
active information from AV 
dealers. The user needs to 
calibrate his mental model 
appropriately to know how 
the system works. 

How information is 
being portrayed to a 
potential user for their 
buy-in. Any over or 
under information can 
severely affect users' 
confidence and future 
use of AV. 

Use Entering 
Vehicle 

This phase occurs during the 
initial use of the driver and 
includes six events. In the first 
event, the user enters the 
vehicle for the first time and 
gains a first impression of the 
vehicle controls. 

Anthropomorphic 
features, including 
welcome voice and 
interior aesthetics, 
etc., play a crucial role 
in improving user 
confidence. 
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Phases Events Description Significance 

 Activation It includes assimilation and 
interpretation of systems 
functions while activation of 
the engine by the user 

The system must be 
commensurate with 
the user's mental 
model, personality, 
culture, expert level 
and SA. 

 Manual 
Mode 1 

Driving on the road without 
an AD system. A user receives 
first-hand knowledge about 
the system in use, functions, 
external environment 
regarding road infrastructure, 
other road users, traffic 
regulations, and 
understanding when to switch 
to AD mode. 

AV system feedback 
during this phase is 
critical, especially 
while transiting and 
anthropomorphic 
features and adaptive 
automation. The 
safety, security and 
privacy of the user 
further affect his 
confidence. 

 Auto mode The user operates AV in AD 
mode, knows about 
functionalities, interprets 
feedback, and remains alert 
for transfer back control from 
AV to the user. 

AV adaptive system 
continuously provides 
information and 
feedback. The 
anthropomorphism 
affects user 
understanding and 
confidence. The AV 
system must display its 
limitation.  The policy 
regarding safety, 
security and privacy 
remains effective. 

 Manual 
Mode 2 

System control is handed back 
to the driver, and he remains 
vigilant of any critical 
condition. The user needs to 
know and interpret functions 
at the control transition stage 
and deactivate the AD system. 

During the critical 
intervention, 
feedback, 
anthropomorphism, 
customization, and 
adaptive automation 
play their role. Safety, 
security and privacy 
rules remain 
deployed. Feedback 
from user interfaces 
must not overstrain 
the user while 
transiting. 

 Exit Vehicle The driver leaves the system 
and turns off the engine. The 
user must understand the 
system at this stage. 

Polite communication 
is vital. Hence 
anthropomorphism 
plays the role. 
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Phases Events Description Significance 

Performance Continuous 
Usage 

The user carries out various 
driving trips on AV, improves 
upon his mental model, and 
gets in sync with the AV AI 
model. The user remains alive 
to changes in infrastructure, 
traffic, regulations, the 
behaviour of other road users 
and how to react in system 
failure critical situations. 

Generally, all factors 
depicted in the final 
relationship matrix 
remain dominant 
during this phase. 

 

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 system. Next, these 

were mapped onto the timeline 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 illustrated in Figure 5.2. The user interview findings and 

observations are shown in Table 5.3. 

Figure 5.2 

Most Frequently Evaluated Concepts during AV User Driving Test Sprints 

 

Note: The graph displays the concepts most frequently mentioned, brainstormed and evaluated by the 

subjects during the tests. 
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Table 5.3 

Key Determinants / Influencing Factors for AD in NZ 

Key 
Determinants 

Description User study 
Observations & Quotes 

Analysis and Interpretations from User 
Study  

Trust in HMI ΨTrust mediates 
relations not only 
between humans but 
human and automation 
and is a key challenge in 
the adoption of AVsΩ 
(Bansal et al., 2016; 
Kyriakidis et al., 2019; 
Sheridan & Hennessy, 
1984). 

ά¦пΥ User acceptance will heavily depend on trust on 
AVs as well as the legal frameworks comprising safety, 
ǎŜŎǳǊƛǘȅ ŀƴŘ Řŀǘŀ ǇǊƛǾŀŎȅΦέ 
ά¦оΥ L ǘƘƛƴƪ ǘƘŜ !± ƛƴŘǳǎǘǊȅ ƴŜŜŘǎ ǘƻ ƳŀƪŜ ƛƴǾŜǎǘƳŜƴǘǎ 
on building confidence and user tǊǳǎǘΦέ 
ά¦м ŀƴŘ ¦рΥ aȅ ǘǊǳǎǘ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǇƘŜƴƻƳŜƴŀƭƭȅ ƛŦ ǿŜ 
can further increase situation awareness, feedback, 
voice and haptic control, especially during control 
ǘǊŀƴǎƛǘƛƻƴ ǎǘŀƎŜǎ ǿƘƛƭŜ ŘǊƛǾƛƴƎΦέ 
ά¦нΥ L ǘƘƛƴƪ ƛƳǇǊƻǾƛƴƎ ŘǊƛǾŜǊ ǘǊŀƛƴƛƴƎ Ŏŀƴ ƛƴŎǊŜŀǎŜ 
his/heǊ ǘǊǳǎǘ ƛƴ ǘƘŜ !±έΦ aƻǊŜƻǾŜǊΣ ǘƘŜ trust 
predominantly increased before driving to after driving 
sessions. 

1. Perception and self-reported trust 
increased incrementally from pre-use stage 
to use and performance stage. It may be a 
key determinant in mediating the 
relationship between human factors and 
governance structure for the successful 
adoption of AVs. 
2. Trust and Legal Readiness/Governance 
structure are essential to the successful 
deployment of AVs. 
3. Anthropomorphism, driver training, and 
situation awareness significantly impact user 
acceptance and trust in AVs. 
4. Protecting the Safety, Security, Cyber 
Security, and Data Privacy of users are a 
ΨƳǳǎǘ ƴŜŜŘǎΩ ǘƻ ƛƳǇǊƻǾŜ ǘǊǳǎǘ ŀƴŘ ƭŜƎŀƭ 
readiness mechanism in NZ. 

Training Ψ¢ƻ ƛƳǇǊƻǾŜ ǘƘŜ ǳǎŜǊΩǎ 
knowledge, system 
training is conducted 
before and after first 
usageΩ (Parasuraman et 
al., 2008; Toffetti et al., 
2009).  

ά¦мΥ The driver should be provided training on how to 
use and interact with the system.έ ά¦оΥ The driver 
should be given information about AV system reliability 
and its relation to the context.έ ά¦пΥ !ǘ ƭŜŀǎǘ ŦǊƻƳ Ƴȅ 
experience, the user must be given information about 
ǘƘŜ ŎƻƴƴŜŎǘƛǾƛǘȅ ƛƴ ǘƘŜ ŎŀǊΦέ ά¦сΥ ¢ƘŜ ǾŜƴŘƻǊ ŜŘǳŎŀǘƛƻƴ 
and training is the key to understanding the 

Due to increased training of users on AVs on 
various driving scenarios, their performance 
improved. 
 The training assists in appropriate mental 
model maturity and achievement of 
calibrated trust.    
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functionality and performance of AV and also improves 
ǳǎŜǊ ǘǊǳǎǘΦέ ά¦нΥ L ǘƘƛƴƪ ǳǎŜǊ-centred education is key 
ǘƻ ǘƘŜ ǎǳŎŎŜǎǎ ƻŦ !±ǎΣ ŀƴŘ ǿƻǊƪǎƘƻǇǎ ŎƻǳƭŘ ōŜ ƘŜƭǇŦǳƭΦέ 

The AV industry and stakeholders should 
promote AV education through campaigns, 
workshops and trials. 

Anthropomorphism ΨA system which acts 
more like human in 
terms of voice, gender 
and nameΩ (Epley et al., 
2007; Hoff & Bashir, 
2015; Waytz et al., 
2014). 

 ά¦рΥ An anthropomorphic behaviour including visual 
and auditory cues created focus and enhanced my 
attentionΦέ ά¦сΥ L ǘƘƛƴƪ !± ǎƘƻǳƭŘ ƭŜǾŜǊŀƎŜ ǘƘŜ ƘǳƳŀƴ 
tendency to interact socially with technology and 
interface must facilitate the formation of appropriate 
ŎƻƴŦƛŘŜƴŎŜ ŀƴŘ ǘǊǳǎǘ ƛƴ ǘƘŜ ǎȅǎǘŜƳΦέ 

Anthropomorphic features should be 
designed for an appropriate calibrated trust 
and situational awareness (SA) and not over 
the trust. It should communicate intentions, 
processes, and actions to keep the driver in 
the loop without overloading the resources 
with additional modalities. 

Mental Model To rightly use the 
system, the user mind 
need to figure out the 
system functions and 
competencies for 
assimilation(Lee & See, 
2004; Toffetti et al., 
2009) 

The significance of an appropriate mental model is 
found more pronounced in the pre-ǳǎŜ ǇƘŀǎŜΦ ά¦мΥ 
Training workshop assisted me in calibrating my 
mental model.έ ά¦6: If AV reactions do not correspond 
to driver mental model, then it may lead to a negative 
reaction.έ  

An insufficient mental model of the user and 
the AI mental model of the car may result in 
negative reactions and uncertainty. 

Feedback / 
Situational 
Awareness 

ΨA system agent 
continuously providing 
output and behaving 
like sensesΩ (Dekker & 
Woods, 2002; Lee & 
See, 2004; Toffetti et 
al., 2009; Verberne et 
al., 2015) 
The SA is the  
Ψperception of the 

Subjects noted that visual and haptic feedback is 
necessary at traffic lights and intersections for 
increased situational ŀǿŀǊŜƴŜǎǎΦ  ά¦нΥ The interface 
should provide the driver with context information as 
ǳƴŘŜǊǎǘƻƻŘ ōȅ ǘƘŜ !± ŦƻǊ ǳǎŜǊ ŀǎǎƛƳƛƭŀǘƛƻƴ ƻŦ ŎŀǊΩǎ 
intent and SA.έ ά¦сΥ L ǘƘƛƴƪ !± Ƴǳǎǘ ŎƻƳƳǳƴƛŎŀǘŜ ƛǘǎ 
intentions, processes, and actions to keep me in the 
ƭƻƻǇΦέ 

1. Correct and timely feedback regarding AV 
status and intentions enhances the SA of the 
driver. It must also communicate the 
limitations of automation to avoid mismatch 
(mode confusion) between driver mental 
model and car AI mental model. 
2. It was also suggested that SA and 
Feedback terminologies are significantly 
interrelated and hence grouped.  
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elements in the 
environment within a 
volume of time and 
space, the 
comprehension of their 
meaning, and the 
projection of their 
status in the near 
futureΦΩ(M. Endsley, 
1995) 

Adaptive 
Automation & 
Customization 

ΨA system which can 
ŀŘŀǇǘ ǘƻ ǳǎŜǊΩǎ ƭƛƪƛƴƎǎΩ 
(Helldin et al., 2013; 
Hoff & Bashir, 2015). 
ΨThe ability to set non-
critical functions as per 
user preferences. 
(Broek et al., 2011; 
Saffarian et al., 2012; 
Verberne et al., 2015) 

ά¦пΥ L ǎǘǊƻƴƎƭȅ ǘƘƛƴƪ that we should adopt the 
modalities of communication based on outside road 
environments as well as internal AV cabin 
ŜƴǾƛǊƻƴƳŜƴǘΦέ ά¦оΥ ¢ƘŜ ƛƴǘŜǊŦŀŎŜ ǎƘƻǳƭŘ ŀƭƭƻǿ 
customization of expert and novice usage and adapt to 
communication style based on information about the 
ǳǎŜǊΦέ 
 
 

1. The AV interface needs to articulate its 
customization and transform its adaptability 
based on the experience and expert level of 
the driver in terms of communication style 
and other multi-modal interactions. 
 2. User study participants observed that 
combining HD mapping, G5 communication, 
sensor data, and electroencephalography 
will assist in AVs' acceptability. 
3. It was suggested that anthropomorphism 
is a wholesome term that also encompasses 
adaptive automation and customization.  

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

ά¦лоΥ !± ƴŜŜŘǎ ǘƻ ƪƴƻǿ Ƙow to deal with edge cases 
ǘƘŀǘ ǇǊƻƎǊŀƳƳŜǊ ŎŀƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǇǊŜŘƛŎǘΦέ 
ά¦лпΥ L ŀƳ ƳƻǊŜ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
and safety of myself, my parents and my children while 
ŘǊƛǾƛƴƎ !±Φέ 

1. Certain measured are deemed to be 
necessary to be taken to ensure the safety, 
security and privacy of users in AVs in the NZ 
context. Besides legal readiness comprising 
testing, training and liability regime is also 
needed. These measures may be highly 
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(Binfet-Kull & 
Heitmann, 1998b; 
Huntington, 2018; 
Ward, 2011) 

The participants were not found fully confident while 
sharing road with non-AVs during test runs from safety 
point of view. They observed that road safety can only 
be improved with an effective traffic governance 
regulations and constructing infrastructure comprising 
separate lanes for AVs and non-AVs. 

required to garner the trust and 
acceptability of the user.  
2. Safety is one of the primary factors in end-
user adoption of AVs. A sound legal structure 
is a must to counter unsafe situations and 
other hacking issues. 
 Security/Cyber 

security & 
Privacy 
Invasion 

A self-driving car may 
be vulnerable to traffic 
incidents and 
interruptions, software-
related security flaws, 
viruses and malware. 
(Kaur & Rampersad, 
2018). 

ά¦лрΥ wŜƎǳƭŀǘƛƻƴǎ ŀƴŘ ƭƛŎŜƴǎƛƴƎ ŀǊŜ ŀ Ƴǳǎǘ ŦƻǊ !±ǎ ǘƻ 
ƛƴǎǇƛǊŜ ŀƴŘ ŜƴŀōƭŜ ŀ ǘǊǳǎǘΦέ ά¦лпΥ [ŜƎƛǎƭŀǘƛƻƴ ƛs 
foremost for cyber security and technology challenges, 
and I need to know what extent legal protection is 
ǇǊƻǾƛŘŜŘ ŦƻǊ ǳǎƛƴƎ !±ǎΦέ ά¦лмΥ L ǘƘƛƴƪ ŜƴŘ-user need to 
be aware of the potential consequences of cyber 
ǎŜŎǳǊƛǘȅ ŀƴŘ Řŀǘŀ ǇǊƛǾŀŎȅ ŎƘŀƭƭŜƴƎŜǎΦέ ²ƘƛƭŜ 
Participants noted that they are somewhat safe in data 
and personal privacy and security. And ranked the 
following as most important for acceptability of AVs (1) 
well-developed laws (2) affordable cost (3) Data 
Privacy (4) system and network security 

 

 

The author assisted the participants during their drive and also during various workshop sessions (Figure 5.3). 
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Figure 5.3 

Pictorial ς Driving Scenarios 

 

 

 

Note: These pictorial images relate to various driving scenarios and events, brainstorming and ideation 

workshop sessions, BMW head-up display and auto/manual modes during different user test driving 

sprints. 
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5.2.2 AVs User Study ς Analysis and Results 

The key AD influencing factors after detailed user interviews and brainstorming sessions 

were categorized into nine trust influencing factors, i.e., (1) mental mode, (2) training, 

(3) feedback, (4) anthropomorphism, (5) safety, (6) privacy, (7) security, (8) 

customization, (9) and adaptive automation. The details of critical determinants are 

ensued in Table 5.3 above. Each driving scenario and other sessions were translated into 

a matrix indicating events and categories during various driving modes. After fifteen 

iterations, the finalized matrix was formalized and tested to formulate the HMI AD 

Events Relationship Identification Framework (HMI - ADERIF).  

5.2.3 HMI AD Events Relationship Framework (HMI - ADERIF) Development 

To explore the relationship and identify 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 identified in Table 5.2 and Table 5.3 

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 

ς human factors ς governance determinants. The 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 events Table 5.4. 

Table 5.4 

Key Determinants - HMI AD Events Relationship Identification Framework 
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A Kano model was employed to prioritise user preferences relating to key determinants 

to classify these AD influencing factors. The Kano Model (Kano, 1995) is used to develop 

attributes that benefit users and can be employed to evaluate existing design criteria 

and serve as a basis for developing new concepts. In Figure 5.4, the model visualizes 

eight categories which are classified as AV User ά9ȄŎƛǘŜƳŜƴǘ ƴŜŜŘǎΣέ άtŜǊŦƻǊƳŀƴŎŜ 

needsΣέ and άaǳǎǘ ς ōŜ ƴŜŜŘǎέ according to the relative importance of each category. 

Figure 5.4 

Mapping of AVs Users Needs and Categorization of Key Determinants 

 

 

 

 

 

 

 

 

Note: The diagram depicts the holistic Trust and Governance requirements categorized on to Kano Model 

representing ά9ȄŎƛǘŜƳŜƴǘ ƴŜŜŘǎέ(Green)Σ άtŜǊŦƻǊƳŀƴŎŜ ƴŜŜŘǎέ(Blue) ŀƴŘ άaǳǎǘ ς ōŜ ƴŜŜŘǎέ (Red) 

according to the relative importance of each 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 ς be needs incorporating Safety, Security/Cyber Security 

and Privacy requirements. Mustςbe 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 5.5 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 these influencing factors in the 

Satisfied 

Need fulfilled 
Need not 
fulfilled 

Dissatisfied 

Key Determinants Categories 
 
AV User Excitement needs 

¶ Trust 

¶ Legal Readiness / 
Governance 

 
AV User Performance Needs 

¶ Situation Awareness 

¶ Anthropomorphism 

¶ Training 
 
AV User Must ς be needs 

¶ Safety 

¶ Security / Cyber 
Security 

¶ Privacy 
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related determinants and improving the overall mental model and trust (personal as 

well as institutional) of the users.  

Figure 5.5 

Autonomous Driving Adoption in New Zealand ς (Internal and External Determinants) 

 

 

 

 

 

 

5.2.4 Conclusion Study ς 1  

This Study identifies critical determinants affecting user acceptance and trust employing 

BMW vehicle user study, giving insights to early test case environments. The Study 

achieved its objectives 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 determinants was 

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 Study ς 2:  Structural Equation Modelling (SEM) 

Aƴ ŜȄǇƭƻǊŀǘƻǊȅ ǎǳǊǾŜȅ άIǳƳŀƴƛȊƛƴƎ 5ǊƛǾŜǊƭŜǎǎ ¢ŜŎƘƴƻƭƻƎȅέ was deployed and analysed 

using Structural Equation Modelling (SEM) concurrently with the User study utilizing 

concurrent embedded design correlational model approach. The main focus of the study 

was to address research objectives 2 and 3. This study assisted in knowing the 

aspirations of the NZ general public towards AVs, challenges towards implementation, 

and the perceptions on trust and governance mechanisms. The study tested seven 

hypotheses, found correlations, and validated key AD trust influencing factors for the 

successful adoption of AVs in NZ. The Study also identified the role of trust as a 

EXTERNAL DETERMINANTS (LEGAL READINESS)  INTERNAL DETERMINANTS (HUMAN FACTORS) 

AVs Adoption in NZ  

¦ǎŜǊǎΩ ¢Ǌǳǎǘ ŀƴŘ !ŎŎŜǇǘŀƴŎŜ 

Situation 
Awareness  

Training Anthropomorphism Safety  Security/Cybersecurity Privacy 
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mediator.SEM is an advanced statistical technique that 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 variables (Byrne, 2016).  

5.3.1 Findings and Analysis 

The following sections display the different analyses of this study, i.e., descriptive 

statistics, the respondent's demographic attributes, and hypothesis testing. Initially, a 

general analysis of collected data is done. And then, the consequences of assessing the 

structural and the measurement model by applying different statistical techniques are 

presented. 

5.3.1.1 Response rate 

A total of 510 questionnaires were distributed among different respondents in NZ from 

Jul-Sept 2020. The primary platform used was Qualtrics. Four hundred twenty-nine 

research questionnaires were collected, which generated an 84.1% response rate. Table 

5.5 below compiles the response rate of this Study. 

Table 5.5 

Response Rate of Questionnaire 

Total sent  Total received Response rate (%) 

510 429 84.1% 

 

5.3.1.2 Data Screening and Descriptive Analysis 

Before performing an analysis, data screening was executed to check missing values. In 

Microsoft MS-Excel, the COUNTBLANK formula was applied. Some values were found 

missing, which were replaced by mean scores using SPSS V26. Rows having extreme 

missing values were removed. Next, unengaged responses were also checked in 

Microsoft MS-Excel with the help of the STDEV.P formula. In this step, 22 unengaged 

responses were removed from the questionnaire. At the end of the data screening 

process, there were 389 useable responses. With the help of SPSS V26, this study 

created a profile of all respondents based on race, gender, education, age, income. 
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5.3.1.3 Gender 

The present study had 389 respondents, of which 32.6% were female, and 67.4% were 

male. The following Table 5.6 shows the detail. 

Table 5.6 

Gender of Respondents 
 

Gender   Quantity Percentage 
(%) 

Female 262 67.4 
Male 127 32.6 

Total 389 100.0 

 

5.3.1.4 Age 

Age distribution was divided into five categories. It starts from 18 to above 65 years old. 

It means that the present Study covers 80% of respondents. Furthermore, 34.2% of 

respondents were 24 to 35 years old, and 1.3 percent were more than 65 years. Table 

5.7 provides complete details. 

Table 5.7 

Age of Respondents 

Age   Quantity Percentage 
(%) 

18-24 
years 

55 14.1 

24-35 
years 

133 34.2 

36-45 
years 

128 32.9 

46 - 65 
years 

68 17.5 

> 65 
years 

5 1.3 

Total 389 100.0 
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5.3.1.5 Education 

In terms of the education level of respondents, most of them had a bachelor's degree.  

The Study had 7.7.0% diploma holders, and 40.6% respondents had their Bachler degree. 

The following Table 5.8 signifies the educational characteristic of this Study. 

Table 5.8 

Education Level of Respondents 

Education 
level   

Quantity Percentage 
(%) 

Less than 
Bachelor 
degree 

30 7.7 

Bachelor 
Degree 

158 40.6 

Master 
Degree 

139 35.7 

Doctoral 
Degree 

62 15.9 

Total 389 100.0 
 

 

 

4.3.1.6 Ethnicity 

 Most of the participants were from European backgrounds, almost 35.2%. Table 5.9 

provides the complete detail of the ethnicity of this Study. 

Table 5.9 

Ethnicity 

Ethnicity Quantity Percentage 
(%) 

European 137 35.2 

Maori 4 1.0 

Pacific 
people 

60 15.4 

Asian 96 24.7 

Middle 
Eastern/ 
Latin 
American/ 
African 

70 18.0 

Others 22 5.7 

Total 389 100.0 
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5.3.1.7 Employment Level 

Most of the persons who participated in this Study are full-time employees, i.e., 40.4%. 

However, the data was collected from almost every type of employment, i.e., part-time 

employee, 23.9%, unemployed looking for work were 23.9%, etc. 

Table 5.10 

Employment Level 

Employment 
Level 

Quantity Percentage 
(%) 

Employed 
Full Time 

157 40.4 

Employed 
Part Time 

93 23.9 

Unemployed 
looking for 
work 

22 5.7 

Retired 31 8.0 
Student 83 21.3 

Disabled 3 0.8 
Total 389 100.0 

 

 

 

5.3.1.8 Driving Experience 

The driving experience is divided into four categories. Table 5.11 provides the complete 

details of the driving experience for this Study.    

Table 5.11  

Driving Experience 

Driving 
experience 

Quantity Percentage 
(%) 

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 

 

 
 

5.3.1.9 Major Concerns in Human Factors for AVs Deployment 

The Study found that people generally considered trust the most dominating HF 

challenge for the implementation of AVs in NZ, i.e., 26.5%, followed by well-developed 

regulation/governance regime and Situation Awareness, Anthropomorphism and 
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Training which is in line with the context of Study ς 1 and literature review. The details 

are depicted in Table 5.12 and Figure 5.6. 

Table 5.12 

Human Factors Concerns 

Human Factors Quantity Percentage (%) 

Trust of the People on self-
driving cars 103 26.5 
Well-developed Rules and 
Regulations for 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 
Human-like features of 
Autonomous Cars 34 8.7 
More Training and Driving skills 
of users 42 10.8 
Total 389 100 

 

Figure 5.6 

Human Factors Concerns 

 

5.3.1.10 Safety, Security / Cyber Security and Data Privacy Concerns 

The survey found that NZ people consider safety as the foremost 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 in Table 5.13 and Figure 5.7, which again confirms the concerns and 

challenges discussed in the literature review and Study ς 1.   

Table 5.13 

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 Audio 
and Visual interface 19 4.9 
Emotion Tracking of User Mental state (anxiety, 
anger, sadness, fatigue etc.) 9 2.3 
Central Monitoring Station for Vehicles ( Network 
Control Centre) 31 8 
Total 389 100 

 

Figure 5.7 

Safety, Security and Privacy Concerns 

 

5.3.1.11 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 using AVs in closed 

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 self-driving taxis, public transport or shuttle with no driver 

chaperone etc. Figure 5.8 and Table 5.14 depict the gender-based adoption preferences. 
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Figure 5.8  

Situations Most Likely to Adopt AVs ς Males Vs. Females 

 

Table 5.14 

Situations Most Likely to Adopt AVs ς Males Vs Females 

Adoptions Situation Preferences Gender 

 Male Female 

Taxi  57.10% 42.90% 

Social Activities  35.70% 64.30% 

Daily commute 57.90% 42.10% 

Closed areas 84.00% 16.00% 

High Pedestrian Activity 65.80% 34.20% 

Congested Traffic 70.00% 30.00% 

City Streets 63.60% 36.40% 

Drive on Highways  72.00% 28.00% 

Public transport  with driver chaperone 86.70% 13.30% 

Drive on Freeway/Highway 80.60% 19.40% 

Car with no driver 60.00% 40.00% 

Long Road Trips 85.70% 14.30% 

Finding a car park 69.60% 30.40% 

Vehicles  with no driving controls, Like steering 78.30% 21.70% 

Children Drop off or pick-ups 60.70% 39.30% 

Self-driving vehicles moving one place to another 56.00% 44.00% 

Public transport with no driver chaperone 61.50% 38.50% 
Note: This table concludes that Males in NZ prefer AD more than Females. 
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5.3.1.12 Distribution of Feedback on each Measurement 

On each measurement construct, the ǊŜǎǇƻƴŘŜƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ р 

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 the measures. Hence the adoption of AVs can only 

take place once the concerns and issues of the people are addressed. See Table 5.15, 

where concerns and issues, i.e., CI = 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. 

Table 5.15 

Concerns and Issues for Adoption of AVs 

Correlations 

  AD CI 

AD 1 -.547** 

CI -.547** 1 

** Correlation is significant at the 0.01 
level (2-tailed).     

Note: Ad = Adoption, CI = Concerns and issues 

5.3.2 Descriptive Statistics 

The constructs were measured on five point Likert scale from 1- strongly disagree to 5 - 

strongly agree. Table 5.16 demonstrates Mean, Minimum, Maximum, Standard 

deviation, Skewness, and Kurtosis. Evaluation of normality of data against skewness and 

Kurtosis shows that data is unbiased and exhibited acceptable levels of skewness 

(ranging from -1.089 to 0.883), and kurtosis (ranging from -1.456 to 1.116) are well 

below the threshold levels of 2 and 7 for these two tests (Stephen G. West et al., 1995). 

Lǘ ƛǎ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ǘƘŜ Řŀǘŀ ǎŜǘ Ƙŀǎ ƴƻ ƳǳƭǘƛǾŀǊƛŀǘŜ ƻǳǘƭƛŜǊǎΩ ƛǎǎǳŜǎ ŀƴŘ ƛǎ ŦŀƛǊƭȅ 

distributed. 

Table 5.16 

Descriptive Statistics 

 N MIN MAX Mean 
Std. 

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 

Employment level 389 1 6 2.48 1.611 0.645 -1.19 

Education level 389 1 4 2.6 0.846 0.098 -0.674 
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 N MIN MAX Mean 
Std. 

Deviation Skewness Kurtosis 

Driving experience 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, Pri = Privacy, AnT = 
Anthropomorphism, SAF = Safety, TR = Training, LR = Legal Readiness.  

5.3.3 Exploratory Factor Analysis 

Subsequently, the Study employed exploratory factor analysis (EFA) to test the validity 

and applicability of the instrument in the NZ region. Although there are two forms of 

rotation in EFA (Orthogonal and Oblique), principal axis factoring was directed on the 47 

items through the Oblique rotation method (Promax). It is argued that since the factor 

inter-correlations are common in social sciences, the oblique rotation is always a 

suitable and appropriate method. And if the factors ensue to be uncorrelated, both 

orthogonal and oblique produce the equivalent result (Costello & Osborne, 2005). For 

factor loadings for each item, this Study follows the criterion of Hair et al. (2010) 

grounded on sample size where a sample size of 192 for EFA, the significant factor 

loadings are 0.40. Kaiser-Meyer-Olkin (KMO) assists in measuring sampling adequacy. 

This Study also used a fixed number of factors to extract. The results regarding the 

statistical assumption for EFA are as follows: 

¶ The sample size is 389, enough to conduct EFA (Tabachnick & Fidell, 2013). 

¶ Bartlett's Test of Sphericity is Sig. (p < 0.001) (Field, 2013). 

¶ Kaiser-Meyer-Olkin (KMO) value is 0.946, which is marvellous (Hutcheson & 

Sofroniou, 1999; Kaiser, 1974).   

¶ Communalities value for each item is > 0.5 (Field, 2013). 

The pattern matrix in Table 5.17 depicts the factor loadings afterwards rotation. The 

items that constellation on the indistinguishable components indorse that factor 1 

denotes an 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 factors explained 59.695% of the total variation. Out of the 22 items, none 

were removed. 

Table 5.17 

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 

  1 2 3 4 5 6 7 8 

AD_14 0.823        
AD_11 0.82        
AD_7 0.817        
AD_5 0.811        
AD_6 0.806        
AD_13 0.8        
AD_9 0.8        
AD_15 0.796        
AD_8 0.776        
AD_12 0.772        
AD_2 0.766        
AD_16 0.745        
AD_1 0.708        
AD_3 0.697        
AD_4 0.685        
TRS_6  0.838       
TRS_3  0.811       
TRS_4  0.809       
TRS_5  0.802       
TRS_7  0.783       
TRS_2  0.739       
TRS_1  0.73       
SA_5   0.81      
SA_2   0.796      
SA_1   0.788      
SA_4   0.769      
SA_3   0.765      
SA_6   0.743      
SEC_4    0.86     
SEC_2    0.812     
SEC_3    0.757     
SEC_1    0.741     
PRI_4     0.857    
PRI_3     0.803    
PRI_2     0.789    
PRI_1     0.767    
AnT_4      0.817   
AnT_3      0.808   
AnT_2      0.805   
AnT_1      0.785   
SAF_3       0.857  
SAF_1       0.811  
SAF_2       0.773  
TR_2        0.9 

TR_1        0.879 
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Note: Extraction Method: Principal Axis Factoring, Rotation Method: Promax with Kaiser Normalization, 

a Rotation converged in 6 iterations and Factor loading less than 0.4 suppressed. : Ad = Adoption, TRS = 

Trust, SA = Situational Awareness, SEC = Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, 

TR = Training    

There is no cross-loading in EFA (meaning that a person understands each factor as a 

separate entity). 

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 tool, i.e., the relationship between observed indicators/measures and latent 

factors/variables (Brown & Moore, 2012). A factor is a latent variable 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 as the number of factors are lesser 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 process (Gadisa & Zhou, 2020). In SEM, 

numerous fitness of indexes reveals how fit the model is to the data at hand. Hair et al. 

(2010) endorses the use of at least one fitness index from each category of model fit, of 

ǿƘƛŎƘ ǘƘŜǊŜ ŀǊŜ ǘƘǊŜŜΣ ƴŀƳŜƭȅ άǇŀǊǎƛƳƻƴƛƻǳǎ ŦƛǘΣέ άƛƴŎǊŜƳŜƴǘŀƭ Ŧƛǘ ŀƴŘ ŀōǎƻƭǳǘŜ ŦƛǘΦέ The 

absolute fit indices display that the chi-square is not significant. But the model still fits 

because when large samples are used, the chi-square statistic nearly always rejects the 

model (Bentler & Bonett, 1980). The model index symbolizes the change in the value of 

chi-square 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 second-order 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 significantly. Table 5.18 demonstrates the goodness-

of-fit indices for the measurement model and the 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 rooted (Gadisa & Zhou, 2020). Convergent validity explains the 

relationship between two variables and determines the extent to which the measured 

variables are correlated with their construct (Malhotra & Dash, 2011). In comparison, 

the discriminant validity identifies correlations of the model constructs among 

themselves and is the measure of distinctness 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.  

5.3.4.1  Model fit indicators for measurement Model and CFA (Second-Order) 

The present study confirmed the measurement model for Legal Readiness LR (second-

order) using AMOS 26. The results display that the LR construct is multidimensional and 

consists of three factors (PRI, SAF, and SEC). Graphical representation of the second-

order model illustrated in Figure 5.9 also found that fit indices for the multidimensional 

construct are acceptable and within recommended levels (Hair et al., 2010). For 

instance, X 2 = 47.659, df = 41, X 2/df = 1.162, p = 0.200, comparative fit index (CFI) = 

0.996, TuckerςLewis index (TLI) = 0.995, incremental fit index (IFI) = 0.996 and root mean 

square error of approximation (RMSEA) = 0.020. Table 5.18 represents the model fit 

indexes criteria. Furthermore, the evidence for composite reliability (CR) and 

discriminate validity (average variance extracted ς AVE) is illustrated in Table 5.19. Table 

5.20 and Table 5.21 provide the details of the convergent and discriminant validity. The 

present Study found that the loading value is higher than 0.70 for each item (Fornell & 

Larcker, 1981) and that the AVE for all constructs was higher than the squared 

correlation coefficients between them (Anderson & Gerbing, 1988). Hence there is no 

problem in reliability and validity in this study data. 

Table 5.18 

Model Fit Indicators 

Fit Index Fit criteria Results 
Fit 

(Yes/No) 
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 
Fit 

(Yes/No) 
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) 

CFI >.0.90 0.996 Yes (Byrne, 2016) 

PCFI >0.50 0.743 Yes (James et al., 1982) 

 

5.3.4.1.1 Construct Reliability (Second order) 

¢ƘŜ ǎŜŎƻƴŘ ƻǊŘŜǊ ƛƴŘƛǾƛŘǳŀƭƭȅ ŎƻƴǎǘǊǳŎǘ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎients of the three main 

dormant variables, i.e., privacy, safety and security (0.844, 0.806 and 846), were more 

than the suggested level of 0.7 (Kannan & Tan, 2005; Nunnally, 1994) ( Table 5.19). 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 0.7 (Gefen et al., 2000; Hair et al., 2010; Kline, 2016), 

ŘŜƳƻƴǎǘǊŀǘƛƴƎ ǎǳŦŦƛŎƛŜƴǘƭȅ ǘƘŀǘ ŎƻƴǎǘǊǳŎǘΩǎ ǊŜƭƛŀōƛƭƛǘȅ ƛǎ ŜǎǘŀōƭƛǎƘŜŘΦ IŜƴŎŜΣ ǘƘŜ 

/ǊƻƴōŀŎƘΩǎ !ƭǇƘŀ ŀƴŘ /w ŦƻǊ ŀƭƭ ǎŜŎƻƴŘ ƻǊŘŜǊ ŎƻƴǎǘǊǳŎǘǎ ǿŜǊŜ ŀŎƘƛŜǾŜŘ ŀƴŘ ŘŜƭƛberated 

as adequately error-free (Table 5.19). 

5.3.4.1.2 Indicator Reliability 

High loadings on a construct indicate that the associated indicators have much in 

common captured by the construct (Hair Jr et al., 2016). On 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 improving the CR value or average variance extracted (AVE) (Hair Jr et al., 

2016). In this Study, all the indicators have their loadings surpassed the recommended 

value of 0.5 (Hair et al., 2010). There is no indicator with loading below 0.70 (Table 5.19 

). All items satisfied the requirements without any removal item from the scale. 

5.3.4.1.3 Convergent Validity 

As already highlighted above, convergent validity is the extent to which a measure 

correlates positively with alternative measures of the same construct. To establish 

convergent validity, researchers consider the AVE (Hair Jr et al., 2016). AVE with a value 

equal to or higher 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. Table 5.19 delivers the convergent validity of the construct. 

 Table 5.19 

Loading, Cronbach's Alpha, CR and AVE for zero-order model 

 

Indicator Direction Construct 

Factor 
Loading S.E. t-Value P-Value 

 h CR AVE 

>0.5 >0.7 >0.7 >0.5 

PRI_1 ċ PRI 0.781   0.844 0.845 0.575 

PRI_2 ċ PRI 0.773 0.066 14.893 ***  
 PRI_3 ċ PRI 0.726 0.066 13.987 ***  

PRI_4 ċ PRI 0.755 0.067 14.547 ***  

SAF_1 ċ SAF 0.735  0.806 0.806 0.583 

SAF_2 ċ SAF 0.83 0.081 13.933 ***   
SAF_3 ċ SAF 0.718 0.074 12.739 ***  

SEC_1 ċ SEC 0.743  0.846 0.847 0.581 

SEC_2 ċ SEC 0.75 0.072 13.956 ***  

 SEC_3 ċ SEC 0.76 0.075 14.128 ***  

SEC_4 ċ SEC 0.794 0.073 14.713 ***  

Note: Confirmatory factor analysis for Legal Readiness (LR) ʰҐ CronōŀŎƘΩǎ ŀƭǇƘŀΤ CR = Composite 

reliability, AVE = Average variance extracted, Ad = Adoption, TRS = Trust, SA = Situational Awareness, SEC 

= Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Training, Significant at ***p < 0.001 

5.3.4.1.4 Discriminant Validity (by Fornell-Larcker criterion) 

!ǎ ƘƛƎƘƭƛƎƘǘŜŘ ŀōƻǾŜΣ ŘƛǎŎǊƛƳƛƴŀƴǘ ǾŀƭƛŘƛǘȅ ƳŜŀƴǎ άǘƘŜ ŜȄǘŜƴǘ ǘƻ ǿƘƛŎƘ ŀ ŎƻƴǎǘǊǳŎǘ ƛǎ 

ǘǊǳƭȅ ŘƛǎǘƛƴŎǘ ŦǊƻƳ ƻǘƘŜǊ ŎƻƴǎǘǊǳŎǘǎ ōȅ ŜƳǇƛǊƛŎŀƭ ǎǘŀƴŘŀǊŘǎέ(Fornell & Larcker, 1981). 

The constructs have adequate 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 research (Aimran et al., 2017; Al-Maroof & Al-Emran, 2018; Hilkenmeier et 

al., 2020; Isaac et al., 2017; Ong et al., 2021; Seok-Soo, 2021). And second, the utmost 

acclaimed approach is HTMT (Henseler et al., 2015). Table 5.20 delivers the details of 

discriminant validity through the Fornell-lacker method. 

Table 5.20 

Discriminant Validity (by Fornell-Larcker 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 average variance extracted while the other entries 

represent the correlations. SEC = Security, Pri = Privacy, SAF = Safety 

5.3.4.1.5 Discriminant Validity (by HTMT) 

Henseler et al. (2015) suggested HTMT as an innovative approach to evaluating the 

discriminant validity and claimed that this approach is more solid and predictable than 

the Fornell Larcker criterion. Henseler et al. (2015) suggested that the HTMT value 

beneath 0.85 designates an acceptable and tolerable discriminant validity. In this Study, 

HTMT values of all the constructs were found below the threshold value. Therefore, all 

constructs have their distinct concepts. The following Table 5.21 provides the details of 

discriminant validity through the heterotrait-monotrait method. 

Table 5.21 

Results of discriminant validity by HTMT criterion method for second order model 

Construct  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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Figure 5.9 

Graphical Representation of Second Order Model 

 

5.3.4.2  Model fit indicators for measurement Model and CFA (Zero-Order) 

In zero order measurement model, all eight latent variables i.e. Adoption, Trust, 

Situational Awareness, Security, Privacy, Anthropomorphism, Safety, and Training were 

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, TuckerςLewis index (TLI) = 0.981, incremental fit 

index (IFI) = 0.982 and root mean square error of approximation (RMSEA) = 0.022. The 

Table 5.22 shows the model fit indexes. 

Table 5.22 

Model fit indicators (Zero Order) 

Fit Index References Fit criteria Results 
Fit 

(Yes/No) 

X2     1187.0   

DF      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 = Chi-Square, DF = Degree of freedom, CFI = Comparative-fit -index, RMSEA = Root Mean Square 

Error of Approximation, SRMR: Standardized Root Mean Square Residual, NFI = Normed fit index, IFI = the 

increment fit index, TLI = Tucker-Lewis coefficient Index, PNFI = Parsimony Normed Fit Index.  These are 

recommended since they are frequently reported in the literature (Awang, 2012). 

5.3.4.2.1 Construct Reliability (Zero order) 

In the zero-order construct, ǘƘŜ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘǎ ƻŦ ǘƘŜ ŜƛƎƘǘ Ƴŀƛƴ 

variables, i.e., adoption, trust, situational awareness, security, privacy, 

anthropomorphism, safety, training, are measured (0.961, 0.905, 0.871, 0.846, 0.844, 

0.820, 0.806, 0.765 simultaneously). All the constructs achieved greater than 0.7 values 

(Table 5.23). 

5.3.4.2.2 Indicator Reliability (Zero order) 

In the zero order model, eight variables were included for checking indicator reliability. 

The outer loading of all the zero order construct have greater than 0.7(see Table 5.23). 

5.3.4.2.3 Convergent Validity 

The average variance extracted for all eight constructs in zero order must be greater 

than 0.5, indicating a convergent validity between the construct (see Table 5.23). 

Table 5.23 

[ƻŀŘƛƴƎΣ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀΣ /w ŀƴŘ !±9 ŦƻǊ ȊŜǊƻ ƻǊŘŜǊ ƳƻŘŜƭ 

Indicator Direction Construct 

Factor 
Loading S.E. T-Value P-Value 

 h CR AVE 

>0.5 >0.7 >0.7 >0.5 

AnT_1 ċ AnT 0.694   0.820 0.820 0.534 

AnT_2 ċ AnT 0.754 0.093 12.266 ***  
 AnT_3 ċ AnT 0.717 0.094 11.848 ***  

AnT_4 ċ AnT 0.755 0.097 12.284 ***  

TR_1 ċ TR 0.866  0.765 0.772 0.631 

TR_2 ċ TR 0.715 0.183 4.516 ***   

SA_1 ċ SA 0.732  0.871 0.871 0.530 

SA_2 ċ SA 0.742 0.076 13.737 ***  

 
SA_3 ċ SA 0.699 0.072 12.941 ***  

SA_4 ċ SA 0.735 0.075 13.601 ***  

SA_5 ċ SA 0.745 0.075 13.781 ***  

SA_6 ċ SA 0.715 0.074 13.233 ***  

TRS_1 ċ TRS 0.751  0.905 0.905 0.576 
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Indicator Direction Construct 

Factor 
Loading S.E. T-Value P-Value 

 h CR AVE 

>0.5 >0.7 >0.7 >0.5 

TRS_2 ċ TRS 0.757 0.066 15.036 ***  

 

TRS_3 ċ TRS 0.746 0.064 14.782 ***  

TRS_4 ċ TRS 0.777 0.068 15.473 ***  

TRS_5 ċ TRS 0.763 0.066 15.16 ***  

TRS_6 ċ TRS 0.753 0.069 14.947 ***  

TRS_7 ċ TRS 0.765 0.068 15.209 ***  

PRI_1 ċ PRI 0.784  0.844 0.844 0.575 

PRI_2 ċ PRI 0.774 0.064 15.187 ***  
 PRI_3 ċ PRI 0.725 0.064 14.164 ***  

PRI_4 ċ PRI 0.75 0.065 14.687 ***  

SAF_1 ċ SAF 0.748  0.806 0.807 0.583 

SAF_2 ċ SAF 0.817 0.077 14.226 ***   
SAF_3 ċ SAF 0.722 0.072 13.02 ***  

SEC_1 ċ SEC 0.749  0.846 0.847 0.581 

SEC_2 ċ SEC 0.749 0.07 14.101 ***  
 SEC_3 ċ SEC 0.757 0.074 14.245 ***  

SEC_4 ċ SEC 0.793 0.071 14.888 ***  

AD_1 ċ AD 0.728  0.961 0.961 0.592 

AD_2 ċ AD 0.725 0.074 14.415 ***  

 

AD_3 ċ AD 0.693 0.072 13.739 ***  

AD_4 ċ AD 0.67 0.071 13.258 ***  

AD_5 ċ AD 0.798 0.073 15.955 ***  

AD_6 ċ AD 0.798 0.076 15.964 ***  

AD_7 ċ AD 0.816 0.078 16.356 ***  

AD_8 ċ AD 0.775 0.079 15.479 ***  

AD_9 ċ AD 0.791 0.074 15.82 ***  

AD_10 ċ AD 0.787 0.08 15.726 ***  

AD_11 ċ AD 0.798 0.075 15.972 ***  

AD_12 ċ AD 0.8 0.077 15.999 ***  

AD_13 ċ AD 0.767 0.075 15.301 ***  

AD_14 ċ AD 0.763 0.075 15.228 ***  

AD_15 ċ AD 0.782 0.075 15.622 ***  

AD_16 ċ AD 0.787 0.076 15.723 ***  

AD_17 ċ AD 0.786 0.076 15.717 ***  
Note: Confirmatory factor analysis for Zero order ModeƭΣ ʰҐ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀΤ /w Ґ /ƻƳǇƻǎƛǘŜ ǊŜƭƛŀōƛƭƛǘȅΣ 

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 

5.3.4.2.4 Discriminant Validity (By Fornell-Larcker) 

Table 5.24 shows the discriminant validity for all eight constructs. There is no 

discriminant issue within the zero order model.  
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Table 5.24 

Discriminant validity by Fornell-Larcker criterion (Zero order model) 

 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 0.491 0.139 0.150 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 while the other entries 

represent the correlations. Ad = Adoption, TRS = Trust, SA = Situation Awareness, SEC = Security, Pri = 

Privacy, AnT = Anthropomorphism, SAF = Safety, TR = Training.   

5.3.4.2.5 Discriminant Validity (By HTMT) 

As highlighted above, the HTMT values must be lesser than 0.85. Table 5.25 provides the 

details of HTMT of the zero order model. 

The graphical representation of the zero order model is depicted in Figure 5.10. 

Table 5.25 

Discriminant Validity (By HTMT) Zero Order 

 Construct AnT TR SA TRS PRI SAF SEC AD 

AnT       
  

  
  
  

  
  
  
  

  
  
  
  
  

  
  
  
  
  
  

  
  
  
  
  
  
  

TR 0.004   

SA 0.034 0.071   

TRS 0.14 0.15 0.154   

PRI 0.001 0.073 0.005 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 = Adoption, TRS = Trust, 

SA = Situation Awareness, SEC = Security, Pri = Privacy, AnT = Anthropomorphism, SAF = Safety, TR = 

Training 
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Figure 5.10 

Graphical representation of Zero Order Measurement Model 

 

5.3.4.3  Model fit 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, Anthropomorphism, Legal readiness and Training are included. CFA results 

publicized X 2 = 1230.6, df = 1016, X 2/df = 1.211, p = 0.000, comparative fit index (CFI) 

= 0.979, TuckerςLewis index (TLI) = 0.977, incremental fit index (IFI) = 0.972 and root 

mean square error of approximation (RMSEA) = 0.023. Table 5.26 demonstrates the 

model fit indexes. 



182 

Table 5.26 

Model Fit Indicators (Full Model) 

Fit Index References Fit criteria Results 
Fit 

(Yes/No) 

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 

 

5.3.4.3.1  Construct Reliability (Full Model) 

Finally, ǘƘŜ Ŧƛƴŀƭ ƳƻŘŜƭ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŎƻŜŦŦƛŎƛŜƴǘǎ ƻŦ ǘƘŜ ǎƛȄ primary constructs, i.e., 

legal readiness, adoption, trust, situational awareness, anthropomorphism, training, is 

checked (0.872, 0.966, 0.905, 0.871, 0.813, 0.765 simultaneously) (Table 5.27). 

5.3.4.3.2 Indicator Reliability 

In the final measurement model, the indicator reliability was also achieved. All items 

have greater than 0.7 outer loadings. No item was deleted in the final model. Table 5.27 

provides the details of factor loading. 

5.3.4.3.3 Convergent Validity 

In the full model, the second-order constructs convergent validity is measured by the 

validity of the set of sub-dimensions through AVE, which can be premeditated by 

averaging the squared multiple correlations for the first-order indicators (MacKenzie et 

al., 2011). Table 5.27 confirms the result of the convergent validity via AVE. 

Table 5.27 

[ƻŀŘƛƴƎΣ /ǊƻƴōŀŎƘΩǎ Alpha, CR and AVE for full model 

Indicator Direction Construct 

Factor 
Loading S.E. t-Value P-Value 

 h CR AVE 

>0.5 >0.7 >0.7 >0.5 

PRI ċ LR 0.783   0.872 0.824 0.610 

SAF ċ LR 0.761 0.102 9.203 ***  
  

SEC ċ LR 0.798 0.102 9.573 ***  
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Indicator Direction Construct 

Factor 
Loading S.E. t-Value P-Value 

 h CR AVE 

>0.5 >0.7 >0.7 >0.5 

AnT_1 ċ AnT 0.694   0.820 0.820 0.534 

AnT_2 ċ AnT 0.754 0.093  
 

 
 

AnT_3 ċ AnT 0.717 0.094 11.848 
 

AnT_4 ċ AnT 0.755 0.097 12.284 
 

TR_1 ċ TR 0.866  0.765 0.772 0.631 

TR_2 ċ TR 0.715 0.183  
 

 

SA_1 ċ SA 0.732  0.871 0.871 0.530 

SA_2 ċ SA 0.742 0.076  
 

 
 

SA_3 ċ SA 0.699 0.072 12.941 
 

SA_4 ċ SA 0.735 0.075 13.601 
 

SA_5 ċ SA 0.745 0.075 13.781 
 

SA_6 ċ SA 0.715 0.074 13.233 
 

TRS_1 ċ TRS 0.751  0.905 0.905 0.576 

TRS_2 ċ TRS 0.757 0.066  
 

 
 

TRS_3 ċ TRS 0.746 0.064 14.782 
 

TRS_4 ċ TRS 0.777 0.068 15.473 
 

TRS_5 ċ TRS 0.763 0.066 15.16 
 

TRS_6 ċ TRS 0.753 0.069 14.947 
 

TRS_7 ċ TRS 0.765 0.068 15.209 
 

PRI_1 ċ PRI 0.784  0.844 0.844 0.575 

PRI_2 ċ PRI 0.774 0.064  
 

 
 

PRI_3 ċ PRI 0.725 0.064 14.164 
 

PRI_4 ċ PRI 0.75 0.065 14.687 
 

SAF_1 ċ SAF 0.748  0.806 0.807 0.583 

SAF_2 ċ SAF 0.817 0.077  
 

 
 SAF_3 ċ SAF 0.722 0.072 13.02 

 

SEC_1 ċ SEC 0.749  0.846 0.847 0.581 

SEC_2 ċ SEC 0.749 0.07  
 

 
 

SEC_3 ċ SEC 0.757 0.074 14.245 
 

SEC_4 ċ SEC 0.793 0.071 14.888 
 

AD_1 ċ AD 0.728  0.961 0.961 0.592 

AD_2 ċ AD 0.725 0.074 14.415 ***  

  

AD_3 ċ AD 0.693 0.072 13.739 ***  

AD_4 ċ AD 0.67 0.071 13.258 ***  

AD_5 ċ AD 0.798 0.073 15.955 ***  

AD_6 ċ AD 0.798 0.076 15.964 ***  

AD_7 ċ AD 0.816 0.078 16.356 ***  

AD_8 ċ AD 0.775 0.079 15.479 ***  

AD_9 ċ AD 0.791 0.074 15.82 ***  

AD_10 ċ AD 0.787 0.08 15.726 ***  

AD_11 ċ AD 0.798 0.075 15.972 ***  

AD_12 ċ AD 0.8 0.077 15.999 ***  

AD_13 ċ AD 0.767 0.075 15.301 ***  

AD_14 ċ AD 0.763 0.075 15.228 ***  

AD_15 ċ AD 0.782 0.075 15.622 ***  

AD_16 ċ AD 0.787 0.076 15.723 ***  

AD_17 ċ AD 0.786 0.076 15.717 ***  
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bƻǘŜΥ /ƻƴŦƛǊƳŀǘƻǊȅ ŦŀŎǘƻǊ ŀƴŀƭȅǎƛǎ ŦƻǊ Ŧǳƭƭ ƳƻŘŜƭ ό½ŜǊƻ ƻǊŘŜǊ Ҍ {ŜŎƻƴŘ ƻǊŘŜǊύΣ ʰҐ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀΤ /w Ґ 

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 at ***p < 0.001 

5.3.4.3.4 Discriminant Validity 

The Table 5.28 results demonstrate that the overall fit indices for the full measurement 

model are satisfactory and incremental fit. Parsimony fit indices are also achieved. 

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, AVE and 

Discriminant validity is given in Table 5.29. The graphical representation of the full model is 

depicted in Figure 5.11. 

Table 5.28 

Discriminant Validity 

Constructs 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 = Adoption, TRS = Trust, SA = Situation Awareness, AnT = 

Anthropomorphism, TR = Training   

 

 

Table 5.29 

Summary of Reliability, Composite reliability, AVE and Discriminant validity 

Construct 
 h CR AVE 

Discriminant 
validity 

>0.7 >0.7 >0.5 Yes/NO 

Legal Readiness (LR) 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 Awareness (SA) 0.871 0.871 0.530 Yes 

Trust (TRS) 0.905 0.905 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 

Figure 5.11 

Graphical Representation of Full Model 

 

5.3.5 Structural Model and Hypotheses Verification 

According to Hair et al. (2010), all the construct measures of this research 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 results. This procedure 

involves examining ǘƘŜ ƳƻŘŜƭΩǎ ǇǊŜŘƛŎǘƛǾŜ ŀƴŘ analytical capabilities and the relations 

between all the constructs. For confirming hypothesis testing, the bootstrap procedure 

run with 5,000 samples at a two-tailed significance level is 0.05. The test was done by 

AMOS software V.26. In this research study, it was vital to study the 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 resorted to 

ŀƴƻǘƘŜǊ ǎǘŜǇ ƻŦ {9a ǿƘŜǊŜ ǘƘŜ ǊƻƭŜ ƻŦ Ψ¢ǊǳǎǘΩ ŀǎ ƳŜŘƛŀǘƻǊ ǿŀǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ǘƻ ŎƻƴŎƭǳŘŜ 




























































































































































































































































































































































































































































































































































