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SUMMARY 

This thesis reports on a research project which examined the efficiency of Autonomous 

Vehicles (AVs) in highway transport, and experts’ and other people’s perceptions and 

acceptance of these vehicles.  

This research aimed to address the benefits and risks of the application of AVs using the 

results of past studies in this context. The study focused on the effects that AVs might have 

on factors associated with the adoption of AVs such as safety, traffic, cost, the environment 

and some other parameters. Then, it identified some gaps in the technology and research in 

this field, which need to be filled before the exploitation of AVs on public roads. 

In order to address the research gaps on AVs, this study assessed public perception and 

acceptance of these vehicles through a national survey in Ireland with 474 participants. The 

results of this study addressed people’s concerns regarding the adoption of AVs and their 

willingness to adopt an AV in their life. Then the study conducted a survey amongst 301 

international experts in related fields to gather their comments and thoughts on the 

substantial risks and advantages of the application of AVs in highway traffic from an expert 

point of view. The results of these two surveys found that, despite the many benefits of 

switching to AVs, security concerns, legal liability, and safety concerns are the most 

substantial concerns of the experts and road users with regard to adopting AVs. Additionally, 

experts demonstrated that a lot more investigation, research, and technology development 

required before the adoption of AVs on public roads along with improvement in juridical 

issues and legal liabilities related to the use of the AVs. 

After addressing different benefits and risks in the application of AVs, the study aimed to 

evaluate the impact of the adoption of these vehicles by modelling them in a real road 

network. The purpose of this modelling was to attain a clear understanding of the effects of 

AVs on some of the characteristics of the road trip assessed in the first step of the research. 

However, since the technologies used in AVs are new, and there is no previous experience of 

the application of AVs in highway transport, there is no information about the driving 

behaviours of these vehicles; this, therefore, is an essential aspect of the modelling. So, the 

study optimised the parameters of human driving behaviours to find out what would happen 

if AVs could drive with modified human behaviours. The optimisation, along with a few 

model configurations for AVs, was conducted over 86 simulation scenarios (1,003 hours’ 

simulation) in a conceptual model of the M50 motorway in Dublin using the microsimulation 

software PTV-VISSIM (PTV, 2017). Then, the study acquired the optimised driving 

behaviours to evaluate how efficient AVs can be within the context of the anticipated driving 

behaviours.  
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The modelling for this study was conducted over 180 simulation scenarios under various 

traffic conditions of the year 2017, with 3,150 hours of traffic simulation to make sure the 

results are internally consistent. The simulation results addressed the impacts of adopting 

AVs in a diverse range of peak, normal and off-peak traffic conditions in 2017 on the M50 

motorway. Also, the shared road of AVs and Traditional Vehicles (TVs) was tested under 11 

simulation scenarios for each traffic condition where the proportion of the AVs increased by 

10% from an entirely traditional network to a network fully occupied by AVs. In total, the 

simulation for the shared road was conducted over 33 simulation scenarios for all traffic 

conditions with 576 hours of simulation. Such an assessment of the mixed traffic represents 

the transition periods between TVs and AVs in highway transport. The results of the 

simulations showed that AVs could be efficient in all types of traffic conditions. However, 

AVs showed to be more efficient in the normal traffic condition when the network was not 

saturated in terms of traffic flow. Also, the results showed that AVs and TVs could share the 

network efficiently, and the smoothness of traffic flow increased with the increase in 

penetration of AVs. However, the results from the peak and normal traffic conditions in this 

evaluation showed that a road with a 60% share of AVs can improve traffic quality as much 

as a road entirely populated by AVs. Likewise, a 30% share of AVs on the road in off-peak 

traffic conditions provides approximately the same improvement as a 100% share of AVs. 

Additionally, AVs were shown to be most effective in reducing the number of stops, stop 

delay, queue length and queue delay. In general, the assessments conducted for this study 

showed that AVs could improve the quality of highway trip characteristics by an overall 

average of 62% in all types of traffic conditions.  

Finally, the study adopted driving behaviours recently (in 2018) suggested by PTV for the 

simulation of AVs over 41 simulation scenarios with 717 hours of simulation, and the results 

were compared to those of this study. The comparison of results from the simulation of the 

AVs of this study and those of PTV validated the optimisation and simulation of this study. 

The simulation of AVs using the optimised driving behaviours of this study obtained an 

overall improvement of 67.4% in traffic quality, which is in line with simulated 69.4% and 

73.0% improvement from the PTV’s normal and aggressive driving behaviours, respectively. 

Moreover, the simulation of the shared road of PTV returned results similar to those of this 

study. Additionally, the shared road of both studies (this study and PTV) showed no 

substantial improvement in the quality of traffic once the AV share of the road rose above 

60%. 
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1. INTRODUCTION 

 

1.1. Introduction 

Over the past decade, there has been a sharp rise in the addition of vehicle sensors and 

technologies to cars to make them safer and more efficient (Greenough, 2016; Bell, 2015). 

More recently, there has been a strong focus on a new generation of Autonomous Vehicles 

(AVs), which are capable of driving without human intervention (Fagnant and Kockelman, 

2015). AVs which are also known as self-driving cars or driverless cars are vehicles that can 

guide themselves with little or no human conduction (Taeihagh and Lim, 2019). Aside from 

the impact of AVs on the car industry, they may also play an essential role in transportation 

science. It is foreseen that they may have direct and positive implications for safety, traffic 

flow, fuel consumption, the environment, and the privacy of road users, which may impact 

upon users’ acceptance. Therefore, it is essential to develop an understanding of the extent 

to which the awareness and acceptance of such technology among individuals is necessary 

and important. Moreover, it is also crucial to understand how AVs can behave in highway 

traffic. 

Before describing the problems in the field and research objectives, it is essential to review 

various levels of vehicle automation and indicate which level is going to be studied in this 

research. In this context, the Society of Automotive Engineers (SAE) defined six levels of 

automation for AVs, which is also adopted by the National Highway Traffic Safety 

Administration (NHTSA). Table 1.1 represents the levels of automation defined by SAE 

(2016) and adopted by NHTSA (2019). It is worth noting that the names and definitions 

provided in Table 1.1 are generic and internationally developed by SAE, NHTSA, and the 

researchers in the field. Therefore, the terms in  

Table 1.1 is adopted in this research without a substantial change in their definition. 
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Table 1.1. Levels of vehicle automation defined for AVs (NHTSA, 2019; SAE, 2016) 

Level Name Definition 

0 No Automation The driver performs all the driving tasks 

1 Driver Assistance The driver controls the vehicle, but some Advanced Driving 
Assistance Systems (ADAS) may be included in the vehicle design 

2 Partial Automation An ADAS system can perform some driving tasks such as steering, 
acceleration, and braking under some circumstances. However, 
the human driver must pay full attention to the vehicle’s driving 
operation at all times and remain engaged with the rest of the 
driving task. 

3 Conditional 
Automation 

An Automated Driving System (ADS) can perform all aspects of the 
driving task under some circumstances, while the presence of a 
driver is necessary. The driver must be ready to take back 
control of the AV in those circumstances when the ADS system 
requests the human driver to do so. In all the rest of the driving 
circumstances, the human driver should perform the driving task. 

4 High Automation An ADS system can perform all driving tasks in certain 
circumstances, and the human driver does not need to pay 
attention to driving duties in those circumstances. However, the 
driver may have the option to control the AV. 

5 Full Automation The vehicle (ADS system) can perform all driving tasks in all 
circumstances, and the human driver does not need to get 
involved in driving. The human driver is just a passenger of the 
AV. 

Source: National Highway Traffic Safety Administration (2019) & Society of Automotive Engineers (2016)  

 

Based on the information provided in Table 1.1, this study aims to evaluate the efficiency of 

AVs in the ultimate level of automation (i.e., level 5 which is also referred as full automation) 

in highway transport. Therefore, the abbreviation of the term AV throughout this thesis is 

adopted to represent a fully automated AV or level 5 AV. It is also worth noting that the term 

‘traffic efficiency’ throughout this thesis points to an average of the followings: 

 A decrease in travel time 
 An increase in the number of vehicles from origin to destination of a trip 
 An increase in the total number of vehicles in the network 
 A decrease in queue length and queue delay 
 A decrease in vehicle delay 
 A decrease in the number of stops and stop delay 
 A decrease in fuel consumption and CO emission 
 Promotion in the Level of Service (LOS)  
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1.2. Problem Statement 

Autonomous Vehicles may change travel behaviours as they will have direct impacts on the 

modes of travel (LaMondia et al. 2015). Various studies have pointed to AVs for their traffic 

and environmental benefits, reduction of human errors in driving, increase of vehicle safety, 

reduction of the severity of accidents, reduction of traffic congestion and their possibility of 

providing mobility for young, old and disabled people (Bansal et al., 2016; Krueger et al., 

2016; PennDOT, 2016; Fagnant and Kockelman, 2015; NHTSA, 2015; Howard and Dai, 2014; 

Schoettle and Sivak, 2014b, 2014c; Casley et al., 2013). Some studies have also estimated a 

possible timeframe (2040 – 2075) in which AVs will become a reality and achieve a (5%) 

market share (Litman, 2016; Kyriakidis et al. 2015; Underwood, 2014).  

On the one hand, it is likely that the transition and societal changes resulting from the 

adoption of AVs are extensive and so AVs might be required to operate and share the road 

with TVs for some decades (Hancock et al., 2019; Laan and Sadabadi, 2017). On the other 

hand, there has not yet been an official adoption of AVs on highways to address the exact 

outcomes of their adoption for long-distance travel. Therefore, it is unclear what exactly will 

happen to road trips in terms of characteristics such as safety, traffic, privacy and security, 

the environment and some others. Such characteristics impact on the transport industry, the 

car industry and road users. Addressing the possible outcomes of the adoption of AVs before 

their emergence on public roads will help different groups of experts who are dealing with 

the production and deployment of AVs in the road network. The related groups are 

including, but not limited to, transport scientists, car manufacturers, environmental 

protection agencies, road users, legislators, insurance companies, and all groups which 

might be relevant to mobility services. For this reason, the current research aims to address 

the benefits and risks of the different effects of AVs on users’ acceptance, experts’ 

perceptions of the adoption of AVs for highway trips, and the impact of AVs on the trip 

characteristics mentioned above. More details on the objectives of the thesis and the 

methodology for dealing with such concerns are presented in the following sections. 

 

1.3. Research Objectives 

The research aim is to find out whether AVs are efficient in highway transport or not and, if 

so, how efficient they are and how much ready are the people, governments, and industries 

and the transport network. Such an objective can be presented as follows: 

i. To analyse road users’ perceptions, concerns, and acceptance of automated driving; 
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ii. To explore the main concerns of the transportation experts regarding the application of 

AVs in highway transport;  

iii. To help the human driving behaviours model for the representation of intelligent driving 

behaviours; 

iv. To explore which parameters of driving behaviour model must change to attain the 

desired improvements on specific characteristics of highway trip; 

v. To identify the possible outcomes of replacing human drivers with machines on the 

environment, travel time, queues, delays, the level of service (LOS); and 

vi. To assess if AVs could be utilised in the current transport infrastructure in mixed traffic 

with TVs or if they would need a dedicated lane and evaluate the change in traffic flow 

by increasing the proportion of AVs in the highway. 

 

1.4. Resolved Concerns regarding the adoption of AVs 

Previous studies (see Chapter 2) contributed to some findings regarding users’ perception 

and acceptance of AVs. However, several concerns and questions were remained 

unanswered regarding the adoption of AVs which are addressed in this study as follows: 

 

 Would public individuals be interested to adopt AVs? 

 What would be individuals’ main reasons for adopting AVs? 

 How much would public individuals be willing to pay for AVs? 

 Would academia, industry and government experts support the adoption of AVs in 

public roads? 

 Would Ridesharing AVs be more efficient than the private AVs in providing an 

efficient traffic flow? 

 What would be the most valuable outcomes of adopting AVs? 

 What would be the most substantial concern of adopting AVs? 

 What would be the most significant technical concern of adopting AVs? 

 Would AVs be safe and secure? What do people and experts believe considering the 

latest improvements in the technology of these vehicles? 

 Would AVs be safer and more secure than human-driven vehicles? 

 Who should have access to the travel data stored in AVs? 

 Which group or agency should take the highest responsibility of AVs in case of an 

accident? 

 Would AVs be helpful in increasing road throughput and improving the level of 

service? If yes, by how much? 

 Would AVs be able to reduce fuel consumption and vehicle emissions? If yes, by how 

much? 

 Would AVs be able to reduce travel time? If yes, by how much? 

 Would AVs be able to reduce vehicle stops, queue length, and delay time? If yes, by 

how much? 
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 Would traditional driving behaviour models be adopted for replicating autonomous 

behaviours? 

 What parameters of the traditional driving behaviour model (Wiedemann-99) 

should be changed (and by how much) in order to achieve the lowest travel time, 

queue length, delay time, fuel consumption, vehicle emission, and the highest LOS? 

 Would AVs be able to operate in mixed traffic with traditional vehicles (TVs) or a 

dedicated lane is required for AVs’ adoption in highway transport? 

 Could statistical reliability tests such as Cronbach’s alpha be used in traffic 

simulation studies? 

 What proportion of AVs would be required in mixed traffic with TVs (if possible) to 

achieve the most efficient traffic quality? 

 Would the recent autonomous driving behaviours defined by PTV be able to properly 

replicate autonomous behaviours? 

 

1.5. Thesis Layout 

The organisation of the rest of the thesis is as follows: 

Chapter 2 reviews the relevant studies on the benefits and concerns relating to the adoption 

of AVs in highway transport. The results of past studies provide for a better understanding 

of the possible outcomes of the application of AVs and highlight gaps in the knowledge. Also, 

a review of the studies related to microsimulation of traffic flow and some previously 

performed analysis of the parameters of driving behaviours is conducted. The results of this 

section also highlight the gaps, concerns and risks of AVs in highway transport. 

Chapter 3 deals with the research methodology. It explains the procedure of the surveys of 

this research, and the data collection procedures of the surveys. Since driving behaviours 

are an essential aspect of simulation modelling in this field, they define the logic behind the 

operations of the vehicles in the model. Therefore, it is crucial to have an understanding of 

driving behaviours. In this context, Chapter 3 conducts a review of the Wiedemann-99 Car-

Following Model and its respective parameters. This chapter describes and adopts different 

parameters of driving behaviours which are used for optimisation. Then, it makes use of the 

organised driving behaviours and optimises them to simulate AVs. In this chapter, a detailed 

explanation is provided about the step by step process of optimisation.  Additionally, chapter 

3 provides a detailed explanation about the structure of simulations of TVs and AVs in single-

mode occupancy and shared road with various proportions of these vehicles. 

The findings of Chapter 2 reveal substantial concerns regarding the application of AVs. Since 

AVs directly impact on users’ lives, Chapter 4 presents the results of a national public survey 

conducted in Ireland. This chapter assesses users’ perceptions and opinions of adopting AVs 
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in their daily lives, their willingness to adopt AVs, their willingness to pay (WTP) and many 

other factors which impact on the viability of AVs. 

Based on the insights gained from Chapters 2 and 4, it seemed necessary to estimate the 

possible outcomes of the application of AVs from an expert point of view. In this context, 

Chapter 5 describes the expert survey conducted in this research with the help of specialists 

in fields relevant to AVs. The results from this chapter address the possible risks of AVs in 

terms of traffic, the environment, safety, and some other associated elements.  

The findings from Chapters 4 and 5 answer a diverse range of questions regarding the 

application of AVs. However, it seemed necessary to carry out some experiments to find out 

the extent to which the results are in line with public and experts’ perceptions in this matter. 

Therefore, the study proceeded to simulate AVs in a case study on the M50 motorway in 

Dublin. However, since no driving behaviours have been defined for AVs, the study 

optimised a human driving behaviour model to explore what would happen if AVs could 

drive with modified human driving behaviour model. For this, Chapter 6 deals with the 

results of optimisation using Tables and graphs. This chapter presents the simulation results 

related to the optimisation of driving behaviours and provides the optimised values for the 

simulation of AVs. Additionally, the chapter represents the results of assessments on the 

impact of each driving behaviour on specific characteristics of a highway trip evaluated in 

this study. 

Chapter 7 contains all the findings from the simulations of TVs and AVs in single occupancy 

and mixed traffic. Additionally, the chapter provides results of the simulations conducted 

using the parameters defined by PTV and compares them with the simulation results of this 

study. 

Chapter 8 represents the conclusions of this thesis using a summary of the findings of the 

research. This chapter also describes the main contributions of the study and discusses the 

extent to which AVs could be useful in highway transport, and under what conditions. Then 

it provides some suggestions to direct future research in this context. Additionally, this 

chapter provides a brief discussion of all findings followed by an overall conclusion of the 

research. 
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1.6. Disseminations from Thesis 

The contributions of this research have been published in the following journals and 

conferences: 

1. Rezaei, A. & Caulfield, B. (2020). Simulating a Transition to Autonomous Mobility. 

Simulation Modelling Practice and Theory. (Under review) 

2. Rezaei, A. & Caulfield, B. (2020). Autonomous Mobility from a Public Perspective. 

Travel Behaviour and Society. (Under review) 

3. Rezaei, A. & Caulfield, B. (2020). Transition to Autonomous Mobility: A Study with 

5,446 Hours of Simulation. Accepted for Presentation at Transport Research Arena 

Conference (TRA VISION 2020). Helsinki, Finland. 

4. Rezaei, A. & Caulfield, B. (2019). Public Survey on the Application of Autonomous 

Vehicles. Presented at the 47th European Transport Conference (ETC 2019). Dublin 

Castle. Dublin, Ireland. 

5. Rezaei, A. & Caulfield, B. (2019). Expert Survey on the Application of Autonomous 

Vehicles. Presented at the 47th European Transport Conference (ETC 2019). Dublin 

Castle. Dublin, Ireland. 

6. Rezaei, A. & Caulfield, B. (2018). Analysis of the Traffic Flow for Autonomous 

Vehicles in Freeway Transport: Optimisation and Simulation. Presented at the 46th 

European Transport Conference (ETC 2018). Dublin Castle. Dublin, Ireland.  

7. Rezaei, A. & Caulfield, B. (2018). The Efficiency of Fully Autonomous Vehicles in 

Motorway Trips: A Case Study in Dublin – The M50 Motorway. Civil Engineering 

Research in Ireland (CERI) in association with Irish Transportation Research Network 

(ITRN 2018). Dublin, Ireland.  

8. Rezaei, A. & Caulfield, B. (2017). Examining Users' Opinion and Acceptance of Fully 

Autonomous Vehicles (a review study). Irish Transport Research Network (ITRN 

2017). University College Dublin (UCD). Dublin, Ireland. 
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2. LITERATURE REVIEW 

 

2.1. Introduction 

The acceptance of emerging technologies or a modal shift in the transport system has 

previously been studied using Technology Acceptance Models (TAM) and Theory of Planned 

Behaviours (TPB). Both of these models argue individuals’ psychological behaviours, 

attitudes, and intentions towards a mode choice and how they come to accept and use a 

technology (Chen and Chao, 2010). For example, Chen et al. (2006) studied 300 highway 

motorists in Taiwan for their acceptance of electronic toll collection service (ETCS). Chen et 

al. (2006) used empirical data from motorists to examine the effects of TAM and TPB models 

on road users’ intention towards the electronic toll collection service. The results of their 

study revealed that the perceived ease of use and usefulness of the ETCS service positively 

influence the users’ attitude towards the adoption of it. Also, Jiang et al. (2017) examined 

242 drivers with poor sleep quality adopting TPB models investigating why do drivers 

continue driving while they are fatigued. The drivers were investigated for their attitudes, 

subjective norms, perceived behavioural controls, fatigued driving information, and fatigued 

driving behaviours. The results of their study showed that drivers’ intention, subjective 

norms and the rest of the evaluated behaviours impact drivers’ decision to continue driving 

while fatigued. Moreover, Osswald et al. (2012) proposed a TAM model for predicting 

information technology (IT) acceptance in an automotive context. They considered 

perceived safety and anxiety as the model determinants to investigate the decision process 

towards the acceptance of in-vehicle IT systems as well as users’ behaviour prediction. The 

result of Osswald et al. (2012)’s study revealed that participants were aware of the influence 

of anxiety and safety while they were using in-vehicle IT systems. Table 2.1 demonstrates 

studies which adopted TPB and TAM models for the evaluation of user acceptance of the 

emerging technologies or a modal shift in the transport-related system. 
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Table 2.1. Studies which adopted behavioral models for examining the acceptance of emerging 
technologies 

Author(s) Study 

Location 

Purpose Study 

method 

Assessment 

model 

Finding 

Bohran et 

al. (2019) 

Libya Predicting the 

intention to 

accept the new 

high-speed 

rail 

Surveying 

338 

individuals 

TPB Attitude and perceived 

behaviour controls 

affect car users’ 

behavioural intention 

to take the new high-

speed rail service 

Adnan et 

al. (2018) 

- Identifying 

user 

acceptance for 

in-vehicle 

technologies 

of AVs 

Literature 

review 

TAM, TAB, 

and UTAUT* 

TAM and TAP are the 

most performing model 

to explain the 

behavioural intention of 

AVs acceptance  

Potard et 

al. (2018) 

France Testing the 

relationship 

between 

alcohol usage 

and the user’s 

perceived 

invulnerability 

Surveying 

368 driving 

licence 

holder – 

young adults  

TPB The intention to drink 

and drive was predicted 

using the TPM model 

determinants. 

Psychological 

invulnerability had a 

significant impact on 

users’ subjective norms, 

past behaviours and 

attitudes.  

Yuen et al. 

(2017) 

Singapore Analysing 

companies’ 

stakeholder 

pressure on 

the intensions 

to adopt 

sustainable 

shipping 

methods 

Surveying 

186 

companies 

TPB Using planned 

behaviours, 

stakeholders can 

impact the intentions to 

use sustainable 

shipping practices 
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Chen and 

Chen 

(2011) 

Taiwan Evaluating 

factors 

affecting 

travellers’ 

intention to 

use in-vehicle 

GPS devices  

Surveying 

251 drivers 

TAM Perceived ease of use 

and enjoyment have a 

substantial impact on 

users’ intention to 

adopt an in-vehicle GPS 

device 

* Unified Theory of Acceptance and Use of Technology 

 

The studies – so far – presented in this Section focused on the reasons to “why” would drivers 

or road users chose a specific system or device and how those behaviours could be altered. 

However, the current study is going to focus on “what” would drivers or road users chose if 

they were given the opportunity of adopting an emerging technology like AVs and CAVs. For 

this, the current chapter is going to investigate previous studies on the benefits and risks of 

adopting AVs and people’s behaviours and perceptions of this technology.  

It is mindful to say why the current study is focusing on the user acceptance and efficiency 

of AVs, not CAVs. In this regard, an investigation on the number of publications related to 

the topic of autonomous mobility showed substantial growth in the research of AVs during 

the past years. Figure 2.1 validates such an argument by illustrating in the number of 

published papers related to AVs and CAVs in Elsevier between the years 2012 and 2019. 

However, Figure 2.1 indicates that fewer number of studies have focused on CAVs, which are 

the next generation of AVs. Also, due to the technological restrictions in the field of CAVs, the 

current study could not focus on this topic. Figure 2.1 also demonstrates that such 

restrictions persist in the current time (in 2019). 
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Figure 2.1. Number of Published Papers about AVs and CAVs 

 

The investigation in the topic of autonomous mobility revealed that various studies have 

assessed users’ acceptance and their perceptions regarding the adoption of AVs (Bansal et 

al., 2016; Kyriakidis et al., 2015; Howard and Dai, 2014; Underwood, 2014; Payre et al., 2014; 

Schoettle and Sivak, 2014b, 2014c; Casley et al., 2013). Those studies have examined the 

possible outcomes of adopting AVs by concentrating on safety, costs, and legal liability. They 

have also provided several insights on the efficiency of AVs and discussed some available 

technology and research gaps based on individuals’ opinions. 

The research for this study has identified several important factors, which impact on the 

feasibility of the application of AVs. Some factors might directly affect individuals’ decisions 

to use AVs such as costs and safety, whereas some might have an indirect effect, like 

production issues. The factors are briefly classified in Figure 2.2. Then, they are explored in 

Section 2.2 of this Chapter. 
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Figure 2.2. Classification tree for the factors impacting on the feasibility of AVs 

 

It is worth noting that the materials in this Chapter were reviewed in May 2019 and 

supported by the results of the recent studies to make sure the literature is up to date. 

 

2.2. The Interaction of Trip Characteristics with AV Viability 

2.2.1. Safety 

Safety is often cited as the number one concern relating to AVs but also the main reason for 

users to adopt AVs (Chan, 2017). The Organisation for Economic Co-Operation and 

Development (OECD) has estimated that the total motorised mobility in cities will have risen 

by 94% in 2050 reaching 34.9 billion passenger-kilometres (BPK), compared with 18 BPK 

in 2015 (OECD, 2017(. As a result of the rise in demand for mobility, road safety has become 

a global public health issue since road crashes are estimated to be the number one cause of 

death among young people aged 15 – 29, and the data show that more than 1.2 million people 

die in global road crashes each year (OECD, 2017). Accidents related to passenger cars are 

mostly the result of driver errors relating to problems such as alcohol, distraction, drug 

involvement, fatigue, speeding and drowsiness, which are all human behaviours and which 

would all be eliminated in AVs (Fagnant and Kockelman, 2015). Hence, some survey 
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investigations have been conducted to assess people’s perceptions of the safety benefits of 

AVs, which encourage them to adopt an AV. 

Table 2.2 shows the results of surveys about the main safety benefits of AVs. 

 

Table 2.2. Summary of the (online) survey studies reviewed concerning the safety of AVs 

Author(s) Study 

Location 

Survey 

Type 

Number of 

Participants 

Response 

Rate (%) 

Evaluation 

Method 

Main Benefit 

Hulse et l. 

(2018) 

UK Public  925 46 MNL and 

ANOVA 

Low risk of 

accidents 

Bansal et al. 

(2016) 

US Public 347 80 Probit Reduction of 

accidents 

Continental 

(2015) 

US and 

Germany 

Public 

and 

Experts  

4,100 53 * Preventing 

serious 

accidents 

Howard and 

Dai (2014) 

US Public  107 73 Logit Increase in 

safety 

Underwood 

(2014) 

US Expert 

– 

Delphi 

Survey 

217 75 * Reduction of 

accidents and 

fatality 

Schoettle 

and Sivak 

(2014a) 

Multiple 

Countries 

Public 1,596 62 ANOVA Fewer 

accidents with 

less severity 

and quicker 

response 

Schoettle 

and Sivak 

(2014b) 

Multiple 

Countries 

Public  1,533 70 ANOVA Increase in 

safety and 

reduction in 

accidents 

Casley et al. 

(2013) 

US Public 450 82 ANOVA Individuals’ 

safety 

* Not available 

 

The studies reviewed in this section show that the first and maybe the most crucial aspect 

of using an AV in the view of potential users is safety, and it has direct effects on both the 

transportation network and road users. 
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In general, the safety benefits of the application of AVs can be summarised by the following 

factors: 

 Safer driving than human drivers (Papadoulis et al., 2019) 

 Capability to deliver freight and unlicensed drivers (Beirigo et al., 2018) 

 Making informed decisions about the upcoming traffic (Noy et al., 2018) 

 Acquiring smart sensors to avoid collisions with pedestrians (Tabitha et al., 2018; 

Matsumi et al., 2013) 

 Quicker reaction times than human drivers (Laan and Sadabadi, 2017) 

 Reduction in accidents resulting from errors in human driving operations due to 

problems such as drinking, using drugs, distraction, and fatigue behaviours (Howard 

and Dai, 2014). 

 

2.2.2. Costs and Willingness to Pay 

As with all car purchases, AVs need to be affordable for users. After safety, the cost would be 

considered another essential factor in influencing individuals to think more about the appeal 

of adopting an AV (Kyriakidis et al., 2015; Schoettle and Sivak, 2014b; Underwood, 2014). In 

this context, Liu et al. (2019) evaluated WTP for AVs through a public survey of 1,355 

participants in China. The results of their study revealed that around 26% of participants 

would be unwilling to pay extra for AVs, and approximately 40% would be willing to spend 

more than USD 2900. Also, in another study conducted by Howard and Dai (2014), on the 

public perception of using AVs, with 107 respondents in Berkeley, California, over 65% of 

the respondents considered the cost to be a substantial concern regarding the adoption of 

an AV.  

It is also worth mentioning that people with a higher income, highly educated people and 

young people are more willing to pay for AVs (Liu et al., 2019). Additionally, the results of 

the study by Liu et al. (2019) revealed that those who had previous information about AVs 

had more trust and WTP for these vehicles. So, this could indicate that WTP might be affected 

by people’s perceptions of the AV technologies with those who are more informed about the 

benefits of AVs and those who have had an experience of using intelligent vehicle 

technologies more interested in paying for them. 

One of the most substantial costs of AVs is the equipment and infrastructure. For example, a 

LIDAR system used in the Google car costs USD 70,000, and the total price of an AV was 

estimated at around USD 150,000 in 2012 (Howard and Dai, 2014; KPMG, 2012b; Priddle 

and Woodyard, 2012). Neiger (2016) found that adding autonomous technology to a vehicle 
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could increase the cost of the vehicle to the USD 70,000-100,000 price range, based on the 

price of the LIDAR technology in 2014. However, according to Bosch et al. (2018), the 

operating cost of AVs will be lower due to lower insurance fees and lower fuel and 

maintenance costs. 

Given the high price of AV technologies, it is essential to understand customers’ WTP. In this 

context, a few studies have surveyed individuals’ perceptions about the costs and WTP for 

AVs; these are summarised in Table 2.3. 

 

Table 2.3. Summary of the (online) survey studies reviewed for WTP for AVs 

Author(s) Location Survey 

Type 

Number of 

Participants 

Response 

Rate (%) 

Evaluation 

Method 

Average WTP 

for Adding 

Full 

Automation 

Technology 

(USD) 

Liu et al. 

(2019) 

China Public  1,355 34 Partial / 

Ordinary 

least 

squares & 

Tobit 

2,900 

Bansal et al. 

(2016) 

US Public  347 81 Probit 7,300 

Kyriakidis 

et al. 

(2015) 

109 

Countries 

Public  5,000 78 Spearman 

Correlation 

10,500 

Schoettle 

and Sivak 

(2014b) 

US, UK, 

Australia 

Public  1,533 43 ANOVA 4,400 

Schoettle 

and Sivak 

(2014c) 

China, 

India, 

Japan, US, 

UK, 

Australia 

Public  3,255 45 ANOVA 2,400 

Casley et al. 

(2013) 

US Public – 

Online  

450 100 ANOVA 5,500 

 

In brief, the reviewed studies show that the average WTP to add full self-driving automation 

is around USD 5,500, which is far below the estimated price of an AV (USD 150,000) in 2012 
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(Howard and Dai, 2014; KPMG, 2012b; Priddle and Woodyard, 2012). Therefore, this could 

be a substantial problem in the future adoption of AVs. 

 

2.2.3. Legal Liability 

Just as for safety and costs, legal liability is another key issue when examining the 

introduction of AVs. Bartolini et al. (2017) classify legal liability relating to AVs into three 

main types: civil, criminal, and administrative liability. Civil liability deals with the value of 

property damage caused to third parties, criminal liability relates to the injury or death of a 

person in an accident with an AV, and administrative liability is related to driving incidents 

in the absence of the required authorisation (Bartolini et al., 2017). So, several concerns over 

these three types of liability must be resolved before introducing AVs to individuals as the 

tort liability allocated by law will have a substantial impact on consumers’ acceptance of AVs. 

For instance, concerns about the responsibility of the AV in the case of an accident revolve 

around the fact that the driver is no longer in charge of the driving operations or control of 

the AV (Howard and Dai, 2014).  

Regarding the public’s concerns about AVs’ legal liability, several studies (Continental, 2015; 

Howard and Dai, 2014; Schoettle and Sivak, 2014b; Underwood, 2014) have examined 

responses from potential users. The results of those studies have shown that users are not 

sure about the responsible person and or agency in the case of accidents involved in future 

AVs. Users considered the legal liability to be one of the most critical barriers to the adoption 

of AVs. In addition, legal liability has been found to be one of the most common gaps in all 

the investigated studies to date as there is not yet an official framework or policy to test this 

area of concern in the adoption of AVs, or to take account of the type of data and the sharing 

of information they record (Bansal and Kockelman, 2016; Bansal et al., 2016; NCSL, 2016; 

NHTSA, 2016; PennDOT, 2016; Fagnant and Kockelman, 2015; Kyriakidis et al., 2015; 

Anderson et al., 2014; Fagnant, 2014; Howard and Dai, 2014; Schoettle and Sivak, 2014a, 

2014b, 2014c; Xavier Rhodes, 2014; Casley et al., 2013; KPMG, 2012b). Such concern about 

AVs’ liability leads to security concerns. For example, AVs might be victims of hackers and 

unauthorised tracking by individuals who might have access to tracking data, which could 

lead to severe collisions, disruption of the traffic network, car hijacking, and even kidnapping 

of important individuals (Fagnant and Kockelman, 2015).  

The rules related to legal liability could also impact on automobile liability insurance costs 

in jurisdictions in which AVs operate (NHTSA, 2016). Policymakers have yet to determine 

who must carry motor vehicle insurance. Being an AV user does not necessarily assign the 
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entire legal liability to the user for an accident involving that vehicle. Therefore, lawmakers 

should determine in which circumstances the legal responsibility for an accident should be 

assigned to the driver and in which circumstances to the manufacturer of the AV or other 

groups and agencies (NHTSA, 2016).  

Many attempts have been made to put together frameworks for the assignment of liability 

where AVs are involved, though they have not been completely successful in achieving the 

satisfaction of the authorities (Collingwood, 2017; Bansal and Kockelman, 2016; Bansal et 

al., 2016; Kyriakidis et al., 2015; Anderson et al., 2014; Howard and Dai, 2014). For instance, 

individual US states have been advancing AV legislation through incremental measures, but 

federal guidance has not yet officially been issued for testing purposes on public roads 

(Fagnant and Kockelman, 2015). However, Nevada and Arizona authorised testing and 

operation of AVs on public roads in 2011 and 2015, respectively. Also, the Governor of 

Massachusetts signed an executive order in October 2016 to promote the testing and 

deployment of automated driving technologies (NCSL, 2016). Also, the US Department of 

Motor Vehicle (DMV) released a draft of deployment regulations for review purposes in 

December 2015 (DMV, 2016). 

In 2016, NHTSA issued updated guidance for the safe development of AVs (NHTSA, 2016). 

The policy confirms that the US states the need to retain its traditional responsibilities for 

vehicle licensing, traffic laws, enforcement, insurance and vehicle’s liability framework. 

Hence, the designated agencies should take the necessary steps regarding legal liability 

issues such as regulations for using AVs, licensing, driver education, insurance, enforcement 

of traffic regulations and administration of motor vehicle inspections to address barriers to 

the safe testing and operation of AVs (NHTSA, 2016). Also, recently, there have been some 

advances in AV legislation and testing operations, and research and deployment policies 

which are helping the practical functionality of AVs on public roads and their possible impact 

on traffic and other vital aspects of highway transportation to be understood (Bruyne and 

Werbrouck, 2018; SAE, 2016). 

 

2.2.4. Infrastructure 

When a new generation of a vehicle or new technology comes to the market, it may need its 

own rules and terms of operation. For example, when electric cars were introduced, they 

needed and still need new charging infrastructure. Likewise, AVs might require changes in 

the transportation network as the current driving infrastructure in the transportation 

network is designed for vehicles with human drivers (Eldredge, 2016).  
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After evaluations on safety, costs, legal liability, user acceptance, and before introducing AVs 

to public roads, the infrastructure needs to be prepared. The road infrastructure plays an 

essential role in the performance quality of AVs as all trips will be undertaken within the 

framework of the road infrastructure. Therefore, it is crucial to assess whether current road 

networks can efficiently interact with AVs or not. For example, AVs may provide mobility for 

those who are too young to drive, the elderly and the disabled. Such an increase in mobility 

would add user groups to the road network who have not been able to operate in it before, 

and the consequences would be increased demands on the road network in terms of traffic 

and congestion. Therefore, new lanes or changes in road infrastructure and facilities might 

be needed to support such an increase in traffic. However, the Fagnant and Kockelman’s 

(2015) study shows that the existing infrastructure capacity of roadways should be 

adequate to accommodate the added demands imposed by AVs. 

Also, AVs might be able to communicate with each other when they emerge in which case; 

the infrastructure must meet new requirements to support vehicle connection technologies. 

KPMG (2012b) has indicated that connected and automated vehicles (CAVs) use wireless 

technologies to facilitate communication from Vehicle to Vehicle (V2V), Vehicle to 

Infrastructure (V2I), and Vehicle to Everything (V2X). Also, Rakotonirainy et al. (2014) 

assert that future cars will utilise V2V technology to support and enhance the ability of the 

driver to make more reasonable decisions. Therefore, new infrastructure facilities need to 

be installed, and it may be that changes are required on some sections of roads. In this 

context, Weiss (2011) indicates that vehicle communication inevitably needs a 

communication partner; it could be a V2V system or a form of V2I such as a cellular tool to 

support the infrastructure of the V2I application. Weiss (2011) also explains that 

infrastructure networks require ITS roadside stations, Geoserver1, and test management 

centres.  

Also, the need for dedicated lanes for AVs and CAVs is another issue which needs special 

consideration and assessment. In this context, Yea and Yamamoto (2018) studied the impact 

of dedicated lanes for AVs and CAVs on traffic flow throughput. The result of their study 

showed that dedicated lanes for CAVs could be beneficial but only for medium traffic 

densities. Yea and Yamamoto (2018) recommend defining a higher speed flow for AVs in 

dedicated lanes than TVs in order to help to achieve higher performance in dedicated lanes. 

Therefore, infrastructure changes such as devoting dedicated lanes to AVs might increase 

the performance of AVs, which must be further evaluated. 

                                                             
1 GeoServer is a software map-server that allows users to handle and share geospatial data. 
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In general, the studies reviewed in this section show that special equipment and facilities 

might not be necessary for AVs, but they are needed for CAVs so that they can interact with 

other vehicles and the infrastructure. 

 

2.2.5. Traffic 

AVs may have a substantial effect on traffic flows. Fagnant and Kockelman (2015) indicate 

this by reference to the adoption of autonomous technology like Adaptive Cruise Control 

(ACC) and traffic monitoring operations; there would be smoother traffic flow through the 

application of automated braking and acceleration systems. This adoption would result in a 

gap reduction with a constant average speed, which in turn would lead to more reliable 

travel time in the fleet.  

In addition, AVs may be more alert in comparison with human drivers (Howard and Dai, 

2014). Bansal et al. (2016) found that the ability to forecast the movements of vehicles in the 

fleet provides safer and smarter mobility due to more efficient connection with other cars. 

Besides this, better enforcement of the law could be applied to speed limits as AVs adhere to 

driving rules and do not violate them (Howard and Dai, 2014). So, the result would be a more 

sustainable transport system, which leads to more logical and desirable traffic behaviour. 

However, Smith’s (2013) study shows that the introduction of AVs to the network may have 

adverse effects on traffic patterns due to a dramatic increase in highway trips and an 

increase in traffic congestion. 

In the study by Fagnant and Kockelman (2015), the results showed AVs could anticipate 

other vehicles’ reactions like any unexpected braking or any decision to accelerate. As AVs 

have better route choice capability, they can use the road lanes more efficiently. 

Subsequently, they can operate with shorter gaps with other vehicles in the platoon, and this 

ability provides better control of the vehicle for smoother braking operation and better 

adjustment of vehicle speed in the platoon (Fagnant and Kockelman, 2015).  

Also, investigations regarding parking areas and possible concerns around this issue show 

that AVs can implicitly reduce the cost of parking and they can better manage the free spaces 

in the city to use as parking spaces (Millard-Ball, 2019). 

 

In general, AVs could bring the following benefits to road traffic: 

 Help to catch the green time at intersections and make more informed decisions 

using the data from infrastructure facilities (V2X) (Briscoe, 2019) 

 Smooth traffic with near-constant velocities and reduction of gaps with other cars 

(Cui et al., 2018; Fagnant and Kockelman, 2015) 
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 Recognition of traffic conditions and upstream incidents using smart sensors (Li et 

al., 2018) 

 Efficient route choices using the data from LIDAR and the data from other vehicles 

and infrastructure facilities (Levin, 2017; Fagnant and Kockelman, 2015) 

 Enforcement of speed limits in a more efficient way than TVs (Gerdes and Thornton, 

2016; NHTSA, 2016; Bansal et al., 2016) 

 Efficient use of parking spaces with parking assist technologies and smaller 

standstill distances with other vehicles (Millard-Ball, 2019; Li and Shao, 2015) 

 Coordinating and connecting with other cars in platoons (Fagnant and Kockelman 

2015) 

 Efficient use of existing lanes and intersections with shorter headways (Awal et al., 

2015; Fagnant and Kockelman, 2015). 

 

2.2.6. Environment 

Environmental issues such as air pollution and quality have always been an important issue 

in transportation as they originate from fuel consumption and vehicle emissions. The 

amount of global CO2 emissions from road transport was 6 billion tons in 2015 which, it is 

estimated, will increase to 7.5 and 10 billion tons of CO2 emissions by 2030 and 2050 

respectively (OECD, 2017). Such environmental problems in transportation have forced 

policymakers to concentrate more on alternative fuels and vehicles (Browne et al., 2012). In 

this context, Anderson et al. (2014) suggest AVs might be a helpful solution in attempting to 

reduce pollution since they can use alternative fuel systems.  

Smith (2013) shows while there might be a decrease in the emissions produced by AVs, the 

total emissions, from gasoline and dependence on other oil in vehicles might increase. Such 

an increase in fuel consumption might be as a result of an increase in Vehicle-Mile-Travelled 

(VMT) by adding new road users such as the elderly and those who were not able to drive 

before which leads to an increase in traffic congestion (Fagnant and Kockelman, 2015). Such 

an increase in VMT has been highlighted as an ironic effect of adopting AVs since it is in 

contradiction with reducing traffic congestion (Smith, 2013). However, Schoettle and Sivak 

(2014b, 2014c) show that AVs will reduce emissions by an average of 65%-70%. Also, 

Fagnant and Kockelman (2015) verify the results of Schoettle and Sivak (2014b, 2014c) and 

add that although the total VMT might increase through the use of AVs, the amount of 

emissions per mile will reduce. In this context, Bansal et al. (2016) assessed 347 road users’ 

opinions about the environmental impact of AVs in Austin, Texas. The study showed a 
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positive response about the reduction in emissions and about improved fuel economy from 

88% and 60% of participants respectively. 

 

2.2.7. Privacy and Security 

Despite the efforts to assess the different characteristics of AVs and probable outcomes of 

adopting them on public roads, there are still some unanswered questions regarding the 

privacy and security of AVs. For example, issues related to the types of data which might be 

stored by AVs, availability of the stored data, the security of AVs against hacking and privacy 

of AV users (Fagnant and Kockelman, 2015). Also, the results of a study conducted by 

Kyriakidis et al. (2015) on 5,000 individuals showed that participants were most concerned 

about security issues like hacking and misuse of their vehicles by hackers. In this context, 

Rakotonirainy et al. (2014) indicate that a weak security system in AVs could lead to serious 

crimes, as human users are the weakest elements in the security chain in an AV network. 

Stolen data could be misused for unauthorised surveillance of important individuals 

(Fagnant and Kockelman, 2015).  

According to Rizvi et al. (2017), in order to design a robust security system for AVs, a clear 

understanding of the potential threats and vulnerabilities is needed. In this context, Macher 

et al. (2016) classified many cyber-security issues related to AVs, which could help identify 

countermeasures and proactive defence systems. 

Note that the installed sensors on AVs will always collect information about the vehicle and 

the incidents involved in vehicles’ surroundings (Rakotonirainy et al., 2014). However, the 

positive outcome of such data collection is that transport planners could use them for a 

better understanding of the real-time interaction of AVs and the traffic flow and use them in 

future planning. Additionally, car manufacturers can use the stored data from AVs to 

monitor the vehicles’ responses in the case of possible incidents and use those data for future 

retrofitting and fill technology gaps in AV security systems and measures to ensure the 

safety of users.  

2.3. Benefits of Adopting AVs 

Section 2.1 has already discussed the interaction of AVs with trip characteristics. Some areas 

of interest and concern in the adoption of AVs have also been presented, and the results of 

studies and some surveys have been discussed to facilitate an understanding of the impact 

of AVs on each characteristic of a road trip.  
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This section classifies the main advantages of the adoption of AVs, which are known to date. 

The benefits summarised in Table 2.4 are excerpts of previously reviewed studies in 

addition to the results of certain other studies. 

 

Table 2.4. Summary of studies about the benefits of AVs 

Criteria Study Benefits 

Safety Papadoulis et al. (2019) Safe driving 

Noy et al. (2018) Making informed decisions 

Beirigo et al. (2018) Useful in transporting freight 

Laan and Sadabadi (2017) Quick reaction time 

Chan (2017) Providing safe mobility for the elderly and 

disabled people 

Kyriakidis et al. (2015) Removing human errors 

Katrakazas et al. (2015) Safe identifying of surrounding objects 

(human, animals, etc.) 

Howard and Dai (2014) Reduction in accidents 

Matsumi et al. (2013) Avoiding collisions with pedestrians 

Cost and WTP Liu et al. (2019) More WTP in young people, educated 

individuals, and people with higher income 

Note: Previous information about AVs 

increases WTP and trust in AVs 

Bosch et al. (2018) Cheaper than private vehicles 

Lower costs of maintenance, insurance and 

fuel 

Legal liability Bruyne and Werbrouck 

(2018);  

SAE (2016);  

Recent advancements in terms of use of AVs on 

public roads and some rules for deployment 

and research in this area 

Infrastructure Brummelen et al. (2018) Some technologies are available right now; 

however, they need improvement 

Fagnant and Kockelman 

(2015) 

Existing infrastructure capacity might be 

adequate 

Traffic Briscoe (2019) Help to catch green lights at intersections 

Millard-Ball (2019);  

Li and Shao (2015) 

Efficient parking management 



Chapter 2 

23 
 

Schwarting et al. (2018) Making informed decisions using approaches 

combining decision-making, control, and 

perception 

Cui et al. (2018) Stabilised traffic flow 

Li et al. (2018) Recognition and balance of the upstream 

traffic in the platoon 

Levin (2017) Efficient route choice 

Igliński and Babiak (2017);  

Howard and Dai (2014) 

Not violating traffic regulations 

Gerdes and Thornton (2016);  

NHTSA, 2016;  

Bansal et al. (2016) 

Enforcement and management of the speed 

limits 

Fagnant and Kockelman 

(2015) 

Coordinating with other vehicles in platoons 

Awal et al. (2015) Efficient use of the lanes and reducing lane-

changing bottlenecks 

Environment Iglinski and Babiak (2017) Reducing emissions of GHG 

Moriarty and Wang (2017) Reducing fuel consumption and emissions 

Ross and Guhathakurta 

(2017) 

Saving energy by smoothing traffic flow, 

platooning, and eco-driving 

Mersky and Samaras (2016) Improving fuel economy 

Privacy Sheehan et al. (2018) Predicting cyber-attacks using new methods 

and technologies 

Rizvi et al. (2017) Acquiring a hybrid security system to fight 

proactively against cyber-attacks 

Macher et al. (2016) Many cyber-security threats to AVs are 

identified, and countermeasures are being 

considered 

 

2.4. Concerns about Adopting AVs 

Sections 2.2 and 2.3 have addressed the potential implications of the adoption of AVs on 

transport safety, costs, the environment, and some other factors. It is also imperative to 

identify the main concerns regarding the application of AVs as they might impact individuals’ 

acceptance.  

Fagnant and Kockelman (2015) highlight that intelligent technologies can provide high 

perception for AVs about their surroundings by utilising image processing tools. Such smart 
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technologies help the vehicle make informed decisions in the case of unexpected incidents, 

and this represents one of the most substantial advantages of using AVs. However, 

Rakotonirainy et al. (2014) indicate that the information recorded by such smart sensor 

technologies might be used against the owner of the vehicle in the case of an accident when 

the owner is no longer in control of the car. Besides this, Rakotonirainy et al. (2014) found 

that AV sensors will have limited coverage, which might lead to incomplete decisions, 

resulting in an ambiguous understanding of their surrounding objects. However, Katrakazas 

et al. (2015) say that by using thermal cameras, objects such as pedestrians, cyclists, animals, 

and vehicles can be identified through the classification of their thermal energy. Such a tool 

will also work correctly in low light conditions during night trips. 

Also, Browne et al. (2012) indicate that lack of professional technicians and the need for 

spare parts in the case of a machine failure might lead to range anxiety for consumers in 

relation to the reliability of new high-tech vehicles. Such a concern could also be considered 

a technology concern for AVs.  

There are also some concerns regarding the cost of technologies in AVs. The cost of new 

sensor technologies, such as LIDAR, is currently high, which substantially increases the price 

of an AV; this could also be of substantial concern to users (Fagnant and Kockelman, 2015). 

The findings from Bansal et al.’s (2016) study show that some users have greater trust in 

traditional car companies such as Ford and Toyota instead of newcomers like Google; this 

could represent an obstacle for manufacturers.  

Table 2.5 summarises the main concerns in the adoption of AVs on public roads; the 

summary includes concerns reviewed before in this study.  
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Table 2.5. Summary of studies about concerns relating to adopting AVs 

Criteria Study Concerns 

Safety Noy et al. (2018) Software failures and operation failures due 

to a mix of AVs and TVs 

Rakotonirainy et al. (2014) Obscure understanding of humans, animals, 

and other objects 

Schoettle and Sivak (2014c) Not being as good as human drivers at 

quick driving reactions 

Cost and WTP Liu et al. (2019) The high price of the vehicle 

Liu et al. (2019);  

Schoettle and Sivak (2014c) 

Low average WTP (USD 2,500-4,500) 

Legal liability NHTSA (2016);  

DMV (2016);  

Underwood (2014) 

Need for completed regulatory frameworks 

Kyriakidis et al. (2015); 

Underwood (2014);  

Schoettle and Sivak (2014a);  

Schoettle and Sivak (2014b);  

Howard and Dai (2014); 

KPMG (2012a) 

One of the main concerns in many public 

surveys 

Continental (2015); 

Howard and Dai (2014); 

Schoettle and Sivak (2014b);  

Underwood (2014) 

Uncertainty about who will be responsible 

for AVs’ accidents and to what extent 

Infrastructure Nikitas et al. (2019) Infrastructure changes could be expensive 

Sappin (2018) Need for large investments by automaker 

and risks of financial loses 

Yea and Yamamoto (2018);  

Laan and Sadabadi (2017) 

The need for special considerations in 

terms of dedicated lanes for AVs 

Muoio (2016) Performance struggle on roads without 

clear lane markings 

Eldredge (2016);  

Rakotonirainy et al. (2014);  

KPMG (2012b);  

Weiss (2011) 

Need for new installations of infrastructure 

sensor technologies 

Traffic Nikitas et al. (2019) The mixed traffic could create safety 

problems in the first few years of the 

adoption of AVs 
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Martinez and Viegas (2017) Increase in VMT by adopting shared AVs 

Fagnant and Kockelman (2015) 

Smith (2013);  

Increase in unnecessary trips, VMT, traffic 

volume and congestion 

Environment Fox-Penner et al. (2018); 

Schwartz et al. (2017);  

Increasing air pollution due to increase in 

demand, ride services, and VMT 

Rojas-Rueda et al. (2017) An increase in air pollution and noise 

emissions from AVs burning fossil fuel 

Privacy Nikitas et al. (2019) Increases in the exposure of potential 

vulnerabilities, unauthorised private data 

sharing, hacking, and cyber-terrorism 

Sheehan et al. (2018); 

Kyriakidis et al. (2015); 

Curtis (2015); 

Payre et al. (2014) 

Security breaches and hacking 

Faife (2017) Risk of car hijacking and kidnapping 

Fagnant and Kockelman (2015) Risk of disruption in traffic networks and 

catastrophic collisions 

Rose (2017);  

Heaps (2016); 

Fagnant and Kockelman (2015)  

Concerns about data privacy: type of stored 

data, availability of data, tracking 

individuals’ locations, access and use of 

data by third-parties 

 

2.5. Users’ Perceptions of AVs  

The improvements regarding safety, security, costs and other assessed factors related to AVs 

will not be successful if individuals do not trust these vehicles. So, for a better understanding 

of individuals’ perceptions about adopting AVs, people’s interests and concerns are 

presented in this section.  

Kaur and Rampersad (2018) studied users’ trust of AVs over 101 staff and students of the 

Flinders University in Australia. The participants in the survey were most likely to adopt AVs 

in closed-environments for finding a car park. Also, respondents indicated they might be 

happy to adopt AVs on highways if they could take the full control of the AV whenever they 

wanted to. 

Schoettle and Sivak’s (2014b) study found that some groups of people are more interested 

in adopting AVs than others, namely: those who had an experience of using current semi-

autonomous technologies, people with a higher level of education, those who could not 

drive, young individuals, and full-time employed individuals and students. In this context, 
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the results of the studies by Kyriakidis et al. (2015) and Schoettle and Sivak (2014b) showed 

that individuals, on average, would be more willing to pay for fully automated vehicles 

because of amenities such as sleeping, reading, watching movies, talking, playing games, and 

working. Also, Kyriakidis et al. (2015) found that individuals who spent more time on driving 

and individuals who used intelligent sensor technologies like ACC are more willing to adopt 

AVs. 

Regarding public WTP for the adoption of AVs, Bansal et al. (2016) found the following 

groups of people have higher WTP: those who travel long distances more frequently; those 

who live farther from their work location; those who drive alone to work, and male drivers 

with a higher income who had been in an accident before. 

In general, despite several benefits of using AVs, there are still some gaps in the research and 

the technology for AVs. Such discrepancies should be resolved before the exploitation of AVs 

on public roads as, otherwise, the gaps in knowledge and technology might affect user 

acceptance. As an example, Howard and Dai (2014) showed that individuals are most 

concerned about losing control of their vehicle due to a security breach to their AVs. Some 

people also drew distinctions between the road network for AVs and airway networks, 

indicating that although there might be a lower number of accidents, the accidents would be 

more severe. Table 2.6 represents a summary of studies that have investigated individuals’ 

interests and concerns regarding the application AVs.  

 

Table 2.6. Summary of studies about individuals’ interests and concerns relating to using AVs 

Author(s) Location Survey 

Type 

Number of 

Participant

s 

Avg. User 

Acceptanc

e of AVs 

(%) 

Evaluatio

n Method 

Interest Concern 

Kaur and 

Rampers

ad (2018) 

Austral

ia 

Public 101 NA Confirmato

ry Factor 

Analysis 

Finding 

parking in a 

closed 

environmen

t 

 

Privacy 

and 

Security 

Habouch

a et al. 

(2017) 

Israel 

and 

North 

Americ

a 

Public 721 56 Random 

Utility 

Models, 

Factor 

Analysis, 

Logit  

No need for 

parking; 

environmen

tal benefits 

 

Manual 

driving is 

fun; being 

expensive 

Bansal et 

al. (2016) 

US 
Public 

347 80 Probit Fewer 

accidents 

Equipment 

failure 
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Continent

al (2015) 

US, 

German

y 

Public 

and 

expert 

4,100 58 * Relief of 

stressful 

driving; 

reduction in 

the severity 

of accidents 

 

Not being 

as fun as 

manual 

driving; 

being 

expensive, 

scary, and 

not reliable 

Kyriakidi

s et al. 

(2015) 

109 

Countri

es 

Public 
4,886 74 Spearman 

Correlation 

Being 

fascinating 

and more 

comfortable 

than manual 

driving 

 

Not being 

as fun as 

manual 

driving; 

getting 

hacked; 

legal 

liability; 

safety 

concerns 

Underwo

od 

(2014) 

US 
Expert 

217 75 * Reduction 

in accidents 

and 

fatalities 

Legal 

liability; 

regulations

; 

technology 

concerns; 

costs 

 

Payre et 

al. (2014) 

France Drivers 421 71 Explorator

y Factor 

Analysis, 

Linear 

Regression, 

ANOVA 

Help in 

impaired 

conditions 

like alcohol, 

drugs and 

medications 

 

Losing 

control and 

misuse by 

hackers 

 

Schoettle 

and Sivak 

(2014a) 

US, UK, 

Australi

a 

 

Public 1,596 62 ANOVA Fewer 

crashes; 

reduction in 

the severity 

of accidents; 

improveme

nt of 

emergency 

response 

 

Legal 

liability; 

equipment 

failure; 

interacting 

with non-

AVs and 

pedestrian

s 

Schoettle 

and Sivak 

(2014b) 

US, UK, 

Australi

a 

 

Public 1,533 70 ANOVA Safety; less 

traffic 

congestion; 

fewer 

crashes 

Equipment 

failures; 

legal 

liability; 

privacy 

and 
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security; 

not being 

able to 

drive as 

well as 

human 

drivers 

 

Schoettle 

and Sivak 

(2014c) 

China, 

India, 

Japan, 

US, UK, 

Australi

a 

Public 3,255 54 ANOVA Reduction 

in the 

severity of 

accidents 

Equipment 

failures; 

not as good 

as human 

drivers 

Howard 

and Dai 

(2014) 

 

US Public 107 86 Logit Increase in 

safety; the 

convenience 

of not 

having to 

find parking 

 

Vehicle's 

liability; 

losing 

control of 

the vehicle 

Casley et 

al. (2013) 

US Public 450 82 ANOVA Passengers’ 

safety 

Malfunctio

n; poor 

awareness 

of the 

surroundin

gs 

 

Vallet 

(2013) 

US Public 

(driver

s) 

2000 20 * 80% 

discount on 

car 

insurance 

 

Costs; 

security; 

not as safe 

as human 

drivers 

KPMG 

(2012a) 

US Public 32 80 * 50% 

reduction in 

travel time 

Liability; 

security; 

malfunctio

n 

 

* Not available 

 

2.6. Microscopic Simulation 

As the technology of AVs is relatively new and there is not yet a vast experience of their 

application in the transport system, simulation of vehicles with intelligent behaviours would 

provide some insights into the possible outcomes of using AVs. However, before conducting 
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assessments on the microsimulation of AVs, it is useful to review the past studies focused on 

microsimulation modelling in traffic studies. Section 2.6.1 provides some information about 

previous studies on microsimulation of traffic flow and the applied method of analysis. Then, 

Section 2.6.2 reviews some simulation studies for the calibration of Wiedemann-99, which 

is a car-following model that is known for its extensive use in microsimulation software 

VISSIM (Higgs et al., 2011). Additionally, the Chapter reviews the recent studies on the 

microsimulation of AVs and their evaluation methods in Section 2.6.3. 

 

2.6.1. Simulations in Traffic Studies 

Kesting et al. (2008) proposed a microscopic simulation model for a traffic assistance system 

using ACC and a jam avoidance strategy. The ACC vehicles in their model detected the traffic 

state based on the actual traffic situation and local information. The vehicles utilised variable 

driving strategies and adapted themselves to the traffic by choosing the procedure, which 

was more suitable for the actual traffic conditions. Results of the study showed that vehicles 

equipped with ACC could substantially reduce the travel time and improve the smoothness 

of traffic flow.  

In another study by Ma et al. (2017), a two-dimensional model was developed to simulate 

turning behaviours in the conflict area of an intersection with mixed traffic flow. The model 

adopted a social force model for behaviour decisions and movement constraints to recreate 

one-dimensional turning behaviours. The model could provide a more realistic simulation 

compared to previous methods which only used one-dimensional simulations. Moreover, 

the model offered satisfactory results on the spatial distribution of simulated trajectories.  

Table 2.7 shows a list of studies with a focus on microsimulation modelling in traffic studies. 
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Table 2.7. Summary of studies focused on microsimulation modelling of traffic flow 

Study Year Location Study Type Assessment Method Evaluation 

Tool 

Gallelli et al.  2018 Italy Suburban 

network 

Genetic Algorithm (GA) VISSIM 

Yu and Fan 2017 US Freeway GA and Tabu Search* VISSIM 

Rhoades et al. 2016 US Urban 

Network 

Maximum Likelihood 

Estimation and GA 

NGSIM 

Paz et al. 2015 US Freeway GA and a Simulated 

Annealing Approach 

CORSIM 

Vasconcelos et 

al. 

2014 Portugal Urban 

Network 

Adopting Trajectory 

Data and GA 

MATLAB 

Siddharth and 

Ramadurai 

2013 India Urban 

Network 

Sensitivity Analysis, GA, 

and Programming 

VISSIM 

Treiber and 

Kesting 

2013 Germany Urban 

Network 

Local Maximum-

Likelihood and Global 

Least-Squared Errors 

Technique 

NGSIM 

* Tabu search is a metaheuristic search method to resolve combinatorial optimisation problems 

 

Also, regarding the application of Sensitivity Analysis (SA) and microsimulation modelling, 

Marczak et al. (2015) proposed a microscopic model to analyse waving sections on freeways. 

Their model represented the relationship between the microscopic interactions of weaving 

movements and their impact on capacity. The model incorporated parameters such as free-

flow speed relations, jam density, wave speed in congestion, and vehicles’ acceleration and 

relaxation factors. In this context, the result of the SA in the study by Marczak et al. (2015) 

revealed that acceleration and relaxation of the weaving vehicles create voids in a traffic jam, 

which reduce the capacity of the weaving section. The results of the SA were later verified 

by microsimulation modelling and the collected empirical data in the weaving section. 

In general, the studies reviewed in this section show that microsimulation approaches could 

be efficient in estimating the possible outcomes of adopting emerging technologies. 

Therefore, microsimulation modelling would be a beneficial tool for assessing the impact of 

the adoption of AVs on highway traffic. Section 2.6.3 reviews studies in this context.  
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2.6.2. Simulations for the Calibration of Wiedemann-99 

As previously mentioned, there is a lack of information about the driving behaviours of AVs 

to date, nor is it clear what specific type of driving behaviours they will adopt. However, 

Hawkins (2018) says Artificial Intelligence (AI) such as machine learning methods are being 

used by Google’s AV (WAYMO) to train driving behaviours to the vehicle. However, Bartolini 

et al. (2017) specify some major obstacles in adopting AI techniques such as the connection 

between the defined input parameters and the output driving behaviours from machine 

learning. The lack of such a stable connection raises concerns for backtracking to the exact 

reasons for possible errors in driving behaviours. Therefore, the current study decided to 

simulate AVs using the traditional human driving behaviours defined in Wiedemann-99 to 

find out how efficiently AVs might behave if they drive with optimised human driving 

behaviours. The advantage of applying Wiedemann-99 is that the input parameters of the 

model are available and could be used for backtracking and modification of the false driving 

behaviours. This demonstrates the importance of understanding the literature on past 

experiments which applied microsimulation methods to optimise the human driving 

behaviour models for this study. Table 2.8 gives a list of studies with a focus on the 

optimisation of driving behaviour models and their acquired methods of assessment. 

As an example of the car-following calibration methods, Lu et al. (2016) calibrated car 

following model parameters of VISSIM using video-based processing approach. For this, they 

processed the traffic videos and extracted the vehicle trajectories in the form of a time-series 

position. Then, they calculated the optimal value of the car following parameters using a 

golden section search algorithm and minimised the errors between the observed and 

simulation results in VISSIM. Lu et al. (2016) were able to calibrate VISSIM for speed, 

acceleration, and following distance.  

Also, Chu et al. (2003) calibrated the car following parameters of Paramics for freeway traffic 

with consideration of the route choice model and OD estimation. For this, they adopted a 

mathematical method referred to as parameter fine-tuning method and GEH statistics to 

minimise the deviation between the observed data and simulation results in Paramics. 
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Table 2.8. Summary of studies with an emphasis on the evaluation of human driving behaviour 
models 

Study Year Location Study Type Assessment Method Evaluation 

Tool 

Lu et al. 2016 Canada Urban 

Network 

Video Processing with 

SA 

VISSIM 

Durrani et al. 2016 US Freeway Analysing Vehicle 

Trajectories 

VISSIM 

Song et al. 2015 China Freeway Numerical Analysis of 

Vehicle Trajectories 

MATLAB 

Essa 2015 Canada Urban 

Network 

SA and GA VISSIM and 

PARAMICS 

Ge and 

Menendez 

2014 Switzerland Urban 

Network 

SA AIMSUN and 

VISSIM 

Aghabayk et al. 2013 Australia Freeway EA VISSIM 

Menneni et al. 2008 US Freeway GA VISSIM 

Park and 

Schneeberger 

2003 US Freeway SA VISSIM 

Chu et al. 2003 US Freeway SA PARAMICS 

Ma and 

Abdulhai 

2002 Canada Urban 

Network 

GA PARAMICS 

Gardes et al. 2002 US Freeway SA PARAMICS 

 

2.6.3. Simulations of AVs 

Bischoff and Maciejewski (2016) proposed a simulation model to assess the replacement of 

TVs with autonomous taxis in Berlin. They applied an algorithm to dispatch autonomous 

taxies to handle the demand for vehicles in the network. Results of their simulation showed 

that one autonomous taxi could provide the demand served by ten TVs. Also, Talebpour and 

Mahmassani (2016) presented a framework to simulate different car following models using 

stability analysis of traffic stream behaviour for different penetration rates of AVs. The 

results of their study revealed that AVs could be useful in preventing shockwave formation 

and propagation of traffic flow and improving the string stability of mixed traffic streams. 
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Besides, throughput showed a substantial potential to increase in some scenarios, where 

automation was incorporated. 

Yea and Yamamoto (2018) developed a two-lane traffic flow model for the simulation of 

CAVs and measured their impact on road capacity. The results of their study indicated that 

road capacity increases with an increase in the penetration of CAVs. Also, Zhu and Ukkusuri 

(2018) adopted a cell-based simulation approach for modelling the proactive driving 

behaviours of connected vehicles. Their model identifies the trajectory of connected cars and 

simulates proactive driving behaviours by adjusting the exit flow of the model cells 

containing connected vehicles. The results of their simulation verify that the presence of 

connected vehicles on the network substantially impact on the smoothness of traffic flow 

and help to reduce emissions. Table 2.9 reviews studies with a focus on the simulation of 

AVs and the acquired methods. 

 

Table 2.9. Summary of studies with a focus on the simulation of AVs 

Study Year Location Study Type Assessment Method Evaluation Tool 

Alam and Habib 2018 Canada Urban 

Network 

Latin Hypercube 

Sampling Technique 

VISSIM 

Yea and 

Yamamoto 

2017 US Freeway Cellular Automation Two-state Safe-

Speed Model and 

NGSIM 

Zhu and 

Ukkusuri 

2017 US Urban 

Network 

Mesoscopic Cell 

Transmission Model; 

Vehicle Trajectory 

Data 

MATLAB 

Laan and 

Sadabadi 

2017 US Freeway Simultaneous 

Perturbation 

Stochastic 

Approximation 

Algorithm 

Corridor Macro 

Simulation 

Software 

(CORMAK), 

developed in 

JAVA 

Talebpour and 

Mahmassani 

2016 US Urban 

Network 

String Stability 

Analysis and SA  

Programming, 

Deterministic 

Acceleration 

Modelling 

Gerado et al. 2015 Mexico Urban 

Network 

Proposed Parameter 

Estimator Algorithm 

Unity, 

Programming, 

Parameter 

Estimator 

Algorithm (PEA) 
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As is discussed in this section, some recent studies have calibrated car following models for 

the analysis of traffic flow, vehicle trajectory, and road capacity for connected and 

automated vehicles. However, more research and analysis in this context would be helpful 

to assess a broader range of the impacts of AVs on highway transport. In this context, the 

experiment in the current research also provides a set of optimised driving behaviours, 

which could be used for the simulation of AVs in this study and any simulation software in 

future studies. Also, the optimisation in this study provided insights into the specific impacts 

of each parameter of Wiedemann-99 on the characteristics of highway trip such as travel 

time, queues, delays and some others. Such information provides a useful guideline about 

which driving behaviour must be targeted and the extent to which it must be changed to 

attain the desired improvement in each element of the highway trip. More information 

relating to this will be provided in Chapter 4 of this thesis. 

 

2.7. Discussion 

This Chapter presented a literature review of published research related to safety, costs, 

traffic and some other factors associated with the application of AVs in highway transport in 

line with research objective one. The previous studies focused on some of the different 

characteristics of highway trips while they lacked in covering a combination of effect on 

characteristics associated with highway trips. Therefore, this thesis is aiming to make a 

comprehensive study of different characteristics of highway trips. The first step of such a 

goal is conducted in the literature review where the associated elements are classified, and 

the gaps in the research and technology have been addressed in Tables with their references. 

The results of previous studies showed that there are some questions regarding the 

application of AVs, which remained unanswered. For example, questions about how much 

people will accept AVs’ liability if they know about recording data by AVs; who should have 

access to the recorded data by AVs; which group of agency should accept AVs’ liability in 

case of an accident; how much people’s interest in driving AVs might impact their decision 

about paying and adopting AVs, whether people prefer a ridesharing AV or a private AV and 

many other questions. Therefore, this thesis is aiming to assess the public’s opinion and 

acceptance of the application of AVs in their daily transport trends and answer those 

questions. This assessment will be conducted by running a public survey in Ireland. The 

results of this survey are expected to reveal the public’s interest, concern and their ultimate 

decision about adopting AVs. It is worthy to note that the public survey will answer the 

questions about AVs from a general point of view. However, there are some benefits and 

concerns on the aspect of the impact of AVs’ on traffic flow and transport, which is not 
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focused widely by the previous research. Therefore, this thesis aims to undertake an 

international survey of transportation experts in academia and industry to address experts 

concerns and thoughts regarding the adoption of AVs in highway transport (research 

objective two). The outcomes of the expert survey will be beneficial for transport 

researchers, car manufacturers, legislators, insurance companies, traffic and transport 

consultancies, and any other related groups with a focus on AVs. 

Literature review on the simulation of AVs showed that there is a lack of information about 

the calibration of driving behaviours of AVs to date, nor is it clear what specific type of 

driving behaviours they will adopt. However, according to the literature review, some AV 

manufacturers like Google are using new methodologies such as deep learning and machine 

learning for training AVs how to drive (Hawkins, 2018). In this regard, there is a belief that 

machine learning techniques have some major problems for being used in training AVs that 

they cannot provide a stable connection between the input parameters and output driving 

behaviours (Bartolini et al., 2017). This brings the concern for tracking the exact reason for 

the possible errors in driving behaviours. Therefore, until further improvements in the 

application of deep learning, machine learning, and AI, in general, there is not a solid proof 

that these methods would be the best options for training AVs to drive safely. Hence, the 

current study decided to optimise a traditional human driving behaviour model 

(Wiedemann-99) for AVs and simulate AVs with it to find out how efficiently AVs might 

behave if they drive with optimised human driving behaviours. The advantage of applying 

Wiedemann-99 is that the input parameters of the model are available and could be used for 

backtracking and modification of the false driving behaviours. Therefore, this thesis is 

planning to propose a method for optimising human driving behaviours (research objective 

three). The driving behaviours are going get optimised for the modelling of AVs along with 

some configurations to replicate AV behaviours. Results of the simulations with optimised 

driving behaviours will provide a vision of what might happen if AVs can drive with 

optimised human driving behaviours and the extent to which they can improve the quality 

of trip characteristics. Besides, since no driving behaviours have been defined for AVs, there 

was a gap about the reason of how much, in any, the driving behaviours might impact upon 

the characteristics of highway trip evaluated in this study (travel time, queue length, delays, 

and some others). Therefore, this thesis is aiming to address the impact of each driving 

behaviour on specific characteristics of a highway trip evaluated in this study (research 

objective four). In this context - during the optimisation process - the study estimates how 

these characteristics are affected by changes in driving behaviours. The results of this 

evaluation provide a useful guideline to provide a target framework for driving behaviour 
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and information on the extent to which driving behaviour must change to attain the desired 

improvements in travel time, queues, delays, and all the other assessed parameters. 

The previous studies were mostly focused on theoretical aspects of the application of AVs 

such as price, interest, and some other factors, and there was a gap in understanding of what 

would practically happen to the highway traffic flow during long travel distances. Therefore, 

this thesis is aiming to examine the practical efficiency of AVs on long trips by modelling AVs 

in a case study in Dublin, Ireland (research objective five). The results of the simulation will 

assess travel time, queue length, delays, LOS, road throughput, fuel consumption and 

emissions. 

The studies in the literature review represented a gap in the study of AVs about whether AVs 

will be able to cooperate with TVs in mixed traffic or AVs will need a dedicated lane. 

Therefore, this thesis is planning to examine the operability of TV and AVs in mixed traffic 

over 33 simulation scenarios (research objective six). For this part of the study, TVs and AVs 

will be designed to work in separate modes and then in mixed traffic situations with 

different penetration rates on the road. The results will show how flexibly TVs and AVs can 

interact with each other, and how much penetration of AVs is needed on a motorway to cause 

considerable reductions in queues, delays, fuel consumption, emissions and increases in the 

network throughput along with an improvement in LOS. Also, the literature showed that 

some previous studies made attempts to simulation AVs. However, no simulation has been 

done for AVs due to the gap in AVs’ driving behaviours on highway transport. Such a gap is 

filled in this thesis. In 2018, PTV presented three sets of driving behaviours which are 

claimed to be capable of replicating autonomous and semi-connected behaviours, which 

there is no study with a focus on PTV’s modified driving behaviours for AVs. For this 

purpose, this thesis is aiming to assess the new driving behaviours tuned by PTV for AVs, 

and the results will be compared to those of this study which is in line objective six of this 

thesis. Such an evaluation shows the extent to which the optimised parameters of the 

current research are in line with the tuned parameters recommended by PTV. 
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3. METHODOLOGY 

 

3.1. Introduction 

The following Chapter outlines the methodology adopted for the evaluations in this study. 

In this context, the Chapter explains how the study is constructed for finding the gap of the 

knowledge and what approaches are adopted for filling those gaps.  

With the advent of new technologies in the Transport industry, new methodologies have 

been adopted in transport science to solve the research problems as of which the mixed 

methodology approach is one of them. Mixed methodology approach is a research method 

that integrates various types of quantitative and qualitative approaches in order for better 

utilisation of the research data (Wisdom and Creswell, 2013). Mixed methodology approach 

has been (limitedly) adopted in some areas of transport and health studies such as the 

transport policy investigations, built environment and health, and the analysis of travel 

behaviours by Moody et al. (2019), Steinmetz-Wood et al. (2019), and Mars et al. (2016), 

respectively. Mixed methodology approaches are also able to provide advantages such as 

comparing the research data using various research instruments, using qualitative data to 

explore the quantitative findings, collecting rich data, and validating the research results by 

the help of multiple research instruments (Wisdom and Creswell, 2013). 

This research adopts a mixed methodology approach to investigate the efficiency of AVs in 

highway transport, which to the best of the author’s knowledge, it has not been conducted 

before in this field. For this purpose, the study adopts qualitative and quantitative studies 

using past studies in the literature and conducts a national public survey and a global expert 

survey in the field. Then, the study simulates AVs and TVs in single occupancy and mixed 

traffic conditions. Each of these investigations is considered as research instruments which 

help the study evaluate the efficiency of AVs from its own perspectives. Finally, the study 

adopts a triangulation method to assess how successful the study was in evaluating the 

efficiency of AVs. The triangulation assessment is done by comparing the findings of the 

adopted research instruments against each other to identify which one those investigations 

confirm or reject the findings of the rest of the investigations. More information about the 

triangulation method of this study will be provided in Chapter 3, Section 3.7.3.3.  

This Chapter provides an overview of the research structure in Section 3.2 and the 

connections between the chapters of the thesis. Sections 3.3 and 3.4 explain the framework 

acquired for the design and implementation of the public survey and expert survey in this 
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study, respectively. Section 3.5 reviews multiple simulation software packages and 

represents the reason for choosing the software package of this study. Also, Section 3.6 

describes the design of the simulation model of this study and the setting configurations 

applied for preparing the simulation model for optimisation and simulations of TVs and AVs 

in this study. Besides, an assessment is conducted in Section 3.6.7 to introduce the driving 

behaviours of this study. Furthermore, Section 3.7 describes the methodology of the 

simulations in this study; how the scenarios are defined for the simulation of TVs and AV in 

the single occupancy mode and the mixed traffic, reliability and validity of the simulation 

models. Besides, Section 3.7 describes the new driving behaviours of AVs defined by PTV, 

which are going to be simulated and compared with the simulation results of this study, later 

in Chapter 7. 

 

3.2. Research Structure 

In order to perform the required assessments for the research objectives, the study is 

organised as follows: 

Chapter 2 of the research represents the review of past studies with a focus on classifying 

different factors associated with the application of AVs. 

Chapter 3 shows gathering traffic data and preparing the model of this study for 

optimisation and simulation. 

Chapter 4 deals with the conduct of the public survey in Ireland to assess people’s 

acceptance and concerns regarding the adoption of AVs. 

Chapter 5 deals with the conduct of the international expert survey to assess the technical 

concerns around the application of AVs and their potential impact on road transport. 

Chapter 6 evaluates the driving behaviours required for modelling purposes. 

Chapter 7 deals with the simulation of AVs using the optimised driving behaviours and 

comparing them with results of the simulation of TVs. 

Chapter 8 reviews the discussion of all Chapters and represents the key findings of this 

study.  

 

Figure 3.1 briefly illustrates the organisation of the thesis in four directions, which each 

direction deals with a specific type of study, namely, methodology, survey studies, 
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optimisation and simulation, and overall evaluations. Also, Figure 3.2 depicts the 

organisation of the thesis steps and their chapters.  

 

 

Figure 3.1. Research flowchart in brief 
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Figure 3.2. Breakdown of the research steps 
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3.3. Public Survey 

3.3.1. Survey Sample  

According to the Central Statistics Office of Ireland (CSO), Ireland had a population of 

4,761,865 in 2016 (CSO, 2017). This was considered the population size of the study for 

purposes of calculating the sample size for the public survey. Also, a margin of error is 

deemed to represent the accuracy of the data and how much error is allowed in the study. A 

±5% margin of error was calculated for the population size of this survey using the “margin 

of error calculator” of Survey Monkey (Survey Monkey, 2018). Also, a confidence level of 

95% was considered for the research, which indicates that 95% of the results are expected 

to fall within the plus-minus confidence interval. Such a confidence level is also commonly 

set by researchers as it provides an acceptable accurately that reflects the attitudes of the 

total population (Survey Monkey, 2018). Using these figures, the sample size was 

determined using the following formula: 

 

Equation 3.1 

Sample size =
𝑧2 ∗ 𝑝(1−𝑝)

𝑒2

1+(
𝑧2 ∗ 𝑝(1−𝑝)

𝑒2 ∗ 𝑁
)

 

 

where 

N = population size: 4,761,865 

E = margin of error: 0.05 

P = standard deviation: 0.5 

Z = z-score (the number of standard deviations a given proportion is away from the 

mean). The z-score value is 1.96 for a 95% confidence level. 

 

Using Equation 3.1, the ideal sample size was computed as follows:  

 

N =

(1.96)2 ∗ 0.5(1−0.5)

(0.05)2

1+(
(1.96)2 ∗ 0.5(1−0.5)

(0.05)2 ∗ 4,761,865
)

 = 384.16. 

 

Therefore, a total sample size of 400 was selected for the public survey to ensure that the 

survey sample size would be representative of the population of Ireland in 2019.  
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3.3.2. Design and Assessment 

The public survey in this study was designed to assess road users’ awareness and acceptance 

of AVs. Before running the main public survey; however, a pilot survey was distributed to 

make sure the questions of the main survey were fair, accurate, descriptive, comprehensive, 

and understandable to public users. For this purpose, the survey was distributed among 

some of the students at Trinity College Dublin. The pilot survey collected 20 valid responses 

which could be used for assessment. Also, participants of the pilot survey were then asked 

about the quality of the questions, whether they were easily understandable, and their 

relevance and consistency. The participants were also asked to share any other feedback and 

comments that could help to improve the survey.  

The assessment of the pilot survey showed that nearly all participants were satisfied with 

the survey questions and declared they had no difficulties reading, understanding, and 

answering the survey questions. Also, the questions in the survey were ordered to analyse 

users’ perceptions about the application of AVs, but the survey in general also provided 

information to participants to help increase public understanding of the possible pros and 

cons of the application of AVs. Respondents to the pilot survey were asked about their 

previous awareness of AVs and their interest in driving one. Also included in the survey were 

questions about people’s concerns regarding the safety and security of those who use AVs, 

and the liability for the vehicle in case of an accident. In addition, people were asked about 

their overall interest in the vehicles and their WTP regarding buying an AV. Finally, some 

questions were asked to collect respondents’ personal demographic information.  

The evaluation of the feedback and comments of the pilot survey showed that some changes 

could increase the willingness to participate and help to avoid survey dropouts. The 

modifications implemented to the main public survey included the following:  

 

 Reduced the total number of questions by merging some questions with similar 

contexts, where it was possible 

 Merged some answer options in multiple-choice and checkbox questions to 

condense answers and reduce the number of answer options 

 Reduced the number of answer options from a 5-point Likert scale to 3-point scales 

to make the question easier to answer, speeding up the survey response, and 

reducing the survey time 

 Reduced the number of comparative questions designed to compare TVs and AVs, as 

some participants considered that section too long and boring 
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 Changed the structure of the survey interface, such as the progress bar and question 

number, and made some formatting changes.  

 

In general, the valuation of the pilot survey and implementation of revisions (mentioned in 

this Section) helped to assure that the main public survey is reliable in the aspect of content 

and structure. Also, it is worth noting that the conclusion and internal validity of the 

responses were later evaluated using statistical methods, which are discussed in Chapter 4 

of this study. 

After the results from the pilot survey were assessed and necessary changes were made, the 

main survey was distributed (online) with the aid of Delve Research (2018), an independent 

Irish research agency, specialising in survey design, research and analysis. Delve Research 

(2018) operate on a panel of Irish residents who registered in this company to take part in 

the surveys in return of receiving monetary payments or cash prizes. The advantage of 

adopting an online research method using a research company is that the information of the 

survey panellists are available to the company. Therefore, panellists could be recruited for 

any required sample size without spending time on finding survey participants; this saves 

so much time and money. Another advantage is that the participants get paid in return of 

answering questions and (usually) cash prizes are considered as incentives, which attracts 

more participants in a shorter time (depending on the prize amount). For the survey of this 

research, the panellists were encouraged to take part in the survey for a chance to win one 

of the three cash prizes - first prize of €150 and two prizes of €50 each in exchange for fully 

completing the survey provided (Delve Research, 2018). 

Despite that all participants were asked to complete the survey questionnaire, there were a 

few participants who didn’t complete the survey or they had too many unanswered 

questions. Therefore, the survey responses should have been checked for completeness to 

make sure the results are valid for analysis. It is worth noting that the survey platform was 

designed to be used with devices with various screen sizes such as laptops, tablets, and 

mobile phones. The survey had 36 questions, which could have increased the chance of 

missing one or two questions for participants who were taking the survey in devices with 

small screens. Also, removing participants with only one or two missing response (missing 

values) could have increased the chance of losing many participants, which could have 

negatively affected the sample size. Therefore, the respondents who completed the survey 

to the end and answered more than 34 questions out of 36 were selected for analysis. The 

survey is available in Appendix B (B3) for review. 
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. In total, the research company collected 525 responses to provide a gender balance of 56% 

female and 44% male participants. Out of 525 collected responses, 475 were completed and 

usable for the analysis, which is greater than the minimum required sample size for the 

study. The extra responses increase the accuracy of the results and assessments. While 

efforts were made to contact a representative sample, it is mindful to consider that the 

survey was conducted online, and those who did not have access to the Internet were not 

covered in the survey. However, it is also noteworthy that 87% of Irish households had an 

Internet connection in 2016 (CSO, 2016).  

It is imperative to say that the number of participants in the age ranges of 18-25 years was 

very few since there is less tendency for this age group to register at the survey companies 

than other age groups (Delve Research, 2018). Also, note that some questions in the public 

survey require some experiences of driving, for example, those which ask participants to 

compare AVs and TVs under some hypothetical driving scenarios. Hence, having higher 

participation from the older age groups would increase the chance of having more 

participants with driving licence and so driving experience.  

Regarding the research ethics, all permissions were granted from the School of Engineering 

Research Ethics Committee of Trinity College Dublin. The survey participants were ensured 

that the survey is completely anonymous, and the results can only be accessed and 

disseminated by the scientific researcher of the study. Also, participants were told that their 

participation is completely voluntary, and a participant can drop out of the study at any time.  

The survey covered a diverse range of questions regarding public interests and concerns 

about the adoption of AVs, and some of the associated parameters in the questionnaire were 

drawn from different behavioural contexts. Therefore, a variety of methods were required 

for the statistical assessment of the results. Linear regression was adopted for evaluation of 

the questions where there was a linear correlation between dependent and independent 

variables. In this context, the results of the study by McCarthy et al. (2016) showed that 

stepwise logistic regression is an effective method for analysing the effects of explanatory 

variables. Several studies recommend a backwards elimination using the likelihood ratio, as 

they acknowledge that such a method reduces the risk of omitting a variable that predicts 

the outcome (McCarthy et al. 2016; Field (2009) and Agresti (2013)). Equation (2), extracted 

from Agresti (2019) and which is also adopted by McCarthy et al. (2016), shows the function 

of the logistic regression model: 

Equation 3.2 

𝑃(𝑌) =  
𝑒𝑥𝑝(𝛼 +  𝛽𝑥)

1 +  𝑒𝑥𝑝(𝛼 +  𝛽𝑥)
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where 

P(Y) is the probability of outcome Y occurring given 𝑥 

Y is the dependent variable 

𝑥 is a predictor variable 

𝛼 is the intercept parameter 

𝛽 is the odds (multiply by 𝑒𝛽for every 1-unit change in 𝑥) 

 

Additionally, the odds ratio (OR) is used to estimate how strongly a variable is associated 

with the outcome of interest. In other words, it shows the probability that an event will occur 

versus the likelihood that the event will not occur. Equation (3) shows the function of the 

OR: 

 

Equation 3.3 

OR = 
𝑃(𝑌)

1 − 𝑃(𝑌)
 

where 

P (Y) = the probability that an event will occur 

 

Multinomial logistic (MNL) regression was used in the study as the results of initial 

assessments showed that people’s awareness and acceptance originates from a diverse 

range of behaviours, and therefore, a simultaneous impact of different variables and 

covariates should be considered in assessments. Such a logistic regression can be extended 

to models with multiple explanatory variables (El-Habil, 2012). For this purpose, the study 

evaluated different variables which could be closely related to the dependent variables to 

find those variables with the highest correlation and statistical significance. Equations 4–7 

show the elements of the MNL function that are extracted from El-Habil (2012) and 

McCarthy et al. (2016). 

 

Equation 3.4 

Logit [P(Y = 1)] = 𝛼 +  𝛽1𝑥1 + ⋯ + 𝛽𝑛𝑥𝑛 

Equation 3.5 

π(x) = 
𝑒𝑥𝑝(𝛼+ 𝛽1𝑥1+⋯+𝛽𝑘𝑥𝑘)

1+ 𝑒𝑥𝑝(𝛼+ 𝛽1𝑥1+⋯+𝛽𝑘𝑥𝑘)
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where 

𝛽𝑖 refers to the effect of 𝑥𝑖 

K = number of predictors 

Y = binary response x1,x2, … , xk 

πj = multinomial probability of an observation falling in the jth category 

 

Therefore, in a model with n independent variables, p explanatory variables, and k categories 

of the qualitative response variable, the regression model is 

 

Equation 3.6 

Log [
𝜋𝑗(𝑥𝑖)

𝜋𝑘(𝑥𝑖)
] = 𝛼0𝑖 +  𝛽1𝑗 𝑥1𝑖 +  𝛽2𝑗 𝑥2𝑖 + ⋯ +  𝛽𝑝𝑗 𝑥𝑝𝑖  

where 

i = 1, 2, … , n 

j = 1, 2, … , (k-1) 

 

Therefore, the final form of the reduced model would be; 

 

Equation 3.7 

Log (𝜋𝑗(𝑥𝑖)) = 
exp (𝛼0𝑖+ 𝛽1𝑗 𝑥1𝑖+ 𝛽2𝑗 𝑥2𝑖+⋯+ 𝛽𝑝𝑗 𝑥𝑝𝑖)

1+ ∑ 𝑒𝑥𝑝 (𝛼0𝑖+ 𝛽1𝑗 𝑥1𝑖+ 𝛽2𝑗 𝑥2𝑖+⋯+ 𝛽𝑝𝑗 𝑥𝑝𝑖)𝑘−1
𝑗=1

 

 

In this study, the assessments of the MNL models are conducted using the statistical software 

IBM SPSS Statistics 25. In order to perform evaluations of the survey in SPSS, the survey 

questions are defined as variables and the answer options are coded, which are available in 

Appendix A (A1). 

 

3.4. Expert Survey 

The expert survey was designed to assess the acceptance of AVs among experts; it was 

created and distributed among specialists in fields relevant to AVs. Based on the insights 

gained from the pilot study for the public survey, the questionnaire for the expert survey 

was designed with 12 questions eight of which dealt with technical issues regarding safety, 
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security, liability, traffic issues and some other consequences of the adoption of AVs. Also, 

four questions were asked to gain an understanding of the participants’ demographics. In 

this context, participants were assigned to one of four groups: academia, government, 

private sector and industry, and road authority agencies. The expert survey is available in 

Appendix C for review. 

Despite that the two surveys (public survey and expert survey) designed with different 

purposes and targeted completely different groups of participants, three questions in these 

two surveys followed similar purposes. However, the questions varied between two surveys 

based on their target participants, their answer options, and the gaps in the relevant context 

they were trying to address. For instance, there was a question in both surveys asking about 

the responsible group who should accept the highest liability of the AVs in case of accidents. 

Also, public participants were asked about their preferences for adopting ridesharing AVs 

(if they are provided), while experts were asked about the efficiency of such services on 

improving the quality of transport. Furthermore, public participants were asked about the 

most interesting aspect of AVs which make people buy them. In this regard, a question with 

similar context was asked designed for the experts asking about the most valuable outcomes 

of the adoption of AVs in public roads. Such questions with similar contexts help to find the 

relation between people’s concern and interest, and their relationship with the technical 

reasons (if any) behind them.  

Mirabeau et al. (2013) explain the advantage of using media networks such as LinkedIn for 

data collection in survey research. Their study found that the upsides of using social media 

networks for data collection outweigh its risks. In this regard, LinkedIn was found a 

convenient tool for reaching the potential candidates in this study. Therefore, the current 

study used LinkedIn social media profiles for transportation groups as the primary source 

for selecting experts in this survey. The participants were selected based on their expertise 

in the field and their level of experience. For those experts who provided an email address, 

they were individually invited to take part in the survey by email, and a LinkedIn invitation 

was sent to those without a public email.  

Regarding the sample size of the study, the idea was to collect as many responses as possible 

to achieve participation from a diverse range of experts in fields related to AVs.  In total, 325 

responses were collected through the online survey platform of Survey Monkey. Of 325 

responses collected in this survey, 301 of them answered all (eight) technical questions, so 

they were considered complete and valid for evaluation. The reason for adopting such a 

completeness criteria was that the expert survey had only eight technical questions each 

dealt with an important concern regarding the adoption of AVs and none could be missed. 
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However, within some of the questions, there were a few missing responses from the expert, 

which was less than 5% of the total answers, which is negligible (Madley-dowd, 2016; 

Shafer, 1999). Therefore, the total answers in some evaluations round to 300, which is 

denoted as 300 “observations” as what was observed in that specific question. But, the total 

number of participants was 301 in total. 

The successful conduct and operation of AVs will rest with experts in the field and how they 

embrace this new technology and adapt them to the current highway networks. For this 

reason, the design method of the expert survey was a little different from that of the public 

survey. The public survey was aiming to assess people’s perception and acceptance of AVs, 

which was also one of the intentions of running the expert survey. What was new in the 

expert survey – which was not a case of the public survey – was the group analysis. 

Therefore, recognising the adoption aspects of AVs and their pros and cons on the transport 

network from the perspectives of various expert groups was of the most importance. Hence, 

it was deemed necessary to analyse the experts’ responses within the total participants and 

their own group. In this way, it was possible to identify how much the opinions of the various 

expert groups (academia, private sector, road authority, and government) conform or they 

are in conflict with each other. For this purpose, the statistical assessments of the expert 

survey were conducted using the cross-tabulation tool of the statistical software IBM SPSS 

Statistics 25, which help to understand the correlation between two different variables. It 

also presents the results of the entire group of respondents as well as results from the sub-

groups of survey respondents. Since cross-tabulation provided all the required information 

for the assessment of the expert survey groups, the use of other statistical evaluation models 

such as ANOVA, or MNL did not seem necessary. Note that the variable coding of the expert 

survey in SPSS is available in Appendix A (A2). 

 

3.5. Microsimulation Software  

Multiple studies such as Ronaldo (2012), Gao (2008), Byungkyu et al. (2006), and Jones et 

al. (2004) evaluated various micro-simulation software packages adopted for transportation 

and traffic simulations. Those studies applied appraisals to compare the results of the 

simulations obtained by various software packages. In this context, Saidallah et al. (2016) 

conducted one of the most comprehensive assessments of the various simulation software 

packages. Saidallah et al. (2016) studied 11 software packages based on eight criteria such 

as the simulation type (microscopic, mesoscopic, and macroscopic), visualisation (2D, 3D), 

software’s capability for designing infrastructure, and some others.  
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Among the software packages adopted by past studies (reviewed in Chapter 2) and the 

studies introduced in this Section, AIMSUN, VISSIM, CORSIM, PARAMICS, and SUMO 

obtained the highest attraction of the researchers of those studies. Therefore, the current 

study chose these five software packages, to evaluate which one could be the best candidate 

for the simulation of the current study. Then, the results related to the following criteria 

were adopted for those five software packages from the study conducted by Saidallah et al. 

(2016). Such criteria are adopted according to the need of the current study and conformed 

to the evaluations in this Section: 

 Availability of the software package (open-source, commercial) 

 Visualisation mode (2D, 3D) 

 Ease or difficulty of designing infrastructure elements (junction, etc.) 

 Software flexibility in designing various road types (freeway, urban, etc.) 

 Ability to define new vehicle types (TV, AV, etc.) 

 Ability to define vehicle dimensions (for TVs and AVs). 
 

Regarding the efficiency of the chosen software packages for the simulation in this study, a 

weighting method was proposed by the current study that helps to find which software 

package can ideally provide the needs of this study. The weighting of software packages was 

conducted using the results obtained from the study conducted by Saidallah et al. (2016). In 

this context, Table 3.1 represents the evaluation of the simulation software packages. For 

each software package presented in Table 3.1, there is an evaluation feature and its related 

weighting values. 

The results of the evaluation in Table 3.1 demonstrate that CORSIM and SUMO cannot 

provide the requirements of the simulation model of the current study. Also, PARAMICS 

looks a capable software package in visualisation features and flexibility in designing 

infrastructure elements. However, the availability of PARAMICS and its weakness in defining 

micro-features disqualifies it for the simulation requirements of this study. Moreover, Table 

3.1 shows that AIMSUN has good capabilities in visualisation features, defining micro 

features such as vehicle type and dimension, and flexibility in designing various road types. 

However, AIMSUN is a commercial software package, where the free trial license version of 

it expires 30 days after installation, and the saving feature of the software is disabled. 

Therefore, AIMSUN is not suitable for the evaluations in this study.   

The results of the weighting assessment in Table 3.1 represents that VISSIM, by far, would 

be the most suitable software package for the simulation in this study. VISSIM represents 

extensive micro-features for designing many types of vehicles such as TVs and AVs in any 

required dimensions. Besides, the ranking system represents that VISSIM follows the most 

straightforward procedures for creating infrastructure elements such as junctions, and it is 
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a flexible software in defining various road types such as freeways and urban roads. Such a 

feature is essential in designing the road sections of the freeway (M50) and the junctions 

(nodes) in this study. Moreover, VISSIM provides both 2D and 3D visualisation modes, which 

is favourable in traffic simulation studies both for evaluation and presentation purposes. 

Also, VISSIM is an available software for the simulation in this study. Therefore, VISSIM 

seems the most competent software package for the simulations of the current study; hence, 

it is adopted for the simulation of TVs and AVs in this study. 

 

Table 3.1. Evaluation of the simulation software packages 

Feature Weight AIMSUN CORSIM PARAMICS SUMO VISSIM 

Availability of 

the simulator 

Open-source, 

and available 

Yes 1* 0 0 0 1 0 

No 0** 

Commercial Not 

Available 

-1*** -1 -1 -1 0 0 

Available 1 0 0 0 0 1 

Visualisation mode 2D 1 1 1 1 1 1 

3D 1 1 1 1 0 1 

Infrastructure 

design 

Difficulty in 

designing 

(intersection, 

roundabout, 

etc.) 

Easy 1 -1 0 0 -1 1 

Medium 0 

Difficult -1 

Flexibility in 

designing 

various road 

types 

(freeway, 

urban, etc.) 

Flexible 1 1 -1 1 -1 1 

Limited 0 

Very 

Limited 

-1 

Micro 

features for 

creating 

vehicles 

Defining new 

vehicle types 

Yes 1 1 0 0 0 1 

No 0 

Defining 

vehicle 

dimensions 

Yes 1 1 0 0 0 1 

No 0 

Overall value 3 0 2 0 7 

Note: the weighting values could be anything other than -1, 0, and 1 as long as they provide a fair 
distinction regarding the advantage, natural, and disadvantage impact of a software feature. The 
weights could be defined based on the requirements and goals of any specific project. 
* 1: Representing an advantage regarding the adoption of the related software in this research 
** 2: Representing a neutral impact regarding the adoption of the related software in this research 
*** 3: Representing a disadvantage regarding the adoption of the related software in this research 
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3.6. VISSIM Model 

3.6.1. Introduction 

In order to evaluate the efficiency of AVs in motorway traffic flow, they are designed in a 

conceptual model of the M50 motorway in Dublin, Ireland. The reason for choosing M50 was 

that it is the busiest motorway in Ireland. Besides, M50 has substantial importance in 

controlling the traffic of the national routes radiating from Dublin, as they begin at their 

junctions with the M50 (Irish Times, 2017). 

The simulation was (firstly) conducted for TVs using the microsimulation software PTV-

VISSIM with traffic data extracted from the Transport Infrastructure Ireland (TII) traffic data 

site. Then the model was designed to simulate AVs using the same traffic data and road 

network.  

 

 

3.6.2. Road Network 

The road network for the simulation is designed according to the geometry of the M50 

motorway. The road starts in the vicinity of Bray in Dublin (a commuter town south of Dublin 

City) and terminates at Dublin International Airport (on the north side of the city); it is a 

total length of 40 kilometres, and the distance involved in the simulation helps to address 

how efficiently AVs could perform on long trips. The model evaluates travel scenarios 

generated from Bray to Dublin Airport, including traffic from six merging roads, which are 

referred to as nodes hereafter. Figure 3.3 shows the model created in VISSIM. 
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Figure 3.3. The road network for the simulation of TVs and AVs in VISSIM 

 

As with all modelling tasks, certain assumptions are made for the VISSIM model in this study, 

as follow:  

 

 The VISSIM model is a conceptual model of the M50 motorway. Therefore, the 

results do not represent the exact traffic stream of the M50 but describe a conceptual 

situation to compare the performance of TVs and AVs. However, all efforts have been 

made to make the model as realistic as possible such using the traffic data of the 

motorway 

 The motorway has four lanes (in one direction) across its entire length except at 

nodes where one lane is added to lead the merging vehicles into the main traffic flow 

 The M50 has six nodes (junctions) in total. Such an assumption was considered 

since there was a lack of sufficient traffic data for minor junctions at M50  

 Half of the traffic from the approaching roads to the M50 junctions (for example, 

N7) is heading towards the airport. This assumption was made since there is no 

information about the percentage of traffic approaching the M50 that travels north, 

south or into the city. In this context, contact was made with TII to retrieve the exact 

traffic data for all junctions and their turning ratios. TII confirmed that they do not 
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have those turning proportions from the traffic count data, as they don’t capture all 

movements entering and leaving the interchange (D. Kennan, D. Brennan, personal 

communication, Feb 12, 2019). However, the N7 interchange had a counter, and that 

provided more information about the traffic inside the junction. In this context, the 

peak traffic volume for N7 according to the data sent by TII was 2,103 for the traffic 

towards the airport, which was close to the assumption of this study (2,093). 

Therefore, the assumption for cutting the total approaching traffic in half seemed 

acceptable for the modelling of this study 

 All cars on the M50 move towards the airport and none leave the M50. This 

assumption was made for a better evaluation of the travel time, the number of 

vehicles, and vehicle delay in a long highway trip between two destinations where no 

vehicles leave the trip  

 

Due to the limitations regarding the data collection in this study, the model of this study was 

designed as a conceptual model of the M50. Also, other than some unofficial trials, there is 

no official experience of the application of AVs in highway transport, so there is no 

information about the impact of these vehicles on the evaluated parameters of this study 

such as fuel consumption and CO emission. As a result, validation of the simulation results 

with empirical results is not possible.  

 

3.6.3. Link Behaviours 

A discussion about driving behaviour is presented in Section 3.6.7, but a description of link 

behaviour types was required in this Section since such a feature is part of the model design. 

Therefore, a brief explanation of the link behaviours used in the study is presented in this 

Section. 

In the modelling for this study, two types of link are created. One is the freeway (motorway) 

link referring to free lane selection behaviour, which is the behaviour on the main road from 

Bray to Dublin Airport. The second link type is urban road behaviour, which is applied to 

merging areas (nodes) to define how vehicles on the main road interact with joining traffic 

in terms of allowing them to blend into the main traffic on the M50. Table 3.2 shows these 

links and their behaviours: 
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Table 3.2. Link behaviour types 

Type Link section Driving behaviour Car-following model 

1 Main links on M50 Traditional - Freeway Wiedemann 99 

AV - Freeway 

2 Merging areas at nodes Traditional - Urban Wiedemann 74 

AV - Urban 

 

3.6.4. Vehicle Design 

VISSIM uses a distribution of cars for a more realistic simulation of vehicles in highway 

transport. Table 3.3 shows the vehicle distribution for TVs in VISSIM with their proportions 

on the road (PTV, 2017). Table 3.3 represents the car models adopted (by VISSIM) with 

various model specification and proportions. Finding the exact proportion of the vehicles on 

the road could be substantial when the aim of the research is an evaluation of a specific car 

model. However, the study of this research aims to compare the performance of TVs and AVs 

in similar traffic conditions. Therefore, the proportion of cars is not a substantial issue as 

long as the same proportion is considered for both TVs and AVs. In this context, the current 

study adopted the default proportions defined by VISSIM for the simulation of TVs in this 

study.  

 

Table 3.3. Vehicle distribution for TVs 

Car Model Proportions 

(%) 

Model Specification 

Length 

(m) 

Width 

(m) 

AxleFront 

(m) 

AxleRear 

(m) 

JointRear 

(m) 

Car - Volkswagen Golf 24 4.211 2.004 0.901 3.478 4.211 

Car - Audi A4 18 4.610 1.949 0.946 3.595 4.610 

Car - Mercedes CLK 16 4.644 1.999 0.853 3.568 4.644 

Car - Peugeot 607 16 4.760 2.069 0.944 3.743 4.761 

Car - Volkswagen Beetle 14 4.012 1.852 0.783 3.298 4.012 

Car - Porsche Cayman 2 4.359 1.970 1.041 3.456 4.359 

Car - Toyota Yaris 10 3.749 1.987 0.749 3.209 3.749 

 

For the model in this study, a new class of vehicles was created to represent AVs. 

Additionally, since the main differences between AVs and TVs in this study relate to their 

driving behaviours, all attempts have been made to ascertain that the model specifications 

and vehicle proportions are similarly configured for TVs and AVs except in terms of their 

driving behaviours and certain model configurations to define autonomous behaviours. In 

this context, a new class of cars has been created for AVs with similar physical car 

specifications as TVs of the model. However, some minor changes are implemented for 
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visual aspects of AVs to better distinguish them from TVs in mixed traffic scenarios; this 

issue will be discussed in Chapter 7. Table 3.4 represents the distribution of AVs on VISSIM 

and Figure 3.4 illustrates the 3D model of the designed AVs in VISSIM. 

 

Table 3.4. Vehicle distribution for AVs 

Car Model Proportions 

(%) 

Model Specification 

Length 

(m) 

Width 

(m) 

AxleFront 

(m) 

AxleRear 

(m) 

JointRear 

(m) 

AV - Volkswagen Golf 24 4.211 2.004 0.901 3.478 4.211 

AV - Audi A4 18 4.610 1.949 0.946 3.595 4.610 

AV - Mercedes CLK 16 4.644 1.999 0.853 3.568 4.644 

AV - Peugeot 607 16 4.760 2.069 0.944 3.743 4.761 

AV - Volkswagen Beetle 14 4.012 1.852 0.783 3.298 4.012 

AV - Porsche Cayman 2 4.359 1.970 1.041 3.456 4.359 

AV - Toyota Yaris 10 3.749 1.987 0.749 3.209 3.749 

 

 
Figure 3.4. AVs on the M50 in the VISSIM model of the study 

 

3.6.5. Model Configuration 

Generally, when a simulation aims to assess the changes in a real network, it needs 

comprehensive calibration to make sure that the model is representative of reality and the 

quality of the results is maximised for the experimental data (Trucano et al., 2006). In this 
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context, the calibration refers to the adjustments of the simulation parameters to conform 

to the real model of the road so that the simulation model can represent realistic results (as 

much as possible) that comply with that of the actual condition. However, the purpose of the 

simulation in this study is to compare the efficiency of AVs with that of TVs in motorway 

transport and not to address the consequences of using AVs on traffic on the M50. So, as long 

as the model and traffic data are the same for both TVs and AVs, they can be compared. In 

light of this, the model for this study is a conceptual model of the M50, not an exact model. 

Besides, as explained in the assumptions, detailed information about the turning ratios at 

nodes was not available. Therefore, a comprehensive calibration of the model was not 

possible since the study had to make some assumptions about the traffic data and turning 

ratios at the merging areas.  

Moreover, since AVs are not operating on the road network and their driving behaviours are 

not yet fully understood, and due to a lack of reliable reference points on this subject, the 

current study could not implement substantial changes to the model parameters to replicate 

AVs’ driving behaviours more accurately. Yet, to fill some gaps of the knowledge in this 

regard, the current research has come up with a solution for adjusting some of the driving 

behaviours to represent what would happen if AVs could drive with some of the modified 

driving behaviours which are expected from human drivers. However, some configurations 

were applied to the VISSIM model for AVs based on the assumption that AVs will offer 

improvements compared to human behaviours. The following sub-sections present the 

model configurations used to demonstrate certain autonomous behaviours. Such settings 

will work in parallel with the optimised driving behaviours for the current study, which will 

be discussed later in Section 3.6.7.  

 

3.6.5.1. Speed Distribution  

The average speed limit of the M50 motorway is 100km/h, which is applied to the simulation 

model of this. It is worth noting that VISSIM applies a speed range of 80km/h – 120km/h for 

an ordinary speed of 100km/h (PTV, 2017). Such a speed distribution provides more 

realistic traffic flow of vehicles in the model. Therefore, for the modelling in this study, the 

100 km/h speed of TVs is distributed in the range of 80–120 km/h to provide for the 

possibility of driving at any rate in this range similar to what VISSIM does for such speed 

(PTV, 2017). The speed distribution of TVs is presented in Appendix A (A3). 

Also, PTV (2017) recommends removing the speed distribution of vehicles for AVs as these 

vehicles are expected to drive without such variation of speed. Therefore, for the modelling 

of AVs in this study - with respect to the average speed of the cars on the M50 - AVs are 
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limited to driving at 100 km/h without distribution of their speed. It is worth noting that 

AVs of this study can reduce their speed when there is an object or vehicle in front of them, 

but they always drive at a constant speed and never exceed the speed limit of 100 km/h. The 

speed distribution of AVs is presented in Appendix A (A4). 

 

3.6.5.2. Temporary Lack of Attention 

Drivers experience distractions such as feeling drowsy which may lead to them closing their 

eyes for some seconds, losing control due to alcohol usage, using mobile phones or a 

combined effect of such distractions (Fagnant and Kockelman, 2015). However, AVs will not 

have any such distractions since AVs will adopt smart sensors and cameras such as LIDAR 

for navigation. In light of this, there is a driving behaviour in the model called “temporary 

lack of attention” to replicate such human distractions (PTV, 2017). For the simulation in this 

study, a distraction time of 5 seconds was built in for TVs, occurring for 5% of the total length 

of the driving period, while this value was considered zero for AVs. 

 

3.6.5.3. Acceleration and Deceleration 

The acceleration and deceleration boundaries for TVs and AVs were designed within the 

speed range of 0-250 km/h. The acceleration and deceleration for AVs were defined without 

distribution of values similar to that previously justified for speed distribution. The desired 

acceleration of TVs and AVs is presented in Appendix A (A5).   

A TV can drive at any speed in the range of 80-120 km/h and the acceleration changes 

accordingly in the range of 0.42-2.29 m/s2 (PTV, 2017). However, according to what 

explained about the speed of AVs in Section 3.6.5.1, an AV can only drive at 100 km/h 

without distribution of speed. Therefore, there will be no distribution in the desired 

acceleration of AVs; thus, a constant acceleration of 1.04 m/s2 (as of TVs in such speed) is 

applied to AVs.  

Regarding the maximum acceleration of cars in the model of this study (shown in Appendix 

A, A6), a TV can have a maximum acceleration of 3.5 m/s2, which occurs at the speed of 0 

km/h (PTV, 2017). The acceleration reduces with the increase in speed, reaching 0 m/s2 at 

the speed of 250 km/h.  

Additionally, PTV (2017) adopts a fixed desired deceleration for TVs at all speeds. In this 

context, the AVs of this study are defined with the mean desired deceleration of AVs, but 

without a distribution. Appendix A (A7) represents the desired deceleration for TVs and AVs. 
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It is also worth noting that PTV (2017) defines a distribution of speed and deceleration for 

TVs, while AVs are defined without such distributions in maximum deceleration. The 

maximum deceleration of TVs and AVs are presented in a Table in Appendix A (A8). 

 
 
 

 
 

 
 
 

The application of such model configurations on speed, acceleration and deceleration for 

AVs means that they can run more smoothly in terms of acceleration and braking operations. 

Consequently, AVs might be able to offer continuous traffic flow with a nearly constant 

velocity, which might also increase the road capacity and reduce congestion. 

In addition to the model settings explained in this Section, an optimisation of Wiedemann-

99 was conducted and applied to the driving behaviours of AVs, which will be described in 

Chapter 6, Section 6.2. 

3.6.6. Traffic Data 

Traffic data was acquired from Transport Infrastructure Ireland (TII), which is the database 

of traffic data in Ireland (TII, 2017). Figure 3.5 shows the TII traffic data site with the location 

of data points acquired for the model design for this study. The data points are indicated by 

green circles and nodes are represented by black circles. The origin and endpoint for the 

model are indicated by black rectangles. 

 

 

Figure 3.5. TII traffic data site 
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Figure 3.6 illustrates the site data for merging traffic at node 1 for the data month September 

2017 (as an example). For each data point in the TII data site, there is a summary of data and 

complete traffic data which are accessible in the section named Site Data, which is shown in 

Figure 3.6.  

 

 

Figure 3.6. Example of site data for one of the data points (node 1) 

 

The site data provides information about all directions of the traffic stream for the related 

data point. From the data available at each data point, only the traffic approaching M50 

towards the airport was adopted as the input traffic to that junction. A sample page of the 

site data is available in Appendix A (A9). In the site data, traffic data is available for “all 

directions”, “all eastbound”, and “all westbound” traffic for node 1. Therefore, for the case of 

node 1, which is used as an example in this study, the information on eastbound traffic has 

been extracted. Note that the Figure presented in Appendix A (A9) only shows part of the 

data available.  

In the next step, traffic data were assessed for all nodes, along with information on all the 

traffic originating from Bray for the whole data year 2017. The data were extracted from the 

related data points on the TII data site, then the cumulative volume for each month was 

calculated to find months with peak, normal and off-peak traffic conditions.  

Table 3.5 shows the evaluated traffic data from TII for the whole data year 2017. 

According to TII (2017) May, September and February experienced peak, normal, and off-

peak traffic conditions, respectively. Therefore, these months were selected for further 

analysis and simulation. In this context, the traffic data were analysed in greater detail to 

find the peak, normal, and off-peak traffic conditions within each of these three months. Such 
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an assessment covered a diverse range of traffic conditions with the minimum, average and 

maximum traffic conditions for the whole year included in the evaluation. 

 

Table 3.5. Traffic Volume (Veh/h) at each data point for each month of the year 2017 (TII, 2017) 

Month Traffic volume (vehicle/h) 

Origin Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Total 

Data site 

1 

Data site  

2 

Data site 

3 

Data site 

4 

Data site 

5 

Data 

site 6 

Data site 

7 

Jan 1,125,968 451,359 1,463,279 1,436,308 1,141,295 535,563 234,042 6,387,814 

Feb 1,067,638 436,842 1,418,848 1,392,433 1,105,306 519,935 225,758 6,166,760 

Mar 1,233,190 492,986 1,597,094 1,571,852 1,244,545 591,863 259,726 6,991,256 

Apr 1,201,310 452,179 1,534,849 1,498,097 1,180,427 546,957 258,334 6,672,153 

May 1,287,254 496,855 1,662,277 1,627,478 1,286,058 608,954 280,804 7,249,680 

Jun 1,231,291 461,010 1,594,936 1,557,649 1,233,810 576,554 280,482 6,935,732 

Jul 1,289,729 450,729 1,633,137 1,585,320 1,220,319 575,278 281,388 7,035,900 

Aug 1,293,855 450,869 1,657,952 1,597,677 1,234,272 590,786 283,136 7,108,547 

Sep 1,205,815 467,307 1,595,776 1,575,862 1,227,316 581,786 277,504 6,931,366 

Oct 1,203,539 468,021 1,572,276 1,562,638 1,237,222 585,991 270,952 6,900,639 

Nov 1,203,069 477,573 1,595,394 1,564,769 1,217,837 607,787 258,041 6,924,470 

Dec 1,126,774 451,154 1,443,018 1,475,689 1,178,114 525,740 222,935 6,423,424 

Average 1,205,786 463,074 1,564,070 1,537,148 1,208,877 570,600 261,092 6,845,847 

SD* 70,435 18,291 82,065 70,771 49,452 30,894 22,328 318,599 

CV** 0.058 0.039 0.052 0.046 0.041 0.054 0.086 0.047 

* Standard deviation 
** Coefficient of variation 

 
 

The breakdown of traffic data in February, May and September are represented in three 

Tables, which are available in Appendix A (A10 - A12). Each Table demonstrates ten peak 

traffic conditions, ten normal, and ten off-peak traffic conditions. The traffic volumes in those 

Tables were adopted for the simulation of TVs and AVs later in this study. 

Note that the Road Safety Authority of Ireland (RSA) provides accident data for all roads in 

the country (RSA, 2017). However, the RSA database provided information up until the year 

2016 and no accident data was available for the year 2017. Therefore, there was not 

sufficient information to check whether any of the days in the TII database had any form of 

a traffic accident or not. However, the SD and CV of the traffic data (presented in  

Table 3.5) represents no severe incident has occurred on the M50 during the study period 

as otherwise there should have been an inconstancy in the traffic data of the various months 

(which was not).  
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3.6.7. Driving Behaviours 

Car-following models define and control the driving behaviours of the “following” vehicles 

with regard to the leading vehicle’s speed, acceleration, and decelerations (Olstam and 

Tapani, 2004). Car-following models vary based on their control logic and the way they 

define behaviours for the “following” vehicles. In this regard, some models work based on 

keeping a safe distance between the “following" and leading vehicles and some models 

adopts psycho-physical logics which use thresholds for controlling the “following” vehicles 

with respect to the leading one (Olstam and Tapani, 2004).   

As previously explained (in Table 3.1), this study is using VISSIM for the simulation of TVs 

and AVs in this study. VISSIM uses the Wiedemann car-following model for the simulation of 

vehicles on the network which is psych-physical car following model (PTV, 2017). For this 

purpose, the current study acquired Wiedemann-99 (1999) for optimisation and adoption 

in AVs, as VISSIM does for the simulation of vehicles. 

It is worth noting that there is not yet an official application of AVs on public roads and so 

there is not sufficient information about their driving behaviours. However, recent 

experiments show that WAYMO  is using sophisticated artificial neural networks by 

implementing machine learning techniques to copy human driving behaviours in 

autonomous vehicles and train them how to drive (Hawkins, 2018; Quach, 2018). However, 

Bartolini et al. (2017) believe that adopting machine learning, and other AI techniques for 

training AVs in driving behaviours pose substantial challenges. For instance, Bartolini et al. 

(2017) demonstrate that training AVs involves settings for millions of connections in 

training phases where backtracking from the final decision, resulting in driving behaviours 

that have stimulated a specific set of driving inputs, is difficult. Therefore, it may not be 

possible to identify the precise causes of any false driving behaviour and the reason for such 

a type of reaction, since a connection between the exact inputs and output driving 

behaviours in machine learning techniques is not yet known. For this reason, the current 

research decided to simulate AVs by using traditional driving behaviours acquired in traffic 

simulations such as Wiedemann-99 since the exact input parameters for this model are 

available. Additionally, Wiedemann-99 is still being used by VISSIM (PTV, 2017) and was 

adopted by many studies, for example, Aghabayk et al. (2013), Higgs et al. (2011), and 

Menneni et al. (2008). Moreover, Zeidler et al. (2019) and PTV (2017) state that Wiedemann-

99 could be used to replicate autonomous behaviours.   

Regarding other methods for the simulation of autonomous behaviours in cars, and as 

previously indicated in the literature review, Hawkins (2018) indicates that Google is using 

machine learning methods to train autonomous driving behaviours to the vehicle. However, 
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Bartolini et al. (2017) indicated some substantial obstacles to adopting such a means, citing 

the connection between the defined input parameters and the output driving behaviours 

from machine learning. The lack of such connection raises concerns for accurate retracing 

to the exact reasons for possible errors in driving behaviours.  

Therefore, the study for this research represents what would happen if AVs could drive with 

the optimised driving behaviours expected from humans. The current study simulated AVs 

using traditional human driving behaviours defined in Wiedemann-99 to address how 

efficiently AVs might behave if they drive with optimised human driving behaviours. The 

advantage of applying Wiedemann-99 is that the input parameters for the model are 

available and can be used for retracing and modification of false driving behaviours. 

The Wiedemann-99 in VISSIM relies on ten user-defined parameters to represent human 

driving behaviour in freeway traffic (PTV, 2017; Lowens and Machemehl, 2007). In addition 

to the parameters of Wiedemann-99, the study applied some additional configurations to 

better simulate autonomous behaviours, which will be discussed later in this Section. 

Several previous studies such as Lu et al. (2016); Song et al. (2015); Aghabayk et al. (2013), 

Higgs et al. (2011), and have analysed the parameters of Wiedemann 99 in depth. Therefore, 

the equations for those parameters are not presented in this study, but the defined values 

for Wiedemann-99 are briefly presented in Table 3.6, and this is followed by a brief 

description of the parameters. 

 

Table 3.6. Parameters of Wiedemann-99 

Model Parameters Value 

CC0 (Standstill Distance) – m  1.50 

CC1 (Headway Time) – s  0.9 ± 0.2 

CC2 (“Following” Variation) – m  4.00 

CC3 (The Threshold for Entering to “Following” Phase) – s  -8.00 

CC4 (Negative “Following” Threshold) – m/s -0.35 

CC5 (Positive “Following” Threshold) – m/s  0.35 

CC6 (Speed Dependency of Oscillation) –  10-4 rad/s 11.44 

CC7 (Oscillation Acceleration) – m/s2 0.25 

CC8 (Standstill Acceleration) – m/s2 3.50 

CC9 (Acceleration at 80 km/h) – m/s2 1.50 
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 CC0: “Standstill Distance” is the desired rear-bumper to the front-bumper distance 

between two stationary vehicles 

 CC1: “Headway Time” is a time-gap that provides the minimum safety distance that 

a driver needs to maintain at a certain speed. A higher value shows that the driver is 

more cautious. It is also worth noting that CC1 influences capacity in the case of high 

traffic volumes 

 CC2: “Following Variation” refers to the longitudinal oscillation during the 

“following” phase. CC2 defines the additional distance to the desired safety distance 

that a driver can keep before he intentionally moves closer to the leading car 

 CC3: this is the time (in seconds) before reaching the safety distance. CC3 controls 

the start of the deceleration phase when a driver recognises a slower vehicle in front 

 CC4: this is the negative speed difference during the “following” phase. A lower value 

represents a more sensitive reaction of the driver to the acceleration or deceleration 

of the preceding vehicle 

 CC5: this is the positive speed difference during the “following” phase. It is a positive 

value of CC4 

 CC6: this shows the effect of distance on speed oscillation during the “following” 

phase. A greater value leads to a higher speed oscillation with increasing distance. 

 CC7: this represents the oscillation during the “acceleration” phase 

 CC8: this is the desired acceleration from a standstill situation. CC8 is controlled by 

the maximum acceleration 

 CC9: this is the desired acceleration at the speed of 80km/h. CC9 is controlled by the 

maximum acceleration 

 

In this study, an optimisation method was applied since the default values for driving 

behaviours might not represent the desired driving behaviours for AVs. The optimisation 

was conducted using the simulation model of the M50 in VISSIM. Detailed explanation about 

the optimisation method, model design, and results are presented in Chapter 6 of this thesis. 
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3.7. Simulation 

3.7.1. Structure 

In order to examine the likely impacts of AVs on road traffic, their performance was 

compared with the results from the simulation of TVs. In general, the simulation model 

aimed to address the following concerns:  

 How are TVs performing on traditional motorways?  

 How will AVs perform on traditional motorways?  

 How will TVs and AVs interact in shared road traffic?  

 

Figure 3.7 illustrates the overall steps for the simulation of this study. In addition, Figure 3.8 

and Figure 3.9 show the breakdown of the simulation procedures for TVs and AVs in VISSIM, 

respectively. 

 

 

Figure 3.7. The overall workflow for the simulation of TVs and AVs 

 

As shown in Figure 3.8, the traffic data were analysed to find the month with the heaviest 

traffic (May), the month with the closest to normal traffic (September) and the month with 

the lightest traffic (February). Then, the traffic data were reassessed to find the peak, the 

closest to normal, and off-peak traffic conditions within each of those three months to cover 

a diverse range of traffic conditions. For instance, in May, ten days with the heaviest traffic 

conditions were selected for the simulation of TVs. In this way, ten simulation scenarios 

were created where the average of those ten scenarios would represent the results related 

to heaviest traffic conditions within the peak month (May). Note that each simulation 

scenario was configured for 15 runs, and each took one hour of simulation plus an extra 10 

minutes to fill up the model for ongoing traffic on the motorway. Therefore, the results 

represent the average for 150 hours of simulation for peak traffic conditions within May. 

Then, the same procedure was adopted for the simulation of TVs for the normal and off-peak 
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traffic conditions within the same evaluation month (May). Likewise, the simulation was 

performed for traffic conditions in September and February. Such a framework of simulation 

represents reliable results for the simulation of all traffic conditions. In addition, the final 

values of the simulations in this step were subsequently compared with the results from the 

simulations of AVs. The simulation procedure, which is depicted in Figure 3.8, resulted in 90 

scenarios with 1,350 hours of simulation. In the next step, the same simulation framework 

was adopted for AVs.  

 

 
Figure 3.8. Flowchart for the simulation of TVs 
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Figure 3.9. Flowchart for the simulation of AVs 

 

In the next step, in order to simulate the transition period for adopting AVs and mixed traffic 

with TVs, 11 scenarios were defined for simulation. The simulation scenarios in this step 

represented different percentages of TVs and AVs for merged traffic. In this context, the 

network was designed to operate with TVs in scenario one. Then, AVs were added to the 

model, and their share of the traffic was increased by 10% for each scenario until AVs 

occupied the entire network in Scenario 11. The results of this evaluation offer an 

understanding of the quality of traffic flow with different proportions of TVs and AVs. Table 

3.7 represents shared-mode scenarios with the percentages of TVs and AVs for each 

scenario. In addition, Figure 3.10 shows the flowchart for the shared-mode simulations. 

 

Table 3.7. Scenarios for the simulation of TVs and AVs in mixed traffic 

Scenario  1 2 3 4 5 6 7 8 9 10 11 

Proportions of TVs and AVs 

in percent 

TVs 100 90 80 70 60 50 40 30 20 10 0 

AVs 0 10 20 30 40 50 60 70 80 90 100 
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Figure 3.10. Flowchart for the simulation of TVs and AVs in shared roads 

 

Furthermore, an assessment was conducted with the driving behaviours optimised by PTV for 
AVs.  

Table 3.8 represents the driving behaviours defined by PTV1 and those of this study and 

Wiedemann-99 (PTV, 2018). It is worth noting that PTV did not provide information about 

how they came up with these values. There is only a webinar on YouTube introducing the 

new features of VISSIM 11 along with the parameter values that PTV recommends for the 

simulation of AVs (Sukennik, 2018). In that video, Sukennik (2018) state that the driving 

behaviours of AVs are defined based on some empirical data and assessments PTV 

conducted in one of their projects. 

As shown in  

Table 3.8, PTV defined three sets of driving behaviours for AVs; AV aggressive, AV normal, 

and AV cautious (PTV, 2018). The aggressive mode of driving behaviours represents AVs in 

the minimal distances from each other, smaller thresholds, and higher acceleration and 

deceleration, whereas AV cautious represents an opposite mode of driving behaviours. Also, 

AV normal represents a normal mode of driving behaviours where all parameters have an 

average value in their range.  

The driving behaviours suggested by PTV in  

Table 3.8 were used for the simulation of AVs in normal traffic conditions. Then, the results 

were compared to those in this study. Such an evaluation shows the extent to which the 

                                                             
1 PTV-driving behaviours for AVs were released on 02.07.2018 after that almost all the simulation 
modelling of this study was completed. 
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optimised parameters of the current study are in line with the tuned parameters 

recommended by PTV.  

 

Table 3.8. Driving behaviour defined by PTV for AVs and those of this study 

Model parameter Wiedemann-

99 

 

Defined by PTV 

AV 

Aggressive 

AV 

Normal 

AV 

Cautious 

CC0 (Standstill Distance) – m  1.5 1.00 1.50 1.50 

CC1 (Headway Time) – s  0.9 0.60 0.90 1.50 

CC2 (“Following” Variation) – m  4.00 0.00 0.00 0.00 

CC3 (The Threshold for Entering to 

“Following” Phase) – s  

-8.00 -6.00 -8.00 -10.00 

CC4 (Negative “Following” Threshold) – 

m/s 

-0.35 -0.10 -0.10 -0.10 

CC5 (Positive “Following” Threshold) – 

m/s  

0.35 0.10 0.10 0.10 

CC6 (Speed Dependency of Oscillation) – 

10-4 rad/s 

11.44 0.00 0.00 0.00 

CC7 (Oscillation Acceleration) – m/s2 0.25 0.10 0.10 0.10 

CC8 (Standstill Acceleration) – m/s2 3.50 4.00 3.50 3.00 

CC9 (Acceleration at 80 km/h) – m/s2 1.50 2.00 1.50 1.20 

 

In total, around 863 hours of simulation was conducted for optimisation purposes. Then, 

2,715 hours of simulation were undertaken to assess the quality of traffic for TVs and AVs in 

their single mode of occupancy on the road. Also, 502 hours of simulation were undertaken 

on mixed traffic of transport between TVs and AVs providing an understanding of the 

transition periods when adopting AVs and what would ultimately happen to traffic streams 

when AVs occupy the entire road. Finally, 625 hours of simulation of AVs with the driving 

behaviours optimised by PTV were undertaken to represent the extent to which the 

optimisation in this study was in line with the results presented by PTV. Table 3.10 shows 

the structure of all the simulations conducted in this study. 

Regarding the number of simulation runs, Byrne (2013) recommends 7 runs to achieve 0.05 

confidence interval, and 0.05 coefficient of variation, and a 99% confidence level. However, 

Byrne (2013) indicates that more simulation runs might be required when more variables 

are associated with the simulation model. Therefore, a higher number of simulation run was 

adopted in this study to achieve a meaningful prediction of the impact of AVs in multiple 

characteristics (travel time, fuel consumption, and others). In this regard, 10 number of runs 

was defined for the optimisation process, and 15 runs for the simulation of TVs and AVs 

under various traffic conditions (scenarios). 
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Furthermore, for better assessment of the simulation results and monitoring the change of 

values through simulation, six time-intervals were defined for the simulation period (PTV, 

2015). In this context, 10 minutes (600 seconds) time was considered as a model warm-up 

for filling up the road network followed by six other time intervals of each 10 minutes for 

the record of data. Table 3.9 represents simulation time intervals. 

 

Table 3.9. Simulation time intervals 

Interval Performance Simulation time 

intervals (s) 

Considered for 

evaluation 

1 Warm-up period for filling up the network 0 – 600  No 

2 Simulation (recorded for assessments) 600 – 1200  Yes 

3 Simulation (recorded for assessments) 1200 – 1800  Yes 

4 Simulation (recorded for assessments) 1800 – 2400  Yes 

5 Simulation (recorded for assessments) 2400 – 3000  Yes 

6 Simulation (recorded for assessments) 3000 – 3600  Yes 

7 Simulation (recorded for assessments) 3600 – 4200   Yes 

Total Simulation 4200 

Recorded for evaluation 3600 

 

It is also worth noting that a simulation resolution1 value of 10 time steps per simulation 

second and a (variable) random seed2 of 42 was considered for the simulation of this study, 

suggested by PTV (2015).  

Table 3.10 represents the structure of the simulation procedures in this study along with the 

number of scenarios, simulation time and some other attributes of the simulation settings in 

VISSIM. 

 

 

 

 

 

                                                             
1 Simulation resolution: the number of times the vehicle’s position will be calculated within one 
simulated second (range 1 to 20). A smoother simulation will be achieved by a higher value. 
2 Random seed creates random events in the simulation to replicate a more realistic simulation. 
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Table 3.10. Structure of the simulation procedures 

Purpose of 

simulation 

Description # 

Scenari

os 

# Runs 

in each 

scenario 

Simulation time (h) 

Recorded for 

assessments 

Warm-up Total 

 

Simulation for 

optimisation 

CC0, CC1, and CC2 63 10 630 105 1,003 

 CC3 to CC9 23 10 230 38 

Simulation of 

single modes of 

TVs and AVs 

TVs in peak traffic 

(May) 

30 15 450 75 3,150 

 

AVs in peak traffic 

(May) 

30 15 450 75 

TVs in normal traffic 

(Sep) 

30 15 450 75 

AVs in normal traffic 

(Sep) 

30 15 450 75 

TVs in off-peak (Feb) 30 15 450 75 

AVs in off-peak traffic 

(Feb) 

30 15 450 75 

Simulation of 

mixed traffic of 

TVs with AVs 

Peak traffic (May) 11 15 165 27 576 

 Normal traffic (Sep) 11 15 165 27 

Off-peak traffic (Feb) 11 15 165 27 

Simulation with 

PTV values in 

normal traffic 

condition (Sep) 

AVs with aggressive 

driving behaviours 

10 15 150 25 717 

AVs with normal 

driving behaviours 

10 15 150 25 

AVs with cautious 

driving behaviours 

10 15 150 25 

Mixed traffic of PTV-

AVs with TVs 

11 15 165 27 

Total 340 215 4,670 776 5,446 

 
 

Chapter 6 will represent the results gained during the optimisation of driving behaviours. 

The optimised values of driving behaviours will be presented, followed by different 

combinations of driving behaviours, which could be used to optimise each specific 

characteristic of the trip analysed in this study. For example, the results will show what 

parameters of driving behaviour must change to attain the lowest fuel consumption and 

level of emissions. Such findings will also be presented for some other characteristics in this 

study. 

Furthermore, the results of the simulations undertaken for this study will be presented in 

Chapter 7. These results will demonstrate the likely impact of adopting AVs on public roads 

and their interaction with TVs. Also, the results will demonstrate the quality of traffic during 
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the transition period for adopting AVs on public roads, where the share of AVs will increase 

gradually until they occupy the entire road. 

3.7.2. Reliability 

Reliability is the degree to which a simulation model of research produces consistent results 

when it is used under the same condition (Heale and Twycross, 2015). In this study, the 

simulation scenarios are tested over various simulation runs to make sure the results are 

internally consistent; then, the average values of the simulation runs are used as the overall 

results of the simulation scenario. In this regard, an internal constancy test named 

Cronbach’s Alpha (α) is adopted to evaluate the consistency of the (initial) simulation runs, 

which is a common test for the internal consistency of an instrument (Heale and Twycross, 

2015). Once the model tested for consistency, then it was adopted for the rest of the 

simulations. Equation 3.8 shows the mathematical function of Cronbach’s α retrieved from 

the study conducted by Tavakol and Dennick (2011):  

 

Equation 3.8 

𝛼 =
𝑁 ∗ 𝐶̅

�̅� + (𝑁 − 1) ∗ 𝐶̅ 
 

 

where 

N = the number of items 

𝐶̅ = average covariance between item pairs 

�̅� = average variance 

 
Also, there is another way to evaluation Cronbach’s α, which is using “Two Factor ANOVA 

without Replication”. This method acquires “Mean Squared Error (MSE)” and “Mean 

Squared Row (MSR)” of the data related to each sample (here, each characteristic such as 

the results of travel time).  Equation 3.9 shows the mathematical function of Cronbach’s α 

using MSE and MSR. 

 

Equation 3.9 

𝛼 = 1 −  
𝑀𝑆𝐸

𝑀𝑆𝑅
 

 

where 
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MSE = mean squared error 

MSR = mean square of the data rows in the sample (for example, the results of travel 
time in various time intervals defined in the simulation) 

 

According to Siswaningsih et al. (2017), a Cronbach’s α value of above 0.7 represents 

acceptable reliability of the model results, where α values of above 0.8 and 0.9 are 

considered a good and very good reliability, respectively. However, considering the 

stochastic nature of the simulations in traffic studies, and the result of a study by Taber 

(2016) an α value of above 0.64 is regarded adequate and satisfactory. Therefore, in this 

study, an α value of above 0.65 is also considered acceptable subject to the overall 

consistency of the simulation results under various traffic condition of the year, which is 

explained later in this Section. 

In this study, the reliability assessments of Cronbach’s α is conducted using SPSS. For this 

purpose, the results of the various simulation run for each characteristic evaluated in the 

simulation (travel time, LOS, and others) are analysed for consistency.  

Additionally, the simulation results of the same traffic condition under various times of the 

year are compared to make sure the model results are reliable for other times of the year. 

For this, the simulation results of the AVs are compared for the peak traffic conditions of 

May, September, and February (as of shown in Chapter 7). The assessment criteria for this 

reliability is the Coefficient of Variance (CV), which represents the dispersion of a probability 

distribution, and it is the ratio of the standard deviation to mean of the data set (Zaiontz, 

2019). A CV value of below 10% would represent a good consistency, whereas below 5% is 

regarded as excellent consistency (Zhichu, 1989). Equation 3.10 shows the calculation 

method of CV: 

 

Equation 3.10 

CV =  
𝜎

𝜇
 

where 

σ = standard deviation 

μ = mean 
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3.7.3. Validity 

3.7.3.1. External Validation 

Validity in research is defined as a model accuracy in providing logically and sound results 

(Heale and Twycross, 2015). A typical method to evaluate the validity of the simulation 

results would be comparing them with empirical data (collected) from the street, which is a 

type of external validation. However, as previously discussed in Section 3.6.2, the limitations 

regarding the data collection in this study led to some assumptions in the model design and 

made the model of this study a conceptual model of M50. In addition, there is no experience 

of the official application of AVs in highway transport (other than small trials to date), so 

there is no information about the impact of these vehicles on travel time, queue length, and 

many other evaluated parameters of this study. As a result, external validation of the 

simulation results with empirical results is not possible.  

 

3.7.3.2. Validation with PTV 

In 2018, PTV presented three sets of driving behaviours (of AV-aggressive, AV-normal, and 

AV-cautious), which are claimed to be capable of replicating various types of autonomous 

behaviours. In this regards, three types of AVs are designed using these three sets of PTV-

AV driving behaviours. Then, they are simulated (exactly) under the same traffic conditions 

as of the AVs of the current study. The overall improvements in traffic quality of the AVs of 

this study are compared to those of PTV’s. Moreover, simulations models are designed for 

replicating the mixed traffic of PTV-AVs and TVs, and the results are compared to those of 

this study. The comparison of results between the AVs of this study and those of PTV under 

single occupancy mode and mixed traffic simulations represent the extent to which the 

current study’s AV parameters are in line with those recommended by PTV. Such an 

evaluation represents the validation of the optimisation and simulation of this study. 

 

3.7.3.3. Triangulation Validation 

In addition to the validation of the simulation results with PTV driving behaviours in this 

study, another validation method is adopted which is called triangulation method. A 

triangulation method is a way of analysing the model results using multiple sources of 

assessment (Guion et al., 2011). Triangulation in research is done by comparing the findings 

of the research instruments (with similar research aim) against each other to identify how 

much those results are in line with each other. 
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As previously explained in Section 3.1, this research adopts a mixed methodology approach 

using a national public survey in Ireland and a global expert survey in the field. Also, the 

study conducts extensive simulations modelling of AVs and TVs over various traffic 

conditions. Therefore, using a triangulation method, the study can assess how successful it 

was in evaluating the efficiency of AVs using various research instruments.  

In order to evaluate the validity of the surveys and simulations of this study, the overall 

simulation results of the various characteristics – such as the travel time – are compared 

against the reviewed studies in the literature, and the results of the public survey and expert 

survey. Figure 3.11 illustrates the triangulation of the various research instruments adopted 

in this study. 

Note that the triangulation assessment is merged with the discussion of research (see 

Chapter 8, Section 8.3) in order to avoid repeating the results and discussion in this regard. 

Moreover, for a better assessment of the results in this context, a descriptive Table of the 

triangulation assessment has been provided in Section 8.4, which represents the main 

findings of the research instrument of this study (literature review, public survey, expert 

survey, and simulation). Such a Table of findings represents the extent to which the 

simulation results of this study are in line with the results obtained from the surveys and 

those in the literature, and how they oppose each other. 

 

 

Figure 3.11. Triangulation of the Research Instruments 
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4. PUBLIC SURVEY 

 

4.1. Introduction 

The findings from the Literature Review in Chapter 2 (Section 2.4) revealed substantial 

concerns regarding the use of AV’s on public roads. However, the rapid improvement of 

smart sensors and other technologies, specifically the application of AI in the transportation 

industry, may have more recently affected users’ opinions about the adoption of these 

vehicles since the users in previous studies were surveyed. To examine this growing area a 

new assessment of people’s perceptions and acceptance of AVs considering the latest 

improvements in the technology of these vehicles was conducted. A public survey was 

conducted in Ireland to assess the public’s perception and acceptance of the application of 

AVs in their daily commute trends, their willingness to adopt (WTA) AVs, their WTP and 

many other factors which impact on the viability of AVs. This Chapter reports the results 

from this survey, which reveal public concerns regarding the application of AVs from a 

general viewpoint. The findings of this survey also show how much people are willing to pay 

for an AV and how willing they are to adopt an AV if the cost is not an issue for them. 

 

4.2. Overview of the Socio-demographic Characteristics 

Table 4.1 represents a summary of the socio-demographic characteristics of the sample of 

this study compared with those of Census 2016 data. Such an assessment was conducted to 

ensure that the sample was representative of the population of Ireland. For this purpose, the 

survey (demographic) questions were designed in the same classification as of the Census’s 

and the smaller groups were not merged or changed so they can be comparable with the 

Census data. From this data, it can be seen that around 85.1% of the survey sample 

possessed a driving license which is 31.1% greater than the number of licensed drivers in 

2016 (according to 2016 Census data). In this context, and looking at the number of cars in 

Table 4.1, the percentage of people who had one car in the survey was 29.9% higher than 

that of 2016 Census data. Therefore, such an increase in the percentage of licensed drivers 

and ownership of one car could be an indication of the improvement in mobility services and 

facilitation in this context. Although the overall car ownership did not change from 2016, 

there has been a change in the distribution of cars where more people owned at least one 

car compared to 2016.  
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It could also be observed from Table 4.1 that a greater percentage of the participants were 

aged between 36-50 years old (compared to 2016 Census data), where the participants’ 

distribution in other age ranges was close to the recorded data of 2016 Census. Moreover, 

the gender split data shows that 55.4% of the sample were female, which reports a 4.79% 

increase from the 2016 Census data. Furthermore, Table 4.1 shows a 5.0% difference 

between the percentages of Male in the sample (44.4%) and Census data (49.4%). However, 

it is mindful to consider that this survey was conducted online, and those male participants 

aged 26-35 and 36-50 years old who might have been busy at work during the day were not 

represented as much in the survey. It is also worth noting that only one individual indicated 

“Other” in the question asking about participants’ gender. Since the number of individuals 

in the “Other” gender group was not sufficient for statistical evaluations, it skewed the 

overall results; hence, it has not been considered for the assessments in this Chapter. 
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Table 4.1. Characteristics of the survey sample compared with the 2016 Census (CSO, 2016) 

Variable Survey Sample Census (2016) Difference 

  N % N % % 

Driving License 

Yes 400 85.1 2,820,528 59.2 25.9 

No 70 14.9 1,941,337 40.8 25.9 

Total 470 100.0 4,761,865 100.0 0.0 

Car Ownership 

Yes 382 80.9 3,899,967 81.9 1.0 

No 90 19.1 861,898 18.1 1.0 

Total 472 100.0 4,761,865 100.0 0.0 

Number of Cars 

0 90 18.9 737,094 18.9 0.0 

1 283 59.8 1,743,285 44.7 15.1 

2 88 18.5 1,212,890 31.1 15.3 

3 10 2.1 183,298 4.7 2.6 

4 0 0.0 0 0.0 0.0 

5 3 0.6 23,400 0.6 0.0 

Total 474 100.0 3,899,967 100.0 0.0 

Age of car  

No car ownership 90 19.1 * * 19.1 

0 – 2 years old 49 10.4 * * 10.4 

2 – 5 years old 84 17.8 * * 17.8 

5 – 7 years old 52 11.0 * * 11.0 

7 – 10 years old 89 18.9 * * 18.9 

Above 10 years old 108 22.9 * * 22.9 

Total 472 100.0 * * 100.0 

Age (of participant) 

0-18 years old * * 1,128,514 23.7 23.7 

18-25 years old 9 1.9 449,780 9.4 7.5 

26-35 years old 87 18.4 683,677 14.4 4.0 

36-50 years old 207 43.8 1,053,434 22.1 21.7 

50+ years old 170 35.9 1,446,460 30.4 5.5 

Total 473 100.0 4,761,865 100.0 0.0 

Gender 

Male 210 44.4 2,354,428 49.4 5.0 

Female 262 55.4 2,407,437 50.6 4.8 

Other 1 0.2 * * 0.2 

Total 473 100.0 4,761,865 100.0 0.0 

* Data was not collected 
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Additionally, Table 4.2 illustrates the county of residence of the participants. As shown in 

Table 4.2, the majority of the participants were from Dublin by 27.4% of the total 

participants (474 individuals). Then, Cork and Galway were the next counties with the 

highest participants after Dublin with 12.7% and 5.1%, respectively.  

 

Table 4.2. County of residence (survey sample compared with 2016 census) 

N = 474 

 Survey Sample Census 2016 

County N % N % 

Antrim 1 0.2 * * 

Armagh 0 0.0 * * 

Carlow 4 0.8 56,932 1.2 

Cavan 6 1.3 76,176 1.6 

Clare 8 1.7 118,817 2.5 

Cork 60 12.7 542,868 11.4 

Derry 1 0.2 * * 

Donegal 21 4.4 159,192 3.3 

Down 0 0.0 * * 

Dublin 130 27.4 1,347,359 28.3 

Fermanagh 0 0.0 * * 

Galway 24 5.1 258,058 5.4 

Kerry 14 3.0 147,707 3.1 

Kildare 14 3.0 222,504 4.7 

Kilkenny 10 2.1 99,232 2.1 

Laois 7 1.5 84,697 1.8 

Leitrim 7 1.5 32,044 0.7 

Limerick 21 4.4 194,899 4.1 

Longford 3 0.6 40,873 0.9 

Louth 16 3.4 128,884 2.7 

Mayo 13 2.7 130,507 2.7 

Meath 12 2.5 195,044 4.1 

Monaghan 5 1.1 61,386 1.3 

Offaly 10 2.1 77,961 1.6 

Roscommon 8 1.7 64,544 1.4 

Sligo 10 2.1 65,535 1.4 

Tipperary 9 1.9 159,553 3.4 

Tyrone 0 0.0 * * 

Waterford 8 1.7 116,176 2.4 

Westmeath 14 3.0 88,770 1.9 

Wexford 23 4.9 149,722 3.1 

Wicklow 15 3.2 142,425 3.0 

Total 474 100.0 4,761,865 100.0 

* Data was not collected in the Census 
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In general, the county of residence, the number of cars, the overall rate of car ownership, and 

other statistics of the sample were found to be representative of the population of Ireland 

compared to 2016 Census data. Therefore, this verifies the authenticity of the sample 

recorded for the survey of the current study.  

As explained in the methodology of survey result assessments (see Chapter 3, Section 3.3), 

the respondents who completed the survey to the end and answered more than 34 questions 

out of 36 were considered valid for evaluations. Despite that, there were some missing 

values within the responses, and they were left as they were. However, the survey results 

were checked for model fitting, standard deviation, and errors to make sure those missing 

values are not significant. The results of such evaluations are available within this Chapter 

when model fitting tests are conducted. 

Section 4.3 explains the overall opinion and acceptance of the participant regarding the 

adoption of AVs and Section 4.4 presents the statistical assessments of the survey responses. 

 

4.3. Overall Opinion and Acceptance 

This Section represents an overview of the responses to the survey questions in order to 

conduct an overall assessment of participants’ response. 

 

4.3.1. Initial perception of AVs 

Table 4.3 demonstrates the initial perception and interest of participants about AVs. The 

evaluation in this section shows how informed the participants were about AVs and how 

interested they were in such a vehicle. The results showed that 46.4% of the total 

participants (N = 466), in general, had not heard about AVs, and 31.3% had “somewhat” 

heard about it. Only 22.5% had a great deal of knowledge about AVs. A reason for such a low 

level of familiarity with AVs could be the lack of proper advertisements and informative 

programmes in this regard in Ireland. 

Moreover, the assessment regarding the initial interest in driving AVs revealed that 41.2% 

of the participants who answered this question (N = 454)1 were not interested in driving 

AVs and 30.4% were neutral about it. Only 28.4% stated a high interest in driving AVs. The 

breakdown of the responses for participants’ gender, age, and car ownership for each of the 

questions is this evaluation is available in Appendix B (B4 and B5).  

                                                             
1 The differences in the total number of participants (N) is due to the missing values. 
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Table 4.3. Initial perception of and interest in AVs 

Variable N % 

Heard about AV 

Nothing at all 216 46.4 

Somewhat 145 31.3 

A great deal 105 22.5 

Total 466 100.0 

Interest in driving AVs 

Not interested 187 41.2 

Neither 138 30.4 

Very interested 129 28.4 

Total 454 100.0 

 

4.3.2. Preference for Spending Time in an AV 

Since AVs could perform all driving operations, the owners/drivers would be able to spend 

their time in other activities. In this regard, participants were asked how they would prefer 

to spend their time in an AV. A total of 474 observations were recorded in this investigation 

and they were allowed to select multiple responses. Table 4.4 represents the results of the 

preferred activities of participants while in an AV. The breakdown of the responses for 

participants’ gender, age, and car ownership for each of the answer options is available in 

Appendix B (B6). 

The results showed that ‘enjoying the scenery’ was the most favoured activity and was 

selected by 71.3% of those who answered this question. After that, ‘sleeping/resting and 

reading’ was the next most favoured activity, at 31.4%. The following most favoured levels 

of interest included social activities and working. 

There were also 49 responses submitted for the answer option ‘other’, among which ‘being 

worried’, ‘stressed’ and ‘keeping eyes on the road to make sure the vehicle is working 

properly’ were the top answers. However, there were also some positive perceptions of AVs 

among the ‘other’ respondents, and interests in doing activities such as ‘listening to podcasts, 

music, and audiobooks’, ‘playing with kids’, and ‘talking on the phone with friends and 

family’ were the other answers. There were two disabled and epileptic respondents who 

declared they are not allowed to drive and so they would hugely enjoy the feeling of 

independence with AVs. Table 4.4 provides some of the most repeated quotes in this regard. 
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Table 4.4. Preference for spending time in AVs (MRA) 

Variable N % 

Enjoying the scenery 149 71.3 

Sleeping, resting and reading 338 31.4 

Any social activities (TV, games, internet) 133 28.1 

Working 67 14.1 

Other  49 10.3 

 

Here are also people’s direct quotes provided in the feedback and comments of the survey: 

• “All of the above”  
• “Checking that the car wasn't driving itself into something dangerous” 
• “For the experience” 
• “Getting the kids around”  
• “I am an epileptic and therefore am legally unable to drive. I would hugely enjoy the 

independence”  
• “I still would have to be aware of things around me” 
• “I'd rather just drive” 
• “Keeping my eye on the road” 
• “Make sure that is driving properly”  
• “Making sure everything was doing what it should” 
• “Nervous. Still watching the road”  
• “Observing traffic” 
• “Prefer to drive it” 
• “Talking on the phone” 
• “Talking to friends or family” 
• “Watching the road”  
• “Will probably be worried about my safety each time I am in the vehicle” 
• “Working on arts and crafts” 
• “Would not be happy leaving the driving to a robot” 
• “Wouldn’t get in the car! Think it’s a bad idea” 

 

4.3.3. Overall Concerns about Safety and Security of AVs 

This Section explains the overall perception of participants about the safety and security of 

AVs. In this context, questions were asked about AVs’ safety and security compared with 

vehicles with human drivers, AV’s safety and security with or without a steering wheel, AVs’ 

quick driving reactions compared with human drivers and some others. The results from the 

survey questions in this Section would provide an understanding of how much such 

concerns might affect people’s decision regarding the adoption of AVs. The overall results of 

the evaluations in this regard are presented in Table 4.5. Additionally, the breakdown of the 

responses for participants’ gender, age, and car ownership for each of the questions in this 

evaluation is available in Appendix B (B7 – B11). As shown in Table 4.5, participants, in 

general, believed that AVs would be ‘somewhat’ safer and more secure than human drivers, 

which convey a neutral opinion in this regard. The results also revealed more concern when 



Chapter 4 

83 
 

participants were asked how safe and secure they would feel if AVs had no steering wheel. 

In this vein, participants declared they would feel safer and more secure in an AV with a 

manual override control system than an AV without such a system.  

Table 4.5 demonstrates that participants indicated they would feel ‘somewhat concerned’ 

about AV’s quick reaction in unexpected driving incidents. Also, the participants of the study 

were asked how much they would be interested in adopting AVs if AVs could only operate 

in some limited areas in the city and not everywhere around the country. People, in general, 

demonstrated a low tendency to adopt AVs in such a driving condition. In this context, 

participants indicated to ‘safety and security concerns of losing contact and control of the 

vehicle’, the need for purchasing an extra TV for their trips around the country, the cost of 

maintenance, insurance and some other issues as the reasons for their low interest in 

adopting AVs. 

 

Table 4.5. The Overall Concerns about Safety and Security of AVs 

Variable N % 

AVs are safer and more secure than human drivers 

Not at all 205 44.0 

Somewhat 145 31.1 

Extremely 116 24.9 

Total 466 100.0 

Feeling safe and secure if AVs had no driving wheel 

Not at all 308 66.0 

Somewhat 93 19.9 

Extremely 66 14.1 

Total 467 100.0 

AVs with a manual override control system would be safer and more secure than an AV 

without such a system 

Not at all 83 17.8 

Somewhat 111 23.8 

Extremely 272 58.4 

Total 466 100.0 

Concern about AVs' quick driving reaction in unexpected driving incidents 

Not at all concerned 143 30.9 

Somewhat concerned  144 31.0 

Extremely concerned 177 38.1 

Total 464 100.0 

The tendency to adopt AVs if AVs could only operate in some limited areas in the city and 

not everywhere around the country 

Not at all likely 317 67.4 

Somewhat likely 93 19.8 

Extremely likely 93 19.8 

Total 470 100.0 
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In addition, the assessment regarding the concerns about driving with TVs and AVs reveals 

that people, in general, were slightly more concerned about driving with AVs than TVs.  Table 

4.6 demonstrates the results of such evaluation. 

 

Table 4.6. Passengers’ concerns about operating with TVs and AVs 

How much would you be 

concerned in the following 

situations? 

Driving Conditions 

You are 

travelling  

at night 

The road  

condition is 

slippery 

The vehicle is 

moving at the 

speed limit 

Answer Option Response TV AV TV AV TV AV 

Not at all concerned Count 131 94 89 82 133 104 

% 27.6 20.1 18.7 17.6 28.1 22.3 

Somewhat concerned Count 141 102 118 83 139 104 

% 29.7 21.8 24.8 17.81 29.4 22.3 

Extremely concerned Count 202 272 267 301 201 258 

% 42.6 58.1 56.6 64.6 42.5 55.4 

Total responses 474 468 474 466 473 466 

 

4.3.4. Recording Travel Data by AVs 

This Section presents the respondents’ previous knowledge about and concerns regarding 

the record of data by AVs. The results from this Section would help to understand how much 

the record of data by AVs might impact upon user’s acceptance of the adoption of AVs. As 

shown in Table 4.7, the majority of the participants (67.4%) did not know that AVs might 

record travel data, while 32.56% declared they were aware of such an issue. In this context, 

the evaluation regarding the concern about the privacy of AVs’ travel data shows that 

participants, in general, were ‘somewhat concerned’ about the privacy of their travel data 

recorded by AVs. However, people were neutral (undecided) whether AVs should record 

travel data or not. The breakdown of the responses for participants’ gender, age, and car 

ownership for each of the questions in Table 4.7 is available in Appendix B (B12 – B15). 

 In addition to the assessment regarding privacy concerns and the recording of data by AVs, 

participants were asked with whom they would prefer to share the recorded data if 

recording data was one of the mandatory rules and conditions for adopting AVs. According 

to the summary of responses in Table 4.7, local or national transport authorities and 

insurance companies are the two most trusted agencies that people would prefer to share 

their AV data with. After these, car manufacturers and traffic consultancies are in the next 

level of preferences. Also, around 8.2% of the participants submitted other answers, among 

which some participants believing no one should have access to the data recorded by AVs, 
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and in case of mandatory access, the data should be accessible only by the owners. Some also 

said they might prefer to share it with police only in the case of an accident.  

 

Table 4.7. Knowledge and concerns regarding the record of travel data by AVs 

Variable N % 

Previous knowledge that AVs might record travel data 

Yes 154 32.6 

No 319 67.4 

Total 473 100.0 

Concern about the privacy of AVs' travel data  

Not at all concerned 131 27.6 

Somewhat concerned 123 25.9 

Extremely concerned 221 46.5 

Total 475 100.0 

Agree/disagreements about AVs to record travel data  

Disagree 153 32.9 

Undecided 174 37.4 

Agree 138 29.7 

Total 465 100.0 

Who should access to AVs' travel data (MRA) 

Local/national transport authorities 175 43.8 

Insurance companies 207 41.4 

Car manufacturers 88 37.0 

Local/national transport consultant companies 196 18.6 

Other 39 8.3 

 

Here are also people’s direct quotes provided in the feedback and comments of the survey: 

• “Don’t know” 

• “Gardaí only” 

• “I wouldn't want to share data with any company and would try to circumvent any 

data being shared”  

• “Insurance companies if it benefits me”  

• “Maybe police could access it if I needed to be found for some reason” 

• “I could choose who to share this info with” 

• “Myself only” 

• “No one, not giving data” 

• “Police” 

• “Tax”. 
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4.3.5. AV’s Legal Liability 

This Section presents the overall results of the evaluations regarding participants’ 

willingness to accept AVs’ legal liability and the authorised agent or groups who should 

accept such responsibility. The results from this Section would impact upon user’s 

acceptance of AVs. Table 4.8 represents the overall responses in this evaluation and the 

breakdown of the results for participants’ gender, age, and car ownership for each of the 

questions in this evaluation is available in Appendix B (B16 and B17). The results 

represented that 57.2% of the total participants, were not willing to accept AVs’ liability, and 

28.9% had a neutral perception in this regard; only 13.9% showed a high willingness for 

accepting AVs’ legal liability.  

Additionally, participants were asked who should accept the highest responsibility for the 

AV in case of an accident, where the selection of multiple responses was allowed; Table 4.8 

shows people’s responses to this question. Among the survey responses, the AV 

manufacturer was selected by 70.7% of the people as the entity that should accept the 

highest level of liability for the AVs in case of accidents. By much lower percentage, insurance 

companies and AV owners were selected as the next most responsible groups, by 22.2% and 

19.0% of respondents, respectively. Smaller numbers of participants submitted other 

responses that indicated they believed the assignment of responsibility for AVs depends on 

the circumstances and the nature of the incident. Note these three percentages total to well 

over 100% because respondents were allowed to select multiple answers.  

 

Table 4.8. The overall responses regarding the acceptance of the AVs’ legal liability in 
accidents 

Variable N % 

Willing to accept AV's legal liability in accidents  

Nothing at all 271 57.2 

Somewhat 137 28.9 

A great deal 66 13.9 

Total 474 100.0 

The group or agency which should accept the highest legal liability of AVs in accidents 

(MRA)* 

AV manufacturers 335 70.7 

Insurance companies 105 22.2 

AV owners 90 19.0 

National Transport Authorities 66 13.9 

Local traffic control centres 59 12.5 

Other 14 3.0 

* MRA: Multiple Responses Allowed 
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Here are also people’s direct quotes provided in the feedback and comments of the survey: 

• “Depends on circumstances”  

• “Depends on the accident”  

• “Don't know” 

• “Government” 

• “If the system fails it's the makers fault as long as not down to wear and tear”  

• “The fault lies with whoever is responsible for the input system that is controlling 

the car” 

• “The other driver” 

• “Whoever owns and is responsible for maintenance”. 

 

4.3.6. Purchasing AVs 

This Section presents the overall opinions regarding the purchase of AVs. Questions in this 

Section reveal whether people would wait to see the early adopters’ opinion for buying AVs 

or not. Also, would people purchase AV once the technology is fully developed and tested 

and, if yes, what would be the most interesting aspects of the AVs which make participants 

buy them? The results from this Section would show how much AVs would be accepted by 

people which could also impact the market penetration of AVs. Table 4.9 represents the 

overall results of the evaluation in this regard, and the breakdown of the results are available 

in Appendix B (B18 – B20). 

According to Table 4.9, results revealed that people, in general, were not likely to purchase 

AVs once the technology is fully developed and tested, and it is available in the market. In 

this regard, around 69.3% of the people would ‘extremely likely’ tend to wait to see the early 

adopters’ opinion about the application of AVs. Approximately 17.8% were neutral on this, 

where only 12.9% of the participants stated they would be so interested to adopt AVs so 

they would not wait to see the early adopters’ opinions. Additionally, around 50% of the 

total participants stated they would ‘not at all likely’ tend to purchase AVs once the 

technology is fully developed and tested and they would wait to see the early adopters’ 

opinions in this regard. 

In addition to the assessments of this study, and as a general evaluation of the main reason 

for adopting AVs, people were asked what their main reason for purchasing an AV would be 

if they were interested in making a purchase. Answers to this question suggested that safe 

driving was the main benefit people saw in buying AVs, a benefit identified by 48.41% of 

those polled. Next in line among mentioned reasons for purchasing an AV was the reduction 

of emissions and fuel consumption and the automatic guidance and navigation systems of 
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AVs. A group of participants submitted other answers as well, among which ‘not interested 

in driving AVs’ was the main response. The disabled respondents, however, did represent 

their interest in adopting AVs. Table 4.9 shows the main reasons respondents gave for 

purchasing an AV.  

 

Table 4.9. The overall opinions regarding the purchase of AVs 

Variable N % 

Wait to see the early adopters’ opinion for buying AVs 

Not at all likely 61 12.9 

Somewhat likely 84 17.8 

Extremely likely 327 69.3 

Total 472 100.0 

Purchasing AV once the technology is fully developed and tested 

Not at all likely 237 50.0 

Somewhat likely 119 25.1 

Extremely likely 118 24.9 

Total 474 100.0 

The most interesting aspects of the AVs which make participants buy them (MRA) 

Variable N % 

Safe driving 228 48.4 

Reduction of emissions and fuel consumption 181 42.9 

Automatic guidance and navigation systems  138 38.4 

Reduction of traffic congestion, queue, and delay 144 30.6 

Being fun and enjoying the free time when not driving 202 29.3 

Other  27 5.7 

 

Here are also people’s direct quotes provided in the feedback and comments of the survey: 

• “As an epileptic I would greatly enjoy the independence which an autonomous 

vehicle would bring me”  

• “Being able to drink” 

• “I am not interested, driving is fun for me” 

• “I can't drive so it would be good”  

• “I would rather have to use an electric wheelchair or walk than buy or use an 

autonomous vehicle”  

• “I’d rather not own one due to safety, cost and liability reasons” 

• “I'm a nervous driver and get lost early. I would love if I could turn it off for areas I 

knew & turn it on for new areas” 

• “I'm sorry, but nothing would interest me in them” 

• “Low cost” 

• “Not interested” 

• “Would not buy one” 
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4.3.7. WTP for AVs 

This Section presents the results of survey questions asking about people’s WTP for AVs. 

The results of this evaluation address whether AVs would be affordable for people or not, 

which impacts upon people’s final decision regarding the adoption of AVs. The overall 

results of this evaluation are available in Table 4.10. Additionally, the breakdown of the WTP 

for an AV in addition to the price of the same vehicle in the traditional mode and the question 

asking about purchasing AV if the cost was not an issue is available in Appendix B (B21 and 

B22). 

The overall opinions regarding the WTP for AVs (shown in Table 4.10) represents that 

around 43.13% of the people indicated they would spend ‘below 10%’ for AVs in addition to 

the price of the same vehicle in the traditional model. Around 35.52% declared they would 

spend ‘10% - 20%’ and about 21.35% showed a tendency to pay above 20%. Moreover, 

people were asked how likely they would purchase AVs if the cost was not an issue for them. 

The average responses in this evaluation indicated to ‘somewhat likely’ where people 

showed a neutral opinion in this regard. 

 

Table 4.10. The overall opinions regarding the WTP for AVs 

Variable N % 

WTP for an AV in addition to the price of the same vehicle in the traditional mode 

Below 10% 204 43.1 

10% - 20% 168 35.5 

Above 20% 101 21.4 

Total 473 100.0 

Purchasing AV if the cost was not an issue 

Not at all likely 179 37.9 

Somewhat likely 119 25.2 

Extremely likely 174 36.9 

Total 472 100.0 

 

4.3.8. On-Demand Ridesharing AVs 

This Section represents the overall results related to people’s belief about adopting on-

demand ridesharing service of AVs. The results from this Section reveal that tendencies 

regarding the adoption of AVs, if any, arise from people’s interest in these vehicles or 

individuals’ tendency toward contributing to more efficient traffic, or any other reason. 

Table 4.11 represents the results of such evaluation. In addition, the breakdown of the 
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results for participants’ gender, age, and car ownership for each of the questions in Table 

4.11 is available in Appendix B (B23 and B24). 

The assessment of ridesharing AV services revealed that people, in general, did not think 

that on-demand ridesharing services of AVs would be more efficient than owning private 

AVs. In this context, around 43.2% of the participants indicated they would purchase private 

AVs even if ridesharing services had been provided. Nevertheless, around 56.8% of the total 

participants in this survey did not represent a tendency to buy private AVs. Reasons for such 

a decision would be safety, security, privacy and some other concerns which discussed 

before.  

 

Table 4.11. The tendency to adopt on-demand ridesharing service of AVs 

Variable N % 

An on-demand ridesharing service of AVs would be more efficient than owning an AV   

Not at all likely 206 44.1 

Somewhat likely 144 30.8 

Extremely likely 117 25.1 

Total 467 100.0 

Purchasing private AVs even if an on-demand ridesharing service of AVs had been 

provided 

Yes 204 43.2 

No 268 56.8 

Total 472 100.0 

 

4.3.9. Interest in Technology 

Within the survey, participants were asked about their interest in technology. For this, four 

questions were asked regarding mobile phone ownership, the time of purchasing their 

mobile phone, and the version of the mobile phone when participants were buying it. Finally, 

the participants were asked how much they would be interested in using smart technologies. 

The responses from these questions will reveal how participants’ tendency to adopt new 

technologies such as those which are adopted in AVs. In this regard, an evaluation of the 

responses from this section and participants’ interest in AVs will reveal how much interest 

in smart technologies could have affected participants’ response about adopting AVs. The 

overall results of such evaluation are presented in Table 4.12, and the breakdown of the 

results for participants’ gender, age, and car ownership for each of the questions in Table 

4.12 is available in Appendix B (B25 – B28). 
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The evaluation of the interest in technology services revealed that around 99% of the 

participants owned a mobile phone, with above 75% of the purchasing their phone in the 

past two years. The mobile phone was not the latest version of its brand in the market for 

53% of the participants when they were buying it, yet 55.9% of the total participants 

represented a high interest in the latest smart technologies. 

Table 4.12. Overall results for the questions asking about participants’ interest in technology 

Variable N % 

Mobile phone ownership 

Yes 468 98.9 

No 5 1.1 

Total 473 100.0 

When buying the mobile phone, it was the latest version of its brand available in the 

market 

Yes 218 46.6 

No 250 53.4 

Total 468 100.0 

Time of purchasing the mobile phone 

In the past 12 months 176 37.5 

1-2 years ago 176 37.5 

2-4 years ago 79 16.8 

4-7 years ago 21 4.5 

More than 7 years ago 17 3.7 

Total 469 100.0 

Interest in the latest smart technologies 

Nothing at all 56 11.8 

Somewhat 153 32.3 

A great deal 265 55.9 

Total 474 100.0 

 

 

4.4. Results Analysis 

4.4.1. Introduction 

Section 4.3 presented the overall opinions of participants regarding the adoption of AVs. 

This Section presents the results of statistical assessments on the survey responses. In this 

regard, Section 4.4.2 presents the results of the statistical evaluation of the survey responses 

related to the interest in driving AVs followed by the concerns about adopting AVs in Section 

4.4.3. Then, Section 4.4.4 discusses the statistical evaluations regarding the public’s reasons 

for purchasing AVs. Finally, Section 4.4.5 presents the results of assessments on people’s 

WTP. The Sections (mentioned above) are classified, which each presents the impact of 
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‘gender’, ‘age’, and some other parameters on participant’s perception and preferences 

about the adoption of AVs.  

As previously explained in Chapter 3 (Section 3.3.2) people’s awareness and acceptance 

originate from a diverse range of behaviours, and therefore, a simultaneous impact of 

various variables and covariates should be considered in assessments. Therefore, MNL1 

regression method was used for the assessments in this regard that could be extended to 

models with multiple explanatory variables (El-Habil, 2012). In this context, the study 

evaluated different variables which could be closely related to the dependent variables to 

find those variables with the highest correlation and statistical significance. 

For the MNL model to be used, there are a few assumptions which must be passed. One is 

that the dependent variables should be nominal (Laerd, 2019). In the case of this study, 

despite that the dependent variables were (qualitatively) ordinal, they were converted to 

nominal values first, so an MNL model could be adopted. Another assumption of the MNL 

model is that one or more independent variables should be continuous, nominal, or ordinal 

(Laerd, 2019). However, ordinal variables should be treated as nominal, which is done in 

this research – ordinal independent variables were transformed to nominal variables and 

adopted in the MNL model. Moreover, the assessments revealed that the MNL model 

responded well with valid test results for model fit tests. Therefore, changing the evaluation 

method did not seem necessary. 

Note that in some of the statistical assessments, the MNL model was also tested with the 

association of other variables to make a more comprehensive model that includes are 

variables. However, the Pearson p-value for some of the assessments crossed the 

significance level (>0.05), meaning that the model could not find a substantial impact of all 

incorporated variables. Also, big models would have been confusing and hard to interpret 

due to the high number of independent variables. Therefore, the study tried to make smaller 

models with the fewer number of independent variables which could be easily interpreted 

and do not confuse the readers of the research. Such an issue is explained within the model 

results when needed. 

It is also worth noting that in the MNL model, one category of the dependent variable should 

be considered as the reference category, with the significance of the other categories 

assessed relative to the significance of this category. It is imperative to say that there is no 

specific rule with the selection of reference category and any of the independent variables 

within the model could be considered as the reference category since the results are relative 

                                                             
1 Multinomial Logistic 
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to other groups; it merely depends on what groups are aimed for analysis. For this reason, 

in the current study, the groups with the fewest number of participants are considered as 

the reference categories so that the study can benefit from analysing the larger groups which 

could be better representatives of the sample size. Moreover, as previously explained (in 

Section 4.2), the smaller groups are kept in the survey analysis as they were collected (and 

they were not merged with other groups) in order to keep the consistency of the groups' 

analysis with the CSO (2016) database groups.  

It is also worth noting that the models in this thesis are numbered so they can be easily 

addressed throughout the thesis. Moreover, a list of the models is available in the contents 

of the thesis. 

 

4.4.2. Interest in Driving AVs 

4.4.2.1. The Impact of Gender on Individuals’ Interest in Driving AVs 

This Section presents the results of statistical assessments on the impact of ‘gender’ on 

participants’ interest in driving AVs using the MNL model. In this model, the ‘interest in 

driving AVs’ is the dependent variable meaning that any amount of participants’ interest in 

AVs would be dependent on a feature of participants such as ‘gender’. Therefore, ‘gender’ is 

the independent variable of the model in this Section. Additionally, an extra parameter was 

included in the assessment as a covariate to ‘gender’ to address what adoption impact of AVs 

might affect different gender’s opinion regarding their interest in driving AVs. The covariate 

variable was the question from the survey ‘How much would AVs be safer and more secure 

than human drivers?’. 

According to the response summary (shown in Table 4.13), 445 observations recorded for 

this assessment, of whom 54.4% were female and 45.6% male. Out of 445 views, 41.3% 

stated they are ‘not interested’ in driving AVs, and 30.6% were neutral about this. Only 

28.1% of the respondents showed a high interest in driving AVs. 
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Table 4.13. Case processing summary of the impact of ‘gender’ on ‘individuals' interest in 
driving AVs 

Variable N % 

Interested in Driving AV Not interested 184 41.3 

Neither 136 30.6 

Very interested 125 28.1 

Total 445 100 

Gender Female 242 54.4 

Male 203 45.6 

Total 445 100 

AVs are Safer and More Secure than Human Drivers Not at all 194 43.6 

Somewhat 141 31.7 

Extremely 110 24.7 

Total 445 100.0 

 

The results of the MNL model with model fitting information is presented in Table 4.14. More 

details regarding the model fitting information and the MNL model parameter estimates are 

available in Appendix B (B29 and B30). The results were evaluated using the likelihood ratio 

tests with -2 log-likelihood criteria. The model fitting assessments showed that the results 

are statistically significant by providing p values below 0.05 for the independent variable. 

Also, the model showed 0.337 pseudo-R-squared for the Nagelkerke test.  

Moreover, Table 4.14 presents the correlation between ‘people’s interest in driving AVs’ as 

the dependent variable and ‘gender’ as an independent variable, including the covariate of 

the model. Also, the answer option ‘not at all interested’ is considered the reference category 

for the dependent variable ‘interested in driving AV’. Of the two categories for ‘gender’, the 

‘male’ group is considered the reference category, with a B-coefficient value of 0. 

Looking at the MNL model results (shown in Table 4.14) related to the responses given to 

‘neither’ relative to ‘Interested in driving AV’, where “ gender (male)” is the reference 

category, the variable “gender (female)” has low model significance. However, considering 

the overall significance of the model, the positive coefficient of 0.367 for female shows that 

females are generally more likely than males to have a neutral interest in driving AVs. In this 

context, the exponential value of B, or Exp(β), represents the exact likelihood by presenting 

the odds ratios of the model. The odds ratio for “female” is 1.44, which is greater than 1, 

meaning that females are 44% more likely than men to have a neutral interest in driving 

AVs. Also, looking at the results related to respondents who indicated they were ‘very 

interested in driving AVs’, the negative value of -0.295 for B-coefficient and the odd-ratio of 

0.745 in the corresponding cell, it is clear that females are 22.5% (1-0.745) less likely than 

male to be very interested in driving AVs. In general, the results show that females are more 

neutral and less likely to be interested in driving AVs than males.  
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Model 4.1. MNL 

Table 4.14. Results of the MNL model for the impact of “gender” on individuals’ interest in 
driving AVs 

Variable Model 

Coefficient: (β) 

Odds Ratio: 

Exp (β) 

Sig. 

Interested in Driving AVa: Neither 

AVs are safer and more secure than human drivers 0.482 1.619 0.000 

Gender (Female) 0.367 1.444 0.131 

Gender (Male) 0b . . 

Interested in Driving AVa: Very Interested 

AVs are safer and more secure than human drivers 1.041 2.831 0.000 

Gender (Female) -0.295 0.745 0.296 

Gender (Male) 0b . . 

Chi-Square: 157.632, Degrees of freedom: 4, P-value: 0.000, Pseudo R-square: 0.337 
 

Likelihood significance for “AVs are safer and more secure than human drivers” 0.000 

Likelihood significance for “Gender” 0.041 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 

 

Note that the model was also tested with the association of ‘age’, ‘driving license’, ‘car 

ownership’, ‘number of cars’, and ‘age of car’ but the Pearson p-value for each assessment 

crossed the significance level (>0.05), meaning that the model could not find a substantial 

impact of these variables (in association with ‘gender’) on the interest in driving AVs. The 

model has also considered the possible impact of the variables ‘mobile phone ownership’, 

‘mobile phone purchasing time’, and ‘mobile phone version’ in association with ‘gender’ on 

individual’s interest in driving AVs. However, results showed below 10% Pseudo R-squared 

for each step of the regression model, meaning that the model's inputs could not explain 

above 10% of the observed variation. In other words, these variables did not have a 

substantial impact on the ‘interest in driving AVs’ when they were considered in association 

with ‘gender’ as the main dependent variable. 

 

4.4.2.2. The Impact of Age on Individuals’ Interest in Driving AVs 

Section 4.4.2.1 explained that when the model considered the association of ‘age’ to the 

impact of ‘gender’ on individuals’ interest in driving AVs, the MNL model resulted in a 

Pearson p-value (0.38) which crossed the significance level (>0.05). This means that there is 

no statistical proof that ‘gender’ and ‘age’ might simultaneously impact participants’ interest 

in driving AVs. However, each of these two parameters could separately affect the user’s 

interest in driving AVs. Section 4.4.2.1 argued the impact of ‘gender’ on the public’s interest 

in driving AVs. This Section evaluates how much ‘age’ could affect users’ interest in driving 

AVs. For this purpose, the independent variable was changed to ‘age’, and another covariate, 
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measuring the safe and secure feeling about AVs’ quick reaction in accidents, was added to 

the assessment model presented in Section 4.4.2.1. Table 4.15 represents the overall results 

of this evaluation. In total, 437 observations were recorded for this assessment, with the 36–

50 age group having the highest participation at 45.3% of the total population. The next 

highest participation was 33.9% by the age group 50+, while the other two age groups of 

26–35 and 18–25 had the participation of 19% and 1.8%, respectively. Note that the age 

groups on average showed 28.6% interest in driving AVs, with the rest neutral (30%) or not 

interested (41.4%).  

 

Table 4.15. Case Processing Summary of the impact of ‘age’ on ‘individuals' interest in driving 
AVs’ 

Variable N % 

Interested in Driving AV Not interested 181 41.4 

Neither 131 30.0 

Very interested 125 28.6 

Total 437 100 

Age 18–25 8 1.8 

26–35 83 19.0 

36–50 198 45.3 

50+ 148 33.9 

Total 437 100 

 

Also, Table 4.16 presents the MNL model results of this evaluation. More details regarding 

the model fitting information and the MNL model parameter estimates are available in 

Appendix B (Tables B31 and B32). The model fitting and likelihood ratio tests with -2 log-

likelihood criteria showed that results have a high statistical significance, with p = 0.000 (< 

0.05) for ‘AVs tend to be safer and more secure than human drivers’. Additionally, the model 

attained a 0.337 pseudo-R-squared value in the Nagelkerke test. However, ‘age’ and ‘feeling 

safe and secure about AVs’ quick reaction in accidents’ showed relatively low likelihood 

values, which need further investigation. Therefore, the odds ratios and B-coefficients needs 

to be evaluated for more insight into the reasons for such inconsistency in the results.  

Table 4.16 shows positive B-coefficients for ‘AVs are safer and more secure than human 

drivers’ and negative values for ‘feeling safe and secure about AV’s reaction in accidents’ for 

both answer options ‘neither’ and ‘very interested’. Therefore, it is very likely that 

respondents, in general, believed AVs are going to be safer and more secure than human 

drivers. However, respondents did not seem to support AVs for their quick reaction in 

accidents, which has also a low significance. The exact estimation values are provided by the 

odd ratios or Exp(β). Also, looking at the answer options ‘very interested’, the age groups 
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26–35 and 36–50 appear to be more interested in driving AVs than the other two age groups. 

The age group 26–35 were measured to be 80% more interested than the age group 36–50 

in driving AVs. In general, the assessment reveals that the age range of 26–50-year-old 

people are more interested in driving AVs, as they believe AVs could be safer and more 

secure than human drivers. The other age groups seem to be less interested in driving AVs, 

as they do not feel safe and secure about AVs’ quick reaction in accidents. 

 

Model 4.2. MNL 
Table 4.16. Results of the MNL model for the impact of “age” on individuals’ interest in driving 
AVs 
Variable Model 

Coefficient: 

(β) 

Odds 

Ratio: Exp 

(β) 

Sig. 

Interested in Driving AVa: Neither 

AVs are safer and more secure than human drivers 0.493 1.636 0.000 

Feeling safe and secure about AVs quick reaction in accidents -0.120 0.887 0.103 

Age (18–25) -0.494 0.610 0.595 

Age (26–35) 0.045 1.047 0.898 

Age (36–50) -0.083 0.920 0.758 

Age (50+) 0b . . 

Interested in Driving AVa: Very Interested 

AVs are safer and more secure than human drivers 1.055 2.873 0.000 

Feeling safe and secure about AVs quick reaction in accidents -0.055 0.947 0.552 

Age (18–25) -0.242 0.785 0.826 

Age (26–35) 0.590 1.803 0.141 

Age (36–50) 0.078 1.082 0.808 

Age (50+) 0b . . 

Chi-Square: 154.792, Degrees of freedom: 10, P-value: 0.000, Pseudo R-square: 0.337 
 

Likelihood significance for “AVs are safer and more secure than human drivers”  0.000 

Likelihood significance for “Feeling safe and secure about AVs quick reaction in accidents” 0.259 

Likelihood significance for “Age” 0.778 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 
 
 

4.4.2.3. Preferred Activity for Spending Time in AVs  

This Section measures how much ‘gender’ and ‘age’ could affect users’ preferred activity for 

spending time in AVs. In this model, the ‘spending time in AV: sleeping/resting, reading’ is 

the dependent variable and ‘gender’ is the independent variable of the model. As shown in 

Table 4.17, 470 observations were recorded for this assessment, with the 36–50 age group 

having the highest participation at 44% of the total population. The next highest 

participation was 36% by the age group 50+, while the other two age groups of 26–35 and 

18–25 had the participation of 18.3% and 1.7%, respectively. Note that the age groups on 
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average showed 31.1% interest in ‘sleeping, resting, and reading’ in AVs, with the rest not 

interested (68.9%).  

 

Table 4.17. Case Processing Summary for the preferred activity for spending time in AVs    

Variable N % 

Spending Time in AV: Sleeping/Resting, Reading No 324 68.9 

Yes 146 31.1 

Total 470 100 

Gender Female 261 55.5 

Male 209 44.5 

Total 470 100 

Age 18–25 8 1.7 

26–35 86 18.3 

36-50 207 44.0 

50+ 169 36.0 

Total 470 100 

 

The results of the MNL model with model fitting information is presented in Table 4.18. 

Additionally, more details regarding the model fitting information and the MNL model 

parameter estimates are available in Appendix B (B34 and B35). The model fitting and 

likelihood ratio tests with -2 log-likelihood criteria showed that results have a high statistical 

significance, with p = 0.000 (< 0.05) for ‘age’. However, ‘gender’ showed relatively low 

likelihood values (p-value = 0.782 > 0.05), which means ‘gender’ does not correlate with 

‘sleeping, resting, and reading’. Note that the model was also tested for other preferred 

activities such as ‘enjoying the scenery’, and ‘social activities’ with the association of ‘gender’ 

and ‘age’. However, the ‘goodness of fits’ test represented insignificant Pearson p values 

(>0.05) in each assessment. It means that ‘gender’ and ‘age’ did not shown to have 

(statistically) a substantial impact on ‘enjoying the scenery’, and ‘social activities’ as the 

preferred activity for spending time in AVs. 

Since the MNL model showed positive B-coefficients for all ‘age’ groups (shown in Table 

4.18), it is very likely that ‘age’ had an impact on respondents’ opinion regarding ‘sleeping, 

resting, and reading’ as a preferred activity to spend time in AVs. The exact estimation values 

are provided by the odds ratios. The age group ‘18–25’ showed the highest odds ratio, 

meaning they had more tendency to spend their time in AVs with ‘sleeping, resting, and 

reading’. However, looking at the sig. column (or p values), the age group ‘36–50’ had the 

highest model significance (p-value of 0.001) which means that the results to this age group 

are more significant of all other age groups. In this context, the age group ‘36–50’ were 
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measured to be 1.2 times more interested than the age group ‘50+’ in spending their time in 

AVs with ‘sleeping, resting, and reading’. 

 

Model 4.3. MNL 
Table 4.18. Results of the MNL model for individuals’ preferred activity in AVs 

Variable Model Coefficient: 

(β) 

Odds Ratio: 

Exp (β) 

Sig. 

Sleeping/Resting, Readinga: Yes 

Gender (Female) 0.058 1.060 0.782 

Gender (Male) 0b . . 

Age (18–25) 2.416 11.206 0.004 

Age (26–35) 0.601 1.824 0.047 

Age (36–50) 0.811 2.250 0.001 

Age (50+) 0b . . 

Chi-Square: 19.329, Degrees of freedom: 4, P-value: 0.001, Pseudo R-square: 0.057 
 

Likelihood significance for “Gender” 0.782 

Likelihood significance for “Age” 0.000 

Likelihood significance for “Sleeping/Resting, Reading” 0.000 

a. The reference category is: No. 
b. This parameter is set to zero because it is redundant. 

 

For further evaluation in this regard, a cross-tabulation of the variables is conducted 

between ‘sleeping, resting, and reading’ and ‘age’ to address the correlation of the sub-

groups between these two variables. Table 4.19 illustrates the result of the cross-tabulation 

in this assessment. 

According to Table 4.19, 68.7% of the participants indicated they would not spend their time 

in an AV on ‘sleeping, resting, and reading’, where above 40% and 41.5% of them were from 

the age groups of ‘36–50’ and ‘+50’ years old, respectively. In this context, and from another 

perspective, around  62.8% and 79.4% of the participants from the age groups of 36–50 and 

+50 years old declared they would not spend their time in an AV with ‘sleeping, resting, and 

reading’ which shows the correlation of the variables from both sides. Furthermore, around 

31.3% of the participants in this assessment indicated they would spend their time in an AV 

on ‘sleeping, resting, and reading’, where 52% of them being in the age group of 36–50 years 

old. In general, the assessment revealed that more than half of the participants would not be 

interested in spending their time in an AV on ‘sleeping, resting, and reading’. However, the 

rest of the participants who are interested in ‘sleeping, resting, and reading’ in AVs are from 

the age group of 36–50 years old. The correlation of the parameters in this assessment is 

verified by the p-value of 0.000, which shows the results are statistically significant.  

Model 4.4. Cross-tabulation 
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Table 4.19. Cross-tabulation of spending time in AV: sleeping, resting, and reading versus Age 

 Age Total 

18–35 26–35 36–50 50+ 

Sleeping, 

resting, 

and 

reading 

No Count 2 58 130 135 325 

% within sleeping, resting, … 0.6 17.8 40.0 41.5 100.0 

% within Age 22.2 66.7 62.8 79.4 68.7 

% of total 0.4 12.3 27.5 28.5 68.7 

Yes Count 7 29 77 35 148 

% within sleeping, resting, …  4.7 19.6 52.0 23.6 100.0 

% within age 77.8 33.3 37.2 20.6 31.3 

% of total 1.5 6.1 16.3 7.4 31.3 

Total Count 9 87 207 170 473 

% within sleeping, resting, … 1.9 18.4 43.8 35.9 100.0 

% within age 100.0 100.0 100.0 100.0 100.0 

% of total 1.9 18.4 43.8 35.9 100.0 

χ2 = 21.63, degrees of freedom= 3, p-value=0.000. 

 

4.4.3. Concerns about Adopting AVs 

Section 4.4.2 presented some results regarding the survey users’ interest in driving AVs. This 

Section makes some assessments of respondents’ concerns about adopting AVs. The results 

are provided in several sections, with each evaluating the AV concerns using different 

dependent and independent variables.  

 

4.4.3.1. Impact of Gender, Age, and Number of Cars on Perceptions of AVs’ Safe and 

Secure Operation Compared to Human Drivers 

The study, in this Section, measures the effective factors that impacted users’ perceptions 

regarding AVs’ safe and secure operation. In this regard, the parameter ‘AVs are safer and 

more secure than human drivers’ is the dependent variable of the MNL model in this 

evaluation. The independent variables in the model are ‘gender’, ‘age’, and the ‘number of 

cars’ each user owns. Additionally, some covariates have been added to the model, which 

might have impacted participants’ perception regarding AVs’ safe and secure operations. 

The covariates of the MNL model in this assessment are ‘feeling safe and secure about AVs’ 

quick reaction in accidents’, ‘feeling safe and secure in an AV with manual control’, and 

‘feeling safe and secure in an AV without a steering wheel’. Table 4.20 shows a summary of 

the descriptive statistics from this assessment. The response summary shows that 53.4% of 

the participants in this evaluation were female and that the highest responses came from 

the age group 36–50. Of the respondents, 73.4% had only one car, and 46.6% believed that 

AVs are ‘not at all’ safer and more secure than human drivers.  
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Table 4.20. Case processing of the AVs’ safe and secure operation compared to human drivers 

 N % 

AVs are safer and more secure 

than human drivers 

1 = Not at all likely 165 46.6 

3 = Somewhat likely 104 29.4 

5 = Extremely likely 85 24.0 

Total 354 100 

Gender 0 = Female 189 53.4 

1 = Male 165 46.6 

Total 354 100 

Age 1= 18–25 2 0.6 

2 = 26–35 64 18.1 

3 = 36–50 163 46.0 

4 = 50+ 125 35.3 

Total 290 100 

Number of cars 1 = 1 260 73.4 

2 = 2 83 23.4 

3 = 3 8 2.3 

4 = 5+ 3 0.9 

Total 354 100 

 

The results of the MNL model are presented in Table 4.21. Additionally, more details 

regarding the model fitting information and the MNL model parameter estimates are 

available in Appendix B (B35 and B36). The model fitting tests presented p values below 

0.05, meaning that the model results are statistically significant in general. The correlation 

between the model’s predicted values and the actual values is also validated by 0.517 

pseudo-R-squared value in the Nagelkerke test. The likelihood ratio test revealed that 

‘number of cars’ and two of the model covariates are statically significant, as the p values are 

less than 0.05. However, ‘gender’, ‘age’, and the other model covariates do not provide 

appropriate correlation with some other data. Such a discrepancy in likelihood ratio tests 

requires further investigation. 

Results of the MNL model show that feeling safe and secure about AVs’ quick reaction 

attained statistical significance for the answer options ‘somewhat’ and ‘extremely’; the 

positive B-coefficients and p values below 0.05 are the proof of model significance. Also, the 

higher odds ratio for ‘extremely’ indicates that feeling safe and secure about AVs’ reaction 

had affected people’s perceptions of AVs as being remarkably safer and more secure than 

human drivers. The negative B-coefficients for females show that they are less likely than 

males to be neutral or extremely positive about the statement that AVs are safer and more 

secure than human drivers. The age group results reveal that people from 36–50 years old 

are more likely to be neutral and extremely positive about AVs safe and secure operation 
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compared to humans. Also, respondents with one car had the highest B-coefficient and odds 

ratio, meaning these people were more likely to believe that AVs are safer than humans. 

However, people with five cars and above were the group with the highest tendency to 

believe in AVs safe operation compared to human drivers.  

Overall, the assessment in this Section finds that only a few percent of respondents believe 

in AVs’ safe and secure operation when AVs are compared to human drivers. Also, the 

number of cars respondents own had an impact on their positive opinion such that people 

with five cars and above were more likely to believe in AVs’ extreme capabilities, while 

people with one car were more neutral in this matter. Also, males, in general, were more 

likely than females to think that AVs will be safer and more secure than human drivers. 
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Model 4.5. MNL 
Table 4.21. Results of the MNL model for AVs’ safe and secure operation compared to human 
drivers 

Variable Model 
Coefficient: (β) 

Odds Ratio: 
Exp (β) 

Sig. 

AVs are safer and more secure than human driversa: Somewhat 

‘Not at all’ feeling safe and secure about AVs’ quick reaction -0.022 0.978 0.804 

‘Somewhat’ feeling safe and secure about AVs’ quick reaction 0.569 1.767 0.000 

‘Extremely’ feeling safe and secure about AVs’ quick reaction 1.081 2.948 0.000 

Gender (Female) -0.318 0.728 0.290 

Gender (Male) 0b . . 

Age (18–25) -19.025 0.004 0.997 

Age (26–35) -0.600 0.549 0.163 

Age (36–50) -0.137 0.872 0.667 

Age (50+) 0b . . 

Number of cars (1) 1.182 3.261 0.001 

Number of cars (2) 0.854 2.349 . 

Number of cars (3) -16.832 0.004 0.995 

Number of cars (5+) 0b . . 

AVs are safer and more secure than human driversa: Extremely 

‘Not at all’ feeling safe and secure about AVs’ quick reaction 0.219 1.244 0.083 

‘Somewhat’ feeling safe and secure about AVs’ quick reaction 0.700 2.014 0.000 

‘Extremely’ feeling safe and secure about AVs’ quick reaction 1.631 5.109 0.000 

Gender (Female) -0.610 0.543 0.119 

Gender (Male) 0b . . 

Age (18–25) -2.545 0.078 0.136 

Age (26–35) -0.382 0.682 0.489 

Age (36–50) 0.052 1.054 0.899 

Age (50+) 0b . . 

Number of cars (1) -18.369 0.001 0.996 

Number of cars (2) -18.786 0.006 0.996 

Number of cars (3) -19.385 0.003 0.996 

Number of cars (5+) 0b . . 

‘Not at all’ feeling safe and secure about AVs’ quick reaction 0.219 1.244 0.083 

‘Somewhat’ feeling safe and secure about AVs’ quick reaction 0.700 2.014 0.000 

Chi-Square: 214.452, Degrees of freedom: 20, P-value: 0.000, Pseudo R-square: 0.517 

Likelihood significance for “Feeling safe and secure about AVs quick reaction in accidents” 0.119 

Likelihood significance for “Feeling safe and secure in an AV with manual control” 0.000 

Likelihood significance for “Feeling safe and secure in an AV without a steering wheel” 0.000 

Likelihood significance for “Gender” 0.278 

Likelihood significance for “Age” 0.402 

Likelihood significance for “Number of cars” 0.020 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 
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4.4.3.2. Impact of the Advantages of Adopting AVs on How Safe and Secure Would AVs 

be Without a Steering wheel 

An AV with level 5 autonomy (SAE, 2016) will conduct all driving operations by itself; a 

steering wheel might or might not be in the vehicle. Therefore, it is crucial to understand 

how safe and secure the respondents would feel if their car had no steering wheel, which is 

considered as the dependent variable of the MNL model in this Section. Hence, the question 

in this Section evaluates such a perception, adopting three independent variables: ‘AVs are 

safer and more secure than human drivers’, ‘feeling safe and secure about AVs quick reaction 

in accidents’, and ‘interested in driving AV’. Also, two covariates have been acquired, which 

help to correlate the answers with some other user perceptions about AVs. The covariates 

were ‘agree that AVs should record data’, and ‘purchase AV when it is fully developed and 

tested’. Table 4.22 shows the answer summary for this assessment. Results show that 66% 

of the users (427 observations), in general, would not feel safe and secure in an AV without 

a steering wheel, while 20.8% were more neutral about it. Only 13.2% declared an extremely 

positive attitude about a fully driverless AV.  

 

Table 4.22. Case processing summary of how safe and secure would AVs be without a steering 
wheel 

Variable N % 

Feeling safe and secure in an 

AV without a steering wheel 

1 = Not at all likely 282 66.0 

3 = Somewhat likely 89 20.8 

5 = Extremely likely 56 13.2 

Total 427 100 

AVs are safer and more secure 

than human drivers 

1 = Not at all likely 186 43.6 

3 = Somewhat likely 135 31.6 

5 = Extremely likely 106 24.8 

Total 427 100 

Feeling safe and secure about 

AVs quick reaction in accidents 

1 = Not at all concerned 129 30.2 

3 = Somewhat concerned 134 31.4 

5 = Extremely concerned 164 38.4 

Total 427 100 

Interested in driving AV 1 = Not interested 177 41.5 

3 = Neither 128 30.0 

5 = Very interested 122 28.5 

Total 427 100 

 

Moreover, Table 4.23 shows the results of the MNL model and model fitting information of 

this evaluation. Detailed model fitting information and the MNL model parameter estimates 

are available in Appendix B (B37 and B38). The model fitting test of this assessment 

presented p values below 0.05, which indicates the results are statistically significant. Also, 
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the likelihood ratio tests verify the significance of the correlation between answers by 

providing p values below 0.05 for all except one independent variable. However, the model 

in general looks valid, and the correlation between the model’s predicted values and the 

actual values is also validated by the Nagelkerke R-squared value of 51.9%.  

Viewing the B-coefficients and odds ratios in Table 4.23 with regard to the reference 

category, the analysis in this Section evaluates the results from respondents who said they 

would feel extremely safe and secure in driverless AVs. According to Table 4.23, respondents 

who believed in the safe operation of driverless AVs were 90% (Exp(β) = 1.9) more likely to 

agree that AVs should record data. Also, those who believed in the safe operation of 

driverless AVs were 43% (Exp(β) = 1.43) more likely to have an interest in purchasing AVs 

when they are fully developed than the people who would feel ‘not at all’ safe and secure in 

driverless AVs. Also, the results make clear that those who were not interested in driverless 

AVs believed AVs are ‘not at all’ safer and more secure than human drivers, and they did not 

feel safe and secure about AVs’ quick reaction in accidents. The small values for the odds 

ratios for these independent variables are proof of such a declaration. For example, people 

who were extremely interested in driverless AVs were 97.7% less likely (1 – 0.023) to feel 

that AVs were ‘not at all’ safer and more secure than human drivers than the reference 

category. Therefore, in general, the assessment verifies that 66% of respondents lack 

interest (according to Table 4.22) in AVs without steering wheels. The reasons for such lack 

of interest could be concerns about recording data, not feeling safer and more secure in AVs 

than with human drivers, and concerns about AVs’ quick reaction in accidents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

106 
 

Model 4.6. MNL 
Table 4.23. Results of the MNL model for how safe and secure would AVs be without a steering 
wheel 

Variable Model 

Coefficient: 

(β) 

Odds 

Ratio: 

Exp 

(β) 

Sig. 

Feeling safe and secure in an AV without a steering wheela: somewhat likely 

Agree that AVs should record data  0.271 1.311 0.033 

Purchase AV when It is fully developed and tested  0.267 1.306 0.018 

‘Not at all’ feeling that AVs are safer and more secure than humans -2.385 0.092 0.000 

‘Somewhat’ feeling that AVs are safer and more secure than humans -0.833 0.435 0.022 

‘Extremely’ feeling that AVs are safer and more secure than humans 0b . . 

‘Not at all concerned’ about AVs’ quick reaction in accidents -0.526 0.591 0.216 

‘Somewhat concerned’ about AVs’ quick reaction in accidents 0.865 2.375 0.009 

‘Extremely concerned’ about AVs’ quick reaction in accidents 0b . . 

‘Not at all concerned’ interested in driving AVs 0.620 1.859 0.185 

‘Neither’ interested in driving AVs 0.458 1.581 0.248 

‘Very interested’ interested in driving AVs 0b . . 

Feeling safe and secure in an AV without a steering wheela: Extremely likely 

Agree that AVs should record data 0.642 1.900 0.000 

Purchase AV when It is fully developed and tested 0.363 1.438 0.019 

‘Not at all’ feeling that AVs are safer and more secure than humans -3.788 0.023 0.000 

‘Somewhat’ feeling that AVs are safer and more secure than humans -2.397 0.091 0.000 

‘Extremely’ feeling that AVs are safer and more secure than humans 0b . . 

‘Not at all concerned’ about AVs’ quick reaction in accidents -0.579 0.560 0.270 

‘Somewhat concerned’ about AVs’ quick reaction in accidents -0.385 0.680 0.402 

‘Extremely concerned’ about AVs’ quick reaction in accidents 0b . . 

‘Not at all concerned’ interested in driving AVs -0.718 0.488 0.367 

‘Neither’ interested in driving AVs 0.358 1.431 0.487 

‘Very interested’ interested in driving AVs 0b . . 

Chi-Square: 237.820, Degrees of freedom: 16, P-value: 0.000, Pseudo R-square: 0.519 
 

Likelihood significance for “Agree that AVs should record data” 0.000 

Likelihood significance for “Purchase AV when It is fully developed and tested” 0.014 

Likelihood significance for “AVs are safer and more secure than human Drivers” 0.000 

Likelihood significance for “Feeling safe and secure about AVs quick reaction in accidents” 0.001 

Likelihood significance for “Interested in driving AV” 0.344 

a. The reference category is: Not at all likely. 
b. This parameter is set to zero because it is redundant. 
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4.4.3.3. AVs’ Safer and More Secure Operation Compared to Human Drivers Versus 

Feeling Safe and Secure About AVs’ Quick Reaction in Accidents 

Previously in the result analysis of this Chapter (Section 4.4), regression analysis was 

acquired to identify which independent variables have an impact on a specific dependent 

variable. In such a way, the regression method confidently determined which factors matter 

most, which factors could be ignored, and how those factors influenced each other. In this 

Section, cross-tabulation is acquired to understand the correlation between two variables, 

which shows whether there is a statistical relationship between two variables or not. Cross-

tabulation also presents the results of the entire group of respondents as well as results from 

the sub-groups of survey respondents. For the sake of the assessment in this Section, cross-

tabulation was acquired to make assessments regarding the impact of AVs’ safe and secure 

operation on users’ interest in AVs, which might consequently influence users’ acceptance 

of them. Therefore, respondents’ ‘interest in driving AV’ responses were correlated with 

responses to the question asking whether ‘AVs would be safer and more secure than human 

drivers’. Table 4.24 shows the cross-tabulation of this correlation. 

As shown in Table 4.24, a total of 447 observations recorded for this evaluation. 41.4% of 

the respondents were not interested in driving AVs, with nearly 70.3% of them believing 

that AVs are not at all safer and more secure than human drivers. In this regard, and from 

another perspective, results also show that 66.3% of the people who believed AVs are not 

safer and more secure than human drivers had no interest in driving AVs, which verifies the 

correlation of these variables from both sides. Within those 41.4% participants, around 

22.7% had a neutral opinion about driving AVs, and only 7% indicated an extremely positive 

perception. On the other hand, 28.2% of the total participants in this assessment indicated a 

high interest in driving AVs, with 59.5% of them thinking AVs will be remarkably safer and 

more secure than human drivers. Also, 68.2% of respondents perceived AVs extremely safe 

and secure which verifies the correlation, meaning that interest in driving AVs and feeling 

safe and secure about their operation compared to human drivers are statistically related. 

The actual observed data are compared to the expected values using a Chi-square test (χ2). 

Results of the evaluation showed a p-value of 0.000 for the Pearson test with 4 degrees of 

freedom, which represents statistical significance for the model.  
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Model 4.7. Cross-tabulation 
Table 4.24. Cross-tabulation of interest in driving AV versus AVs’ safe and secure operation 

Variable AVs are safer and more secure than 

human drivers 

Total 

Not at all 

likely 

Somewhat 

likely 

Extremely 

likely 

Interested 

in driving 

AV 

Not 

interested 

Count 130 42 13 185 

% within interest 70.3 22.7 7.0 100.0 

% within safety 66.3 29.8 11.8 41.4 

Neither Count 48 66 22 136 

% within interest 35.3 48.5 16.2 100.0 

% within safety 24.5 46.8 20.0 30.4 

Very 

interested 

Count 18 33 75 126 

% within interest 14.3 26.2 59.5 100.0 

% within safety 9.2 23.4 68.2 28.2 

Total Count 196 141 110 447 

% within interest 43.8 31.5 24.6 100.0 

% within Safety 100.0 100.0 100.0 100.0 

χ2 = 164.59, degrees of freedom= 4, p-value= 0.000 

 

 

4.4.3.4. Comparing Passengers’ Concern about Operating with TVs Versus AVs 

This Section presents the results of an assessment regarding the comparison of driving 

experience between TVs and hypothetical scenarios for AVs where people were told to 

assume if they were driving AVs under the same driving condition as TVs. In this assessment, 

the respondents were given three driving scenarios, and they were asked to rate their 

concern for each scenario. Table 4.25 summarises the driving conditions and responses to 

this assessment. 

The results show that approximately 53% of respondents in this survey, on average, 

expressed extreme concern about driving TVs under the given conditions which could be 

due to the concerning nature of the conditions. However, people showed a higher concern 

for driving with AVs than with TVs in all three conditions. This observation is also supported 

by the results from the answer option ‘not at all concerned’, which was chosen more 

frequently for situations with TVs than it was for the same situations with AVs. Also, looking 

at the weighted concern for all three driving conditions reveals that people, in general, were 

slightly more concerned about driving with AVs than TVs. Using the weighted concern from 

Table 4.25, the weighted average concern can be calculated for each vehicle model as 

follows: 
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Weighted average concern for TVs:  
2.15+2.38+2.14

3
 = 2.22 (out of 3) = 0.740 = 74.0% 

Weighted average concern for AVs:  
2.38+2.47+2.33

3
 = 2.39 (out of 3) = 0.796 = 79.6% 

 

Therefore, the weighted average shows AVs brought 5.6% more concern than TVs for 

driving in the same conditions. 

Furthermore, the weighted average values in Table 4.25 show that driving when the road 

condition is slippery is the most concerning driving condition of all provided in this question, 

for both TVs and AVs. 

 

Table 4.25. Passengers’ concerns about operating with TVs and AVs 

 

Driving Conditions 

You are 

travelling  

at night 

The road  

condition is 

slippery 

The vehicle is 

moving at the 

speed limit 

Answer 

Option 
Weight Response TV AV TV AV TV AV 

Not at all 

concerned 
1 

Count 131 94 89 82 133 104 

% 27.64 20.08 18.74 17.60 28.11 22.32 

Somewhat 

concerned 
2 

Count 141 102 118 83 139 104 

% 29.75 21.79 24.84 17.81 29.39 22.32 

Extremely 

concerned 
3 

Count 202 272 268 301 201 258 

% 42.62 58.12 56.43 64.59 42.50 55.37 

Total responses 474 468 475 466 473 466 

Weighted concern value (out of 3) 2.15 2.38 2.38 2.47 2.14 2.33 

 

Moreover, Table 4.26 represents the breakdown of the weighted concerns (out of 3) about 

operating with TVs and AVs. In this Table, an increase or decrease of concern is shown with 

a positive or negative percentage, respectively. In this context, for example, in the 

assessments related to ‘gender’, female demonstrated a greater percentage of a concern than 

male about operating with AVs comparing to TVs on the same driving condition. Moreover, 

people in the age group of ‘50+’ showed higher concern of all age groups for operating with 

AVs at night, and when the vehicle is at speed limit. However, some age groups represented 

a decrease of concern for operating with AVs in some driving conditions. In this context, 

participants aged 18–25 years old showed an 11% decrease of concern for driving AVs 

comparing with TVs when the road is slippery and when the vehicle is at speed limit. 

Furthermore, the assessment regarding the car ownership revealed that those who owned 
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a car represented 13% and 23% more concern in driving AVs rather than TVs for the 

slippery road condition and driving at the speed limit.  

 

Table 4.26. Breakdown of the weighted concerns (out of 3) about operating with TVs and AVs 

 

Driving Conditions 

Travelling at night  Road is slippery  Vehicle at speed 

limit 

TV AV Concern TV AV Concern TV AV Concern 

Gender Female 2.15 2.43 +28% 2.38 2.51 +13% 2.13 2.37 +24% 

Male 2.16 2.32 +16% 2.38 2.42 +4% 2.16 2.28 +12% 

Age 18–35 2.22 2.44 +22% 2.67 2.56 -11% 2.22 2.11 -11% 

26–35 2.25 2.40 +15% 2.30 2.51 +21% 2.08 2.28 +20% 

36–50 2.15 2.33 +18% 2.43 2.41 -2% 2.17 2.32 +15% 

50+ 2.10 2.43 +33% 2.34 2.52 +19% 2.14 2.39 +24% 

Car 

Ownership 

No 2.20 2.16 -4% 2.54 2.49 -5% 2.16 2.15 -1% 

Yes 2.14 2.14  0% 2.34 2.47 +13% 2.14 2.38 +23% 

 

4.4.3.5. Correlation of Concerns about the Privacy of Data and Recording Data 

The literature review (Chapter 2, Section 2.4) suggested that the confidentiality of data and 

concerns regarding the recording of data by AVs might reduce people’s interest in adopting 

AVs. Therefore, the survey aimed to address how much worries about the privacy of data 

and user acceptance of the recording of data could be correlated. Table 4.27 shows the cross-

tabulation of this assessment. 

In total, 465 observations were recorded for this assessment, with 218 (46.9%) of the 

respondents expressing an utmost concern about the privacy of the recorded data in AVs. 

Out of 218 concerned respondents, 45.9% disagreed that AVs should record data, and 30.3% 

of them were neutral on the subject; only 23.9% of the respondents agreed that AVs should 

record data. The assessment within the ‘recording of data’ confirms a correlation between 

‘concerns about the privacy of data’ and ‘recording data’ by representing 65.4% 

disagreement about the ‘recording of data’.   

Also, of the 129 respondents who were not at all concerned about the privacy of data, 39.5% 

agreed that AVs should record data, and 36.4% were neutral about it. The comparison of the 

expected values and the observed results in the survey is also verified by the Chi-square (χ2) 

value of 37.66 and the Pearson p-value of less than 0.05. 

In general, the assessment finds that 32.9% of all participants disagreed with the recording 

of data by AVs, and 37.4% were neutral; only 29.7% agreed that AVs should record data. 
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Therefore, the assessment implies that the recording of data by AVs is not acceptable to the 

majority of respondents because it raises concerns about data privacy. Such concerns could 

affect users’ interest in and acceptance of AVs on public roads. 

 

Model 4.8. Cross-tabulation 
Table 4.27. Cross-tabulation of the privacy of recorded data in AV versus acceptance of 
recording of data by AV 

Variable Agree that AVs should record 

data 

Total 

Disagree Undecided Agree 

Concerned 

about the 

privacy of 

recorded 

data in AV 

Not at all 

concerned 

Count 31 47 51 129 

% within privacy 24.0 36.4 39.5 100.0 

% within record data 20.3 27.0 37.0 27.7 

Somewhat 

concerned 

Count 22 61 35 118 

% within privacy 18.6 51.7 29.7 100.0 

% within record data 14.4 35.1 25.4 25.4 

Extremely 

concerned 

Count 100 66 52 218 

% within privacy 45.9 30.3 23.9 100.0 

% within record data 65.4 37.9 37.7 46.9 

Total Count 153 174 138 465 

% within privacy 32.9 37.4 29.7 100.0 

% within record data 100.0 100.0 100.0 100.0 

χ2 = 37.66, degrees of freedom= 4, p-value=0.000. 

 

4.4.3.6. Correlation of Interest and Advantages of Adopting AVs Versus Willingness to 

Accept AV’s Liability 

As was seen in the literature review (Chapter 2, Section 2.4), legal liability has been 

considered as one of the barriers to adopting AVs in many surveys. Therefore, the study in 

this Section assesses potential interest and some other features that might affect users’ 

willingness to accept AVs’ liability.  

First, the study asked about people's interest in driving AVs and correlated the results with 

the responses regarding liability acceptance for AVs. Out of 453 observations in this 

assessment, 187 participants (41.3%) were ‘not interested’ in driving AVs. Within those 187 

respondents, 64.7% of them rated ‘nothing at all’ for liability acceptance. Among the 137 

participants (30%) who had a neutral level of interest in driving AVs, 54.7% did not want to 

accept liability at all. The last group were those who showed a high interest in driving AVs, 

with 129 responses representing 28% of all participants. Out of 129 interested respondents, 

48.1% declared they did not want to accept liability at all, and 31% were neutral about 

accepting liability. Only 20.9% showed a great deal of willingness to accept liability.  
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Model 4.9. Cross-tabulation 

Table 4.28 shows the cross-tabulation of interest in driving AV and respondents’ willingness 

to accept liability for AVs. 

The analysis shows that people, in general, are not willing to accept AVs’ liability, even the 

majority of those who are interested in driving an AV. The accuracy of the analysis and the 

statistical significance are confirmed with a Pearson p-value of 0.017 (< 0.05). 

 

Model 4.9. Cross-tabulation 
Table 4.28. Cross-tabulation of the interest in driving AVs versus the willingness to accept AVs’ 
liability 

Variable How much will you accept AVs' 

liability 

Total 

Nothing at 

all 

Somewhat A great 

deal 

Interested 

in driving 

AV 

Not 

interested 

Count 121 46 20 187 

% within interest 64.7 24.6 10.7 100.0 

% within liability 46.9 35.1 31.3 41.3 

Neither Count 75 45 17 137 

% within interest 54.7 32.8 12.4 100.0 

% within liability 29.1 34.4 26.6 30.2 

Very 

interested 

Count 62 40 27 129 

% within interest 48.1 31.0 20.9 100.0 

% within liability 24.0 30.5 42.2 28.5 

Total Count 258 131 64 453 

% within interest 57.0 28.9 14.1 100.0 

% within liability 100.0 100.0 100.0 100.0 

χ2 = 12.08, degrees of freedom= 4, p-value=0.017. 

 

The study then investigated the impact of AVs’ safe and secure operation compared to 

human drivers and the impact of such perception on respondents’ willingness to accept AVs’ 

liability. Table 4.29 displays the results. 

Looking at the results from Table 4.29, 43.9% of the total (465) participants in this 

investigation believed that AVs are not at all safer and more secure than human drivers. 

Within those 43.9% respondents, 65.7% declared they do not want to accept AVs’ liability 

under any conditions. The responses to the question about liability confirm the correlation 

by showing that 50.4% of people who are not willing to accept AVs’ liability, do not believe 

that AVs might be safer and more secure than human drivers. Also, 31.2% of the total 

participants in this investigation were neutral as to whether AVs would be safer and more 

secure than human drivers. The other group in this investigation were those who believed 

AVs would be ‘Extremely’ safer and more secure than human drivers, which was the view of 
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24.9% of the total participants. However, 46.6% of this last group did not want to accept 

AVs’ liability despite their belief in AVs’ safe and secure operation. However, the results 

within liability show that the majority of the people in this group who are extremely or 

somewhat willing to accept AV’s liability do believe that AVs are extremely safer and more 

secure than human drivers. Therefore, results overall suggest that the majority of 

participants are not willing to accept AVs’ liability, not even those who believe in AVs’ safe 

and secure operation, but those who are willing to accept liability have more trust in AVs’ 

safe and secure operation. 

 

Model 4.10. Cross-tabulation 

Table 4.29. Cross-tabulation of AVs’ safe and secure operation versus willingness to accept 
AV’s liability 

Variable How much will you accept AVs' 

liability 

Total 

Nothing at 

all 

Somewhat A great 

deal 

AVs are safer 

and more 

secure than 

human 

drivers 

Not at all 

likely 

Count 134 50 20 204 

% within safety 65.7 24.5 9.8 100.0 

% within liability 50.4 37.3 30.8 43.9 

Undecided Count 78 46 21 145 

% within safety 53.8 31.7 14.5 100.0 

% within liability 29.3 34.3 32.3 31.2 

Extremely 

likely 

Count 54 38 24 116 

% within safety 46.6 32.8 20.7 100.0 

% within liability 20.3 28.4 36.9 24.9 

Total Count 266 134 65 465 

% within safety 57.2 28.8 14.0 100.0 

% within liability 100.0 100.0 100.0 100.0 

χ2 = 13.83, degrees of freedom= 4, p-value=0.008. 

 

The study then evaluated how much feeling safe and secure about AVs’ quick reaction in 

accidents could be related to willingness to accept liability. Table 4.30 shows the cross-

tabulation of this assessment. 

Results from Table 4.30 show that 38.2% of all participants in this assessment were 

extremely concerned about AVs’ quick reaction in accidents, of which 53.1% were not at all 

willing to accept liability and 24.9% were neutral about liability. Only 22% of those 38.2 % 

were willing to accept AVs’ liability, and they had an extreme concern about AVs’ quick 

reaction in accidents. The rest of the participants in the survey were evenly split between 

those who were somewhat concerned and those who were not at all concerned about AVs’ 

quick reaction. Around 55.9% of the somewhat concerned people did not want to accept 
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liability at all, while 65% of the people who were not at all concerned about AVs’ quick 

reaction in accidents declared they also were not willing to accept liability. In general, 57.7% 

of all respondents were not willing to accept liability under any condition, 28.5% were 

somewhat willing, and only 13.8% showed a high willingness to accept AVs’ liability. 

Therefore, the study finds that few people are willing to accept AVs’ liability because of the 

concern about AVs’ quick reaction. 

 

Model 4.11. Cross-tabulation 
Table 4.30. Cross-tabulation of feeling safe and secure about AVs’ quick reaction in accidents 
versus willingness to accept AVs' liability 

Variable How much will you accept AVs' 

liability 

Total 

Nothing at 

all 

Somewhat A great 

deal 

Feeling 

safe and 

secure 

about AVs 

quick 

reaction in 

accidents 

Not at all 

concerned 

Count 93 35 15 143 

% within safety  65.0 24.5 10.5 100.0 

% within liability 34.8 26.5 23.4 30.9 

Somewhat 

concerned 

Count 80 53 10 143 

% within safety 55.9 37.1 7.0 100.0 

% within liability 30.0 40.2 15.6 30.9 

Extremely 

concerned 

Count 94 44 39 177 

% within safety 53.1 24.9 22.0 100.0 

% within liability 35.2 33.3 60.9 38.2 

Total Count 267 132 64 463 

% within safety 57.7 28.5 13.8 100.0 

% within liability 100.0 100.0 100.0 100.0 

χ2 = 21.98, degrees of freedom= 4, p-value=0.000. 

 

In order to evaluate participant’s feedback and comments regarding their concerns about 

the adoption of AVs, a qualitative content analysis was adopted. Qualitative content analysis 

is an approach for interpreting the verbal data which could be used for the analysis of survey 

feedbacks (Shreier, 2012). Since the required software for applying this method was 

available online for free use, it has been used for the analysis of the survey feedback and 

responses in this study. For this, an internet-based software was adopted named as “word 

cloud”, which filters the text (here as the people’s feedback) based on the frequency of the 

words was used. Word cloud represents the keywords which were most adopted by the 

survey participants and, in general, the topics which were more discussed and focused. 

Figure 4.1 shows the word cloud of the concerning issues regarding the adoption of AVs. 

According to Figure 4.1, safety concerns were the biggest concern of participants overall 

with 16 frequency size, meaning that it has been used 16 times by participants in the 

feedback and comment. After that, stressful driving (9 frequency), the price of AVs and tax 
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concerns (each, seven frequencies) were among those concerns at the next level of 

importance. 

 

 
Figure 4.1. Word cloud of the concerning issues regarding the adoption of AVs. 

 

Here are also people’s direct quotes provided in the feedback and comments of the survey:  

• “An autonomous vehicle has already killed a woman because it thought she was a 
plastic bag. This would make me think that the makers have made a conscious 
decision that killing someone is easier/cheaper than having the car stop whenever 
it senses a disruption that it thinks might be a plastic bag”  

• “As an epileptic, autonomous vehicles represent independence and freedom to me. I 
had no real interest in driving before I developed epilepsy. I figured that I would get 
around to taking the driving test at some time. Then I developed epilepsy before I 
had a chance. People like me are particularly excited by the prospect of autonomous 
vehicles”  

• “Autonomous car will be like robots, I prefer to have control of the car am driving 
and can be accountable if anything goes wrong”  

• “Can’t see how they will work in real world conditions, fly by wire planes operate in 
wide open spaces with ATC guiding them and watching for collisions, not so for cars 
etc.” 

• “Can't see this happening”  
• “Cost of conventional cars is very expensive, being autonomous would be a 

wonderful compensation" 
• “I am really fascinated by autonomous cars. As soon as they are reasonably priced I 

will get one - or use if part of fleet” 
• “I can't see myself ever trusting them” 
• “I completely absolutely and utterly would NEVER purchase or rent or be a 

passenger in any autonomous car or public service vehicle allowed on our roads to 
scourge my HUMAN RIGHTS!!”  

• “I don’t believe in the concept and would be nervous of these cars on the road”  
• “I don’t think they are safe - I heard bad feedback about them” 
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• “I have heard of a number of accidents involving autonomous vehicles. I believe it is 
in its infancy and needs further testing to ensure it has taken all conditions into 
account”  

• “I just feel that they would never be 100% safe” 
• “I like driving, parking, and using gears” 
• “I like the idea of autonomous vehicles as it's a futuristic concept that's been talked 

about for many years. It's an exciting idea that could possibly revolutionise transport 
around the world. Because I'm interested in the concept” 

• “I live in a rural area and I drive a 4wd. The places I go would be totally unsuited to 
Autonomous cars. It seems like a large town and city application and may work well 
in such places. In my area driving involves a lot of skill” 

• “I love driving so I would not be interested in Autonomous Vehicles” 
• “I question their safety after a pedestrian was hit in the States” 
• “I Think autonomous vehicles will be available in ten to twenty years, if not before. 

They will improve road safety, help reduce congestion and improve the 
environment. They will also be downsides such of loss of employment which may 
cause social issues” 

• “I think that there would need to be a lot of testing done and for there to be a proven 
track record that autonomous vehicles are safe and that they prevent accidents 
before they would be widely accepted by the general public. I think though once any 
flaws are ironed out, within 10 to 20 years, we could be seeing traditional vehicles 
being gradually phased out in favour of autonomous vehicles” 

• “I think these cars are a great Idea BUT they would have to be an 'all or nothing' 
integration as we would still have people driving very fast and dangerously on the 
road!” 

• “I was fully on board with them until learning that they all would record and share 
my travel data - if it's not possible to turn that off, I'd never consider buying one” 

• “I would fear for safety to other drivers and pedestrians” 
• “I would never trust one” 
• “I would not trust one”  
• “I would rather drive my own car and deal with every other driver driving theirs 

with all the inherent risks than turn control over to a machine, no matter what the 
risks" 

• “If it’s going to happen I hope it’s 100% researched - safety is most important in new 
technology”  

• “If the person using the said vehicle was classed as a passenger as they aren't in 
control of the vehicle what happens to car insurance/ liability/ road tax compared 
to being in a taxi as a passenger you wouldn't be liable for any accident/ tax or 
liability ..?” 

• “If these vehicles where to come in with a built-in manual override would the 
driver/owner need a full licence?” 

• “I'm 61 now and my driving license expires in about 6 years. I hope to live in a place 
by then where I won't need to drive, so will give up my car” 

• “It is interesting to find out the attitudes of potential consumers of autonomous 
vehicles. I personally believe it will take time on the future development of this 
concept to ensure the general public is informed and comfortable. This survey 
definitely assists in information raising in relation to autonomous vehicles. Thank 
you.”  

• “Liability in case of accident needs to be sorted” 
• “Maybe it just seems to "Space Age". Too "Big Brother". With autonomous vehicles 

you don't seem to have much control of anything. If something technically went 
wrong then there could be some drastic incidents” 

• “My concerns are outweighing the excitement to get behind the wheel of an 
autonomous vehicle at present”   
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• “My concerns are the transition period when driverless cars become available and 
human driven vehicles are both on the road. My other concern is the level of 
unemployment which will be caused following this advancement. Final concern 
would be due to the possibility of hacking” 

• “Not really sure if they're a safer option”  
• “Price must not be an inhibiting factor, as it is with electric cars now” 
• “Properly safe and efficient they would be a great asset to the community” 
• “Recent news of freak accidents and deaths caused by these cars make me extremely 

wary of their safety claims”  
• “Regarding cost of tax and any incentives that might make me inclined to sway more 

to purchase an autonomous would be a good question”  
• “Safety concerns as the vehicles have not been fully reliable/safe so far” 
• “Safety” 
• “Security of software in autonomous vehicles would be of concern” 
• “Sooner the better”  
• “The technology must be perfected before they are introduced” 
• “To make people interested in buying them the cost should be near enough the same 

as a normal car to get people to switch” 
• “Unfortunately it would take a lot for me to buy one. I wouldn't be comfortable from 

a safety point of view” 
• “Unsure about vehicle technology” 
• “What are the chances of the car being hacked or bugged?” 
• “Who programs the morality of the vehicles decision making?” 
• “Will there be a manual override?” 
• “Wish they were available now - the technology is there it should be make available 

to the public” 
• “Wondering how well tested they will be” 
• “Would be extremely worried about getting into one of these vehicles. I think it’s 

crazy. I prefer to be in control of my car. My stress levels would soar in one of these 
as a passenger or driver”  

• “Would certainly need to a lot of testing on this type of transport before I would set 
foot in one” 

• “Would like to see few adjustments to cars example self-alcohol limit cheek”  
• “Would not feel safe” 
• “Wouldn't feel safe at all in one or safe on the road” 

 

A review of the analysis in this Section makes clear that even the majority of the people who 

had an interest in driving AV, those who believed AVs would be safer and more secure than 

human drivers, and those who believed in AVs’ quick reaction in accidents still had a very 

low willingness to accept responsibility for the AV. Further investigation of people’s 

willingness to adopt and willingness to pay for AVs might help reveal other practical factors 

which lead to such a low willingness to accept liability. Therefore, Section 4.4.4 focuses on 

the reasons people might have for purchasing AVs. 
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4.4.4. Reasons for Purchasing AVs 

Section 4.4.2 presented some results regarding the survey users’ interest in driving AVs, 

where the concerns about adopting AVs have been presented in Section 4.4.3. This Section 

presents the results of assessments related to respondents’ reasons for purchasing AVs. In 

this regard, this Section addresses the relationships between some of the advantages of 

adopting AVs, participants’ gender and some other parameters and people’s decision 

regarding the adoption of AVs. The findings from this Section help to assess people’s WTP 

for AVs, which will be discussed in Section 4.4.5.  

 

4.4.4.1. Correlation of Interest and Some Advantages of Adopting AVs with Responses 

about Purchasing AV When it is Fully Developed and Tested 

Section 4.4.2 evaluated the relationship between interest in driving AVs and some benefits 

of adopting AVs and willingness to accept liability, which might affect users’ willingness to 

purchase AVs. In this Section, the same parameters are analysed to assess how they might 

affect users’ perceptions and decisions about purchasing AVs when the technology is fully 

developed and tested. Such an evaluation provides insight into probable reasons for interest 

or concern when it comes to adopting AVs on public roads. Therefore, results from three 

survey questions are correlated with responses about purchasing AVs using cross-

tabulation. Results of each evaluation are presented in Tables with the interpretation of the 

results. 

The first analysis (shown in Table 4.31) correlated users’ interest in driving AVs with their 

willingness to purchase AVs. Such an evaluation reveals to what extent interest could affect 

users’ acceptance of and willingness to adopt AVs. In total, 453 individuals responded to this 

evaluation, with 41.3% of the individuals declaring they were not interested in driving AVs, 

and therefore, the majority of this group (82.9%) were not willing to purchase AVs. Also, 

30.5% of the total participants were neutral about driving AVs, among which 39.1% and 

21.7% were still somewhat likely or extremely likely to buy AVs, respectively. The last group 

of participants in this assessment were those who showed a high interest in driving AVs, 

with 28.3% of the total participants, of whom 62.5% were extremely likely to buy AVs when 

they are fully developed and tested. Also, 23.4% of the people in the last-mentioned group 

declared they might be somewhat likely to purchase AVs. The results of this assessment 

suggest that out of neutral and interested individuals, a considerable percentage looked very 

likely to actually buy and drive AVs. Therefore, the extreme interest in driving AVs affected 

the decisions regarding purchasing AVs, with 85.9% (23.4% and 62.5%) of the 128 total 

respondents who were interested in driving AVs indicating somewhat of a tendency or – for 
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the majority – an extreme tendency to buy an AV. The statistical significance of the 

measurements and the results are provided in Table 4.31.   

 

Model 4.12. Cross-Tabulation 
Table 4.31. Cross-tabulation of the interest in driving AV versus purchasing AV when it’s fully 
developed and tested 

Variable Purchase AV when it’s fully 

developed and tested 

Total 

Nothing at all 

likely 

Somewhat 

likely 

Extremely 

likely 

Interested 

in driving 

AV 

Not 

interested 

Count 155 30 2 187 

% within interest 82.9 16.0 1.1 100.0 

% within purchase 68.3 26.3 1.8 41.3 

Neither Count 54 54 30 138 

% within interest 39.1 39.1 21.7 100.0 

% within purchase 23.8 47.4 26.8 30.5 

Very 

interested 

Count 18 30 80 128 

% within interest 14.1 23.4 62.5 100.0 

% within purchase 7.9 26.3 71.4 28.3 

Total Count 227 114 112 453 

% within interest 50.1 25.2 24.7 100.0 

% within purchase 100.0 100.0 100.0 100.0 

χ2 = 210.332, degrees of freedom= 4, p-value=0.000. 

 

In the next step, the responses indicating people’s willingness to purchase AVs are 

correlated with their opinions about whether AVs would be safer and more secure than 

human drivers. Table 4.32 shows the cross-tabulation of two assessment criteria, namely 

the survey questions adopted for this assessment. 

According to Table 4.32, around 43.9% believed that AVs are not at all safer and more secure 

than human drivers, and 77% in this group declared they are not at all likely to purchase 

AVs. So, these results reveal that concerns about the safe and secure operation of AVs could 

substantially affect decisions about buying AVs. Also, the assessment of results within the 

purchase category shows that 67.4% of the people who were not at all willing to purchase 

AVs also believed AVs are not at all safer and more secure than human drivers, which shows 

a correlation between these two variables. Approximately 31% of the total participants in 

the survey showed a somewhat positive perception of AVs as safer than human drivers, yet 

62.1% (35.2%+26.9%) also showed a tendency to purchase AVs. Only 24.9% of all 

respondents believed AVs would be immensely safer and more secure than human drivers, 

and they mostly (81.9% = 22.4% + 59.5%) showed a high or moderate tendency to purchase 

AVs. The study showed that 77% of the people who had negative feelings about AVs’ safe 
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and secure operation were not willing to purchase AVs, whereas 59.5% of those who had a 

positive feeling about AVs’ safe operation showed a high willingness to purchase. The p-

value and Chi-square test result also validate the statistical significance of the model and the 

correlation between the model's predicted values and the actual values. 

 

Model 4.13. Cross-tabulation 
Table 4.32. Cross-tabulation of AVs’ safe and secure operation versus purchasing AV when it’s 
fully developed and tested 

Variable Purchase AV when it’s fully 

developed and tested 

Total 

Not at all 

likely 

Somewhat 

likely 

Extremely 

likely 

AVs are 

safer and 

more secure 

than human 

drivers 

Not at all 

likely 

Count 157 39 8 204 

% within safety 77.0 19.1 3.9 100.0 

% within purchase  67.4 33.6 6.9 43.9 

Somewhat 

likely 

Count 55 51 39 145 

% within safety 37.9 35.2 26.9 100.0 

% within purchase  23.6 44.0 33.6 31.2 

Extremely 

likely 

Count 21 26 69 116 

% within safety 18.1 22.4 59.5 100.0 

% within purchase  9.0 22.4 59.5 24.9 

Total Count 233 116 116 465 

% within Safety 50.1 24.9 24.9 100.0 

% within Purchase  100.0 100.0 100.0 100.0 

χ2 = 158.348, degrees of freedom= 4, p-value=0.000. 

 

Finally, the study correlated the perceptions about AVs’ quick reaction in accidents with the 

respondents’ willingness to purchase AVs. Table 4.33 shows the cross-tabulation of this 

evaluation. 

According to Table 4.33, around 38.2% of the total participants were extremely concerned 

about AVs’ quick reaction in accidents, with 49.2% of them not at all likely to purchase AVs. 

The rest of the population was split almost equally between being somewhat worried and 

not at all worried about AVs’ quick reaction in accidents. However, a considerable 

percentage of respondents (65.8) showed a tendency to purchase AVs. Of those who were 

not at all concerned about AVs’ quick reaction, 66.4% indicated they were not at all likely to 

purchase AVs.  
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Model 4.14. Cross-tabulation 
Table 4.33. Cross-tabulation of feeling safe and secure about AVs’ quick reaction versus 
purchasing AV when it’s fully developed and tested 

Variable Purchase AV when it’s fully 

developed and tested 

Total 

Nothing at 

all likely 

Somewhat 

likely 

Extremely 

likely 

Feeling 

safe and 

secure 

about 

AVs’ 

quick 

reaction 

in 

accidents 

Not at all 

concerned 

Count 95 26 22 143 

% within safety 66.4 18.2 15.4 100.0 

% within purchase 41.1 22.2 19.1 30.9 

Somewhat 

concerned 

Count 49 58 36 143 

% within safety 34.3 40.6 25.2 100.0 

% within purchase 21.2 49.6 31.3 30.9 

Extremely 

concerned 

Count 87 33 57 177 

% within safety 49.2 18.6 32.2 100.0 

% within purchase 37.7 28.2 49.6 38.2 

Total Count 231 117 115 463 

% within Safety 49.9 25.3 24.8 100.0 

% within Purchase 100.0 100.0 100.0 100.0 

χ2 = 43.025, degrees of freedom= 4, p-value=0.000. 

 

Therefore, the study shows that an extreme concern about AVs’ quick reaction could reduce 

peoples’ likelihood to purchase AVs. Also, results indicated people had negative perceptions 

about buying AVs even when they had no concern about AVs’ safe and secure operation. 

However, there was still a high tendency to purchase AVs among those who were somewhat 

concerned and even among those who were extremely concerned about AVs’ quick reaction. 

Such a willingness to purchase could also stem from other reasons, such as an interest in 

driving an AV.  

 

4.4.4.2. Backward Stepwise Regression: Effects of the Advantages of Adopting AVs on 

Responses about Purchasing AV When it is Fully Developed 

After running some analysis about the factors affecting users’ willingness to purchase AVs 

in Section 4.4.4.1, it would be useful to gain more insight into the level of impact of each 

factor. In other words, the study in this Section seeks to identify which factors had the 

greatest influence on users’ willingness to purchase. The result of such an evaluation could 

be useful for better understanding users’ perceptions of and main reasons for adopting or 

rejecting AVs. Such results could be further used for market assessments. Hence, the study 

in this Section applies backwards linear regression. In this method, the study adds all 

independent variables into the model in the first step of analysis and correlates them with 

the dependent variable. Then, using the backward criterion, which is the probability of the 
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F-test to remove an independent variable from the model (F-to-remove <= 0.100), the model 

removes the variable whose loss gives the most statistically insignificant deterioration of the 

model fit. For the case of the assessment in this study, the model deletes independent 

variables which do not correlate with the dependent variable of the model. Therefore, what 

will be left in the model would be merely the independent variables which substantially 

affect the model results. Then, the model repeats the process until no further variables can 

be deleted without a statistically significant loss of fit. (Agresti, 2016; McCarthy et al., 2015). 

The dependent and independent variables of the model in this assessment are as follows: 

 

Dependent Variable: Purchase AV when it is fully developed and tested 

Independent Variables (model predictors): 

 Whether AVs would be safer and more secure than human drivers 
 Feeling safe and secure about AVs’ quick reaction in accidents 
 Purchasing AV if the cost is not an issue 
 Interest in driving AVs 
 Having heard about AVs. 

 

The model summary of the assessment (shown in Table 4.34) represents around 60% R-

squared for each step of the model, meaning that the model's inputs can explain 60% of the 

observed variation. Also, the analysis of variance in the model (ANOVA test) shows p values 

of 0.000 for all three steps, which are less than the 0.05 that verifies the model’s goodness of 

fit. Table 4.34 displays the model summary and results of the ANOVA test. 

 

Model 4.15. Stepwise Regression 
Table 4.34. Model summary of the backward stepwise regression 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .777 0.604 0.600 1.048 

2 .776 0.603 0.599 1.049 

3 .775 0.601 0.598 1.050 

ANOVA 

Model 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

1 

Regression 716.995 5 143.399 130.506 .000 

Residual 469.185 427 1.099     

Total 1186.18 432       

2 

Regression 715.168 4 178.792 162.465 .000 

Residual 471.012 428 1.100     

Total 1186.18 432       

3 

Regression 712.815 3 237.605 215.336 .000 

Residual 473.365 429 1.103     

Total 1186.18 432       
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Also, an investigation of the model coefficients would provide more insights into which 

independent variables might have more impact on users’ willingness to buy AVs. The result 

of such an investigation is provided in Table 4.35. According to Table 4.35, all of the 

independent variables are added to the model in step one with a constant predictor, which 

the model acquires to run the process. Looking at the variable significance values, the 

independent variable ‘Heard about AV’ had the p-value of 0.198, which is greater than 0.1, 

which is the criterion for removal, meaning this variable causes the greatest degradation of 

the model fit in step one. Therefore, it is removed from the model, and the rest of the 

variables enter the next step for another round of correlation. In step two, ‘Feeling safe and 

secure about AVs’ quick reaction in accidents’ has a p-value of 0.144, which is greater than 

0.1 and, for the same reason, it is removed from the model. Finally, the three independent 

variables left from step two enter the third step for another iteration of correlation. They are 

showing p values of 0.000, which are less than the removal criterion. This means that there 

is no other variable to make a statistically significant loss of fit to the model. Therefore, all 

three of them are considered valid and correlated to the dependent variable of the model. 

Out of the three remaining variables, the one with the greatest B-coefficients represents the 

variable with the greatest impact on the model significance. Therefore, ‘purchase AV if the 

cost was not an issue’, with a B-coefficient of 0.439, is the variable that most substantially 

affects users’ decisions about purchasing an AV. After that, ‘interested in driving AV’, and 

‘AVs are safer and more secure than human drivers’ are the next most important ones, with 

B-coefficients of 0.285 and 0.143, respectively.  

 

Table 4.35. Model results of the backward stepwise regression 

Step Variable B Std. 

Error 

Sig. 

1 (Constant) -0.169 0.146 0.249 

AVs are safer and more secure than human drivers 0.132 0.041 0.001 

Feeling safe and secure about AVs quick reaction in accidents 0.043 0.031 0.172 

Purchase AV if cost was not an issue 0.433 0.041 0.000 

Interested in driving AV 0.280 0.043 0.000 

Heard about AV 0.043 0.034 0.198 

2 (Constant) -0.111 0.140 0.426 

AVs are safer and more secure than human drivers 0.135 0.041 0.001 

Feeling safe and secure about AVs quick reaction in accidents 0.046 0.031 0.144 

Purchase AV if cost was not an issue 0.435 0.041 0.000 

Interested in driving AV 0.290 0.042 0.000 

3 (Constant) 0.013 0.111 0.907 

AVs are safer and more secure than human drivers 0.143 0.041 0.000 

Purchase AV if cost was not an issue 0.439 0.041 0.000 

Interested in driving AV 0.285 0.042 0.000 
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4.4.4.3. The Impact of Gender on Responses about Purchasing Private AVs Even if 

Ridesharing AVs Are Provided 

During the survey, respondents were asked whether they would purchase an AV if a 

ridesharing AV system had been provided to them. The result of such a question helps to 

understand whether adopting AVs is more rooted in people’s interest in new technologies 

or is a result of peoples’ concerns about the improvement in mobility services. In this 

assessment, an MNL method is adopted to investigate the possible impacts of various 

independent variables on the dependent variable of the model ‘purchasing private AVs even 

if ridesharing AVs are provided’. Participants’ gender has been considered as an 

independent variable to address how much the results are affected by the respondent’s 

gender. Additionally, some other variables are acquired as covariates to the model to 

correlate people’s perceptions about ridesharing AV with responses from some previous 

questions, which also help to increase the accuracy of the model results.  

According to the results summary shown in Table 4.36, 439 observations were recorded for 

this assessment, with a gender share of 45.6% and 54.4% for males and females, 

respectively. Around 56.9% of the participants held a negative opinion toward purchasing 

private AVs when ridesharing AVs are provided. Before addressing the possible reasons for 

such a response, the response validity must be verified.  

 

Table 4.36. Case processing summary of the impact of 'gender' on 'purchasing private AVs even 
if ridesharing AVs are provided 

Variable N % 
Purchase AV Even If Ridesharing AV Provided No 250 56.9 

Yes 189 43.1 
Total 439 100 

Gender Female 239 54.4 
Male 200 45.6 
Total 439 100 

 

Table 4.37 shows the results of the MNL model and model-fitting results of this assessment. 

More details regarding the model fitting information and the MNL model parameter 

estimates are available in Appendix B (B39 and B40). According to Table 4.37, the model, in 

general, had a valid p-value in the model fitting tests (Sig. = 0.000; < 0.05), which shows the 

model is statistically significant. The likelihood ratio tests reject two of the input covariates, 

one of which was gender, due to a p-value of 0.326 (> 0.05), meaning they do not adequately 

correlate to the model and so there is not a proper relation between those two variables and 

the responses. The other rejected variable was ‘AVs are safer and more secure than human 
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drivers’. However, it is noteworthy that such rejection by the model does not mean that the 

rejected variables are not affecting people's response at all but only that the variables might 

not properly correlate with regard to the other covariates in this assessment. The rejected 

covariates could impact people’s opinion indirectly, and that could be an indication of why 

the Nagelkerke pseudo-R-squared value is 0.289. This is not particularly high, but it is 

worthy of more assessment. The other two covariates, namely ‘interested in driving AV’, and 

‘feeling safe and secure in an AV without steering wheel’, are statistically significant and are 

assessed below.  

Looking at the p values (Sig.) and B-coefficients in Table 4.37, the model shows positive B-

coefficients for ‘interested in driving AV’, and ‘feeling safe and secure in an AV without 

steering wheel’, and shows that these are statistically significant. This means that these two 

variables are more likely to occur when the answer to the question ‘purchase AV even if 

ridesharing AV provided’ is ‘Yes’. The Exp(β) shows that it is 27.5% more likely than ‘feeling 

safe and secure in an AV without steering wheel’ to affect peoples’ decisions about 

‘purchasing AV even if ridesharing AV provided’. In other words, those who feel safe and 

secure in an AV without a steering wheel are 27.5% more likely to purchase an AV even if 

ridesharing AV is provided. Therefore, feeling safe and secure substantially affected users’ 

opinions about purchasing private AVs. Likewise, those who had an interest in driving AV 

were 57.1% more likely to buy private AVs even if ridesharing AV is provided. Also, the 

negative B-coefficient of -0.218 for females and the odds ratio of 0.804 show that females, in 

general, were 19.6% (1 – 0.804) less likely than men to purchase private AVs, and they 

seemed to be more interested in ridesharing services. Therefore, men were more interested 

in adopting private AVs even if ridesharing AVs are provided.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

126 
 

Model 4.16. MNL 

Table 4.37. Results of the MNL model for purchasing private AVs even if ridesharing AVs are 
provided 

Variable Model 

Coefficient: 

(β) 

Odds 

Ratio: Exp 

(β) 

Sig. 

Purchase AV even If ridesharing AV provideda: Yes 

AVs are safer and more secure than human drivers  0.128 1.137 0.145 

Feeling safe and secure in an AV without a steering wheel 0.243 1.275 0.010 

Interested in driving AV 0.452 1.571 0.000 

Gender (Female) -0.218 0.804 0.325 

Gender (Male) 0b . . 

Chi-Square: 106.589, Degrees of freedom: 4, P-value: 0.000, Pseudo R-square: 0.289 
 

Likelihood significance for “AVs are safer and more secure than human drivers” 0.146 

Likelihood significance for “Feeling safe and secure in an AV without a steering wheel”  0.009 

Likelihood significance for “Interested in driving AV” 0.000 

Likelihood significance for “Gender” 0.326 

a. The reference category is: No. 
b. This parameter is set to zero because it is redundant. 

 

All in all, it seems that people had a slightly greater preference for ridesharing AV as a 

solution to their mobility concerns. However, for men in general, and for those who were 

interested in driving AVs and those who felt safe and secure in driverless AVs, the private 

AV was preferred. 

 

4.4.4.4. Correlation of Purchasing AVs Versus Mobile Phone Version 

An investigation was conducted – using cross-tab evaluation – to learn to what extent an 

interest in technology could impact users’ opinions regarding the purchase of AVs. Hence, 

the survey asked respondents several questions about the version of their smartphone and 

whether respondents were interested in intelligent technologies.  

The survey asked whether the user’s mobile phone was the latest version of its model on the 

market when they bought it. The results of this question were then correlated with the 

results from ‘purchase AV when it is fully developed and tested’. Table 4.38 shows the cross-

tabulation of this assessment. According to Table 4.38, 467 valid responses were recorded 

for this assessment, with 250 respondents (53.5% of total participants) declaring their 

mobile phone was not the latest version. Out of those 250 users, 58.8% said they were not 

at all likely to purchase an AV. On the other hand, 40% of those whose mobile phones were 

the latest version when they were purchased were also not at all likely to purchase an AV. 

However, a total of 60% of the people in the latest mobile phone showed a moderate or 
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extreme tendency to buy an AV. Looking at the question concerning the purchase of an AV, 

65% of the people who said they were extremely likely to purchase an AV when it is 

developed had a mobile phone that was the latest version when purchased. Also, 62.8% of 

those who declared they were not at all likely to purchase an AV did not have a phone that 

was the latest version. 

 

Model 4.17. Cross-tabulation 

Table 4.38. Cross-tabulation of mobile phone version with purchasing AV when it is fully 
developed and tested 

Variable Purchase AV when It is fully 

developed and tested 

Total 

Not at all 

likely 

Somewhat 

likely 

Extremely 

likely 

The mobile 

phone was 

the latest 

version 

No Count 147 63 40 250 

% within mobile phone 

version 

58.8 25.2 16.0 100.0 

% within purchase AV 62.8 53.8 34.5 53.5 

Yes Count 87 54 76 217 

% within mobile phone 

version 

40.1 24.9 35.0 100.0 

% within purchase AV 37.2 46.2 65.5 46.5 

Total Count 234 117 116 467 

% within mobile phone 

version 

50.1 25.1 24.8 100.0 

% within purchase AV 100.0 100.0 100.0 100.0 

χ2 = 25.04, degrees of freedom= 2, p-value=0.000. 

 

In general, the assessment in this Section shows not all the people who had a mobile phone 

that was the latest version at the time of purchase were extremely likely to purchase an AV 

as well. However, it could be interpreted that people who were more likely to purchase an 

AV were also more likely to have the latest version of their mobile phone, which could be 

seen as an indication of interest in smart technologies. It is also worth noting that the cost of 

technology and people’s budgets might also influence their decisions about buying the latest 

technologies. In order to widen the assessment in this matter, another correlation was 

conducted to evaluate how much people’s interest in smart technology might have impacted 

their opinion regarding purchasing AVs. Table 4.39 shows the result of this correlation. 

According to Table 4.39, a total of 265 individuals out of 473 participants (56%) liked smart 

technologies a great deal; 35% of these people professed an extreme tendency to purchase 

an AV when developed. Also, 23.8% declared they were somewhat likely to buy an AV. 

Looking at this assessment from another perspective shows that 78.8% of all those who had 

an extreme tendency to buy an AV had a high interest in smart technologies. 
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The other group of participants in this assessment included those who were somewhat 

interested in smart technologies, which was a group of 152 participants. Around 56.6% of 

these participants were not at all likely to purchase AVs. Finally, among the group of 56 

individuals who were not at all interested in smart technologies, 73.2% also were not at all 

likely to purchase an AV.  

Therefore, the study shows that 56% of participants liked smart technologies, and most of 

this group expressed at least a moderate tendency to buy an AV. Also, people who said they 

were highly likely to purchase an AV tended to have a high level of interest in smart 

technologies, meaning that interest in intelligent technology and a propensity to buy AVs are 

highly correlated. Finally, the results also support this finding by showing that those who 

did not have an interest in smart technology also tended to be unlikely to purchase an AV.  

 

Model 4.18. Cross-tabulation 

Table 4.39. Cross-tabulation of interest in smart technologies versus purchasing AV when it is 
fully developed and tested 

Variable Purchase AV when It is fully 

developed and tested 

Total 

Not at all 

likely 

Somewhat 

likely 

Extremely 

likely 

Like smart 

technologies 

Nothing 

at all 

Count 41 11 4 56 

% within 

technologies 

73.2 19.6 7.1 100.0 

% within purchase 

AV 

17.4 9.2 3.4 11.8 

Somewhat Count 86 45 21 152 

% within 

technologies 

56.6 29.6 13.8 100.0 

% within purchase 

AV 

36.4 37.8 17.8 32.1 

A great 

deal 

Count 109 63 93 265 

% within 

technologies 

41.1 23.8 35.1 100.0 

% within purchase 

AV 

46.2 52.9 78.8 56.0 

Total Count 236 119 118 473 

% within 

technologies 

49.9 25.2 24.9 100.0 

% within purchase 

AV 

100.0 100.0 100.0 100.0 

χ2 = 39.21, degrees of freedom= 4, p-value=0.000. 
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4.4.5. Willingness to Pay for AVs 

4.4.5.1. Introduction 

After evaluating the desire to adopt AVs and addressing the possible reasons for purchasing, 

it is crucial to find out how much people would be willing to pay for these vehicles. The study 

in this Section assesses users’ WTP for AVs, using variables such as ‘interest in driving AVs’, 

‘previous knowledge about AVs’, and some demographic information.  

The assessment of users’ WTP in this study is measured in three ranges of below 10%, 10% 

- 20%, and above 20% over the base price of the same vehicle in the traditional model. 

Therefore, it is useful to have a view of the base price of traditional vehicles in Ireland. Table 

4.40 shows Ireland’s top 10 bestselling cars as of April 2019 (IrishTimes, 2019). The 

vehicles’ price in Table 4.40 is extracted from the Irish Times newspaper and evaluated with 

Carzone Ireland1, a famous car-selling company in Ireland. 

 

Note that the studies in the literature (see Section 2.2.2) provided numerical price ranges 

for AVs and evaluated people’s WTP accordingly. The author of the current research believes 

that providing a numerical value range for AVs which are not available in the market might 

lead to the anchoring bias2 though negatively impact individuals’ perception of their WTP 

for AVs.  

Also, note that the WTP ranges were defined based on individuals’ average WTP for AVs and 

the estimated price of AVs from the literature (see Section 2.2.2). For this purpose, an initial 

evaluation was made about the price of the traditional vehicles in Ireland (see Table 4.40); 

then, the average WTP from the literature was correlated with Ireland’s vehicle prices. The 

ratio of the WTP from the literature to the average price of TVs in Ireland provided an 

estimation of the Irish people’s WTP. In this way, the WTP ranges of the below and above 

the estimated value were considered for evaluations in the survey.  

According to Table 4.40, the average price for a popular car in Ireland in 2019 is equivalent 

to USD 59,434 where 10% and 20% WTP for such a vehicle would be USD 5,943 and USD 

11,887 respectively. 

 

 

                                                             
1 www.carzone.ie 
2 Anchoring bias occurs during the decision making process when people are given an initial price of 
a device or tool. In this way, people might reply heavily on the given price and make a decision 
accordingly. For more information in this regard, please see Furnham and Boo (2011). 
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Table 4.40. Ireland’s top 10 bestselling cars, 2019 

Rank Car Price 10% WTP ($) 20% WTP ($) and 

above 

Local 

(€) 

Converted 

to USD ($) 

10% 

Addition 

Payable 

for AV 

20% 

Addition 

Payable 

for AV 

1 Jaguar I-Pace SE 91,585 102,575 10,258 112,833 20,515 123,090 

2 Audi E-Tron 55 

Quattro 

91,750 102,760 10,276 113,036 20,552 123,312 

3 BMW 3 Series 

320i 

43,770 49,022 4,902 53,925 9,804 58,827 

4 Peugeot 5008 35,255 39,486 3,949 43,434 7,897 47,383 

5 Mercedes-Benz 

E-Class 

55,420 62,070 6,207 68,277 12,414 74,484 

6 Volkswagen Golf 27,000 30,240 3,024 33,264 6,048 36,288 

7 Lexus UX 43,750 49,000 4,900 53,900 9,800 58,800 

8 Mazda 6 31,945 35,778 3,578 39,356 7,156 42,934 

9 Toyota Camry 39,750 44,520 4,452 48,972 8,904 53,424 

10 Audi A6 70,430 78,882 7,888 86,770 15,776 94,658 

Average Price 53,066 59,434 5,943 65,377 11,887 71,321 

 

4.4.5.2. Interest in Driving AVs Versus WTP for AVs in Addition to the Price of TV 

The correlation between users’ interest in driving an AV and their WTP beyond the cost of 

the same vehicle in TV mode is assessed in this Section.  

Table 4.41 shows the cross-tabulation for this assessment. 

According to  

Table 4.41, a total of 452 observations were recorded for this assessment, where 41.1% of 

the participants declared they were not interested in driving AVs. Of those 41.1% 

participants, 58.8% had a WTP of below 10% (USD 5,943) over the price of the same vehicle 

in the traditional model. In other words, they were not willing to pay for an AV if it cost more 

than 10% above the price of a comparable TV. Around 27.7% had a WTP of 10%–20% (USD 

5,943 – USD 11,887), and 13.9% had a WTP above 20% (USD 11,887). Looking at the WTP 

results, approximately 56% of people who had a WTP of below 10% were not at all 

interested in driving an AV. 

In another group, those who had an extreme interest in driving an AV, which comprised 128 

individuals, around 29.7% had a WTP of above 20%. Another 35.9% had a WTP of 10%–

20% and the rest of the group had a WTP of below 10%. Also, the results show that 68% of 

all those who had a WTP of greater than 10% also had a high interest in driving an AV. 
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Therefore, it could be interpreted that interest in driving an AV and a WTP for these vehicles 

could be related, as those with a higher interest in driving AVs had a higher WTP, and vice 

versa. Also, individuals with less interest in driving an AV tended to set a lower WTP. The 

goodness of fit of the model is confirmed by the p-value of 0.000 (< 0.05), which indicates 

the model is statistically significant. 

 

Model 4.19. Cross-tabulation 
Table 4.41. Cross-tabulation of the interest in driving AV versus WTP for AV in addition to the 
price of TV 

Variable WTP for AV in addition to the price of TV Total 

Below 10% 

($5,943) 

10% - 20% 

($5,943-$11,887) 

Above 20% 

($11,887) 

Interested 

in driving 

AV 

Not 

interested 

Count 110 51 26 187 

% within interest 58.8 27.3 13.9 100.0 

% within WTP  56.1 32.1 26.8 41.4 

Neither Count 42 62 33 137 

% within interest 30.7 45.3 24.1 100.0 

% within WTP  21.4 39.0 34.0 30.3 

Very 

interested 

Count 44 46 38 128 

% within interest 34.4 35.9 29.7 100.0 

% within WTP  22.4 28.9 39.2 28.3 

Total Count 196 159 97 452 

% within interest 43.4 35.2 21.5 100.0 

% within WTP  100.0 100.0 100.0 100.0 

χ2 = 34.54, degrees of freedom= 4, p-value=0.000. 

 

4.4.5.3. Effects of Gender and Age on WTP for AVs 

After assessing the impact of interest in driving an AV on WTP, it seemed necessary to have 

a more detailed look into some other factors which might impact the WTP for AVs. Therefore, 

this Section applied an MNL model to assess the correlation between ‘gender’ and ‘age’ as 

independent variables with ‘WTP’ as the dependent variable. Also, ‘interest in driving AV’ is 

adopted as a covariate to the model, along with people’s response on how much they have 

heard about AVs. The response summary of this evaluation is shown in Table 4.42. In total 

475 individuals responded to the question related to WTP for AV, with 43% of them having 

a WTP below 10%, 35.4% a WTP of 10%–20%, and 21.5% of them a WTP above 20%. 

Around 54.3% of the respondents were female, and the dominant age range was 36–50 at 

44.8% of the population, followed by the age range of 50+ at 34.8% of the population.  
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Table 4.42. Case processing summary of the impact of ‘gender’ and ‘age’ on ‘WTP’ for AVs 

Variable N % 

WTP for AV in Addition to the Price of TV Below 10% 192 43.0 

10% - 20% 158 35.5 

Above 20% 96 21.5 

Total 446 100.0 

Gender Female 242 54.3 

Male 204 45.7 

Total 446 100.0 

Age 18-35 7 1.6 

26-35 84 18.8 

36-50 200 44.8 

50+ 155 34.8 

Total 446 100.0 

 

Table 4.43 shows the model-fitting information and the results of the MNL model of 

assessment. Detailed information regarding the model fitting tests and the MNL model 

parameter estimates are available in Appendix B (B41 and B42). 

The model fitting information shows a p-value of 0.000, which is below 0.05, which means 

the model, in general, is statistically significant. The likelihood ratio tests prove the 

correlation of ‘Interest in driving AV’, and ‘Age’ with WTP, as both variables, have p values 

of 0.000 (< 0.05) and so are statistically significant. However, the variables ‘Gender’ and 

‘Heard about AV’ present p values of greater than 0.1, which means they are not significant 

in this assessment. However, further investigation in this matter is required to see whether 

the values are meaningful or not.  

According to the results related to age and WTP above 20%, and with regard to the reference 

category of the model, which is ‘WTP below 10%’, all age groups provided positive B-

coefficients, meaning that these age groups were more likely to have a WTP above 20% than 

were those in the reference category. For more insight into this matter, odds ratios or Exp 

(β) values are presented in the model. For example, the odds ratio for the age group 18–25 

is 8.897, meaning that people in that age range were 8.8 times more likely to have a ‘WTP 

for AVs greater than 20%’ than people in the age range 50+ compared to the reference 

category. The significance of the model is confirmed by the p-value of 0.000, which is below 

0.05. Also, looking at ‘gender’ in this category shows that ‘female’ had a B-coefficient of 0.06 

by the Exp(1.06), meaning females were 6% more likely to have a WTP above 20% than men 

with regard to the reference category. 
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Model 4.20. MNL 
Table 4.43. Results of the MNL model for how safe and secure would AVs be without a steering 
wheel 

Variable Model 

Coefficient: (β) 

Odds Ratio: 

Exp (β) 

Sig. 

WTP for AV in addition to the price of TVa: 10% - 20% 

Interested in driving AV  0.228 1.256 0.002 

Heard about AV 0.094 1.098 0.228 

Gender (Female) 0.373 1.452 0.122 

Gender (Male) 0b . . 

Age (18–25) -0.563 .569 0.634 

Age (26–35) 0.654 1.924 0.047 

Age (36–50) 0.424 1.528 0.085 

Age (50+) 0b . . 

WTP for AV in addition to the price of TVa: Above 20% 

Interested in driving AV 0.374 1.454 0.000 

Heard about AV 0.005 1.005 0.956 

Gender (Female) 0.060 1.061 0.838 

Gender (Male) 0b . . 

Age (18–25) 2.186 8.897 0.016 

Age (26–35) 1.953 7.051 0.000 

Age (36–50) 1.613 5.018 0.000 

Age (50+) 0b . . 

Chi-Square: 63.908, Degrees of freedom: 12, P-value: 0.000, Pseudo R-square: 0.152 

 

Likelihood significance for “Interested in driving AV” 0.000 

Likelihood significance for “Heard about AV” 0.425 

Likelihood significance for “Gender” 0.267 

Likelihood significance for “Age” 0.000 

a. The reference category is: WTP Below 10%. 
b. This parameter is set to zero because it is redundant. 
 

For further evaluation of the correlation of age and WTP, a cross-tabulation was conducted 

to determine which age groups had greater WTP and by how much. Table 4.44 shows the 

results of this cross-tabulation. Results from Table 4.44 show the greatest number of people 

who had WTP above 20% were in the age range of 36–50, with 55 individuals. However, it 

is worthy to note that this age group had the greatest number of participants of all age 

groups, with 43.9% of the total population who took part in the survey. With respect to the 

number of participants in each age group, the highest WTP is related to the age group 18–

25, in which 50% of the participants had a WTP above 20%. Next in line were the age ranges 

26–30 at 31%, 36–50 at 26.6%, and finally, the age group of 50+, which had the lowest WTP 

above 20% rate at 8.9% of its group population. The study showed that with the increase in 

age, the WTP for AVs decreased, with the age range of 18–25 having the highest WTP with 

respect to the number of participants in its group. The WTP then reduced gradually as age 
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increased. In general, around 42.9% had a WTP below 10%, 35.7% a WTP of 10%–20%, and 

only 21.4% of participants had a WTP above 20%. 

 

Model 4.21. Cross-tabulation 
Table 4.44. Cross-tabulation of the age ranges versus WTP for AVs in addition to the price of 
TV 

Variable WTP for AV in addition to the price of TV Total 

Below 10% 

($5,943) 

10% – 20% 

($5,943–$11,887) 

Above 20% 

($11,887) 

Age 18 - 25 Count 3 1 4 8 

% within age 37.5 12.5 50.0 100.0 

% within WTP  1.5 0.6 4.0 1.7 

26 - 35 Count 25 35 27 87 

% within age 28.7 40.2 31.0 100.0 

% within WTP  12.4 20.8 26.7 18.5 

36 - 50 Count 77 75 55 207 

% within age 37.2 36.2 26.6 100.0 

% within WTP  38.1 44.6 54.5 43.9 

50 +  Count 97 57 15 169 

% within age 57.4 33.7 8.9 100.0 

% within WTP  48.0 33.9 14.9 35.9 

Total Count 202 168 101 471 

% within age 42.9 35.7 21.4 100.0 

% within WTP  100.0 100.0 100.0 100.0 

χ2 = 37.64, degrees of freedom= 6, p-value = 0.000. 

 

4.5. Discussion 

The study analysed peoples’ interest in, perception of, and acceptance of AVs along with their 

willingness to pay and willingness to adopt. 

The results show that people, in general, were not very interested in driving AVs because of 

the concerns regarding safety, security and privacy; only one-fifth of the population 

expressed a high interest (Table 4.3, & Model 4.1) while studies such as Bansal et al. (2017), 

Kyriakidis et al. (2015), Howard and Dai (2014), Casley et al. (2013), and KPMG (2012a) 

recorded above 70% of users’ interest and acceptance of AVs. Also, the correlation between 

gender and interest shows that females, in general, were more neutral and less likely to be 

interested in driving AVs than males (Model 4.1) and this is in line with the result of the 

study by Bansal et al. (2017). Also, people in the age range of 26–35 and 36–50 looked more 

interested in driving AVs, whereas the age group 26–35 appeared to be the most interested 

age range of all (Model 4.2). One reason for such high interest was that they believed AVs 

could be safer and more secure than cars driven by human drivers. The other age groups 
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seemed to be less interested in driving AVs, as they did not feel safe and secure about AVs’ 

abilities to react quickly in accident situations. 

Only a small percentage of respondents believed that AVs would be much safer than cars 

with human drivers; people, in general, were mostly unsure or not likely to believe in AVs’ 

safe and secure operation (Table 4.20, & Model 4.5). However, above 60% of the people in 

previous studies such as Bansal et al. (2018), Howard and Dai (2014), Schoettle and Sivak 

(2014a, b), and Casley et al. (2013) had a perception that AVs would be safer than human 

drivers. An important factor in the survey of this study, which influenced people’s opinions 

about the matter was the number of cars they owned. Also, other results showed that feeling 

safe and secure about AVs’ reaction in accidents affected people’s perception of AVs’ being 

safer and more secure than human drivers (Table 4.22). The survey of this study showed 

that male drivers and those who had five cars or more believed more in AVs’ extreme 

capabilities to increase safety and security, while people with only one car were less sure in 

this matter (Model 4.5). In general, the male group had more trust that AVs were safer and 

more secure than human drivers. Also, Bansal et al. (2016) expressed that male drivers with 

higher income who had been in an accident before, have higher confidence in driving an AV. 

The assessment of people’s interest in driverless AVs shows that people, in general, were not 

interested in AVs without steering wheels (Model 4.6). The covariates of this assessment 

showed that concerns about AVs’ safe and secure operation compared to human drivers, and 

concern about AVs’ quick reaction in accidents reduced people’s interest in driverless AVs. 

However, Laan and Sadabadi (2017) represent that AVs will have quicker reaction times 

than human drivers. Therefore, concerns about AVs’ quick reaction might resolve if AVs can 

prove such capability. In general, interest in driving AVs and feeling safe and secure about 

AVs operation were statistically correlated (Model 4.7). Those who were not interested in 

driverless AVs believed AVs would not be safer and more secure than human drivers, and 

they did not feel safe and secure about AVs’ quick reaction in accidents. 

Also, concerns about recording data had an extreme and negative impact on interest, since 

the majority of respondents did not accept AVs' recording of data because of concerns about 

the privacy of data (Model 4.8). However, respondents who believed in the safe operation of 

driverless AVs were more likely to agree that AVs should record data, and so they were more 

likely to have an interest in purchasing AVs when the technology is fully developed than 

were the people who felt not at all safe and secure in driverless AVs. The correlation between 

the concern about the privacy of data and data recording is confirmed by the current study, 

as is the fact that privacy concerns have an impact on the agreement or disagreement with 

AV’s recording data. Such concern about recording data could affect users’ interest in and 
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acceptance of AVs on public roads. The concerns about the recording data, type of stored 

data, availability of data and tracking individuals’ locations were previously indicated by 

Rose (2017), Heaps (2016), and Fagnant and Kockelman (2015).  

The evaluation of people’s perceptions about driving with TVs and AVs under the same 

driving conditions showed that people, in general, were slightly more concerned about 

driving with AVs than TVs (Table 4.25). This statement validates the results of studies 

conducted by Schoettle and Sivak (2014c) and Vallet (2013) that AVs might not be as safe 

and secure as human-driven vehicles. However, since the focus of the current study was not 

on the evaluation of driving conditions, more investigation in this regard would be necessary 

to evaluate multiple driving scenarios. 

The willingness to accept AVs’ liability was assessed through three evaluations: interest in 

driving AVs (Model 4.9), trust in AVs to be safer and more secure than human drivers (Model 

4.10) and feeling safe and secure about AVs’ quick reaction in accidents (Model 4.11). In 

general, a review of all the analysis showed that 57.3% of people on average were not at all 

willing to accept liability for AVs. Even the majority of the people who had an interest in 

driving AVs, those who believed AVs would be safer and more secure than human drivers, 

and those who believed in AVs’ quick reaction in accidents still had a very low willingness to 

accept the responsibility for the AV. Legal liability was also one of the main concerns in many 

public surveys such as Kyriakidis et al. (2015), Schoettle and Sivak (2014a, 2014b), Howard 

and Dai (2014) and KPMG (2012a). An average of 75% of the people in those studies were 

concerned about legal liability and that there is a need for completed regulatory frameworks 

in this matter. 

The correlation between interest in driving AVs and in purchasing AVs (Model 4.12) shows 

that the extreme interest in driving AVs could affect decisions regarding purchasing AVs, 

with most of the respondents who were extremely interested in driving AVs having a 

tendency or – for the majority – an extreme tendency to purchase an AV. Also, the perception 

of users as to whether AVs are safer and more secure than human drivers could substantially 

impact users’ decisions to purchase AVs (Model 4.13). People who were not at all willing to 

purchase AVs believed AVs are not at all safer and more secure than human drivers. Such an 

opinion was also verified from the other side, in that those who did not believe in AVs’ safe 

and secure operation were not willing to purchase AVs, which shows the correlation of the 

two variables. Furthermore, the study shows that extreme concern about AVs’ quick reaction 

can reduce likeliness to purchase an AV (Model 4.14). 

Regarding the most important parameters that affect users’ willingness to purchase AVs, a 

backward linear regression was conducted (Model 4.15). The results showed that 
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‘purchasing AV if the cost is not an issue’ is the variable that most substantially affected 

users’ decisions about purchasing an AV. Also, 65% of the participants in the public survey 

conducted by Howard and Dai (2014) considered the cost to be a substantial concern 

regarding the adoption of an AV which verifies the results of this study in this regard. After 

cost, ‘interest in driving AV’, and ‘AVs’ safer and more secure operation comparing to human 

drivers’ were the next two most essential parameters affecting the decision to purchase AVs. 

The survey of this study showed that interest in driving AVs and WTP for these vehicles are 

related, as those with a higher interest in driving AVs had a higher WTP and vice versa 

(Model 4.19). Also, results indicated that nearly 43% of the participants had below USD 

5,900 WTP in addition to the base price of the same vehicle in the traditional mode. 

Therefore, the average payable price for those 43% for one of the vehicles in Table 4.40 is 

around USD 65,377 which far below the estimated price of an AV (USD 150,000) in 2012 

(Howard and Dai, 2014; KPMG, 2012b; Priddle and Woodyard, 2012). Also, the public survey 

by Liu et al. (2019) revealed that around 26% of the participants would be unwilling to pay 

extra for AVs and approximately 40% would be willing to spend more than USD 2,900. 

Additionally, the reviewed studies show that the average WTP to add full self-driving 

automation is around USD 5,500 which is far below the estimated price of an AV which is 

also in line with the results of the current study. 

The study also showed that with an increase in age, the WTP for AVs shrank, with the age 

range of 18–25 having the highest WTP with respect to the number of participants in its 

group (Model 4.20). The WTP then decreased gradually as the age increased. Also, a gender 

evaluation showed that women, in general, had a slightly greater WTP above 20% over the 

base price of a traditional vehicle than did men in this regard (Model 4.20). However, the 

public survey conducted by Bansal et al. (2016) recorded a higher WTP for men than in. 

The assessment of the purchase option between private AVs and ridesharing AVs (Model 

4.16) showed that feeling safe and secure about AVs’ operation substantially affected users’ 

opinions about purchasing private AVs. Also, those who felt safe and secure in an AV without 

a steering wheel were more likely to purchase an AV even if ridesharing AVs are provided. 

In addition, level of interest had a substantial effect on the decision to purchase private AVs, 

as those who had an interest in driving AVs were more likely to buy private AVs even if 

ridesharing AVs were provided. Results indicated that women, in general, were less likely 

than men to purchase private AVs and that women seem to be more interested in ridesharing 

services (Model 4.16). In general, it seems that people had a slightly greater preference for 

ridesharing AVs as a solution to their mobility concerns. However, for men in general, and 
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for those who were interested in driving AVs and those who felt safe and secure in driverless 

AVs, the private AV was a favourite choice. 

The assessment relating the mobile phone version and interest in purchasing AVs (Model 

4.17) showed that not all those who had a mobile phone that was the latest version at the 

time of purchase were extremely likely to purchase an AV as well. However, it could be 

interpreted that people who were more likely to purchase AV were also more likely to have 

the latest version of their mobile phone, which could be an indication of interest in smart 

technologies. However, it is worth noting that the cost of technology and people’s budgets 

also influence their decisions about buying the latest technologies. Besides, participants on 

average liked smart technologies, and they showed a tendency to buy AVs (Model 4.18). 

People who had an excessive tendency to purchase AVs had a high interest in smart 

technologies, meaning that interest in intelligent technology and a propensity to buy AVs 

were highly correlated. Also, the results confirmed this by showing that those who did not 

have an interest in smart technology also did not tend to be interested in purchasing an AV.  

The assessments in this Chapter revealed the source of many concerns of the public and their 

perception of AVs. Also, people’s interest in driving AVs, their willingness to adopt these 

vehicles have been evaluated along with individuals WTP for AVs. However, some concerns 

regarding the technical impacts of the application of AVs on public roads’ traffic, safety, 

security and some other aspects remained unanswered since they were out of the scope of 

the public knowledge. Therefore, Chapter 5 seeks to address the technical impacts of the 

adoption of AVs in such areas (traffic, environment, and some others) using an expert survey 

in this regard. 
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5. EXPERT SURVEY 

 

5.1. Introduction 

This Chapter presents an assessment of the technical concerns around the application of AVs 

and their potential impact on road transport from an expert point of view. In this context, 

this Chapter describes the expert survey conducted for this research with the help of 

specialists in fields relevant to AVs. A copy of the survey questionnaire is available in 

Appendix C (C2) for review. The results from this Chapter address the possible concerns 

related to AVs in terms of traffic, the environment, safety, security, technology, and some 

other associated elements. In this regard, Section 5.2 presents an overview of the socio-

demographic characteristics of the survey. Section 5.3 presents the overall opinions 

regarding the adoption of AVs on public roads along with the feedback and comments 

recorded by the experts of this survey. In addition, Section 5.4 presents an analysis of the 

results of the survey including response summaries for each question, expert opinions from 

each group and some statistical analyses, which were conducted on SPSS to make sure the 

results were valid. Finally, Section 5.5 discusses the key findings of this Chapter. 

 

5.2. Overview of the Socio-demographic Characteristics 

In total, 325 responses were collected through the online survey platform of Survey Monkey. 

Table 5.1 demonstrates the characteristics of the survey sample. The responses in the survey 

were checked for completeness, and those participants who had not answered one of the 

technical questions of the survey were removed. Of 325 responses collected in this survey, 

301 of them were completed all of the questions. Academia and private sectors having the 

highest participation rate of 44.5% and 43.9% of total answers, respectively. There were 

also participants from the government and road authority sections by 9.6% and 2%, 

respectively. 

Furthermore, 72.1% of the total participants had expertise in one of the areas related to 

transportation sciences, including transport engineering, modelling, planning, environment, 

policy, economic, and other related fields. The other 27.9% were from the Behavioural and 

Social Sciences, Civil Engineering, Electronic, Mechanical, and Computer Engineering fields. 

Table 5.1 demonstrates more details in this regard. 



Chapter 5 

140 
 

Moreover, the demographics illustrate that around 56.6% of the total number of experts had 

above ten years’ experience with 30.3% having above 20 years’ experience. By far the 

highest number of participants were from Europe at 70.8%. Then, there were experts from 

North America, Asia, and Australia at 15.6%, 8.0%, and 4.3%, respectively.  

 
Table 5.1. Characteristics of the expert survey sample 

Characteristic  % N 

Segment of profession 

Academia 44.5 134 

Private sector or Industry 43.9 132 

Government 9.6 29 

Road authority 2.0 6 

Total 100.0 301 

The main area of expertise 

Transportation (All fields) 72.1 217 

Behavioural and Social Sciences 11.0 33 

Civil Engineering 9.6 29 

Electronic Engineering 3.3 10 

Mechanical Engineering 2.3 7 

Computer Engineering 1.7 5 

Total 100.0 301 

Experience in the field 

Above 20 years 30.3 91 

10 – 20 years 26.3 79 

5 – 10 years 24.7 74 

3 – 5 years 11.3 34 

1 – 3 years 7.3 22 

Total 100.0 300 

Continent of residence 

Europe 70.8 213 

North America 15.6 47 

Asia 8.0 24 

Australia / Oceania 4.3 13 

Other 1.3 4 

Total 100.0 301 

 

The groups for this survey aimed to address perceptions and acceptance of AVs from 

differing segments of the relevant professions, including designers, planners, policymakers 

and individuals working in any other business related to AVs.  
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5.3. Overall Opinion and Acceptance 

The results in this Chapter have explained the concerns, perceived benefits and adoption 

impacts of AVs on public roads. The experts’ views have been presented, and statistical 

assessments conducted to make sure the results are significant. This Section represents the 

overall opinions of the experts taking account of every relevant aspect and addressing their 

overall opinions based on their answers to the survey questions. The contents of this Section 

explain the overall results about:  

 AV liability 

 Experts’ support for shared or private AVs  

 Experts’ opinions on the adoption of fully driverless AVs or AVs with a steering wheel 

and manual control  

 Overall opinions about whether AVs should be adopted for highway transport and if 

yes, under what conditions 

Moreover, a word cloud of the comments and feedback from the survey will be presented, 

addressing the topics highlighted by the experts in this survey. 

 

5.3.1. Liability 

This Section provides insights into the overall opinions on which group or agency should 

accept the highest liability in case of an accident involving an AV. The experts were allowed 

to choose multiple responses in this context. 

As shown in Table 5.2, around 69% of the experts believed that ‘AV manufacturers’ should 

accept the highest liability for AVs in accidents. The second most popular answers were 

‘insurance company’ and ‘AV owners’ at 24.7% and 19% of the participants, respectively.  

 

Table 5.2. Overall opinions about the responsible agency, which should accept the highest 
liability in case of an accident involved with an AV (multiple responses allowed) 

Variable % N 

AV manufacturers 69.0 207 

Insurance companies 24.7 74 

AV owners 19.0 57 

Legal authorities 12.3 37 

Other responses 10.7 32 

Local traffic control centres 8.0 24 
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Here are also the most common quotes provide in the “other” responses, which are the direct 

quotes from the experts: 

• “This is highly dependent on the operational framework of AV. I would equate the 

responsibilities to those currently seen in the aviation industry - where accident 

investigation determines responsibility, especially when AV should have a vast 

amount of supporting evidence data.” 

• “Responsibility is an interesting word in this context. It MUST depend on 

circumstances and Case Law in the Courts” 

• “Like discussed in UK single-organisation (e.g. by one and only one insurance 

company and not many)” 

• “There may need to be a total rethink on how liability and recompense is handled” 

• “Depends on the degree of control of the vehicle - if it’s controlled as part of a fleet 

or under central Coop system” 

• “The technology developers, those who invent this and propose that it works” 

• “Depends whether the accident is with another AV vehicle or not.  As is the case now, 

I think it will be for insurance companies to analyse data from the AV to understand 

where the fault lies (technical failure, user error, external factor that couldn't be 

forecast by software programmer) Unless the law changes with regard to AV and 

vehicles become truly AV without any driver intervention at all then I'd say it should 

be the AV owner as they will have responsibility for reacting to external factors or 

technical failures.” 

• “Depends on the nature of the accident as well as the main prevailing business 

model, which is still highly uncertain (Private vehicles? Corporate fleets? Taxi 

companies? State owned fleets?)” 

• “Entirely depends on context” 

• “This depends on the accident - if it was a total system failure then the manufacturer 

- if it is an issue where the 'driver' should be expected to take control, then the driver” 

• “It would depend on how much control the owner had over the behaviour of the car. 

If they had the power to determine whether, for example, in a situation where the 

car has to choose between the safety of its occupant and a passerby, the car should 

choose the owner or not, then they should also carry greater liability. If not, then the 

manufacturer. Also, it should depend on the cause of the accident - if it was a 

mechanical issue, then obviously the manufacturer should carry the greatest 

liability.” 

• “How about the users? I suppose that AV manufacturers includes their contractors 

such as software writers” 

• “Depends on the situation”  

• “The 'driver' of the car responds of damage to human lives as it happens now (he can 

choose to intervene)” 

• “Driver” 

• “Depends on the accident” 

• “Responsibility to the user, society, victim etc are all different and all need managed 

- insurance companies offer a promising business model to manage accountability 

involving all of the partners but would be mainly responsible for this management 

function rather than any actual liability”  
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• “Determining this in court will be expensive and difficult and I think we'll have to go 

towards a no-fault solution” 

• “IT and Network connection supervisors” 

• “Specifically in the case of Level 5 vehicles, the autonomy of the vehicle must be 

assured by the vendor (i.e. AV Manufacturers). You can't very well place the 

responsibility for a train derailment on the passengers” 

• “Government will need to be involved initially, but ultimately the manufacturers 

should be responsible to the extent that "factory settings" cannot be changed. If 

owner can customize the settings (e.g. to prioritize safety of vehicle occupants over 

that of pedestrians/cyclists), then s/he should share liability.” 

• “Impossible to answer. Owners need to maintain their vehicle, authorities need to 

have a certain standard of infrastructure deployed, vehicle needs to be fit for 

purpose, traffic systems need to be designed appropriately and insurance companies 

will ultimately foot the bill when something goes wrong (we assume they will). Too 

many variables so everyone is responsible at this time.”    

• “Depends of the level of autonomy”. 

 

Furthermore, an investigation was conducted on group opinions regarding the acceptance 

of AVs’ legal liability in accidents. In this context, around 75% of the experts from the 

academic sector believed that AV manufacturers should accept the highest liability. Then, 

the experts from the government and private sectors were the two next most likely groups 

to agree with academia in this context at 66% and 64%, respectively. The road authority 

group – at 33% - showed the least amount of agreement with this suggestion, but it is worth 

noting that the road authority group had the smallest number of participants. Regarding the 

results related to insurance companies, 28% of the experts from government, 26% from 

private sectors, and 24% from academia indicated that insurance companies should accept 

the second-highest liability for AVs after AV manufacturers. Table 5.3 illustrates the results 

of the group analysis with more information about group percentages and the number of 

experts in each group. 
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Table 5.3. Breakdown of the response regarding the agency, which should accept the highest 
liability for AVs 

Group Government Road authority Academia Private Sector Total 

Participants %  N %  N %  N  %  N %  N 

AV owners should accept the highest liability in case of an accident involved with an AV 

No 86.2 25 50.0 3 82.1 110 80.3 106 81.1 244 

Yes 13.8 4 50.0 3 17.9 24 19.7 26 18.9 57 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Legal authorities should accept the highest liability in case of an accident involved with an AV 

No 96.5 28 83.0 5 86.6 116 87.1 115 87.7 264 

Yes 3.5 1 16.7 1 13.4 18 12.9 17 12.3 37 

Total 100.0 29 99.7 6 100.0 134 100.0 132 100.0 301 

AV manufacturers should accept the highest liability in case of an accident involved with an 

AV 

No 34.5 10 66.7 4 24.6 33 35.6 47 31.2 94 

Yes 65.5 19 33.3 2 75.4 101 64.4 85 68.8 207 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Insurance companies should accept the highest liability in case of an accident involved with 

an AV 

No 72.4 21 100.0 6 76.1 102 74.2 98 75.4 227 

Yes 27.6 8 0.0 0 23.9 32 25.8 34 24.6 74 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Local traffic-control centres should accept the highest liability in case of an accident involved 

with an AV 

No 86.2 25 83.0 5 96.3 129 89.4 118 92.0 277 

Yes 13.8 4 16.7 1 3.7 5 10.6 14 8.0 24 

Total 100.0 29 99.7 6 100.0 134 100.0 132 100.0 301 

 

As shown in Table 5.2, around 10.7% of the participants indicated ‘other responses’. For 

instance, a substantial number of participants declared that assigning legal liability for AVs 

in the case of accidents would depend on the nature of each accident and its situation. The 

experts believed an investigation would be required in each case into the vehicles, occupants 

of the AVs and non-AVs and other road users, if any, involved in those accidents. Some 

participants believed that AV manufacturers should accept liability, and some others 

believed the operator or whoever was driving the AV (not necessarily the owner) should 

accept liability. Figure 5.1 illustrates the word cloud for the ‘other’ responses in this 

assessment with the top five repeated keywords in the comments. 
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Figure 5.1. Other answers for the agency, which should accept the highest liability 

 

5.3.2. On-demand Ridesharing for AVs 

The experts in the survey were asked how likely they would be to support an on-demand 

ridesharing service for AVs such as an AV-Uber1 rather than the application of private AVs. 

In total, 301 experts answered this question, with 54.2% of them declaring they would be 

‘extremely likely’ to support such a ridesharing AV service. Around 24.3% declared they 

would be ‘somewhat likely’, and approximately 21.6% indicated that they would be ‘not at 

all likely’ to support such a service. Table 5.4 illustrates the results of this investigation. 

 

Table 5.4. Overall opinions about supporting on-demand ridesharing AVs rather than the 
application of private AVs 

Variable % N 

Not at all likely  21.6 65 

Somewhat likely 24.3 73 

Extremely likely 54.2 163 

 

Furthermore, the investigation into group opinions indicates that the highest support for an 

on-demand ride-sharing service was given by 25.6% of the total participants in this 

assessment who were from the private sector (58.3% within private sector). The second-

highest amount of support was from experts from academia at 22.9% of the total 

                                                             
1 AV-Uber could be a ridesharing service like what Uber provides but with AVs.  
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participants (51.5% within Academia) in this evaluation. The government sector was the 

next most likely group to supported ride-sharing AVs at 4.7% of the total participants 

(48.3% within the government sector), while only 1.0% of the total participants (50% within 

road authority) were ‘extremely likely’ to support such a service. In general, support for 

ridesharing AVs in the private sector was slightly higher than in academia. Nevertheless, the 

academic group had overall support of 44.5%, which is marginally higher than for the 

private sector at 43.9%. Therefore, it can be asserted that academia had the highest tendency 

to support on-demand ridesharing AVs. Table 5.5 demonstrates the results of the group 

analysis in this context. 

 

Table 5.5. Breakdown of the opinions about supporting on-demand ridesharing AVs rather 
than the application of private AVs 

Group Government 
Road 
authority 

Academia 
Private 
Sector 

Total 

Participants % N % N % N % N % N 

Not at all 
likely 

WG* 34.5 
10 

33.3 
2 

18.7 
25 

21.2 
28 

21.6 
65 

WT** 3.3 0.7 8.3 9.3 21.6 

Somewhat 
likely 

WG* 17.2 
5 

16.7 
1 

29.9 
40 

20.5 
27 

24.3 
73 

WT** 1.7 0.3 13.3 9.0 24.3 

Extremely 
likely 

WG* 48.3 
14 

50.0 
3 

51.5 
69 

58.3 
77 

54.2 
163 

WT** 4.7 1.0 22.9 25.6 54.2 

Total 
observations 

WG* 100.0 
29 

100.0 
6 

100.0 
134 

100.0 
132 

100.0 
301 

WT** 9.6 2.0 44.5 43.9 100.0 

* WG: Within Group 
** WT: Within Total 
 
 

5.3.3. Supporting AVs With or Without a Steering wheel 

The experts in the survey were asked which type of AV they would recommend: ‘an AV with 

a steering wheel and manual override control system’ which allowed the driver to take over 

control of the vehicle at any time and in any condition or ‘an AV without a steering wheel’ – 

a fully driverless AV which conducts all the driving procedures by itself. It should be noted 

that, according to SAE (2016), both levels 4 and 5 AVs might be equipped with a steering 

wheel and therefore fully autonomous driving does not necessarily relate to the presence or 

absence of a steering wheel. However, the question in this survey aims to address the level 

of concern, which might be linked with AV drivers by removing the steering wheel from the 

vehicle. Moreover, it is essential to note that choosing multiple responses was allowed in 

this assessment. 
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The results, in general, revealed that around 56.3% of the experts would support ‘AVs with 

a steering wheel and manual override control system’. The group assessment in this context 

represents that the experts from the road authority – at 67% – represented the most likely 

supporters of AVs with a steering wheel. Excluding the road authority group – as it had only 

six participants – the next most likely group to support AVs with a steering wheel was 

academia at 61%, followed by the government and private sector at 55% and 52%, 

respectively. 

Furthermore, around 40.7% of the total participants supported ‘AVs without a steering 

wheel’. The experts from the private sector represented a sizable number of supporters of 

such an AV type at 45.5% of the participants, followed by the government sector at 41.4%. 

The results revealed that academia was not a great supporter of AVs without a steering 

wheel. Table 5.6 illustrates a summary of the responses to this assessment. Additionally, 

Table 5.7 shows the results of group analysis for this evaluation. 

 

Table 5.6. Overall opinions about the supported type of AVs (with or without a steering wheel) 

Variable % N 

An AV with a steering wheel and manual override control systems 56.3 169 

An AV without a steering wheel 40.7 122 

None 3.0 9 

 
Table 5.7. Supporting AVs with or without a steering wheel 

Group Government Road authority Academia Private Sector Total 

Participants % N % N % N % N % N 

AV with steering 

wheel 

55.2 16 66.7 4 60.9 81 51.5 68 56.3 169 

AV without 

steering wheel 

41.4 12 33.3 2 36.1 48 45.5 60 40.7 122 

None 3.5 1 0.0 0 3.0 4 3.0 4 3.0 9 

Total 

observations 

100.0 29 100.0 6 100.0 133 100.0 132 100.0 300 

 

5.3.4. Overall Opinion 

Finally, in this survey on the future use of AVs on public roads, the experts were asked to 

indicate their ideal statement, to sum up their opinion regarding the application of AVs. The 

answer options provided (for the experts) in this assessment are defined based on the 

insights gained from the pilot survey (see Chapter 3, Section 3.3.2) and the researcher’s 

personal experience. However, the survey question was designed as open-ended so the 
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experts in order to provide the experts with the opportunity of adding any other options and 

overall opinion.  

In total, 301 experts took part in this evaluation, with 53.8% of them indicating that ‘a lot 

more investigation and preparation is needed before AVs’ adoption on public roads’. Such 

an answer also demonstrates that the experts were not ‘opposed to AVs ever being allowed 

on public roads’, but they would not support the adoption of AVs until further investigations 

have demonstrated their safety, security and efficiency. The breakdown of the results 

reveals that the most substantial number of experts who supported this statement were 

from academia at 25.7% of the total number of participants. The next most likely group to 

support this statement was the private sector at 23.0%, while the government and road 

authority groups were the next most likely groups to declare ‘more R&D [is] required’ at 

4.3% and 1.0%, respectively.  

Furthermore, 25.3% of all the participants in the study declared that they were concerned 

about safety, security, and hacking threats, but they would like to try AVs. The results of the 

group analysis demonstrate that the experts from the private sector and academia were 

supporters of such an idea at 11.0% and 10.7% of all participants, respectively.  

Table 5.8 illustrates a summary of the responses in this assessment and Table 5.9 provides 

a breakdown of the group responses in this regard. Additionally, Table 5.9 shows the results 

of group analysis in this evaluation. 

 

Table 5.8. Overall opinion regarding the future use of AVs on public roads 

Variable % N 

A lot more investigation, research and development are needed before AVs' 

adoption on public roads. Therefore, I am not opposed to AVs, but I would not 

support their adoption without further investigations to approve their safety, 

security and efficiency. 

53.8 162 

I am concerned about safety, security and hacking threats but I would like to try 

AVs. 

25.3 76 

The science and industry of AVs are doing very well. Therefore, I have no 

concerns about adopting AVs. 

10.3 31 

Other 9.6 28 

I am opposed to AVs ever being allowed on public roads in any condition. 1.0 3 

 

Here are also the most common quotes provide in the “other” responses, which are the direct 

quotes from the experts: 

• “A lot more investigations and preparation needed before AVs' adoption for public 
use. This might be on certain kinds of public roads, but I see the main application 
being in special environments” 
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• “AV-development is too much vehicle-driven, other modes of traffic (bikes, 
pedestrians) are considered too less” 

• “AVs are the future. Delays in training and implementation of the AVs (due to 
political / societal reasons) will have a negative effect on safety and efficiency in the 
long run.” 

• “AVs require more research and testing, and they require more efficient road pricing 
so they do not increase urban traffic problems.” 

• “AVs should only be introduced in a proper thought out and tested regulatory 
framework” 

• “AVs will be beneficial on multi-lane highways with no frontage interference. They 
could be severely counter-productive in an urban context (emissions, kilometrages, 
congestion, street-level ambience/ environment)” 

• “Connected Vehicles at scale are needed before Automated Vehicles can gain wide 
adoption, public roads need to build out Connected Vehicle Infrastructure.”  

• “For technology to work - it must be fully understood by the user, poor handover to 
customers is legendary, and Jevons paradox shows this in abundance. Caution as the 
technology will NOT be adopted in the way that technologists expect.” 

• “Further investigations are definitely needed, especially with regard to safety, 
however there needs to be greater consideration of the operating environment and 
how AV will be integrated into the current (or then current) vehicle fleet” 

• “Human has many degrees of freedom, how he/ she can do/ operate things/ car. 
Therefore a safe AV must understand human actions and human factors. However 
this is currently scarcely considered when developing such vehicles, as it is still 
technological. This needs to be solved, understood and applied first by system 
developers, and more human factors expert must be integrated into the software 
development approaches to create really truly safe AV.” 

• “I am concerned of a future of privately owned, "dynamically parked" (circulating 
empty while waiting for owner) AVs with person miles growing and vehicle miles 
exploding leading to grid locked cities suffocated by such a ‘mobility’ system.” 

• “I believe there are strong benefits from having AVs on our roads however these 
could be outweighed by the negative consequences of losing low skill jobs. There are 
also valid hacking a security concerns.”  

• “I fully support AVs but only if introduced as part of a regulatory framework which 
manages ownership, operation, access to vehicles, etc.” 

• “I have already tried AVs. The biggest issue is one of trust in the system to perform 
all the time. Also I would add the lack of control.”  

• “I think AVs are strong ethical, safety and robustness concerns at the moment. 
Besides, it is a myth that AVs will increase infrastructure capacity.”  

• “I think that we are a long way from having true AV on our roads, there are too many 
external factors that only a human can respond to.  It will be so complicated to 
change road laws to allow for AVs, it'll have a huge impact on highway design, 
particularly in urban areas.  However I think semi AV will be the norm very soon and 
will provide huge efficiencies particularly for freight movement on motorways for 
example.” 

• “I think the safety concerns over AVs and the issues surrounding legal liabilities will 
be problematic. But I can't even see a reason for introducing them unless people are 
willing to move to a shared model of ownership.  If this doesn't happen they will just 
increase congestion and empty VKMs.” 

• “More government driven research and initiatives needed in order to prepare the 
industry, road users and the road network for the future with AVs. Too much has 
been left to private sector to push this technology though.” 

• “Not enough work has been done on the cost of rolling out AVs to those who are 
digitally isolated or poor” 
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• “Not opposed to AV's compared to regular vehicles, but opposed to motorized 
vehicles in town centres” 

• “The key question is ownership. If AVs are communally owned they could be 
substantially beneficial to society. If they are privately owned they could increase 
traffic, congestion, emissions and create disbenefits for society as a whole.” 

• “The legal framework still needs to be established.” 
• “The safety benefit is the most convincing reason to adopt AVs; however, these may 

only be realised if AVs make up a significant portion of the fleet. There are so many 
challenges associated with entry to the market that it is difficult to know the fleet 
proportion that is possible.” 

• “The science and industry of the AVs are doing very well. So, I have no concern to 
adopt AVs except SAE “ 

• “They will come in bit by bit and we will accept it”  
• “Would support Levels 3, 4, and above, but mostly keep them in a closed system, not 

free ranging on the road” 
• I am concerned that AVs will lock in unsustainable car-dependence”. 

 
Table 5.9. Breakdown of the overall opinion 

Breakdown of the overall opinion regarding the future use of AVs 

Which one of the following statements 
best sums up your opinion regarding 
the future use of AVs on public roads? 

Where do you work for? Total 

Government Road 
authority 

Academia Private 
Sector 

Statement No 
concern to 
adopt 

Count 1 1 13 16 31 

%WS* 3.2 3.2 41.9 51.6 100.0 

%WG** 3.4 16.7 9.7 12.2 10.3 

%WT*** 0.3 0.3 4.3 5.3 10.3 

Concerned 
but would 
like to try 
AVs 

Count 10 1 32 33 76 

%WS* 13.2 1.3 42.1 43.4 100.0 

%WG** 34.5 16.7 23.9 25.2 25.3 

%WT*** 3.3 0.3 10.7 11.0 25.3 

More R&D 
needed 

Count 13 3 77 69 162 

%WS* 8.0 1.9 47.5 42.6 100.0 

%WG** 44.8 50.0 57.5 52.7 54.0 

%WT*** 4.3 1.0 25.7 23.0 54.0 

Totally 
against 
AVs 

Count 0 1 1 1 3 

%WS* 0.0 33.3 33.3 33.3 100.0 

%WG** 0.0 16.7 0.7 0.8 1.0 

%WT*** 0.0 0.3 0.3 0.3 1.0 

Others Count 5 0 11 12 28 

%WS* 17.9 0.0 39.3 42.9 100.0 

%WG** 17.2 0.0 8.2 9.2 9.3 

%WT*** 1.7 0.0 3.7 4.0 9.3 

Total Count 29 6 134 131 300 

%WS* 9.7 2.0 44.7 43.7 100.0 

%WG** 100.0 100.0 100.0 100.0 100.0 

%WT*** 9.7 2.0 44.7 43.7 100.0 

* WG: Within Statement 
** WG: Within Group 
*** WT: Within Total 
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Figure 5.2 illustrates the word cloud for ‘other’ responses in this assessment, suggested by 

experts among which ‘requirements of AVs’ was the most substantial issue regarding the 

application of AVs. In this context, a substantial number of the answers outlined that the 

experts would support the application of AVs on public roads if some requirements are met. 

The requirements experts outlined included but were not limited to ‘infrastructure 

development’, ‘technology development’, ‘safety measures’, ‘improvement in juridical 

issues’ related to the use of AVs, providing comfortable conditions for ‘vehicle ownership’, 

and some others. Among other important topics that experts talked about, there were safety, 

concerns, AV users, and the requirements for the adoption of AVs. 

 

 
Figure 5.2. Other responses regarding the future use of AVs on public roads 

 

5.3.5. Feedback and Comments 

The final section of the survey asked participants to give any additional comments regarding 

the application of AVs. Note that nearly all the questions in the survey were open-ended, and 

therefore, comments had already been provided for each question. Nevertheless, such a 

comments section provided an opportunity for the experts to represent any further 

statement and overall opinion they may have about AVs. 

The most important topic discussed by the experts was related to the safety of AVs, AV-

occupants, and the safety of pedestrians and people around the vehicle. Many of the experts 

highlighted the safety benefits mentioned in the survey, and some outlined the safety risks 
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and concerns. Some declared AVs could improve road safety, and some indicated the 

opposite opinion. In general, safety was an essential topic in the comments section. 

Alongside safety, there were comments related to the technology of AVs, the privacy of AV-

occupants, and security breaches and hacking, which might reduce safety by creating 

dangerous driving situations or accidents. Figure 5.3 shows the word cloud of feedback and 

comments. 

Moreover, some experts focused on the topics related to traffic congestion, outlining that 

AVs might increase traffic congestion and reduce capacity due to an increase in the number 

of unnecessary trips and the fact that mobility would be increased for those who cannot 

drive already. However, some experts believed that AVs might make better use of the road 

capacity by providing smoother traffic flow at intersections.  

In general, the discussion was more focused around safety concerns and traffic congestion, 

revealing that these two topics might be the most concerning issues for experts regarding 

the future use of AVs on public roads. Note that the experts had already mentioned security 

concern as the most concerning consequence of the adoption of AVs and the comments in 

the final section of the survey were complementary to the main responses. 

 

 
Figure 5.3. Overall feedback and comments 

 

Here are also the most common quotes provide in the “other” responses, which are the direct 

quotes from the experts: 
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• "AVs will be on roads sooner than automated highways or lanes (AH/L, I believe. If 
both are achieved, then the system (AV+AH/L) will be much safer, more convenient, 
and yield more throughput with less environmental effects. But, one more concern I 
have is that if AVs become so attractive, public transportation will be less preferred 
because older people and individuals without a driving license can ride it. Saying 
that, can AVs be used by people without a valid driving license?” 

• “Although I think AV's are inevitable. My major concern is the security (e.g., hacking) 
and privacy issues. I expect short term issues to prevail during their adoption. In 
overall, I strongly believe that the AV's may completely alter our travel patterns and 
trip characteristics. One such example would be a trip may combine two activities 
together, you might binge-watch a new movie while you're travelling (home trip + 
leisure activity) or you might have a video conference while you are travelling (work 
trip + business activity).”  

• “Autonomous vehicles are a technological advancement however, I am of the view 
that it is premature to do a complete rollout as much work needs to go into ensuring 
safety across all manufacturing brand types. More research and testing is required 
as well as the viability in African markets” 

• “AV will undoubtedly enter the transport stage. The timescale presented by the 
industry today is quite challenging and a little bit commerce-driven. It will take at 
least until the mid-20ies to really see significant appearance.” 

• “AV's a coming. It's just when and where. There are still many issues to be resolved 
but technology will continue to evolve to a point we will have Level 5 in operation 
someday in the future but understanding and resolving liabilities is key to this.” 

• “AVs are good in countries where people strictly follow lane discipline. The gravity 
of problem in case of system failure need to be assessed properly.” 

• “AVs will need proper due diligence to garner regulatory approval, insurability and 
public acceptance but they are inevitable and necessary for safety reasons.”  

• “CAV adoption is upon us - it's the intermediate stages with mixed traffic that will 
cause most problems, not 100% adoption.” 

• “Concerns about moving to AV predominantly surround the semantic understanding 
of the objects around the car, while a human driver could choose to crash and injure 
themselves, a passenger would not have that ability if the car was driving itself.” 

• “For AVs to be able to stop and avoid incidents, in mixed traffic environments (like 
urban), they will need to go much more slowly than conventional vehicles, so travel 
time and congestion will increase. If most or all vehicles are AVs, then pedestrians 
and cyclists will have no more incentive to take care on the roads (use pedestrian 
crossings etc.), they can just go anywhere knowing that they will be safe because AVs 
will stop or avoid them. This could cause gridlock in urban areas. So they can only 
work if other road users treat them like they treat conventional vehicles now. e.g., if 
I knew all vehicles on the 4 lanes urban highway outside my office were AVs, then I 
could just walk across it to the shops without looking or using a pedestrian crossing 
because I know they will all stop for me. If hundreds of people an hour do that in 
cities, then traffic will not move at all.”  

• “I am not sure how the drivers will feel when they use a full AV without a steering 
wheel. I think this question worth investigation in a similar survey but for drivers” 

• “I am wondering if we have lost track of the problem we are trying to solve by blindly 
applying technology. AVs make most sense for commuting and freight, but 
commuting requires more than just automation, it requires space efficiency also 
known as public transport. So I see most potential in automated public transport and 
freight movements.” 

• “I believe that data sharing and testing standards need to be codified and strictly 
enforced before Level 4-5 AVs start to be rolled out en masse to the public. I think 
the public discourse right now is full of speculation and the seriousness is not 



Chapter 5 

154 
 

communicated that well. I think this dialogue needs to be led by AV developers, then 
regulators, and then experts closely after that”  

• “I do not think AVs will ever replace conventional vehicles since there is both a love 
of car ownership and car driving amongst the general, non-academic, population 
that academia is failing to either acknowledge or respond to.” 

• “I have no real concerns with the inevitable use of AVs but they must be autonomous, 
that includes ‘self-sufficient’, that is able to operate on public roads as they are 
without additional infrastructural demands on public resources. Being hacked is also 
a real risk but in terms of cybersecurity, traffic management centres are an easier 
target through external hacking or latent hacks built into operational software by 
suppliers...”  

• “I have three main concerns about AVs:  1) Transition period: how will it work?  2) 
Economic impact: from drivers to vehicle maintenance people, there will be a 
substantial loss of jobs. Society needs to manage this carefully. 3) Ownership models: 
If AV's are privately owned they will only benefit a part of the population and 
increase traffic, congestion and emissions.” 

• “I think there will be market barriers to AVs beyond Level 4. Also, traditional 
American culture is committed to the individualism of conventional vehicles.  This 
cultural factor could slow adoption of AVs.” 

• “If empty AVs are on the road picking up dry cleaning, it is unclear what the 
congestion implications of AVs will be. They stand to vastly increase road capacity.” 

• “I'm concerned that AVs seem to be largely technology-led with relative discussion 
of whether they are a good thing or not.” 

• “In General, I have no major concerns about the technology of AVs. Much of the 
technology is already in use today. I have concerns about the acceptance and legal 
ramifications of AVs. In particular, I question the value proposition for private 
owners. I see AV technology being adopted much quicker in public shared transport 
such as trams or shuttles.”  

• “In my opinion, we will have to wait more than two decades for the AV vehicle to 
become a reality. The projects should involve more specialists in defensive and 
efficient driving techniques, in the evolution of vehicles, which is not happening, 
hence the enormous difficulty of evolution.” 

• “Interesting times ahead. Needs much more policy debate on the role of the 
technology vs road authorities on responsibility for efficient allocation of capacity 
between competing interests for road space.” 

• “It's a long way off; substantial infrastructure investment will be required to make 
‘place’ well defined; manually operated vehicles will always be present in the traffic 
stream; in special places and situations (e.g., Las Vegas) it seems highly likely that 
AVs will be implemented.” 

• “Lack of attention for effects on the road design concept and roadside safety in 
particular” 

• “Level 4 will be dangerous. It skills drivers by doing most of the driving then requires 
them to either halt the journey or take over control. In a difficult situation, putting 
an unprepared deskilled person in control is bad. Google for Gartner hype cycle 2018 
and see how the l4 autonomy is dropping down the expectation curve and l5 
reversing the other way. You may find charting the history of AVs on that curve 
enlightening.” 

• “Many false dawns expected. AVs will only realise potential beyond a certain fleet 
proportion. Danger that this will lead to greater demand for road capacity as non-
drivers are potentially able. Hence road pricing will replace fuel taxation/tolling?” 

• “Ownership of AV vehicles, Uber-like VA transport, or public transport VA: the choice 
how to make use of AV vehicles will have a large impact on the road conditions and 
urban design (e.g. AV vehicles driving around empty).” 
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• “Regarding AVs, I see a huge difference between the outcome I expect and the 
outcome I would like. I would like the benefits of AVs in terms of safety, and mobility, 
but I am deeply concerned about congestion, pollution, and sprawl as an expected 
consequences.”  

• “Some stakeholders maintain that participatory processes (everybody needs to 
contribute and needs to be heard - even if distributed areas of non-
knowledge/ignorance) this would not make it easier.” 

• “The difference between autonomous functions in a vehicle or a driverless is 
essential. Partly autonomy and inherent safe vehicles will happen. Driverless 
vehicles will remain to be a marginal phenomena, so much overrated.” 

• “The main risks relate to the interval leading up to level 5 AV; drivers may not 
concentrate enough when not driving, to enable them to take control if the AV fails.” 

• “The progress should be faster in this field” 
• “The tech issues may mature to a sufficient level to deliver true autonomy but, like 

most grand tech and engineering challenges, it will be the social acceptance and 
application of such a tool that will need far greater thought and effort...” 

• “There are many dependencies related to the adoption of AV's and many scenarios 
when AV's are adopted. I think it will increase road traffic in the long run, therefore 
'stealing' shares of cyclists and PT modal shares. Also, depending on how 'green' the 
AV is, emissions etc are more or less important.” 

• “We believe that it can be implemented in a very long time and will be used in the 
future as a public vehicle in dedicated road infrastructures and not as a private 
vehicle. And especially for inter-city journeys.” 

• “We may need parallel levels for other roads users particularly the non-motorists. 
Now with level 3 systems, liability is a complex issue and owner has to assume 
responsibilities for damage. The society is not ready for AV or even connected. Open 
field for cyber-attack. Think of how we substitute our smart phones and TVs every 
2-3 years for being old and obsolete... how often will I buy board computer to manage 
the progress and memory needs... 5G, 6G, 7G.... Safer through AV is a claim and needs 
to be proven. Gradual introduction with mixed mode is a major challenge and no 
concept for overcome is even close to enlighten this.” 

• “Will we ever get to 100% market penetration? If not, then how will these vehicles 
interact with human drivers?” 

• I think the infrastructure is not ready and till now not cost-effectively.  But should be 
start” 

 

 

5.4. Results Analysis 

The results of the survey and statistical assessments are presented in this Section. The 

results are classified into the groups of concerns, benefits, adoption impacts, and overall 

opinion and acceptance of the adoption of AVs on public roads.  

 

5.4.1. Concerns 

Section 5.2 explained the demographics of the participants and provided information about 

the professional segments which took part and divided participants into groups. This Section 

represents the results of the survey into expert concerns regarding the adoption of AVs.  



Chapter 5 

156 
 

5.4.1.1. Response Summaries 

This Section provides the response summaries relating to safety and security concerns. In 

the next two Sections (Section 5.4.1.2 and Section 5.4.1.3), some statistical assessments are 

undertaken to ensure that the results are statistically significant and valid. 

 

The experts were asked what they think would be the most concerning consequences of 

adopting AVs; participants were allowed to choose multiple responses. The response 

summary reveals that security concerns, such as getting hacked and losing control of the 

AVs, are considered the most substantial concern by 56.2% of the total participants (301 

experts). Then, legal liability was seen as the second most substantial concern by 55.5% of 

the total participants. Safety, privacy, traffic issues and fuel consumptions represent the next 

level of concern. Table 5.10 represents the response summary. 

 

Table 5.10. Summary of responses regarding the most concerning consequences of adopting 
AVs 

Variable % N 

Security concerns (such as getting hacked and losing control of the AV) 56.2 169 

Legal liabilities (in case of an accident) 55.5 167 

Safety concerns 46.8 141 

Privacy concerns such as sharing trip data with different agencies (insurance 

companies, manufacturers, etc.) 

33.6 101 

Traffic issues such as congestion, queues, delays 20.3 61 

Other  13.6 41 

Fuel consumption and emission 5.7 17 

 

The survey also allowed experts to provide other concerns in a text box. Here are the most 

common quotes provide in the “other” responses: 

• “A loss of control of the vehicle” 
• “Accessibility and use by non-licenced drivers” 
• “Adoption of AVs particularly as shared vehicles could lead to significant increases in trips 

and overall car miles. This could lead to competition for space with public transport. There 
is often an assumption in cities there is sufficient capacity in the countervailing direction to 
accommodate the extra trips. This capacity does not exist in London, all approaches are 
saturated by time of day. Therefore the outcome is more congestion, delay, and competition 
with public transport for space, with consequences for public authority revenues.” 

• “AVs’ effects on the built environment and on other users of public spaces, in particular 
pedestrians” 

• “Change in safety of all types of road users - e.g. pedestrians, cyclists” 
• “Cost of introducing AVs when many people only spend hundreds of pounds on buying a car”  
• “Ethics concerns. Algorithms will value human's life differently” 
• “Fully autonomous vs a mixed fleet of other users on the network” 
• “I think unless people adopt shared usage of cars, they will increase congestion. And electric 

vehicles need not be automated. I don't see a case for AVs other than a political case - they're 
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exciting politically. But all the work I have seen so far is based on very dubious assumptions 
and assertions.” 

• “Impact on popularity of public transport” 
• “Impacts on public transport and active modes” 
• “Increased travel demand which might offset capacity increase and lead to further delays as 

well as additional environmental problems”  
• “Increasing road capacity” 
• “Interaction with non-AVs and vulnerable road users” 
• “Lack of regulation & Infrastructure”  
• “Last mile transportation delivery (identify people)” 
• “Loss of human autonomy”  
• “Loss of low-skilled jobs (e.g. taxi’s, and truck drivers etc.)” 
• “Mixed fleet issues, consistency in operating guidelines/behaviours between manufacturers” 
• “Mixed fleet on same roads” 
• “Mixture of AVs and conventional vehicles, also pedestrians, cyclists, animals, etc. How AVs 

deal with situations like obstructions in the road (stop, go round them, responding to 
directions of a police officer or other person directing traffic in case of an incident)” 

• “More traffic because AV's might be chosen more often than public transport now” 
• “Much more car travel” 
• “Not considering the uncertainties related to the human-driven vehicles (conventional 

vehicles) in designing the AVs may cause severe accidents in the mixed traffic of them” 
• “Potentially - all of these - main concern for me (for level 5, assuming it is possible) is that it 

might drive a growth in travel demand that existing infrastructure cannot support.” 
• “Public acceptance (which would include many of these topics but from a different 

perspective)” 
• “Safety issues, trusting technology”  
• “Safety of pedestrians and cyclists, and unaccompanied child occupants (if any)” 
• “Societal acceptance of incidences even if overall significantly improved + system shutdown 

in bad weather” 
• “Sprawl, and increase in VMT” 
• “Sprawl-related costs and reductions in public transit investments” 
• “The clumsiness of over-cautious AV will make them very very unpopular” 
• “The combination of AVs and MaaS may result in greater congestion and poor public 

transport” 
• “The integration phase between now and when the entire fleet is made up of AVs. Human 

driven vehicles may learn to abuse AVs and bully them, and so cause more erratic driving and 
cause more accidents, and the blame will be put on the AV” 

• “The road safety implications for more vulnerable road users”  
• “Trust. We're already seeing some people putting entirely too much faith in Autonomy Level 

2 vehicles; and at the same time there's a whole other narrative surrounding the 'decisions' 
a vehicle has to make when engaging in collision avoidance. I hesitate to call this a 'significant' 
concern however ever it should be mentioned within the scope of the study.” 

• “Whether the AV network will be centrally controlled (most beneficial for society) or each 
car will truly be independent”  

 

 Figure 5.4 also illustrates a word cloud image of the analysis, which represents the most 

repeated words in the ‘other’ answer option provided by participants. In general, some 

experts expressed concerns about road users’ safety and safe interaction between 

pedestrians and AVs. Some others highlighted the potential negative consequences of 

adopting AVs on traffic congestion and the need for higher capacity due to an increase in 

mobility as a result of adopting AVs. There were also some concerns about the cost of travel, 

safety concerns for cyclists, the interaction of AVs with TVs and pedestrians.  
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Figure 5.4. Other responses for the most substantial concerns regarding the application of AVs 

 

Furthermore, an investigation was conducted to address group opinions regarding the 

concerns about adopting AVs. For this purpose, each concern in the assessment was cross-

tabbed with groups, and the results are presented in the form of graphs. Such cross-

tabulation explains which concern is most substantial to each group. Table 5.11 represents 

the most substantial concerns of each group regarding the application of AVs. For each 

security concern in Table 5.11, the percentage and number of participants in each group are 

provided. 

Table 5.11 shows, around 41%–48% of the experts from government, academia, and the 

private sector believed that safety would be one of the most substantial concerns of adopting 

AVs. However, only 16.7% of the road authority experts agreed with other groups in this 

regard. In this context, it is worth noting that the road authority group had the lowest 

number of participants (6 experts) of all which should be taken into consideration when 

comparing results. Moreover, around 50%–69% of all groups agreed that security would 

also be a substantial concern in the adoption of AVs. Privacy was considered more 

concerning by 50.0% of the experts from the road authority group, while less than 39% of 

the other groups believed so. Furthermore, legal liability was considered a substantial 

concern by over 50% of the experts in all groups except road authority. Also, groups’ opinion 

about traffic issues and fuel consumption are available in Table 5.11, but they were not 

considered substantial concerns regarding the application of AVs. 
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Table 5.11. The most substantial concerns regarding the application of AVs 

Group Government Road authority Academia Private Sector Total 

 Participants %  N %  N %  N %  N %  N 

Safety concerns would be the most substantial concern of the adoption of AVs 

No 58.6 17 83.3 5 52.2 70 51.5 68 53.2 160 

Yes 41.4 12 16.7 1 47.8 64 48.5 64 46.8 141 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Security concerns would be the most substantial concern of the adoption of AVs 

No 31.0 9 50.0 3 46.3 62 43.9 58 43.9 132 

Yes 69.0 20 50.0 3 53.7 72 56.1 74 56.2 169 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Privacy concerns would be the most substantial concern of the adoption of AVs 

No 65.5 19 50.0 3 61.2 82 72.7 96 66.5 200 

Yes 34.5 10 50.0 3 38.8 52 27.3 36 33.6 101 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Legal liability would be the most substantial concern of the adoption of AVs 

No 44.8 13 66.7 4 44.0 59 43.9 58 44.5 134 

Yes 55.2 16 33.3 2 56.0 75 56.1 74 55.5 167 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Traffic issues would be the most substantial concern of the adoption of AVs 

No 86.2 25 67.0 4 79.1 106 79.6 105 79.7 240 

Yes 13.8 4 33.0 2 20.9 28 20.5 27 20.3 61 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Fuel consumption and emission would be the most substantial concern of the adoption of 

AVs 

No 96.6 28 83.0 5 91.0 122 97.7 129 94.4 284 

Yes 3.5 1 17.0 1 9.0 12 2.3 3 5.7 17 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

 

In general, the analysis illustrates that security concerns represented the most substantial 

concerns regarding the adoption of AVs among 169 experts out of a total of 301; this is 

verified by the results summary. The next issues examined were legal liability and safety 

while the negative consequences of adopting AVs on traffic and fuel consumption was not a 

substantial concern to groups. In this regard, a simulation study could be useful to evaluate 

such a declaration of experts about the impact of AVs on traffic and fuel consumption. 

In another assessment, the experts in the survey were asked to select the most substantial 

technical concern in the adoption of AVs, where the selection of multiple responses allowed. 

These technical concerns might stem from any form of technical deficiencies or system 

failures, which might lead to an unsafe or insecure driving situation or even accidents. Table 

5.12 demonstrates the response summary for such an assessment. Additionally, a statistical 

evaluation (shown in Table 5.29, Section 5.4.3.2) revealed that about 19.5% of the experts 

in this study thought that AVs would ‘substantially increase’ the number of accidents. Out of 

those (19.5%) experts, 32.8% were concerned about safety and security concerns of AVs, 
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which might stem from one of the technical concerns of AVs. Further investigation in this 

regard is conducted in Section 5.4.3.2. 

According to Table 5.12, ‘incorrect understanding of the surrounding objects’ by AVs was 

considered the most substantial technical concern in adopting AVs among 68.8% of the total 

participants. Then, ‘sensor failure and system shut down’ was identified as the second most 

substantial concern by 49.8% of the total participants. Furthermore, concerns such as 

‘limited driving operation by factory-defined settings’ and ‘not being as good as human 

drivers’ were other substantial concerns. 

 

Table 5.12. Summary of the responses regarding the most substantial technical concerns in 
adopting AVs 

Variable % N 

Incorrect understanding of the surrounding objects (humans, animals, and others) 68.8 207 

Sensor failures and system shut down 49.8 150 

Limited driving operation by factory-defined settings, i.e., AV drivers would not be 

as free as human drivers in driving actions such as speeding up/down, suddenly 

leaving a queue or merging with traffic and some others 

14.6 44 

Not being as good as human drivers in quick driving reactions (for example, some 

people believe AVs might not be fast enough to react when their leading vehicles 

suddenly reduce their speed) 

13.0 39 

Other 9.6 29 

 

Here are also the most common quotes provide in the “other” responses: 

• “Risk assessment of surroundings and traffic situations; and, over-the-air updates 
with unknown effects on driving behaviour, making it difficult to keep up with 
regulations for safe admission on public roads”  

• “Ability to 'read the road' could determine reaction time. Connectedness would help” 
• “All options listed are pretty much related to the Situation. Awareness of the Vehicle 

(sensors + computing power to understand and react to the environment)” 
• “AVs are limited to software as manufacturer decisions” 
• “Being incapable of responding to unanticipated situations, which could be safety 

critical” 
• “Communications and control, finding a common, open standard for operation and 

data traffic. Admittedly, this might be considered more of a policy problem. But the 
ones mentioned are too, in the sense that society will essentially be free to agree on 
a yearly number of people it considers acceptable to be killed by ‘machines’, to put it 
bluntly. That number will always be much lower than the current accident statistics” 

• “Cybersecurity” 
• “Handover of control to the driver if required” 
• “Human factors, e.g. human drivers of non-AV's in the traffic stream, but even more 

so pedestrians learning they can step out into moving traffic and AV's will stop 
(leading to complete paralysis of road traffic in city centres)” 

• “I think the items on the list could all be solved in time - assuming that we had a pure 
level 5 vehicle fleet. What concerns me most is the unpredictable interaction 
between CAVs and traditionally driven vehicles, cyclists and pedestrians” 
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• “If a pedestrian like a kid runs to the street, a human driver may choose to hit another 
car or curb than hitting the human that obviously would get hurt the most” 

• “Lack of ability for an AV to evolve and learn”  
• “Operational Design Domains and their limits (as you stated in Sensor failures and 

system shut down)” 
• “Poor handover - you are going to be trusting salesmen. Not understanding the AV 

technology and how to use it” 
• “Programming might be incompatible with wider policies objectives” 
• “Security and hacking” 
• “Security, being hacked and losing the control of the vehicle” 
• “Spoofing issues regarding sensors and communications, in particular for emergency 

communications” 
•  “The difficulty of the technology to react correctly to the many variables of the road 

scenario” 
• “The human interfering, AV will be safe without human interference but as soon as 

human interferes, there will be too many degrees of freedom to know and control in 
humans, that is the biggest challenge”  

• “The inability to apply unwritten rules. Absolute necessary and absolute no-go area 
for AV's” 

• “The intelligence of the ACS1 governs all aspects listed above. The key issue is the 
programming of the ACS and the technical integration and software processing 
which governs the operation of the vehicle” 

• “Trying to drive in mixed traffic with human drivers” 
• “Uniform Road design for all the different levels” 
• “Unreliable communications and lack of robustness (hacking)”  
• “Very rare driving conditions (e.g. unexpected slippery roads)” 

 

Figure 5.5 also illustrates the word cloud of the words in this assessment. Cybersecurity, in 

e general, was mentioned as the most concerning technical barrier in adopting AVs among 

‘other responses’. There were also some other technical concerns among ‘other responses’ 

such as ‘vehicle control’, ‘communication issues’, ‘software programming and sensory 

processing issues’, and difficult operation of AVs (for users). 

 

                                                             
1 ACS: Access Control System  
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Figure 5.5. Other responses for the most substantial concerns regarding the application of AVs 

 

Furthermore, an assessment was conducted on group responses relating to the significance 

of each technical concern to each group. The cross-tabulation of the concerns with groups in 

this assessment represents the number and percentage of participants within each group 

and their level of concern about each technical issue. Table 5.13 illustrates the results of the 

evaluation of group concerns. 

Most of the groups agreed that ‘sensor failure and system shut down’ is a substantial concern 

in the adoption of AVs (see Table 5.13). Concern among the road authority group had the 

highest percentage of all groups, bearing in mind that the road authority group had only six 

participants who may not properly represent the group, though the results can give some 

insights in this regard. 

Furthermore, ‘incorrect understanding of the surrounding objects’ was considered the most 

substantial technical concern by the majority of participants. However, experts from the 

government group showed a lower tendency than other groups to agree with this; yet more 

than half of the experts in the government group still agreed with other groups in this regard. 

Other response options such as ‘limited driving operation by factory-defined settings’ and 

‘not being as good as human drivers’ were recognised as substantial, with 11% of the experts 

on average. 
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Table 5.13. The most substantial technical concerns regarding the application of AVs 

Group Government Road authority Academia Private Sector Total 

 Participants %  N %  N %  N %  N  %  N 

Sensor failures and system shut down would be most concerning 

No 51.7 15 16.7 1 55.2 74 46.2 61 50.2 151 

Yes 48.3 14 83.3 5 44.8 60 53.8 71 49.8 150 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Incorrect understanding of the surrounding objects (humans, animals, and others) would 

be most concerning 

No 44.8 13 33.3 2 30.6 41 28.8 38 31.2 94 

Yes 55.2 16 66.7 4 69.4 93 71.2 94 68.8 207 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Getting limited by the factory-defined driving operations would be most concerning 

No 89.7 26 100.0 6 82.1 110 87.1 115 85.4 257 

Yes 10.3 3 0.0 0 17.9 24 12.9 17 14.6 44 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Not being as good as human drivers in quick driving reactions would be most concerning 

No 93.1 27 100.0 6 83.6 112 88.6 117 87.0 262 

Yes 6.9 2 0.0 0 16.4 22 11.4 15 13.0 39 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

 

5.4.1.2. Safety Analysis 

In order to assess the validity of responses related to safety, some statistical analysis was 

conducted using the cross-tabulation tool in SPSS. In this context, a safety question with a 

binary response option was correlated with the question asking about the support for AVs 

with or without a steering wheel. The results from such an analysis demonstrate the impact 

of safety concerns on experts’ opinions regarding the support of a fully AV. Table 5.14 

illustrates the cross-tabulation of this assessment. 

As shown in Table 5.14, a total of 300 observations recorded in this evaluation. Around 

53.3% of the respondents believed that safety concerns are not the most substantial concern 

regarding the application of AVs, with nearly half of them declaring that they would support 

an AV without a steering wheel. From another perspective, the results also revealed that 

63.9% of the people who declared they would support AVs without a steering wheel believed 

that safety concerns are not the most substantial concern in the application of AVs, which 

verifies the correlation of these variables from both sides. Moreover, 46.7% of the 

participants in this assessment indicated that safety concerns are the most substantial 

concern in adopting AVs, with 64.3% of them declaring that they would not support an AV 

without a steering wheel.  

In general, the assessment demonstrates that around 56.3% of the total participants do not 

support an AV without a steering wheel, and 3.0% do not support AVs at all. However, about 
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40.7% of the participants recommend full autonomous AVs, and most of these believed that 

safety concerns are not the most substantial concern in adopting AVs. The correlation of the 

parameters reveals that safety concerns had a meaningful impact on accepting or rejecting 

AVs without a steering wheel. Furthermore, the actual observed data were compared to the 

expected values using a Chi-square test (χ2). The results of the evaluation showed a p-value 

of 0.007 for the Pearson test with 2 degrees of freedom, which represents statistical 

significance for the model. 

 

Model 5.1. Cross tabulation 
Table 5.14. Cross-tabulation of safety concerns versus supporting AVs without/without a 
steering wheel 

Variable If the emergence of AVs was 

inevitable, which type of the 

following AVs would you 

support? 

Total 

An AV 

with a 

steering 

wheel 

An AV 

without 

a 

steering 

wheel 

None 

Safety concerns 

are the most 

substantial 

concerns 

regarding the 

application of 

AVs. 

 

No Count  79  78  3  160 

% within SC* 49.4 48.8 1.9 100.0 

% within T-AVs** 46.7 63.9 33.3 53.3 

% of Total 26.3 26.0 1.0 53.3 

Yes Count 90 44 6 140 

% within SC* 64.3 31.4 4.3 100.0 

% within T-AVs** 53.3 36.1 66.7 46.7 

% of Total 30.0 14.7 2.0 46.7 

Total Count   169   122   9   300 

% within SC* 56.3 40.7 3.0 100.0 

% within T-AVs** 100.0 100.0 100.0 100.0 

% of Total 56.3 40.7 3.0 100.0 

χ2 = 9.902, degrees of freedom = 2, p-value = 0.007 
* Safety Concerns 
** Type of AVs 

 
 

In the analysis of the impact of safety on participants’ acceptance of AV, safety concerns were 

correlated with the results of the question on the acceptance of ridesharing in AVs. The 

experts in the survey were asked how likely they would be to support on-demand 

ridesharing AVs rather than private AVs. The responses to the question were correlated with 

the question of whether safety concerns are the most substantial concern regarding the 

application of AVs. Table 5.15 illustrates the results of the cross-tabulation. 
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In total, 301 correct responses were recorded for this assessment, with 53.2% believing that 

safety concerns are not the most substantial concerns regarding the application of AVs. 

Around 63.1% of the participants in this group were ‘extremely likely’ to support 

ridesharing AVs. From another perspective, the results also show that 62.0% of the people 

who declared they would be ‘extremely likely’ to support ridesharing AVs believed that 

safety concerns are not the most substantial concern regarding the application of AVs which 

verifies the correlation of these variables from both sides.  

Furthermore, 46.8% of all the participants believed that safety concerns are the most 

substantial concern regarding the application of AVs, and 44.0% of them were ‘extremely 

likely’ to support ridesharing AVs. In this regard and from another perspective, 56.9% of the 

participants who were ‘not at all likely’ to support ridesharing AVs believed that safety 

concerns are the most substantial concerns regarding the application of AVs. In general, the 

assessment reveals that 54.2% of the experts are ‘extremely likely’, and 24.3% ‘somewhat 

likely’ to support ridesharing AVs. Even 73.8% of those who believed safety concerns are the 

most substantial concern in adopting AVs were ‘extremely likely’ to support ridesharing AVs. 

The results of the evaluation showed a p-value of 0.004 for the Pearson test with 2 degrees 

of freedom, which represents statistical significance.  

 

Model 5.2. Cross tabulation 
Table 5.15. Cross-tabulation of safety concerns versus supporting ridesharing AVs 

 Supporting on-demand 
ridesharing AVs rather than 
private AVs 

Total 

Not at all 
likely 

Somewhat 
likely 

Extremely 
likely 

Safety concerns 
are the most 
substantial 
concerns 
regarding the 
application of 
AVs. 
 

No Count  28  31  101  160 
% within SC* 17.5 19.4 63.1 100.0 
% within R-AVs** 43.1 42.5 62.0 53.2 
% of Total 9.3 10.3 33.6 53.2 

Yes Count 37 42 62 141 
% within SC* 26.2 29.8 44.0 100.0 
% within R-AVs** 56.9 57.5 38.0 46.8 
% of Total 12.3 14.0 20.6 46.8 

Total Count   65   73 163   301 
% within SC* 21.6 24.3 54.2 100.0 
% within R-AVs** 100.0 100.0 100.0 100.0 
% of Total 21.6 24.3 54.2 100.0 

χ2 = 11.080, degrees of freedom = 2, p-value = 0.004 
* Safety Concerns 
** Ridesharing AVs 
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5.4.1.3. Security Analysis 

Along with the safety analysis in this survey, a statistical assessment was also conducted on 

some of the survey questions related to security concerns and their relationship with the 

likelihood of supporting ridesharing AVs. In this regard, the survey question on security 

concerns in adopting AVs with a binary answer option correlated with experts’ support of 

autonomous vehicle with or without a steering wheel. But the result gave a p-value of 0.229 

and X2 of 2.95, which means the assessed parameters are not statistically significant, and 

therefore, they are not correlated. In other words, there is no significant correlation between 

those two parameters. However, cross-tabulation of the security concerns with the question 

related to ridesharing AVs provided a p-value of 0.06. Whilst this is above 0.05, it is worth 

evaluating in order to find out if there is a significant correlation between the incorporated 

parameters. Table 5.16 illustrates the results of the cross-tabulation of security concerns 

versus supporting ridesharing AVs. 

As shown in Table 5.16, around 56.1% of the respondents believed that security concerns 

are the most substantial concerns regarding the application of AVs. Of that 56.1%, about 

52.7% were ‘extremely likely’ and 29.0% ‘somewhat likely’ to support ridesharing AVs 

rather than private AVs. From another perspective, 54.6% and 67.1% of the experts who 

were ‘extremely likely’ and ‘somewhat likely’, respectively, believed that security concerns 

are the most substantial concerns in adopting AVs. 

Furthermore, 43.9% of the total participants did not believe that security concerns are the 

most substantial concerns, but more than half of them were ‘extremely likely’ to support 

ridesharing AVs.  

The results indicated that security concerns could impact decision-making in terms of 

preference between ridesharing AVs and private AVs, but it might not be correct from the 

other perspective. In other words, not all the experts who supported ridesharing AVs believe 

that security concerns are the most substantial concerns regarding the application of AVs. 

As a proof of this, the results demonstrate that 52.3% of the experts who were ‘not at all 

likely’ to support ridesharing AVs, did not believe that security concerns would be the most 

substantial concerns in adopting AVs. However, more than half of the experts, in general, 

supported the application of ridesharing AVs rather than private AVs. 
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Model 5.3. Cross tabulation 
Table 5.16. Cross-tabulation of security concerns versus supporting ridesharing AVs 

Variable Supporting on-demand ridesharing 

AVs rather than private AVs 

Total 

Not at all 

likely 

Somewhat 

likely 

Extremely 

likely 

Security concerns 

are the most 

substantial 

concerns 

regarding the 

application of 

AVs. 

 

No Count 34 24 74 132 

% within SC* 25.8 18.2 56.1 100.0 

% within R-AVs** 52.3 32.9 45.4 43.9 

% of Total 11.3 8.0 24.6 43.9 

Yes Count 31 49 89 169 

% within SC* 18.3 29.0 52.7 100.0 

% within R-AVs** 47.7 67.1 54.6 56.1 

% of Total 10.3 16.3 29.6 56.1 

Total Count 65 73 163 301 

% within SC* 21.6 24.3 54.2 100.0 

% within R-AVs** 100.0 100.0 100.0 100.0 

% of Total 21.6 24.3 54.2 100.0 

χ2 = 5.617, degrees of freedom = 2, p-value = 0.060 
* Security Concerns 
** Ridesharing AVs 

 

5.4.2. Benefits 

Section 5.4.1 explained experts’ concerns relating to the adoption of AVs in highway 

transport. The results were presented for each group and some statistical analysis was 

conducted to address the correlations between results and incorporated parameters. This 

Section explains the results of the survey questions dealing with the benefits of the 

application of AVs. The same method of analysis will be employed to analyse group opinions 

about the benefits of adopting AVs on public roads. Moreover, the answer options for the 

survey questions in this context will be cross-tabbed to assess the correlation between the 

benefits of adopting AVs and experts’ overall opinions regarding the use of these vehicles in 

highway transport. 

 

5.4.2.1. Response Summary 

The experts in the survey were asked about the most valuable outcomes of adopting AVs and 

choosing multiple responses was allowed. The response summary for the question 

demonstrates that 61.8% of the participants (301 experts) considered that ‘safe driving’ 

would be the most valuable outcome of the application of AVs. Then, ‘reduction of traffic 

congestion, queues, and delays’ and ‘reduction of fuel consumption and emissions’ were the 

next most valuable outcomes according to 32.6% and 25.6%, respectively. Table 5.17 

illustrates the response summary for this analysis. 
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Table 5.17. Summary of the responses regarding the most valuable outcomes of adopting AVs 
(MRA) 

Variable % N 

Safe driving 61.8 186 

Reduction of traffic congestion, queues, and delays 32.6 98 

Reduction of fuel consumption and vehicle emissions 25.6 77 

Other 25.3 76 

Reduction of travel time 10.0 30 

Vehicle security 5.6 17 

 

Here are also the most common quotes provide in the “other” responses: 

• “To liberate people from driving”  
• “Journey reliability” 
• “That we would have achieved 'Connected’ vehicles FIRST! Note: Travel time per 

vehicle may reduce BUT total travel time increase! Similarly with the mixed fleet 
stage it is very difficult to generalise.” 

• “Reduction of transport cost” 
• “There may be no benefits other than reduction/improved outcomes of crashes” 
• “Non-drivers can use when necessary” 
• “None of the above in an urban setting - and indeed likely to increase kilometrages, 

overall congestion (and hence emissions) and to have a number of (perhaps 
seemingly paradoxical) implications for safety” 

• “I think the case for them is flimsy at best...so I don't see benefits as such.” 
• “Driver convenience”  
• “Alternative (productive) use of travel time. No need for escorting (children, elderly, 

disabled, those without driving licence, etc.)” 
• “Increased potential for vehicle sharing” 
• “Reduction of required vehicles” 
• “Removal of unused vehicles from road network” 
• “Ability for older, younger and disabled people to travel independently” 
• “Improved mobility for non-drivers. Unless implemented with more efficient road 

pricing, AVs are likely to increase traffic congestion and pollution emissions.” 
• “Improving accessibility for those who can't drive” 
• “Enabling better use of time during a journey” 
• “Less resistance to driving because drivers can use their time for other purposes.” 
• “Depending on the policy of a city, you might see valuable benefits such as land 

values uplifts.”  
• “Free time to divert to non-driving activity” 
• “Reduction in land track for road vehicles” 
• “It's depend on it is public or private Vehicle. As Public transport Vehicle, it could 

increase capacity.  
• “Reduction of vehicle km” 
• “Comfort” 
• “Change in value-of-time, as time travelling can be spent on other activities (reading, 

working, playing, relaxing, sleeping, ...)” 
• “Not necessarily any of the above. They remain to be proven.” 
• “Other use of travel time” 
• “Ability to do other thing while travelling” 
• “For level 5, value of time saving for the driver who can do other tasks. NB does not 

apply for any lower level.” 
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• “Increased mobility” 
• “Flexibility and broader access to car as a service for more people” 
• “Ability for people with disability to have the convenience of cars” 
• “Usage by people unable to drive” 
• “Reduction in the number of vehicles and VMT through car and ride sharing 

(facilitated with an autonomous vehicle fleet)” 
• “It is impossible to tell at this time” 
• “Overall reduction in vehicle crashes (but not 100% safety)” 
• “Safer for other (vulnerable) road users” 
• “Mental health benefits - reduction of commuter stress” 
• “Accessibility for people who have difficulties to walk, bike or drive a car” 
• “Difficult to know.  These are all current claims or aims but there is no evidence yet 

that they will be fulfilled. I would expect "safer" driving could be an expected 
outcome if the human factor is considered as responsible for 70 to 85% of the causes 
of collisions but maybe new vehicles and IT causes may arise.” 

• “Possibility to do something else than drive (read, ...)” 
• “Better use of travel time (work, read, sleep, ...)” 
• “The productivity gains as a result of the freed up time”  
• “More efficient use of the public space” 
• “Road safety seems to be a key advantage, but this again depends on the penetration 

rate of fully AVs” 
• “Efficient use of our road transport assets” 
• “Reduction of salary costs” 
• “Reduction of private car ownership” 
• “Change in travel behaviour and frequency” 
• “Making time in the vehicle more productive or pleasant” 
• “Ability to use the time spent in car productively” 
• “Increased mobility leading to less 'wasted' travel time hours” 
• “If Shared autonomous vehicle will be dominating the demand then reduction in 

travel time, congestion and delay would achieved”  
• “Liberate human minds from having to steer the vehicle” 
• “Reduction of cars (ownership)” 
• “Comfort!!! Not Safe!! as non-AV will be just as safe as AV and also no congestion; AV 

will increase congestion as people do not mind congestion so much anymore” 
• “Optimization of time management” 
• “Cost savings for those who employ drivers” 
• “Just a stress free driving and nothing else”  
• “Reduced disutility of time spent in-vehicle” 
• “Increase in road capacity” 
• “Facility to work while driving” 
• “Saving lives due to fatalities from crashes of distracted or impaired drivers”  
• “Availability of vehicles to people such as disabled people who cannot drive 

conventional vehicles” 
• “Advancement of applied technology for technology's sake” 
• "Choice for transport users to balance modes and usage of transport for different 

purposes” 
• “Use of time during driving for other things” 
• “Utilization of time spent in transit” 
• “Easier access to transport and mobility for those who can't or don't want to drive”  
• “Time in the car can be used for leisure activities, like reading books, watching 

movies, answering emails and so on.” 
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Moreover, Figure 5.6 illustrates the word cloud for the other responses and comments 

recorded for this question. Further responses and comments recorded for this question 

were benefits related to ‘travel time’, ‘safety’, ‘traffic congestion’, and ‘emissions’. However, 

experts did not believe that AVs would substantially help in reducing travel time. 

Furthermore, participants pointed to topics such as ‘providing mobility for disabled people’, 

‘reduction in stress of driving’, ‘engaging in leisure activities during driving’ and some 

others.  

 

 

Figure 5.6. Other responses for the most valuable outcome/s of the adoption of AVs 

 

Additionally, an assessment was conducted on groups’ opinions about each of the benefits 

mentioned in Table 5.17. Table 5.18 illustrates the results of the evaluation. Table 5.18 

shows that all the groups, with almost the same average (around 62%), agreed that ‘safe 

driving’ would be the most valuable outcome of the application of AVs. Regarding the 

‘increase in vehicle security’, only 3.5% of the ‘government’ sector believed that AVs could 

be beneficial while ‘road authority’ and ‘private sector’ participants were more optimistic in 

this regard. However, it was not considered that AVs, in general, would be helpful for 

increasing vehicle security. Moreover, 90% of the experts rejected reduced travel time as a 

possible outcome of the application of AVs. Only a small percentage of experts from the ‘road 

authority’ and ‘academia’ groups agreed that AVs could reduce travel time. 

Regarding the ‘reduction in traffic congestion’, government, academia, and private sector 

participants had almost similar opinions, and they believed AVs could be a helpful solution 

to traffic congestion. However, road authority participants disagreed as no expert from this 

sector considered AVs to be capable of reducing traffic congestion. A similar perspective was 
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demonstrated in the results related to ‘fuel consumption and emissions’ with the only 

difference being that the government sector participants had a higher tendency to believe 

that AVs could be beneficial in reducing fuel consumption and emissions. In general, the 

results in this Section demonstrate that there is overall agreement among the respondents 

from the academia, government, road authority and private sector groups on the potential 

valuable outcomes of AVs and they all expect an increase in road safety from the adoption of 

AVs in highway transport. The groups, in general, showed agreement in indicating that they 

did not think the rest of the benefits were likely. 

 

Table 5.18. The most valuable outcome/s of the adoption of AVs 

Group Government Road authority Academia Private Sector Total 

 Participants %  N %  N  %  N %  N %  N 

Safe driving would be the most valuable outcome of the adoption of AVs 

No 41.4 12 33.3 2 37.3 50 38.6 51 38.2 115 

Yes 58.6 17 66.7 4 62.7 84 61.4 81 61.8 186 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Vehicle security would be the most valuable outcome of the adoption of AVs 

No 96.6 28 83.0 5 95.5 128 93.2 123 94.4% 284 

Yes 3.5 1 16.7 1 4.5 6 6.8 9 5.7 17 

Total 100.0 29 99.7 6 100.0 134 100.0 132 100.0 301 

Reduction of travel time would be the most valuable outcome of the adoption of AVs 

No 96.6 28 83.0 5 87.3 117 91.7 121 90.0 271 

Yes 3.5 1 16.7 1 12.7 17 8.3 11 10.0 30 

Total 100.0 29 99.7 6 100.0 134 100.0 132 100.0 301 

Reduction of traffic congestion would be the most valuable outcome of the adoption of AVs 

No 69.0 20 100.0 6 67.9 91 65.2 86 67.4 203 

Yes 31.0 9 0.0 0 32.1 43 34.9 46 32.6 98 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

Reduction of fuel consumption would be the most valuable outcome of the adoption of AVs 

No 58.6 17 100.0 6 77.6 104 73.5 97 74.4 224 

Yes 41.4 12 0.0 0 22.4 30 26.5 35 25.6 77 

Total 100.0 29 100.0 6 100.0 134 100.0 132 100.0 301 

 

5.4.2.2. Statistical Analysis 

In addition to group analysis, some statistical assessments were conducted on the benefits 

of adopting AVs and their impact on overall decision-making about whether AVs should be 

introduced to highway transport or not. 

The first assessment explains the results of cross-tabulation between safe driving of AVs and 

the overall opinion about adopting AVs. The cross-tabulation of safe driving of AVs with 

experts’ overall opinions about adopting AVs provided a p-value of 0.06 which is above 0.05 
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but is still worth evaluating to find out if there is a significant correlation between the 

incorporated parameters. 

As shown in Table 5.19, around 61.7% of the participants believed that ‘safe driving’ would 

be the most likely outcome of adopting AVs, with nearly 56.8% of them indicating that more 

research and development (R&D) is required before adopting AVs on public roads. From 

another perspective, the results also revealed that 64.8% of the participants who believed 

more R&D is required, 60.5% of those who were ‘concerned but would like to try AVs’, and 

71.0% of those who had ‘no concern in adopting AVs’ believed that ‘safe driving’ would be 

the most valuable outcome of adopting AVs. Furthermore, 38.3% of the participants in this 

assessment indicated that ‘safe driving’ is not likely to be the most valuable outcome of 

adopting AVs, with 66.7% of them declaring that they are ‘opposed to adopting AVs ever 

being allowed on public roads’. Additionally, around 49.6% of the participants who did not 

believe in ‘safe driving’ of AVs reported that ‘more R&D is required’ in this context. In 

general, the assessment demonstrates that over 50% of the participants believe that AVs are 

not yet ready for adoption on public roads, and so more R&D must be undertaken before 

their adoption.  

 

Model 5.4. Cross-tabulation 

Table 5.19. Cross-tabulation of safe driving of AVs versus overall opinion about adopting AVs 

Variable Which one of the following statements best 

sums up your opinion regarding the future 

use of AVs on public roads? 

Total 

Not at 

all 

concern

ed 

Concer

ned 

about 

safety 

and 

security 

More 

R&D 

required 

Opposed 

to AVs 

ever 

being 

adopted 

Others 

Safe driving 

would be 

the most val

uable outco

me of 

adopting 

AVs. 

 No Count 9 30 57 2 17 115 

% within SD* 7.8 26.1 49.6 1.7 14.8 100.0 

% within OO** 29.0 39.5 35.2 66.7 60.7 38.3 

% of Total 3.0 10.0 19.0 0.7 5.7 38.3 

Yes Count 22 46 105 1 11 185 

% within SD* 11.9 24.9 56.8 0.5 5.9 100.0 

% within OO** 71.0 60.5 64.8 33.3 39.3 61.7 

% of Total 7.3 15.3 35.0 0.3 3.7 61.7 

Total Count 31 76 162 3 28 300 

% within SD* 10.3 25.3 54.0 1.0 9.3 100.0 

% within OO** 100.0 100.0 100.0 100.0 100 100.0 

% of Total 10.3 25.3 54.0 1.0 9.3 100.0 

χ2 = 8.807, degrees of freedom = 4, p-value = 0.066 
* Safe Driving 
** Overall Opinion 
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In another analysis, the responses to the question asking whether a reduction in ‘travel time’ 

would be one of the ‘most valuable outcomes of adopting AVs’ were correlated with experts’ 

overall opinions regarding the future use of AVs on public roads. Table 5.20 illustrates the 

results of this cross-tabulation. 

The results from Table 5.20 illustrate that around 90.3% of the participants believed the 

‘reduction of travel time’ would not be one of the most valuable outcomes of adopting AVs, 

with 56.5% finding that ‘more R&D is required’ on this matter. From another perspective, 

100.0% of those who were ‘opposed to AVs ever being adopted’ on public roads, 94.4% of 

those who believed ‘more R&D is required’, and 83.9% of those who were not ‘concerned 

about safety and security’, declared that ‘reduction of travel time’ would not be the most 

valuable outcome of adopting AVs. The assessment, in general, demonstrates that experts 

were not optimistic about a considerable reduction in travel time as a result of adopting AVs. 

Some experts believed AVs might be capable of reducing travel time; however, they also felt 

that more R&D is required in this regard. The actual observed data were compared to the 

expected values using a Chi-square test (χ2). The results of the evaluation showed a p-value 

of 0.012 for the Pearson test with 2 degrees of freedom, which represents statistical 

significance for the model. 
 
Model 5.5. Cross tabulation 
Table 5.20. Cross-tabulation of travel time versus overall opinion about adopting AVs 

Variable Which one of the following statements best 

sums up your opinion regarding the future use 

of AVs on public roads? 

Total 

Not at 

all 

concern

ed 

Concerned 

about 

safety and 

security 

More 

R&D 

required 

Opposed 

to AVs 

ever 

being 

adopted 

Others 

Reduction of 

travel time 

would be the 

most 

valuable 

outcome of 

adopting 

AVs 

 No Count 26 62 153 3 27 271 

% within TT* 9.6 22.9 56.5 1.1 10.0 100.0 

% within OO** 83.9 81.6 94.4 100.0 96.4 90.3 

% of total 8.7 20.7 51.0 1.0 9.0 90.3 

Yes Count 5 14 9 0 1 29 

% within TT* 17.2 48.3 31.0 0.0 3.4 100.0 

% within OO** 16.1 18.4 5.6 0.0 3.6 9.7 

% of total 1.7 4.7 3.0 0.0 0.3 9.7 

Total Count 31 76 162 3 28 300 

% within TT* 10.3 25.3 54.0 1.0 9.3 100.0 

% within OO** 100.0 100.0 100.0 100.0 100 100.0 

% of total 10.3 25.3 54.0 1.0 9.3 100.0 

χ2 = 12.801, degrees of freedom = 4, p-value = 0.012 
* Travel Time 
** Overall Opinion 
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Table 5.21 shows the results of the correlation between ‘safe driving’ of AVs and the question 

asking which type of AVs experts would support. There were three possible answer options 

for the question asking about AV type: ‘an AV with a steering wheel’, ‘an AV without a 

steering wheel’, and ‘no AV at all’. Table 5.21 illustrates the cross-tabulation of this analysis. 

According to Table 5.21, about 61.7% of the participants (185 experts) indicated that ‘safe 

driving’ was likely to be the most valuable outcome of driving AVs, with 51.9% declaring 

they would support ‘an AV with a steering wheel’ and 46.5% stating they would support ‘AVs 

without a steering wheel’. In this regard, and from another perspective, over 50% of the 

experts who supported AVs and 33.3% of the participants who did not support any types of 

AV believed that AVs would offer safe driving. Moreover, 38.3% of the total participants did 

not believe that AVs would offer safe driving, with 63.5% declaring that they would support 

AVs with a steering wheel. From another perspective, 43.2% of the experts who indicated 

they would support ‘AVs with a steering wheel’ and 66.7% of the participants who did not 

support AVs at all believed that safe driving would not be the most valuable outcome of 

adopting AVs. In general, the assessment indicates that experts would support AVs, but a 

substantial percentage (56.3%) of them would support ‘AVs with a steering wheel’. The 

statistical significance of the model is proved with a p-value of 0.012 for the Pearson test 

with 2 degrees of freedom. 

Model 5.6. Cross tabulation 
Table 5.21. Cross-tabulation of safe driving of AVs versus supporting AVs with or without a 
steering wheel 

Variable If the emergence of AVs was 

inevitable, which type of the 

following AVs would you support? 

Total 

An AV with 

a steering 

wheel 

An AV 

without a 

steering 

wheel 

None 

Safe driving would 

be 

the most valuable 

outcome of 

adopting AVs. 

No Count  73  36 6 115 

% within SD* 63.5 31.3 5.2 100.0 

% within T-AVs** 43.2 29.5 66.7 38.3 

% of total 24.3 12.0 2.0 38.3 

Yes Count 96 86 3 185 

% within SD* 51.9 46.5 1.6 100.0 

% within T-AVs** 56.8 70.5 33.3 61.7 

% of total 32.0 28.7 1.0 61.7 

Total Count  169  122 9 300 

% within SD* 56.3 40.7 3.0 100.0 

% within T-AVs** 100.0 100.0 100.0 100.0 

% of total 56.3 40.7 3.0 100.0 

χ2 = 8.766, degrees of freedom = 2, p-value = 0.012 
* Safe Driving 
** Type of AVs 
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An evaluation is conducted to address the correlation of the results between the ‘reduction 

of traffic congestion’ and ‘support for AVs among the experts’. Table 5.22 illustrates the 

results of this cross-tabulation. 

As shown in Table 5.22, 67.3% of the participants believed that ‘reduction of traffic 

congestion, queues, and delays’ would not be one of the most valuable outcomes of adopting 

AVs, with 51% of them indicating they would support ‘an AV with a steering wheel’. From 

another perspective, about 61% of the experts who declared they would support ‘AVs with 

a steering wheel’ reported that they did not believe that AVs would be substantially capable 

of ‘reducing traffic congestion, queues, and delays’. The same correlation was found in the 

results related to the support of ‘AVs without a steering wheel’. Moreover, 32.7% of the 

participants in this assessment indicated that they thought the reduction of traffic 

congestion would be one of the outcomes of the adoption of AVs, with 67.3% of them 

declaring they would support ‘AVs with a steering wheel’. In general, the study reveals that 

56.3% of the participants would support ‘AVs with a steering wheel’ and the statistical 

significance of the model is proved with a p-value of 0.027 for the Pearson test with 2 degrees 

of freedom. 

 

Model 5.7. Cross tabulation 
Table 5.22. Cross-tabulation of the reduction of traffic congestion, queues, and delays versus 
supporting AV with or without a steering wheel 

 If the emergence of AVs was 

inevitable, which type of the 

following AVs would you 

support? 

Total 

An AV 

with a 

steering 

wheel 

An AV 

without a 

steering 

wheel 

None 

Reduction of 

traffic congestion, 

queues, and 

delays would be 

the most valuable 

outcomes of the 

adoption of AVs. 

No Count  103  92  7  202 

% within traffic* 51.0 45.5 3.5 100.0 

% within T-AVs** 60.9 75.4 77.8 67.3 

% of total 34.3 30.7 2.3 67.3 

Yes Count 66 30 2 98 

% within traffic* 67.3 30.6 2.0 100.0 

% within T-AVs** 39.1 24.6 22.2 32.7 

% of total 22.0 10.0 0.7 32.7 

Total Count  169  122 9   300 

% within traffic* 56.3 40.7 3.0 100.0 

% within T-AVs** 100.0 100.0 100.0 100.0 

% of total 56.3 40.7 3.0 100.0 

χ2 = 7.19, degrees of freedom = 2, p-value = 0.027 
* Reduction of traffic congestion, queues, and delays 
** Type of AVs 
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The following assessment explains the results of the correlation between opinions on a 

decrease in fuel consumption and emissions and experts’ responses regarding support for 

AVs with or without a steering wheel. Table 5.23 illustrates the results of cross-tabulation 

for this assessment. 

The results from Table 5.23 are in line with the results from Table 5.22. Around 74.3% of the 

participants disagreed that AVs would be capable of reducing fuel consumption and 

emissions; with 51.1% indicating they would support ‘AVs with a steering wheel’. From 

another perspective, over 60% of the experts believed that the ‘reduction of fuel 

consumption and emissions’ would not be one of the most valuable outcomes of adopting 

AVs. Around 25.7% of the participants thought that AVs could reduce fuel consumption, with 

71.4% declaring they would support ‘AVs with a steering wheel’. In general, the assessment 

represents that a substantial percentage of the experts do not think AVs would be capable of 

reducing fuel consumption, and they mostly support ‘AVs with a steering wheel’. 

The overall assessment of expert opinions in this Section indicates that ‘safe driving’ would 

be one of the most valuable outcomes of the adoption of AVs, but experts did not think AVs 

would be able to reduce ‘travel time’, ‘traffic congestion, queues, and delays’, and ‘fuel 

consumption and emissions’. In general, the experts supported AVs; however, they were 

more supportive of ‘AVs with a steering wheel’. Furthermore, experts believed that ‘more 

research and development is required’ in the field of AVs. 

Model 5.8. Cross tabulation 
Table 5.23. Cross-tabulation of the reduction of fuel consumption and emissions versus 
supporting AVs with or without a steering wheel 

Variable If the emergence of AVs was 

inevitable, which type of the following 

AVs would you support? 

Total 

An AV with a 

steering wheel 

An AV without a 

steering wheel 

None 

Reduction of fuel 

consumption 

and emissions 

would be 

the most valuabl

e outcomes of 

the adoption of 

AVs 

No Count  114 102 7 223 

 % within FC* 51.1 45.7 3.1 100.0 

% within T-AVs** 67.5 83.6 77.8 74.3 

% of total 38.0 34.0 2.3 74.3 

Yes Count 55 20 2 77 

% within FC* 71.4 26.0 2.6 100.0 

% within T-AVs** 32.5 16.4 22.2 25.7 

% of total 18.3 6.7 0.7 25.7 

Total  Count  169 122 9 300 

% within FC* 56.3 40.7 3.0 100.0 

% within T-AVs** 100.0 100.0 100.0 100.0 

% of total 56.3 40.7 3.0 100.0 

χ2 = 9.745, degrees of freedom = 2, p-value = 0.008 
* Fuel consumption and emissions 
** Type of AVs 
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5.4.3. Adoption Impacts 

The study so far has explained the perceived benefits and concerns relating to the adoption 

of AVs in highway transport. This Section discusses the results of survey questions regarding 

the impact of adopting AVs on travel time, traffic congestion, road throughput, and some 

other issues. The experts who took part in the survey were asked their assessment of the 

extent to which AVs would increase or decrease the mentioned parameters. The findings 

from this assessment are presented in two sections: the response summary and statistical 

analysis. 

 
5.4.3.1. Response Summary 

The response summary for the assessment of the adoption impact of AVs demonstrates that 

299 valid responses recorded for this assessment and they rated the efficiency of AVs 

through three answer options: ‘a substantial decrease’, ‘no impact’, and ‘substantial 

increase’. In general, the experts indicated the following anticipated improvements as a 

result of adopting AVs in highway transport (shown in Table 5.24): 

 

Table 5.24. Anticipated improvements as a result of adopting AVs in highway transport 

Parameter Anticipated impact % of respondents  

Travel time Reduction 41.4 

Traffic congestion, queues, and delays Reduction 46.0 

Road throughput’ Increase 45.1 

Fuel consumption and emissions Reduction 47.5 

Road users’ safety Increase 57.6 

Number of accidents Reduction 68.8 

Severity of accidents Reduction 59.4 

 

Table 5.25 represents the response summary of the adoption impacts of AVs, and also 

provides information about the percentage of experts who believed AVs would negatively 

affect the parameters mentioned above. The results of this assessment were weighted based 

on the answer options provided to the experts. In this context, a value of ‘1’ was given to 

‘substantially decrease’, ‘2’ to ‘no impact’, and ‘3’ to ‘substantially increase’. As a result, the 

answer for each parameter was weighted in the range of 1 to 3, which reflects the level of 

decrease or increase of a parameter.  
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Table 5.25. Summary of the responses regarding the adoption impacts of AVs 

Parameter 
Substantially 

Decrease 

No Impact Substantially 

Increase 

Total Weighted 

Average 

% N % N % N N 1 – 3  

Travel time 41.4 123 36.0 107 22.6 67 297 1.27 

Traffic congestion: 

queues, delays, etc. 

45.6 136 26.0 80 28.0 83 299 1.44 

Road throughput 22.9 67 32.1 94 45.1 132 293 1.74 

Fuel consumption and 

vehicle emissions 

47.5 142 32.1 96 20.4 61 299 1.25 

Road users’ safety 30.3 90 12.1 36 57.6 171 297 2.09 

Number of accidents 68.8 205 11.8 35 19.5 58 298 1.33 

Severity of accidents 59.4 177 23.8 71 16.8 50 298 1.22 

 

A further assessment was conducted on group opinions about the adoption impact of AVs. 

In this context, the groups’ responses were classified for the parameters related to traffic 

streams such as ‘travel time’, ‘traffic congestion’, ‘road throughput’, and ‘fuel consumption 

and emissions’. Table 5.26 represents the results of this evaluation. For each of the 

mentioned parameters, experts were evaluated within their group. For instance, 43.9% of 

the experts from academia believed that AVs would ‘substantially decrease’ travel time, and 

23.5% indicated that they thought there would be ‘a substantial increase’ in travel time as a 

result of adopting AVs. In addition, around 32.6% declared that AVs would have ‘no impact’ 

on travel time.  

Moreover, the experts from the academia group were evaluated within total participants 

(shown in Table 5.26). In this context, of the total responses recorded on the anticipated 

impact of AVs on travel time, 19.5% of those from academia believed that AVs would 

‘substantially decrease’ travel time, and 17.5% of those from the private sector had the same 

belief as those from academia. Furthermore, Table 5.26 represents the results of this 

evaluation for all parameters related to traffic stream and the assessed impact of AVs on fuel 

consumption and emissions 
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Table 5.26. Groups’ opinion about the effect of AVs on traffic and environment 

 
Government Road 

authority 

Academia Private 

Sector 

Total 

Response Response 

category 

% N % N % N % N % N 

How do you think AVs will affect travel Time? 

Substantially 

decrease 

Group* 39.3 11 33.3 2 43.9 58 39.7 52 41.4 123 

Total** 3.7 0.7 19.5 17.5 41.4 

No impact Group* 42.9 12 50.0 3 32.6 43 37.4 49 36.0 107 

Total** 4.0 1.0 14.5 16.5 36.0 

Substantially 

increase 

Group* 17.9 5 16.7 1 23.5 31 22.9 30 22.6 67 

Total** 1.7 0.3 10.4 10.1 22.6 

Total Group* 100.0 28 100.0 6 100.0 132 100.0 131 100.0 297 

Total** 9.4 2.0 44.4 44.1 100 

How do you think AVs will affect traffic congestion: queue, delay, etc.? 

Substantially 

decrease 

Group* 46.4 13 16.7 1 48.5 64 44.6 58 45.9 136 

Total** 4.4 0.3 21.6 19.6 45.9 

No impact Group* 21.4 6 50.0 3 28.0 37 23.8 31 26.0 77 

Total** 2.0 1.0 12.5 10.5 26.0 

Substantially 

increase 

Group* 32.1 9 33.3 2 23.5 31 31.5 41 28.0 83 

Total** 3.0 0.7 10.5 13.9 28.0 

Total Group* 100.0 28 100.0 6 100.0 132 100.0 130 100.0 296 

Total** 9.4 2.0 44.6 44.0 100.0 

How do you think AVs will road throughput?  

Substantially 

decrease 

Group* 31.0 9 33.3 2 26.9 35 16.4 21 22.9 67 

Total** 3.1 0.7 11.9 7.2 22.9 

No impact Group* 27.6 8 50.0 3 30.0 39 34.4 44 32.1 94 

Total** 2.7 1.0 13.3 15.0 32.1 

Substantially 

increase 

Group* 41.4 12 16.7 1 43.1 56 49.2 63 45.1 132 

Total** 4.1 0.3 19.1 21.5 45.1 

Total Group 100.0 29 100.0 6 100.0 130 100.0 128 100.0 293 

Total** 9.9 2.0 44.4 43.7 100.0 

How do you think AVs will affect fuel consumption and vehicle emission? 

Substantially 

decrease 

Group* 51.7 15 33.3 2 41.7 55 53.0 70 47.5 142 

Total** 5.0 0.7 18.4 23.4 47.5 

No impact Group* 31.0 9 33.3 2 31.1 41 33.3 44 32.1 96 

Total** 3.0 0.7 13.7 14.7 32.1 

Substantially 

increase 

Group* 17.2 5 33.3 2 27.3 36 13.6 18 20.4 61 

Total** 1.7 0.7 12.0 6.0 20.4 

Total Group* 100.0 29 100.0 6 100.0 132 100.0 132 100.0 299 

Total** 9.7 2.0 44.4 44.1 100.0 

* % within each group 

** % within total participants 

 

In the next step, the impact of the adoption of AVs was evaluated for the parameters related 

to accidents and safety such as road users’ safety, number of accidents, and the severity of 

accidents. The same form of assessment was conducted on these parameters and experts 
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were evaluated within their group and according to total participants. Table 5.27 represents 

the results of this evaluation for all parameters related to accidents and safety. Such an 

evaluation of the expert opinions represents insights into what each group believed about 

the possible impact of AVs and the extent to which the groups agreed on the subject. 

 

Table 5.27. Groups’ opinion about the effect of AVs on accidents and safety 

 
Government Road 

authority 

Academia Private 

Sector 

Total 

Response Response 

category 

% N % N % N % N % N 

How do you think AVs will affect road users’ safety? 

Substantially 

decrease 

Group* 34.5 10 50.0 3 26.0 34 32.8 43 30.3 90 

Total** 3.4 1.0 11.4 14.5 30.3 

No impact Group* 13.8 4 0.0 0 15.3 20 9.2 12 12.1 36 

Total** 1.3 0.0 6.7 4.0 12.1 

Substantially 

increase 

Group* 51.7 15 50.0 3 58.8 77 58.0 76 57.6 171 

Total** 5.1 1.0 25.9 25.6 57.6 

Total Group* 100.0 29 100.0 6 100.0 131 100.0 131 100.0 297 

Total** 9.8 2.0 44.1 44.1 100 

How do you think AVs will affect the number of accidents? 

Substantially 

decrease 

Group* 69.0 20 83.3 5 67.9 89 68.9 91 68.8 205 

Total** 6.7 1.7 29.9 30.5 68.8 

No impact Group* 6.9 2 16.7 1 12.2 16 12.1 16 11.7 35 

Total** 0.7 0.3 5.4 5.4 11.7 

Substantially 

increase 

Group* 24.1 7 0.0 0 19.8 26 18.9 25 19.5 58 

Total** 2.3 0.0 8.7 8.4 19.5 

Total Group* 100.0 29 100.0 6 100.0 131 100.0 132 100.0 298 

Total** 9.7 2.0 44.0 44.3 100.0 

How do you think AVs will affect the severity of accidents? 

Substantially 

decrease 

Group* 55.2 16 66.7 4 58.0 76 61.4 81 59.4 177 

Total** 5.4 1.3 25.5 27.2 59.4 

No impact Group* 20.7 6 33.3 2 23.7 31 24.2 32 23.8 71 

Total** 2.0 0.7 10.4 10.7 23.8 

Substantially 

increase 

Group* 24.1 7 0.0 0 18.3 24 14.4 19 16.8 50 

Total** 2.3 0.0 8.1 6.4 16.8 

Total Group* 100.0 29 100.0 6 100.0 131 100.0 132 100.0 298 

Total** 9.7 2.0 44.0 44.3 100.0 

* % within each group 

** % within total participants 
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5.4.3.2. Statistical Analysis 

Section 5.4.3.1 presented a summary of responses about the adoption impact of AVs. This 

Section conducts some statistical assessments on the survey responses in order to make sure 

the results are significant. 

In the first assessment in this Section, the results of the survey question asking about the 

adoption impact of AVs on travel time were correlated with the responses to the question 

asking experts about their overall opinion regarding the future use of AVs on public roads. 

Table 5.28 illustrates the results of this cross-tabulation. 

As shown in Table 5.28, 41.2% of the participants believed that AVs would ‘substantially 

decrease’ travel time with 15.6% of them declaring they would have ‘no concern’ about 

adopting AVs. However, 43.4% of them indicated that ‘more R&D is required’ before the 

adoption of AVs on public roads. From another perspective, 63.3% of the experts who did 

not have any concerns about adopting AVs and 52.6% of those who were ‘concerned about 

safety and security but interested in trying AVs’ believed that AVs would ‘substantially 

decrease’ travel time.  

Furthermore, around 33.3% of the experts who were ‘opposed to AVs ever being allowed on 

public roads’ believed that AVs would ‘substantially increase’ travel time. In this context, 

14.9% of those who expected a substantial increase in travel time when adopting AVs 

indicated that more R&D is required.  

In general, the assessment reveals that experts were hopeful about a reduction in travel time 

when adopting AVs on public roads, but they believed more research and development is 

needed in this context. Moreover, the actual observed data were compared to the expected 

values using a Chi-square test (χ2). Results of the evaluation showed a p-value of 0.034 for 

the Pearson test with 8 degrees of freedom, which represents statistical significance for the 

model. 
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Model 5.9. Cross tabulation 
Table 5.28. Cross-tabulation of the impact of AVs on travel time versus overall opinions about 
adopting AVs 

Variable Which one of the following statements 

best sums up your opinion regarding the 

future use of AVs on public roads? 

Total 

Not at 

all 

concern

ed 

Concern

ed 

about 

safety 

and 

security 

More 

R&D 

require

d 

Oppose

d to AVs 

ever 

being 

adopted 

Others 

The impact 

of AVs on 

travel time 

Substantial 

decrease 

Count 19 40 53 1 9 122 

% within TT* 15.6 32.8 43.4 0.8 7.4 100.0 

% within OO** 63.3 52.6 32.9 33.3 34.6 41.2 

% of total 6.4 13.5 17.9 0.3 3.0 41.2 

No impact Count 6 25 64 1 11 107 

% within TT* 5.6 23.4 59.8 0.9 10.3 100.0 

% within OO** 20.0 32.9 39.8 33.3 42.3 36.1 

% of total 2.0 8.4 21.6 0.3 3.7 36.1 

Substantial 

increase 

Count 5 11 44 1 6 67 

% within TT* 7.5 16.4 65.7 1.5 9.0 100.0 

% within OO** 16.7 14.5 27.3 33.3 23.1 22.6 

% of total 1.7 3.7 14.9 0.3 2.0 22.6 

Total Count 30 76 161 3 26 296 

% within TT* 10.1 25.7 54.4 1.0 8.8 100.0 

% within OO** 100.0 100.0 100.0 100.0 100.0 100.0 

% of total 10.1 25.7 54.4 1.0 8.8 100.0 

χ2 = 16.647, degrees of freedom = 8, p-value = 0.034 
* Travel Time 

** Overall Opinion 

 

Moreover, an evaluation is conducted on the impact of adopting AVs on the number of 

accidents versus overall opinion about adopting AVs. As shown in Table 5.29, around 68.7% 

of the participants declared that AVs would ‘substantially decrease’ the number of accidents. 

However, more than half of them believed that ‘more R&D [is] required’ before the adoption 

of AVs on public roads. In this context, and from another perspective, around 80% of the 

experts who were ‘not at all concerned’ about adopting AVs and approximately 72.2% of 

those who indicated that ‘more R&D [is] required’ in the field of AVs believed that AVs would 

reduce the number of accidents. Moreover, about 19.5% of the participants in this study 

thought that AVs would ‘substantially increase’ the number of accidents, yet none of them 

was ‘opposed to AVs ever being allowed on public roads’, but they indicated ‘more R&D [is] 

required’ in this context. In general, more than half of the experts believed AVs could be 

useful in reducing the number of accidents, but they highlighted research and development 

as a necessary action before the adoption of AVs. The correlation of the parameters in this 
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assessment was verified by a p-value of 0.000, which shows the results are statistically 

significant.  

 

Model 5.10. Cross tabulation 
Table 5.29. Cross-tabulation of the impact of adopting AVs on the number of accidents versus 
overall opinion about adopting AVs 

 Which one of the following statements best sums 

up your opinion regarding the future use of AVs 

on public roads? 

Total 

Not at all 

concerned 

Concerne

d about 

safety and 

security 

More 

R&D 

required 

Opposed 

to AVs 

ever 

being 

adopted 

Others 

The 

impact of 

adopting 

AVs on 

the 

number 

of 

accidents 

Substantia

l decrease 

Count 25 45 117 0 17 204 

% within A* 12.3 22.1 57.4 0.0 8.3 100.0 

% within O** 80.6 59.2 72.2 0.0 68.0 68.7 

% of total 8.4 15.2 39.4 0.0 5.7 68.7 

No impact Count 0 12 19 3 1 35 

% within A* 0.0 34.3 54.3 8.6 2.9 100.0 

% within O** 0.0 15.8 11.7 100.0 4.0 11.8 

% of total 0.0 4.0 6.4 1.0 0.3 11.8 

Substantia

l increase 

Count 6 19 26 0 7 58 

% within A* 10.3 32.8 44.8 0.0 12.1 100.0 

% within O** 19.4 25.0 16.0 0.0 28.0 19.5 

% of total 2.0 6.4 8.8 0.0 2.4 19.5 

Total Count 31 76 162 3 25 297 

% within A* 10.4 25.6 54.5 1.0 8.4 100.0 

% within O** 100.0 100.0 100.0 100.0 100.0 100.0 

% of total 10.4 25.6 54.5 1.0 8.4 100.0 

χ2 = 33.455, degrees of freedom = 8, p-value = 0.000 
* Accidents 

** Opinion 

 

Furthermore, the study investigated the impact of adopting AVs on the severity of accidents 

versus overall opinion about adopting AVs. The results relating to the assessment of the 

effects of adopting AVs on the severity of accidents were almost in line with the findings 

associated with the number of accidents. According to Table 5.30, around 60% of the 

participants believed that AVs would substantially reduce the severity of accidents, with 

57.1% indicating that ‘more R&D [is] required’. Approximately 23.9% indicated that they 

felt that adopting AVs would have ‘no impact’ on the severity of accidents, and 16.5% 

declared that AVs would increase the severity of accidents. In general, more than half of the 

experts believed AVs would be useful in reducing the severity of accidents, but they 
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indicated that more research and development is needed before the adoption of AVs on 

public roads.  

 

Model 5.11. Cross tabulation 
Table 5.30. Cross-tabulation of the impact of adopting AVs on the severity of accidents versus 
overall opinions about adopting AVs 

Variable Which one of the following statements best 

sums up your opinion regarding the future use 

of AVs on public roads? 

Total 

 

Not at all 

concerned 

Concerned 

about 

safety and 

security 

More 

R&D 

required 

Opposed 

to AVs 

ever 

being 

adopted 

Others 

The 

impact of 

adopting 

AVs on the 

severity of 

accidents 

Substantial 

decrease 

Count 21 40 101 0 15 177 

% within A* 11.9 22.6 57.1 0.0 8.5 100.0 

% within O** 67.7 52.6 62.3 0.0 60.0 59.6 

% of total 7.1 13.5 34.0 0.0 5.1 59.6 

No impact Count 5 20 39 3 4 71 

% within A* 7.0 28.2 54.9 4.2 5.6 100.0 

% within O** 16.1 26.3 24.1 100.0 16.0 23.9 

% of total 1.7 6.7 13.1 1.0 1.3 23.9 

Substantial 

increase 

Count 5 16 22 0 6 49 

% within A* 10.2 32.7 44.9 0.0 12.2 100.0 

% within O** 16.1 21.1 13.6 0.0 24.0 16.5 

% of total 1.7 5.4 7.4 0.0 2.0 16.5 

Total Count 31 76 162 3 25 297 

% within A* 10.4 25.6 54.5 1.0 8.4 100.0 

% within O** 100.0 100.0 100.0 100.0 100.0 100.0 

% of total 10.4 25.6 54.5 1.0 8.4 100.0 

χ2 = 14.991, degrees of freedom = 8, p-value = 0.059 
* Accidents 

** Opinion 

 
 

5.5. Discussion 

This Chapter has explained the concerns, benefits, and the adoption impacts of AVs on public 

roads using the results of an expert survey. The participants in the survey were divided into 

four groups based on their professional segment.  

The results related to experts’ concerns in adopting AVs revealed that ‘security concerns 

such as getting hacked and losing control of the vehicle’ would be the most concerning 

consequence of the application of AVs on public roads (Table 5.10). In this context, the 

experts from the government sector indicated the highest level of concern of all groups. The 

evaluation of the experts’ opinions in the current study validates the results of studies 
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conducted by Sheehan et al. (2018) and Faife (2017) in this regard. Moreover, ‘legal liability’ 

– which was only slightly smaller in significance compared to security – was recognised as 

the second most concerning consequence, with academia, private sector, and government 

all agreeing on the issue. ‘Safety’, ‘privacy’, and ‘traffic congestion’ were the next most 

substantial concerns recognised by the experts.  

Furthermore, the assessment regarding technical concerns relating to the adoption of AVs 

(Table 5.12, & Table 5.13) revealed that ‘incorrect understanding of the surrounding objects 

such as humans and animals’ would be the most substantial technical concern about 

adopting AVs, and the private sector and academia groups were most concerned about this 

issue. Then, ‘sensor failure and system shut down’ was indicated as being the following most 

concerning issue, most commonly recognised by experts from the private sector. The 

government and academia groups – with a lower level of concern than the private sector – 

had a similar perspective on this matter. Besides these, ‘cybersecurity’, ‘software processing 

and programming issues’, and ‘vehicle control and operation’ were other technical concerns 

highlighted by experts. The technical concerns of adopting AVs and their negative impact on 

the safety concerns of AVs have already been argued by Noy et al. (2018), Chan (2017), and 

Rakotonirainy et al. (2014), which are now validated by the results of the expert survey. 

Several studies, such as Papadoulis et al. (2019), Noy et al. (2018) and Beirgo et al. (2018) 

evaluated the safety benefits of adopting AVs; their studies approved that AVs would be very 

beneficial in achieving a safe transport. The current study revealed that ‘safe driving’, among 

the majority of experts, was considered to be the most valuable outcome of the application 

of AVs (Table 5.18), which validates the results of the studies in the literature in this regard 

(mentioned above). Academia, the private sector, and the government had a similar 

tendency to count on safety as a benefit of adopting AVs. Then, ‘the reduction of traffic 

congestion, queues, and delays’ was recognised as the second most valuable benefit of 

adopting AVs, similarly by all three sectors mentioned above. Furthermore, participants 

pointed out topics such as ‘providing access for disabled people’, ‘reduction in stress of 

driving’, ‘engaging in leisure activities’ during driving and some others as being potential 

benefits. However, despite the fact that some experts indicated AVs might help to reduce 

travel time, they did not think reducing travel time would be one of the most valuable 

outcomes of the application of AVs (Table 5.18,  

Model 5.5, & Model 5.9). Similarly, the experts indicated that AVs might reduce vehicle 

security. 

The study evaluated parameters relating to traffic stream including ‘travel time’, ‘traffic 

congestion, queues, delays’, ‘road throughput’, and ‘fuel consumption and emissions’, which 
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are also dependent on traffic congestion. Results of the evaluation on parameters related to 

traffic stream demonstrated that AVs, in general, were likely to enhance the quality of the 

traffic stream considerably, which is in line with the results of studies conducted by Cui et 

al. (2018), Li et al. (2018), and Schoettle and Sivak (2014b). Such an improvement in traffic 

would occur by helping to reduce travel time, traffic congestion, queues, and delays, and 

increasing road throughput by making better use of road capacity. Between the mentioned 

improvements, the experts from the private sector and academia had a greater tendency to 

believe that ‘increasing road throughput’ would be the most powerful impact of the 

application of AVs on traffic. Then, ‘reducing traffic congestion, queues, and delays’ was 

recognised as the next most substantial potential impact of AVs on traffic outlined by experts 

from academia, the government, and the private sector. However, it is worth noting that, the 

result of the current study regarding a reduction in traffic congestion contradicts with the 

results of studies conducted by Fagnant and Kockelman (2015) and Smith (2013) as they 

pointed out to an increase in traffic congestion as a result of adopting AVs. 

A reduction in accidents as a result of adopting AVs has been suggested by several studies, 

such as Bansal et al. (2016), Underwood (2014), and Schoettle and Sivak (2014a, 2014b). 

The assessment on road safety and accidents in the current study (Table 5.27, Model 5.10, & 

Model 5.11) revealed that AVs would substantially help to reduce the number and severity 

of accidents, and consequently, help to increase road safety, which validates the results of 

the studies in the literature in this regard (mentioned in this paragraph). In this context, 

academia and the private sector had a greater tendency to believe in the capability of AVs to 

improve road safety. Then, the experts from the government and road authority were the 

next most likely groups to indicate that AVs would substantially increase road users’ safety. 

Legal liability has been identified as the main concern of adopting AVs in several studies such 

as Kyriakidis et al. (2015) and Howard and Dai (2014). However, there was a lack of study 

in the literature regarding which group or agency should accept the highest legal liability of 

AVs in case of an accident. Such a gap has now been identified in the expert survey of the 

current study. The majority of the experts indicated that ‘AV manufacturers’ should accept 

the highest legal liability in case of accidents involving AVs (Table 5.3). In this context, the 

experts from academia had the highest tendency to recognise ‘AV manufacturers’ as the 

sector with the greatest responsibility, and the government and private sector groups were 

the next most likely groups to agree with academia. Then, ‘insurance companies’ and ‘AV 

owners or drivers’ were the next most likely sectors to be identified as being legally liable 

for accidents. However, among the comments, other responses for this element of the study 

suggested that experts, in general, believed that assigning legal responsibility for AVs in the 
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case of accidents depends on the nature of each accident and therefore some investigation 

of an accident scene would be required in this context.  

Moreover, there was a lack of knowledge regarding the possible benefits of adopting an on-

demand ridesharing service of AVs, which was addressed in the current study. The majority 

of experts declared they would ‘highly recommend’ on-demand ridesharing AVs rather than 

the application of private AVs (Table 5.4). In this context, 25.6% of the total participants 

from the private sector, and 22.9% from academia declared they would be ‘extremely likely’ 

to support on-demand ridesharing services for AVs if such services were available (Table 

5.5). 

The assessment regarding the support of ‘AVs without a steering wheel’ revealed that the 

majority of experts were against removing the steering wheel from the vehicle and the 

experts declared they would support ‘AVs with a steering wheel and manual override 

control system’ (Table 5.6, Model 5.6, Model 5.7, & Model 5.8). The primary supporters of 

such a statement were experts from academia. However, a considerable number of 

participants from the private sector and government tended to support AVs without a 

steering wheel (Table 5.7). 

In general, as shown in the assessments, and based on the overall opinions, more than half 

of the experts supported the application of AVs on public roads (Table 5.8, Model 5.9, Model 

5.10, & Model 5.11). However, the experts indicated that a lot more investigation, research, 

and development are required before the adoption of AVs. Therefore, experts did not 

recommend adopting AVs until further investigations have confirmed that AVs would be 

safe, secure, and efficient according to the discussion points in this study. The primary 

supporters of such a statement were the experts from academia and the private sector. 

Additionally, some experts declared that they are ‘concerned about safety and security, but 

they would like to try AVs’. Around one-tenth of the participants indicated they would have 

‘no concern’ about the application of AVs on public roads, while only 1% of the experts were 

‘opposed to AVs ever being allowed on public roads in any condition’. 

Furthermore, the experts who supported the application of AVs indicated that adopting AVs 

requires infrastructure development, technology development, safety measures, 

improvement in juridical issues related to the use of the AVs, providing comfortable 

conditions for vehicle ownership, and some other conditions.  

The results in this Chapter illustrated that around 90.3% of the participants believed the 

‘reduction of travel time’ would not be one of the most valuable outcomes of adopting AVs 

(Table 5.17), except a small percentage of the experts from the ‘road authority’ and 
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‘academia’ groups which agreed that AVs could reduce travel time (Table 5.18). Out of those 

90% experts, around 56.5% indicated that ‘more R&D is required’ on this matter ( 

Model 5.5, & Model 5.9). Additionally, the findings from this Chapter revealed that experts 

did not think AVs would be able to reduce ‘traffic congestion, queues, and delays’, and ‘fuel 

consumption and emissions’ (Table 5.26). In total, around half of the experts participated in 

this study indicated that a lot more R&D is required regarding the possible change in travel 

time, traffic congestion, and fuel consumption and emission resulting from the adoption of 

AVs on public roads (Table 5.8). Therefore, this study optimised TVs (available in Chapter 

6) for the simulation of AVs (available in Chapter 7) to replicate the impacts of AVs on traffic 

congestion, travel time, and some other parameters evaluated in this study. 
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6. OPTIMISATION 

 

 

6.1. Introduction 

This Chapter presents the method, model design, and results of the optimisation of driving 

behaviours. Since there is no official experience of the application of AVs on public roads, 

their driving behaviours are not yet available, other than small trials. For this reason, this 

study optimised a traditional driving behaviour model (Wiedemann-99) acquired in traffic 

simulations such. The optimisation of this study was conducted using Sensitivity Analysis 

and microsimulation modelling to improve human driving behaviours. In this regard, 

Section 6.2 explains the optimisation method and model design and Section 6.3 represents 

the optimisation results. Finally, Section 6.4 discussed the main findings of this Chapter and 

they are going to be used in Chapter 7 (simulation).  

 

6.2. Model Design 

Multiple studies such as Menneni et al. (2008), Russo (2008), and Woody (2006) showed 

that CC1 and CC2 are essential parameters of Wiedemann-99 when calibrating the 

simulation model to capacity and indicated to the substantial influence of these parameters 

on the freeway traffic flow. Besides, Menneni et al. (2008) explain that the combined effect 

of CC0, CC1 and CC2 can result in multiple solutions for the desired capacity value. In this 

context, the study for this research seeks to perform optimisation using “sensitivity analysis 

(SA)” which is also referred to as “what-if” or simulation analysis. SA is a method used for 

predicting the outcome of a decision given a specific range of variables; it addresses how 

much changes in one variable might affect the outcome. 

In order to optimise the parameters of Wiedemann-99 (W99), CC0 to CC9 were changed 

using SA and then applied to the VISSIM model for simulation. Then, the simulation results 

were evaluated for travel time, the total number of vehicles generated in the model (which 

is an indication of the network throughput and capacity), queue length, queue delay, the 

number of stops, stop delay and LOS. In this context, 86 simulation scenarios were defined 

to find a combination of parameters which provide improvements in characteristics of the 

trip such as least travel time, fewest queues, delays and highest capacity, throughput, etc. 

The change in values could be a decrease in one parameter, or it could involve an increase 
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or decrease in the range of certain parameters, e.g. in CC4 and CC5. The optimisation 

flowchart is shown in Figure 6.1. 

 

 
Figure 6.1. Optimisation flowchart 

 

Regarding the increase or decrease of CC-parameters1, the study conducted some (trial) 

simulations to capture the effect of reducing CC-parameters on the simulation results. The 

results showed that small changes in CC-parameters have negligible impacts on the 

simulation results. In light of this, taking account of all the possible reductions from 0–100% 

would have been very time consuming and unnecessary. Hence, the study made use of three 

factorial percentages of 25%, 50% and 75% changes in the values of CC-parameters, which 

represent the percentages below and above them (between 0–100%). Also, a 100% change 

in value was applied to some CC-parameters where it was possible, such as for CC4 and CC5.  

When a parameter like CC0 decreased by 25%, other CC-parameters from CC1 to CC9 were 

used in the simulation without a change of value. Then, the same procedure was 

implemented for all the rest of the parameters one by one.  

Other than the applied factorial percentages (25%, 50% and 75%), some other factorial 

percentages were also evaluated – namely 15%, 35% and 60% reductions in CC-parameters 

– to assess the differences in their results to the results from the applied factorial 

percentages. The assessment revealed negligible differences in simulation results related to 

travel time, queue, delay, LOS and some other parameters, meaning that the applied factorial 

percentages (25%, 50%, and 75%) are representative of all reduction percentages in the 

range of 0-100%. Table 6.1 demonstrates factorial changes to CC0.  

As shown in Table 6.1, three factorial changes were implemented to CC0. Each of the factorial 

changes represents a simulation scenario whereby CC0 was reduced for each scenario while 

                                                             
1 In order to avoid confusion with the parameters of Wiedemann-99, they are referred to as CC-
parameters. 
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the rest of the parameters (CC1 to CC9) were applied with the same values as in Wiedemann-

99. Such a factorial change was also applied to CC1 and CC2, thereby forming nine scenarios 

in total. Note that 100% reduction of CC0 would have reduced it to zero, which was not 

possible. Therefore, it was not considered as a scenario for simulation, but it is only 

presented in Table 6.1 for the readers’ consideration. Also, Tables 20 and 21 show the 

factorial changes to CC1 and CC2, respectively.  

 
Table 6.1. Factorial changes to CC0 

Model 

parameter 

W99 

 

Factorial changes to CC0 

Scenario 1 Scenario 2 Scenario 3 Scenario 4* 

25% reduction in 

CC0 (1.5) 

50% reduction 

in CC0 (1.5) 

75% reduction 

in CC0 (1.5) 

100% reduction 

in CC0 (1.5) 

CC0 1.50 1.12 0.75 0.38 0.00 

CC1 0.90 0.90 0.90 0.90 0.90 

CC2 4.00 4.00 4.00 4.00 4.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 1.50 

* Not considered as a scenario for simulation 

 

 
Table 6.2. Factorial changes to CC1 

Model 

parameter 

W99 

 

Factorial changes to CC1 

Scenario 5 Scenario 6 Scenario 7 Scenario 8* 

25% reduction in 

CC1 (0.9) 

50% reduction 

in CC1 (0.9) 

75% reduction 

in CC1 (0.9) 

100% reduction 

in CC1 (0.9) 

CC0 1.50 1.50 1.50 1.50 1.50 

CC1 0.90 0.68 0.45 0.23 0.00 

CC2 4.00 4.00 4.00 4.00 4.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 1.50 

* Not considered as a scenario for simulation 

 

 
Table 6.3. Factorial changes to CC2 
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Model 
parameter 

W99 
 

Factorial changes to CC2 
Scenario 9 Scenario 10 Scenario 11 Scenario 12* 
25% reduction in 
CC2 (4) 

50% reduction 
in CC2 (4) 

75% reduction 
in CC2 (4) 

100% reduction 
in CC2 (4) 

CC0 1.50 1.50 1.50 1.50 1.50 

CC1 0.90 0.90 0.90 0.90 0.90 

CC2 4.00 3.00 2.00 1.00 0.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 1.50 

* Not considered as a scenario for simulation 

 
In the next step, the factorial change method was used to design scenarios with the combined 

effect of two CC-parameters at a time. Table 6.4 shows scenarios with factorial changes in 

two CC-parameters at a time. 

As shown in Table 6.4, scenario 13, CC0 is reduced by 50% from its original value (1.5) to 

0.75. In addition, CC1 with the original value of 0.9 is reduced by 75% to 0.23. Therefore, 

scenario 13 is a simulation scenario wherein two CC-parameters of CC0 and CC1 were 

reduced at one time. The rest of the CC-parameters from CC2 to CC9 in this scenario were 

adopted with the original values from Wiedemann-99. Likewise, scenarios 14, 15 and 16 

represent simulation scenarios which involve changes to two CC-parameters at a time. 

Note that each of the simulation scenarios was executed in VISSIM and assessments were 

conducted on the results related to travel time, queue length, delay, fuel consumption and 

other parameters assessed in this study. Results of the simulation in this context will be 

presented in Chapter 6. 
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Table 6.4. Factorial changes in two CC-parameters at a time 

Model 

parameter 

W99 

 

Factorial changes in two CC-parameters at a time 

Scenario 13 Scenario 14 Scenario 15 Scenario 16 

50% reduction 

in CC0 (1.5) and 

75% reduction 

in CC1 (0.9) 

50% reduction 

in CC1 (1.5) and 

50% reduction 

in CC2 (0.9) 

25% reduction 

in CC0 (1.5) and 

75% reduction 

in CC2 (0.9) 

75% reduction in 

CC0 (1.5) and 

75% reduction in 

CC2 (0.9) 

CC0 1.50 0.75 1.50 1.12 0.38 

CC1 0.90 0.23 0.45 0.90 0.90 

CC2 4.00 4.00 2.00 1.00 1.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 1.50 
 

In the next step, the factorial change method was applied to design scenarios to demonstrate 

the combined effect of changes to three CC-parameters at a time. Table 6.5 shows some 

examples of scenarios in this context. 

For each scenario in Table 6.5, three CC-parameters were reduced according to the same 

method as that used for the reduction of two CC-parameters at a time. For example, in 

scenario 19, CC0, CC1 and CC2 were reduced by 75%, 75%, and 50%, respectively. 

 

 

Table 6.5. Factorial changes in three CC-parameters at a time 

Model 

parameter 

W99 

 

Factorial changes in three CC-parameters at a time 

Scenario 17 Scenario 18 Scenario 19 

25% reduction in CC0 

(1.5),  25% reduction 

in CC1 (0.9), and 50% 

reduction in CC2 

50% reduction in CC0 

(1.5),  25% reduction 

in CC1 (0.9), and 75% 

reduction in CC2 

75% reduction in CC0 

(1.5),  75% reduction 

in CC1 (0.9), and 50% 

reduction in CC2 

CC0 1.50 1.12 0.75 0.38 

CC1 0.90 0.68 0.68 0.23 

CC2 4.00 2.00 1.00 2.00 

CC3 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 
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Note that the Tables in this Section – so far – only presented some of the examples of the 

scenarios used in this study. In total, 63 simulation scenarios were designed for the 

optimisation of CC0, CC1 and CC2, which are available in Appendix A (A13).  

After running the simulation scenarios in VISSIM and analysing the results, the scenarios 

that provided the best simulation results for travel time, queue, delay and other parameters 

were separated, and the related CC-parameters were selected as the optimum CC-

parameters.  

In the next step, and after finding the optimised values of CC0, CC1 and CC2, the optimisation 

procedure was continued for CC3 to CC9 – one by one – while CC0, CC1 and CC2 were added 

to the new scenarios with their optimised values. 

Since the optimised parameters in each step were applied to the next steps of optimisation, 

the optimisation procedure is presented in the order in which the parameters were 

optimised not based on the order of the CC-parameters. Thus, after optimising CC0, CC1 and 

CC2, CC4 and CC5 were optimised in the next step followed by CC9, CC6, CC7 and CC3. 

Table 6.6 shows the optimisation scenarios for CC4 and CC5. As shown in Table 6.6, the 

ranges for CC4 and CC5 were decreased by 50% from their original values of -0.35 and 0.35 

to -0.18 and 0.18, respectively. The ranges for CC4 and CC5 were also increased by 100% to 

-0.7 and 0.7, respectively, to cover a higher range of change for these two parameters. 

 

Table 6.6. Scenarios for optimisation of CC4 and CC5 

Model 

parameter 

W99 Scenarios for optimisation of CC4 and CC5 

Scenario 1 Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

50% 

decrease 

in CC4 and 

CC5 

25% 

decrease 

in CC4 

and CC5 

25% 

increase 

in CC4 

and CC5 

50% 

increase 

in CC4 

and CC5 

75% 

increase 

in CC4 

and CC5 

100% 

increase 

in CC4 

and CC5 

CC0 1.50 0.38 0.38 0.38 0.38 0.38 0.38 

CC1 0.90 0.45 0.45 0.45 0.45 0.45 0.45 

CC2 4.00 2.00 2.00 2.00 2.00 2.00 2.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.18 -0.26 -0.44 -0.53 -0.61 -0.70 

CC5 0.35 0.18 0.26 0.44 0.53 0.61 0.70 

CC6 11.44 11.44 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
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Table 6.7 shows the optimisation scenarios for CC9. As shown in Table 6.7, CC9 was 

decreased by 25%, 50% and 75% from its original value of 1.5 to 1.87, 2.25 and 2.62, 

respectively. Note that CC9 is controlled by the maximum acceleration, which is less than 2.5 

m/s2 for TVs and 1 m/s2 for AVs in this study. Therefore, a 100% increase in the original 

value of CC9 (1.5) would have resulted in an acceleration of 3 m/s2, which would not have 

been applicable to this study. 

 

Table 6.7. Scenarios for optimisation of CC9 

Model 
parameter 

W99 Scenarios for optimisation of CC9 

Scenario 1 Scenario 2 Scenario 3 

25% increase in 
CC9 

50% increase in 
CC9 

75% increase in 
CC9 

CC0 1.50 0.38 0.38 0.38 

CC1 0.90 0.45 0.45 0.45 

CC2 4.00 2.00 2.00 2.00 

CC3 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 

CC9 1.50 1.88 2.25 2.63 

 

Moreover, Table 6.8 shows the optimisation scenarios for CC6. As shown in Table 6.8, CC6 

was decreased by 25%, 50%, 75%, and 100% from its original value of 11.48 to 8.58, 5.72, 

2.86 and 0, respectively. Results of the assessment in this Section will be presented in 

Chapter 6.  

 

Table 6.8. Scenarios for optimisation of CC6 

Model 

parameter 

W99 Scenarios for optimisation of CC6 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

25% reduction in 

CC6 

50% reduction in 

CC6 

75% reduction in 

CC6 

100% reduction 

in CC6 

CC0 1.50 0.38 0.38 0.38 0.38 

CC1 0.90 0.45 0.45 0.45 0.45 

CC2 4.00 2.00 2.00 2.00 2.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 8.58 5.72 2.86 0.00 

CC7 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.88 2.25 2.63 2.63 
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Furthermore, CC7 was decreased by 25%, 50%, 75% and 100% from its original value of 

0.25 to 0.18, 0.13, 0.06, and 0, respectively. Table 6.9 shows optimisation scenarios for CC7.  

 

 

Table 6.9. Scenarios for the optimisation of CC7 

Model 

parameter 

W99 Scenarios for optimisation of CC7 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

25% reduction 

in CC7 

50% reduction 

in CC7 

75% reduction 

in CC7 

100% reduction 

in CC7 

CC0 1.50 0.38 0.38 0.38 0.38 

CC1 0.90 0.45 0.45 0.45 0.45 

CC2 4.00 2.00 200 2.00 2.00 

CC3 -8.00 -8.00 -8.00 -8.00 -8.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.18 0.13 0.06 0.00 

CC8 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 1.88 2.25 2.63 2.63 

 

In the final step (shown in Table 6.10), CC3 was reduced to -2 in Scenario 1. Then, the 

reduction percentage increased by 25% for each scenario until CC3 involved a 75% 

reduction in its original value. Note that the terms increase and decrease are adopted based 

on an increase or decrease in the changing percentage, not the parameter value, which does 

not have an effect on the assessment. 

 

Table 6.10. Scenarios for the optimisation of CC3 

Model 

parameter 

W99 Scenarios for optimisation of CC3 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Scenario 

6 

75% 

reduction 

in CC3 

50% 

reduction 

in CC3 

25% 

reduction 

in CC3 

25% 

increase 

in CC3 

50% 

increase 

in CC3 

75% 

increase 

in CC3 

CC0 1.50 0.38 0.38 0.02 0.09 0.38 0.38 

CC1 0.90 0.45 0.45 0.45 0.45 0.45 0.45 

CC2 4.00 2.00 2.00 2.00 2.00 2.00 2.00 

CC3 -8.00 -2.00 -4.00 -6.00 -10.00 -12.00 -14.00 

CC4 -0.35 -0.35 -0.35 -0.35 -0.35 -0.35 -0.35 

CC5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

CC6 11.44 11.44 11.44 11.44 11.44 11.44 11.44 

CC7 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

CC8 3.50 3.50 3.50 3.50 3.50 3.50 3.50 

CC9 1.50 2.63 2.25 1.88 1.88 2.25 2.63 
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6.3. Results 

6.3.1. Introduction 

The results of the optimisation of driving behaviours can be divided into two parts. The first 

part of the results relates to the results obtained during the optimisation of driving 

behaviours. The second part of the results relates to the impact of driving behaviours on the 

characteristics of the trip evaluated in this study (travel time, queue, delay, and some 

others). In this context, this Chapter firstly presents the results of the optimisation of CC0, 

CC1, and CC2 (Shown in TablesTable 3.6 – Table 6.5), with the discussion of results, which 

leads to the next steps of the optimisation. Then, the Chapter presents the findings related 

to the optimisation of CC3 to CC9 and the reason as to why they are not recommended for a 

change in their initial values. The optimised values of driving behaviours in this Chapter will 

be used for the simulation of AVs. Additionally, the Chapter presents the results of 

assessments on the impact of CC0, CC1, and CC2 on each of the characteristics of the trip, 

which were evaluated in this study. To do this, scenarios with the most substantial 

improvement in each of those characteristics were chosen for further assessments. Then, an 

evaluation was conducted to find which factorial changes of CC0, CC1, and CC2 have had the 

highest frequency in those selected scenarios sorted for each characteristic (for example, 

travel time). Such an assessment represented the importance of each of the factorial 

changes. 

It is worth noting that some of the results in this Chapter are converted from their initial 

units – extracted from VISSIM – to the common metric values in line with the adopted 

measurement systems in Ireland. For example, the result related to fuel consumption was 

“US liquid gallon” in VISSIM, which is converted to “Litre” in this study in line with the metric 

unit of fluid measure used in Ireland.  

It is also worth noting that VISSIM presents the LOS value in a range between 1 and 6 as a 

quantitative measure of the quality of traffic service, which corresponds to the qualitative 

LOS index range of A to F. Both types of measurements are presented in the main results 

related to the simulation. However, the quantitative results were used for the evaluation of 

scenario improvements. 
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6.3.2. Results Obtained During the Optimisation of Driving Behaviours 

This Section explains some of the results obtained during optimisation. Such results include 

the results of the simulation of TVs and the simulation of 86 scenarios designed for the 

optimisation of driving behaviours in this study. Additionally, as explained in the 

optimisation methodology, the optimised parameters in each step were applied to the next 

optimisation steps. Therefore, the optimisation procedure is presented in the order in which 

the parameters were optimised, rather than being based on the order of the CC-parameters. 

Thus, after optimising CC0, CC1 and CC2, then CC4 and CC5 were optimised in the next step 

followed by CC9, CC6, CC7 and CC3. 

 

6.3.2.1. Simulation Results for the Optimisation of CC0, CC1, and CC2 

The basis of assessing any improvement in the optimisation results was a comparison of the 

results of the simulation of optimisation scenarios (1 – 63) with the results of the simulation 

of TVs. Table 6.11 represents the results of the simulation of TVs in VISSIM. Note that the 

parameters in Table 6.11 are chosen as the most relevant parameters (out of the many 

VISSIM outputs) related to traffic flow such as the number of vehicles as an index of flow and 

volume. The rest of the parameters are dependents of the traffic flow such as travel time, 

queue, delay, LOS, fuel consumption and emissions and they vary based on the number of 

vehicles, their speed, headway and gap. However, since the simulation was done using 

VISSIM, only those available outputs with the highest relevance to traffic flow are selected 

for evaluations in this study, which are represented in Table 6.11. 

 

Table 6.11. The results of the simulation of TVs in VISSIM 

Characteristic  Unit Simulation result 

Travel time from beginning to end hh:mm 02:17 

Vehicles from beginning to end Count 1,139 

Total vehicles in the model Count 34,931 

Queue delay hh:mm 01:23 

Queue length km 2.46 

Vehicle delay  hh:mm 01:18 

Number of stops Count 1,112 

Stop delay  hh:mm 00:17 

Emission CO  Ton. 2.18 

Fuel consumption  Litre 117,821 

LOS value  1 - 6 3.70 
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It is also worth noting that the purpose of optimisation in this study was using optimised 

driving behaviours together with some other model configuration for replicating 

autonomous behaviours. Therefore, the optimisation scenarios are considered to be the 

simulation scenarios which represent AVs in this study. However, the results in this Chapter 

are not the simulation results related to the application of AVs. Those results will be 

presented in Chapter 7. 

For a better representation of the improvements resulting from the adoption of AVs in this 

study, hereafter the term will be referred to as the “quality of traffic”. The quality of traffic 

refers to the average improvements in the characteristics in Table 6.11; thus, it is necessary 

to evaluate the improvements of optimisation scenarios – for each characteristic – to the 

results related to TVs. In this context, after running the simulation scenarios designed for 

optimisation (1–63), the results for each of the characteristics will be compared to those of 

TVs. An increase or decrease of the values attained by the optimisation scenario will show 

how much they could improve such characteristics or deteriorate them. Table 6.12 

represents an example of the assessment in this context. 

As shown in Table 6.12, the average improvement of the AVs (optimisation scenario) to TVs 

is calculated by assessing the percentage change for each characteristic related to the 

simulation of AVs to that of TVs.  

It is worth noting that the number of vehicles in the model indicates the road capacity or 

throughput. Therefore, an increase in vehicle numbers is considered an improvement1 in 

road throughput. However, for the remainder of the characteristics in Table 6.12, a decrease 

of values from TVs to AVs is considered an improvement in the quality of traffic, such as the 

decrease in travel time, queue delay, queue length, vehicle delay, and the number of stops, 

stop delay, and LOS. The average improvement of all characteristics represents the overall 

improvement of AVs compared to TVs. In this context, the average improvement of scenarios 

related to AVs compared to the scenario TVs in Table 6.12 is 45.2% improvement in traffic 

efficiency. The assessment results in Table 6.12 show that adopting AVs could improve the 

overall quality of the trip characteristics by 45.2%. 

It is worth noting that the current study is aiming to provide an overall assessment which 

the results could be used in any future studies and so not focusing on only one or a few 

specific parameters. In this regard, the parameters evaluated in Table 6.12 are considered 

with equal weight regarding the improvements in the quality of traffic. However, future 

studies can define various weights depending on their project aim i.e., if a future study aims 

                                                             
1 Any improvement to the base scenario (here referred to TVs) is considered an improvement, so 
there is no specific scale for this assessment.  
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to obtain the highest reduction in queue length; then, this parameter (queue length) can have 

a higher weight than the rest of the parameters. The same rule applies to all the rest of the 

parameters explained in Table 6.12. 

 

Table 6.12. Calculating the improvement of AVs compared to TVs in trip characteristics 

Parameter  Unit Simulation results Improvement* of AVs 

to TVs TVs AVs 

Travel time from beginning to end hh:mm 02:17 02:03 -10.2% 

Vehicles from beginning to end Count 1,139 1,734 +34.3% 

Total vehicles in the model Count 34,931 44,362 +21.3% 

Queue delay hh:mm 01:23 00:49 -41.0% 

Queue length km 2.46 1.50 -39.0% 

Vehicle delay  hh:mm 01:18 00:38 -51.3% 

Number of stops Count 1,112 289 -74.0% 

Stop delay  hh:mm 00:17 00:06 -64.7% 

Emission CO  Ton. 2.18 0.74 -66.1% 

Fuel consumption  Litre 117,821 39,841 -66.2% 

LOS value  1 - 6 3.70 2.63 -28.9% 

Average improvement  -45.2% 

* An increase or decrease of improvement is shown with a “+” and “-“, respectively. 

 

In total, this stage simulated 63 scenarios with various combinations of CC0, CC1, and CC2 

according to what is explained in the methodology of optimisation (Section 6.2 of this 

Chapter). The optimisation Table of the 63 scenarios is available in Appendix A (A13). Also, 

the simulation results of those 63 scenarios are available in Appendix D (D1) along with 

other results related to optimisation. Table 6.13 represents each simulation’s improvement 

scenario compared with the results of the simulation of TVs. For this purpose, the results 

related to scenario TVs (shown in Appendix D, D1) are considered as the reference category 

for assessing the improvement of the designed scenarios. In this context, the result of each 

simulation scenario (1–63), for any specific characteristic in Table 6.13, are compared to 

those of TVs, according to what has been previously explained about the improvement 

assessment of the simulation scenarios. 

For a better representation of the changes in simulation results related to the optimisation 

of CC0, CC1, and CC2, a conditional colour is applied to the results of Table 6.13. In this 

context, red colour represents a value which is close to the findings related to the simulation 

of TVs, whereas any improvement is shown in green. The colour intensity represents the 

significance of improvement. Figure 6.2 shows the colour bar used for the conditional 

colouring of the simulation results of CC0, CC1, and CC2.  
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Figure 6.2. Conditional colour applied to the simulation results of CC0, CC1, and CC2 

 

Table 6.13. Improvement of each optimisation scenario compared with that of TVs 

Scenar
io 

  

Travel 
time 
from 
beginn
ing to 
end 

Vehicle
s from 
beginni
ng to 
end 

Total 
vehicles 
in the 
model 

Queue 
delay  

Queue 
length  

Vehicle 
delay  

Number 
of stops 

Stop 
delay  

Emissio
n CO  

Fuel 
consum
ption  

LOS 
value  

Average 
improv
ement  

% % % % % % % % % % % % 
1 5.2 28.2 20.6 14.0 31.6 33.8 35.7 13.9 34.2 34.2 18.4 24.5 
2 5.9 29.9 21.3 16.5 37.5 36.6 35.9 19.8 33.1 33.1 20.5 26.4 
3 6.3 32.4 22.0 18.8 38.4 39.0 38.0 26.6 34.8 34.8 20.5 28.3 
4 6.5 35.3 22.1 20.1 34.9 38.1 44.1 23.8 41.2 41.2 16.8 29.4 
5 8.6 46.3 25.1 31.0 37.0 46.9 63.6 47.2 56.6 56.6 22.2 40.1 
6 9.9 52.2 27.0 40.8 39.0 51.1 74.0 60.6 66.2 66.2 28.9 46.9 
7 6.2 32.0 21.4 24.4 30.4 37.8 46.3 28.3 42.2 42.2 15.4 29.7 
8 7.1 36.3 23.2 37.0 29.9 43.2 58.8 49.7 52.4 52.4 18.4 37.1 
9 7.2 37.4 23.7 46.9 28.4 45.7 71.0 64.5 62.7 62.7 15.9 42.4 
10 7.7 39.9 23.9 25.5 38.5 42.4 48.7 33.8 44.2 44.2 20.5 33.6 
11 9.2 50.0 26.2 33.5 42.3 47.7 62.9 48.3 56.3 56.3 25.1 41.6 
12 9.5 54.3 27.6 43.1 40.9 53.5 77.1 66.6 68.0 68.0 28.9 48.9 
13 6.1 32.4 22.0 25.4 31.5 38.6 43.5 32.9 39.6 39.6 18.4 30.0 
14 8.0 41.3 24.6 41.3 33.3 46.1 61.1 55.2 54.4 54.4 19.7 39.9 
15 6.9 37.1 24.6 48.9 26.3 46.5 72.9 68.5 63.7 63.7 18.4 43.4 
16 6.4 32.5 22.0 20.7 35.0 39.2 41.5 29.9 37.0 37.0 18.9 29.1 
17 10.4 50.7 26.4 43.1 47.6 54.8 76.5 67.9 67.1 67.1 31.1 49.3 
18 10.4 56.5 28.7 43.1 47.6 54.8 76.5 67.9 67.1 67.1 31.1 50.1 
19 7.0 35.6 23.2 29.2 35.4 42.5 49.1 38.4 43.1 43.1 18.9 33.2 
20 7.9 40.9 24.9 41.6 32.5 47.1 63.9 59.0 54.9 54.9 18.4 40.5 
21 8.0 41.4 25.7 50.7 32.0 50.2 75.8 73.8 66.1 66.1 22.7 46.6 
22 8.2 45.0 25.2 29.8 44.5 46.5 53.5 44.7 46.3 46.3 22.7 37.5 
23 9.9 52.3 28.1 40.8 44.5 53.0 68.8 65.4 59.2 59.2 28.9 46.4 
24 10.2 54.3 29.0 46.8 46.1 56.7 79.8 74.3 69.5 69.5 31.1 51.6 
25 7.7 42.0 24.3 32.2 39.2 46.0 54.0 48.1 47.0 47.0 20.5 37.1 
26 8.4 44.0 26.0 44.0 36.0 49.8 66.2 65.2 56.7 56.7 23.5 43.3 
27 8.8 47.0 27.4 54.9 35.8 52.6 79.3 80.4 69.0 69.0 22.7 49.7 
28 8.6 44.5 25.1 36.6 36.8 46.9 60.7 48.2 53.0 53.0 19.7 39.4 
29 8.9 48.3 26.9 48.9 35.0 51.5 74.9 67.8 65.5 65.5 22.2 46.8 
30 8.8 49.3 27.5 59.3 34.0 53.8 83.5 79.7 73.7 73.7 21.4 51.3 
31 9.4 50.8 27.4 45.3 37.2 51.3 73.7 64.5 65.2 65.2 24.3 46.8 
32 9.7 50.7 27.7 53.8 35.4 53.8 81.8 76.9 72.6 72.6 22.2 50.7 
33 9.5 50.7 28.6 60.6 36.1 55.3 86.6 83.4 76.7 76.7 24.3 53.5 
34 9.6 51.6 27.6 52.3 35.5 53.8 81.8 74.0 72.9 72.9 27.3 50.8 
35 10.6 57.9 29.8 58.1 37.9 57.0 84.6 78.1 74.9 74.9 30.3 54.0 
36 10.8 55.1 29.8 63.2 36.9 57.3 86.5 79.9 76.8 76.8 29.5 54.8 
37 8.0 43.7 25.6 36.2 35.7 47.2 60.7 50.2 52.6 52.6 21.4 39.4 
38 8.9 48.0 26.9 49.3 27.7 52.3 75.7 71.5 65.9 65.9 22.2 46.8 
39 9.7 51.1 28.6 60.2 35.5 56.4 85.3 83.6 75.1 75.1 22.7 53.0 
40 9.2 49.6 27.3 45.8 38.4 52.1 75.4 68.0 65.5 65.4 25.7 47.5 
41 9.8 51.9 28.7 56.6 38.7 55.6 83.5 80.1 73.6 73.6 25.7 52.5 



Chapter 6 

202 
 

42 9.7 51.1 29.3 61.0 37.6 55.8 87.4 85.7 77.4 77.4 27.3 54.5 
43 9.8 53.5 28.3 51.8 38.3 54.8 81.7 74.5 72.2 72.2 28.1 51.4 
44 10.7 55.6 29.9 60.1 40.1 57.9 85.3 79.3 75.1 75.1 29.5 54.4 
45 9.8 54.0 29.8 60.2 38.2 56.5 85.6 80.0 75.3 75.3 28.9 54.0 
46 8.5 45.2 25.9 38.6 39.0 49.5 65.1 58.0 55.7 55.7 20.5 42.0 
47 9.4 50.2 28.0 51.1 38.2 53.4 77.2 74.8 66.9 66.9 23.5 49.1 
48 9.3 49.8 28.7 60.8 38.7 55.9 86.0 85.9 75.7 75.7 24.3 53.7 
49 9.8 53.3 28.2 49.0 42.1 54.8 78.3 73.0 68.6 68.6 28.1 50.3 
50 9.6 52.8 29.0 56.4 39.0 56.2 84.8 82.5 74.4 74.4 26.5 53.2 
51 9.7 52.4 29.5 60.8 41.3 55.9 87.5 87.9 77.5 77.5 30.3 55.5 
52 10.5 56.3 30.0 53.4 43.3 56.8 82.8 77.0 72.9 72.9 32.4 53.5 
53 10.5 56.4 30.4 58.8 42.6 56.7 85.6 81.5 75.4 75.4 28.1 54.0 
54 9.8 52.6 29.8 58.4 39.8 54.0 84.6 81.2 74.2 74.2 28.9 53.4 
55 8.3 45.8 26.4 39.5 42.6 50.1 66.1 61.4 56.1 56.1 21.4 43.1 
56 9.5 50.1 28.5 52.7 38.5 54.8 77.1 79.4 68.8 68.8 25.1 50.3 
57 9.6 50.8 28.9 58.6 39.1 55.7 85.4 86.6 75.0 75.0 26.5 53.7 
58 10.1 53.6 29.2 49.5 43.5 56.6 80.1 78.5 69.7 69.7 28.9 51.8 
59 10.4 56.8 30.5 57.6 45.3 57.3 86.1 85.9 75.5 75.5 30.3 55.6 
60 9.10 49.6 29.6 58.8 41.1 54.1 86.4 87.9 75.6 75.6 27.3 54.1 
61 10.5 58.4 30.5 52.5 48.2 56.8 82.9 79.5 72.7 72.7 32.4 54.3 
62 10.5 56.3 30.8 57.3 45.9 56.0 85.0 83.0 74.1 74.1 31.1 54.9 
63 10.4 56.2 30.7 60.1 43.2 55.0 85.2 84.2 74.4 74.4 31.1 55.0 

 
 

Based on the results from Table 6.13, three scenarios that presented the greatest 

improvement compared to the simulation results of TVs are selected as the optimised 

scenarios. Table 6.14 shows the simulation results of scenarios 59, 51, and 63, which 

presented the greatest average improvements compared with the results of the simulation 

of TVs.  

 
Table 6.14. Scenarios with the greatest average improvement compared with the results of the 
simulation of TVs 

Parameter Scenario code 

59 51 63 

Travel time from beginning to end % 10.4 9.7 10.4 

Vehicles from beginning to end % 56.8 52.4 56.2 

Total vehicles in the model % 30.5 29.5 30.7 

Queue delay  % 57.6 60.8 60.1 

Queue length  % 45.3 41.3 43.2 

Vehicle delay  % 57.3 55.9 55 

Number of stops % 86.1 87.5 85.2 

Stop delay  % 85.9 87.9 84.2 

Emission CO  % 75.5 77.5 74.4 

Fuel consumption  % 75.5 77.5 74.4 

LOS value  % 30.3 30.3 31.1 

Average improvement  % 55.6 55.5 55.0 
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Table 6.15 represents the values of CC0, CC1, and CC2 used for simulations in scenarios 59, 

51, and 63. It is worth noting that scenarios 59, 51, and 63 earned almost the same overall 

improvement percentage compared with the results of the simulation of TVs. Therefore, any 

of these scenarios could be adopted as the optimised scenario for the simulation of AVs in 

this study. Additionally, the CC-parameters in Table 6.15 could be used for any future 

simulations associated with the parameters of Wiedemann-99. 

 

Table 6.15. The recommended combination of CC0, CC1, and CC2 for obtaining the greatest 
improvement in the simulation model 

Parameter Definition Unit Scenario Code 

59 51 63 

CC0  Standstill Distance m 0.38 0.75 0.38 

CC1  Headway Time s 0.45 0.45 0.22 

CC2  “Following” Variation  m 2 1 1 

 
 

This study selected scenario 59 as the optimised scenario of this study, with an overall 

improvement of 55.6% compared with the simulation result of TVs. Therefore, the CC-

parameters related to scenario 59 were used as the optimised CC-parameters of this study 

and were applied to the optimisation of CC3 to CC9. The related values of CC0, CC1, and CC2 

for scenario 59 are 0.38, 0.45, and 2, respectively.  

After finding the optimised values of CC0, CC1 and CC2, the optimisation procedure was 

continued for CC3 to CC9 – one by one – while CC0, CC1 and CC2 were added to the new 

scenarios with their optimised values. Since the optimised parameters in each step were 

applied to the next steps of optimisation, the optimisation procedure is presented in the 

order in which the parameters were optimised not based on the order of the CC-parameters. 

Thus, after optimising CC0, CC1 and CC2, CC4 and CC5 were optimised in the next step 

followed by CC9, CC6, CC7 and CC3. 

 

6.3.2.2. Simulation Results for the Optimisation of CC4 and CC5 

In this step of optimisation, the study used CC0, CC1, and CC2 with their optimised value. 

However, CC4 and CC5 are changed according to what is explained in the methodology 

related to the factorial changes of these two parameters. Table 6.16 shows the simulation 

results for the optimisation of CC4 and CC5. Note that Table 6.16 adopts the same colour 

format as shown in Figure 6.2 with a small difference in interpretation in colour. The red 

colour in Figure 6.2 represented the values close of simulation results of TVs, but in this 
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Section, red colour represents the deterioration of the simulation results, whereas green 

shows an improvement.  

 

Table 6.16. Results of the simulations on different ranges of CC4 and CC5 

Parameter Scenario 

59 

Factorial changes on CC4* and CC5** 

CC4 & 

CC5 

CC4 & 

CC5 

CC4 & 

CC5 

CC4 & 

CC5 

CC4 & 

CC5 

CC4 & 

CC5 

CC0: 0.38 

CC1: 0.45 

CC2: 2 

-25% -50% 25% 50% 75% 100% 

Travel time from 

beginning to end 

(hh:mm:ss) 

02:02:52 02:03:36 02:03:36 02:03:46 02:04:41 02:03:05 02:02:45 

Number of vehicles from 

beginning to end  

1,786  1,764 1,756 1,739  1,730  1,781 1,780 

Total number of vehicles 

in the model (count) 

45,590  45,516 45,272 45,352  45,259  45,653 45,565 

Queue delay (hh:mm:ss) 00:35:35 00:36:39 00:36:51 00:36:25 00:37:25 00:35:35 00:35:20 

Queue length (km) 1.34 1.42 1.45 1.38  1.46  1.39 1.34 

Vehicle delay (hh:mm:ss) 00:33:21 00:34:13 00:33:54 00:34:33 00:34:52 00:33:07 00:32:51 

Number of stops 155  162 161 159  166  150 156 

Stop delay (hh:mm:ss) 00:02:26 00:02:31 00:02:36 00:02:33 00:02:37 00:02:23 00:02:34 

Emission CO (Tonnes) 0.53  0.55  0.54  0.54  0.56  0.52  0.54  

Fuel consumption (kg) 109,318  112,313 111,568 110,952  113,904  107,370 110,708 

LOS value (1-6) 2.58 2.61 2.61 2.66 2.61 2.61 2.58 

* CC4: Negative “following” threshold 

** CC5: Positive “following” threshold 

 

The improvement of simulation scenarios related to the optimisation of CC0, CC1, and CC2 

was compared with the results of the simulation of TVs. However, in this step of the 

simulation, the study has an optimised scenario (59), which could make 55.6% overall 

improvement compared with TVs. Therefore, to assess any further development in the 

model, the simulation results of the optimisation scenarios – hereafter – will be compared 

with the results from scenario 59. In this regard, if a scenario with the proposed factorial 

changes can improve the results of scenario 59, it means that the new optimisation scenario 

could enhance the optimisation process. Otherwise, the new optimisation scenario will be 

rejected if it deteriorates the results of scenario 59. For this purpose, the simulation results 

of the optimisation scenario related to CC4 and CC5 are compared to those of scenario 59.  

Table 6.17 represents the results obtained by applying the factorial changes to CC4 and CC5 

compared to the results from scenario 59. This Table represents the value of deterioration 

occurring by applying the factorial changes of CC4 and CC5 compared to the optimised 

scenario (59). The red colour in Table 6.17 represents the (%) deterioration of a trip 
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characteristic, and the colour density varies with the significance of values. Also, any 

improvements in the results are described in green cells. According to the results in Table 

6.17, none of the factorial changes of CC4 and CC5 could improve the results of scenario 59; 

most deteriorated them. There were only some improvements for specific parameters in 

some scenarios (shown in green cells in Table 6.17). However, the scenarios with such small 

improvements showed an overall deterioration of results. Therefore, CC4 and CC5 are not 

recommended for a change in their initial values.  

 
Table 6.17. The improvement percentage obtained by applying the factorial changes of CC4 
and CC5 compared to the optimised scenario (59) 

Parameter Factorial changes on CC4* and CC5** 

-25% -50% 25% 50% 75% 100% 

Travel time from beginning to end -0.60% -0.60% -0.73% -1.48% -0.18% 0.09% 

Number of vehicles from beginning to 

end 
-1.25% -1.71% -2.63% -3.14% -0.28% -0.34% 

Total number of vehicles in the model -0.16% -0.70% -0.52% -0.73% 0.14% -0.05% 

Queue delay  -3.00% -3.56% -2.34% -5.15% 0.00% 0.70% 

Queue length  -5.65% -8.18% -3.13% -9.23% -4.02% 0.22% 

Vehicle delay  -2.60% -1.65% -3.60% -4.55% 0.70% 0.64% 

Number of stops -4.52% -3.87% -2.58% -7.10% 3.23% -0.65% 

Stop delay  -3.42% -6.85% -4.79% -7.53% 2.05% -5.48% 

Emission CO  -2.75% -2.06% -1.50% -4.20% 1.78% -1.27% 

Fuel consumption  -2.74% -2.06% -1.49% -4.19% 1.78% -1.27% 

LOS value  -1.16% -1.16% -3.10% -1.16% -1.16% 0.00% 

Average improvement  -2.53% -2.95% -2.40% -4.40% 0.37% -0.67% 

* CC4: Negative “following” threshold 

** CC5: Positive “following” threshold 

 

In the next step, the study continues the optimisation of other CC-parameters using 

optimised CC0, CC1, and CC2. However, CC4 and CC5 will be used with their initial values as 

defined by Wiedemann-99.  

 

6.3.2.3. Simulation Results for the Optimisation of CC9 

The simulation results related to the CC9 optimisation are presented in this Section. Similar 

to the explanation of the CC4 and CC5 optimisation, scenario 59 is the base scenario and 

results from any new scenario will be compared to those of scenario 59. Table 6.18 

represents the simulation results for the applied factorial changes to CC9. 
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Table 6.18. Results of the simulations of different factorial changes of CC9 

Parameter Scenario 59 Factorial changes on CC9* 

CC9  CC9  CC9  

CC0: 0.38 

CC1: 0.45 

CC2: 2 

-25% -50% -75% 

Travel time from beginning to end (hh:mm:ss) 02:02:52 02:02:45 02:02:53 02:02:58 

Number of vehicles from beginning to end 1,786  1,819  1,789  1,755 

Total number of vehicles in the model 45,590  45,809  45,722  45,499 

Queue delay (hh:mm:ss) 00:35:35 00:35:34 00:34:59 00:36:18 

Queue length (km) 1.344 1.347  1.35 1.37 

Vehicle delay (hh:mm:ss) 00:33:21 00:32:22 00:32:54 00:33:46 

Number of  Stops 155  153  151  159 

Stop delay (hh:mm:ss) 00:02:26 00:02:28 00:02:20 00:02:29 

Emission CO (Tonnes) 0.53  0.53  0.53  0.54  

Fuel consumption (Kg) 28,879  28,603  28,481  29,401 

LOS value (1-6) 2.58 2.55 2.63 2.52 

* CC9: Acceleration at 80 km/h 

 

Additionally, Table 6.19 represents the average improvement of the factorial changes of CC9 

compared with scenario 59. The red colour in Table 6.19 represents the (%) deterioration 

of a trip characteristic, and the colour density varies with the significance of values. Also, any 

improvements in the results are described in green cells. 

As shown in Table 6.19, the factorial changes of 25% and 50% reductions in CC9 provide 

some minor improvements in some evaluated parameters. Yet, the average improvement in 

these scenarios was 1%, which is not substantial. Note that any improvement to Scenario 59 

is considered an improvement, so there is no specific scale for this assessment. Additionally, 

the results show that a 75% reduction in CC9 could deteriorate the quality of traffic by -

1.00%. Generally, it could be stated that none of the factorial changes could improve the 

traffic quality in scenario 59, but made them worse. Therefore, CC9 is not recommended for 

any change in its initial value.  
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Table 6.19. The average improvement percentage resulted by using the factorial changes of 
CC9 compared to the optimised scenario (59) 

Parameter Factorial changes on CC9*  
-25% -50% -75% 

Travel time from beginning to end 0.09% -0.01% -0.08% 

Number of vehicles from beginning to end 1.81% 0.17% -1.77% 

Total number of vehicles in the model 0.48% 0.29% -0.20% 

Queue delay  0.05% 1.69% -2.01% 

Queue length  -0.22% -0.89% -2.23% 

Vehicle delay  2.95% 1.35% -1.25% 

Number of stops 1.29% 2.58% -2.58% 

Stop delay  -1.37% 4.11% -2.05% 

Emission CO  0.96% 1.37% -1.82% 

Fuel consumption  0.96% 1.38% -1.81% 

LOS value  1.16% -1.94% 2.33% 

Average improvement  1.00% 1.00% -1.00% 

* CC9: Acceleration at 80 km/h 

 

 
6.3.2.4. Simulation Results for the Optimisation of CC6 

Table 6.20 shows the simulation results for CC6 optimisation using four factorial changes in 

this regard. Table 6.20 adopts the same colour code as it was used in previous Sections 

where red colour in represents the deterioration percentage of a trip characteristic, and any 

improvements in the results are described in green cells. 

 

 

Table 6.20. Results of simulations on different ranges of CC6 

Parameter Scenario 59 Factorial changes on CC6* 
CC6 CC6 CC6 CC6 

CC0: 0.38 
CC1: 0.45 
CC2: 2 

-25% -50% -75% -100% 

Travel time from beginning to end 
(hh:mm:ss) 

02:02:52 02:02:58 02:03:34 02:03:22 02:02:01 

Number of vehicles from beginning to 
end 

1,786  1,770  1,739  1,786 1,775 

Total number of vehicles in the 
model 

45,590  45,619  45,343  45,627 45,587 

Queue delay (hh:mm:ss) 00:35:35 00:35:48 00:36:28 00:37:29 00:34:53 
Queue length (km) 1.344 1.354  1.385  1.371 1.340 
Vehicle delay (hh:mm:ss) 00:33:21 00:33:32 00:34:51 00:33:24 00:33:24 
Number of Stops 155  157  161  163 157 
Stop delay (hh:mm:ss) 00:02:26 00:02:22 00:02:33 00:02:36 00:02:21 
Emission CO (Tonnes) 0.53  0.54  0.55  0.56  0.53  
Fuel consumption (Kg) 28,879  29,148  27,361  30,155 28,958 
LOS value (1-6) 2.58 2.61 2.63 2.66 2.66 

* CC6: Speed Dependency of Oscillation 
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Table 6.21 represents the average improvement of the factorial changes of CC6 compared 

with scenario 59. As shown in Table 6.21, all of the factorial changes in CC6 decreased traffic 

quality compared with the results of scenario 5. Thus, the initial value of CC6 defined by 

Wiedemann-99 will be used for the rest of the study simulations.  

 
Table 6.21. The average improvement percentage of the factorial changes of CC6 compared to 
the optimised scenario (59) 

Parameter Factorial changes on CC6* 

-25% -50% -75% -100% 

Travel time from beginning to end -0.08% -0.57% -0.41% 0.69% 

Number of vehicles from beginning to end -0.90% -2.70% 0.00% -0.62% 

Total number of vehicles in the model 0.06% -0.54% 0.08% -0.01% 

Queue delay -0.61% -2.48% -5.34% 1.97% 

Queue length -0.74% -3.05% -2.01% 0.30% 

Vehicle delay  -0.55% -4.50% -0.15% -0.15% 

Number of stops -1.29% -3.87% -5.16% -1.29% 

Stop delay  2.74% -4.79% -6.85% 3.42% 

Emission CO  -0.94% -2.62% -4.42% -0.27% 

Fuel consumption  -0.93% 5.26% -4.42% -0.28% 

LOS value  -1.16% -1.94% -3.10% -3.10% 

Average improvement  -0.40% -1.98% -2.89% 0.06% 

* CC6: Speed Dependency of Oscillation 

 
 

6.3.2.5. Simulation Results for the Optimisation of CC7 

Table 6.22 shows the simulation results for CC7 optimisation. The same colour bar is applied 

to this Table as that of Table 6.20, where red shows deterioration and green shows an 

improvement in the quality of a parameter. 
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Table 6.22. Results of the simulations on factorial changes of CC7 

Parameter Scenario 59 Factorial changes on CC7* 

CC7 CC7 CC7 CC7 

CC0: 0.38 

CC1: 0.45 

CC2: 2 

-25% -50% -75% -100% 

Travel time from beginning to end 

(hh:mm:ss) 

2:02:52 2:02:34 2:03:09 2:02:10 2:02:52 

Number of vehicles from beginning 

to end 

1,786  1,791  1,775  1,782  1,783 

Total number of vehicles in the 

model 

45,590  45,627  45,647  45,627  45,615 

Queue delay (hh:mm:ss) 0:35:35 0:35:51 0:36:00 0:34:58 0:35:20 

Queue length (km) 1.34  1.34  1.36  1.33  1.31  

Vehicle delay (hh:mm:ss) 0:33:21 0:32:53 0:32:55 0:32:56 0:32:46 

Number of Stops 155  146  140  125  103 

Stop delay (hh:mm:ss) 0:02:26 0:02:21 0:02:24 0:02:17 0:02:22 

Emission CO (Tonnes) 533,271  513,641  503,344  466,773  413,393 

Fuel consumption (Kg) 28,879  27,815  27,259  25,279  22,387 

LOS value (1-6) 2.58 2.58 2.61 2.55 2.58 

* CC7: Oscillation Acceleration 

 

Additionally, Table 6.23 represents the average improvement of the factorial changes of CC7 

compared with those of scenario 59. The results in Table 6.23 show a small improvement in 

traffic quality, where the most considerable development relates to the scenario with a 

100% reduction in the CC7 initial value. The overall improvement in this scenario was 

7.86%, and it occurred when CC7 was considered as 0. Such a reduction might be acceptable 

for AVs, but there is not a supportive reference in this regard. Moreover, Menneni et al. 

(2008) and a report from the Wisconsin Department of Transportation (Wisconsin DOT, 

2018) did not recommend any change in the value of CC7. Consequently, the current 

research uses the initial value of CC7 (0.25) for the rest of the study simulations.  
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Table 6.23. The average improvement percentage of the factorial changes of CC7 compared to 
the optimised scenario (59) 

Parameter Factorial changes on CC7* 

25% 50% 75% 100% 

Travel time from beginning to end 0.24% -0.23% 0.57% 0.00% 

Number of vehicles from beginning to end 0.28% -0.62% -0.22% -0.17% 

Total number of vehicles in the model 0.08% 0.12% 0.08% 0.05% 

Queue delay  -0.75% -1.17% 1.73% 0.70% 

Queue length  0.60% -1.49% 1.19% 2.83% 

Vehicle delay  1.40% 1.30% 1.25% 1.75% 

Number of stops 5.81% 9.68% 19.35% 33.55% 

Stop delay  3.42% 1.37% 6.16% 2.74% 

Emission CO  3.68% 5.61% 12.47% 22.48% 

Fuel consumption  3.68% 5.61% 12.47% 22.48% 

LOS value  0.00% -1.16% 1.16% 0.00% 

Average improvement  1.68% 1.73% 5.11% 7.86% 

* CC7: Oscillation Acceleration 

 

6.3.2.6. Simulation Results for the Optimisation of CC3 

The last CC-parameter in the optimisation process was CC3. CC3 was reduced to -2 in 

Scenario 1; then, the reduction percentage increased by 25% for each scenario until CC3 

involved a 75% reduction in its original value, which in total resulted in six factorial changes. 

Table 6.24 represents the simulation results related to CC3. Note that the colour bar applied 

in this Table is also the same as that which is applied to Table 6.23, where red shows 

deterioration and green improvement in the quality of a parameter. 
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Table 6.24. Results of the simulations on different ranges of CC3 

Parameter Scenario 

59 

Factorial changes on CC3* 

CC3 CC3 CC3 CC3 CC3 CC3 

CC0: 0.38 

CC1: 0.45 

CC2: 2 

-25% -50% -75% 25% 50% 75% 

Travel time from beginning 

to end (hh:mm:ss) 

2:02:52 2:03:34 2:03:11 2:04:39 2:03:17 2:03:57 2:03:22 

Number of vehicles from 

beginning to end 

1,786  1,750  1,784  1,695  1,774 1,739 1,761 

Total number of vehicles in 

the model 

45,590  45,396  45,538  44,879  45,582 45,346 45,411 

Queue delay (hh:mm:ss) 0:35:35 0:36:14 0:34:10 0:33:58 0:37:36 0:38:24 0:37:30 

Queue length (km) 1.344  1.420  1.422  1.536  1.360  1.419  1.340  

Vehicle delay (hh:mm:ss) 0:33:21 0:33:56 0:33:16 0:34:49 0:33:41 0:34:24 0:33:49 

Number of Stops 155  154  146  146  171 173 174 

Stop delay (hh:mm:ss) 0:02:26 0:02:30 0:02:19 0:02:24 0:02:41 0:02:42 0:02:42 

Emission CO (Tonnes) 0.533  0.531  0.510  0.507  0.574  0.572  0.577  

Fuel consumption (Kg) 28,879  28,762  27,641  27,429  31,082  30,976  31,230  

LOS value (1-6) 2.58 2.63 2.58 2.66 2.61 2.69 2.63 

* CC3: the threshold for entering to “following” phase 

 

Additionally, Table 6.25 represents the average improvement of the factorial changes of CC3 

compared with the results of scenario 59. The colour bar applied in this Table is the same as 

that applied to Table 6.19, where red shows deterioration and white represents a parameter 

quality improvement.  

As Table 6.25 indicates, all of the factorial changes resulted in a deterioration in the quality 

of traffic, except the scenario with a (-) 50% reduction in the initial value of CC3, which had 

1.56% improvement of results, which is not substantial. Therefore, the study does not 

recommend changing the CC3 value and applies its initial value to the rest of the study 

simulations.  
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Table 6.25. The average improvement percentage of the factorial changes of CC3 compared to 
the optimised scenario (59) 

Parameter Factorial changes on CC3* 

-25% -50% -75% 25% 50% 75% 

Travel time from beginning to 
end 

-0.57% -0.26% -1.45% -0.34% -0.88% -0.41% 

Number of vehicles from 
beginning to end 

-2.06% -0.11% -5.37% -0.68% -2.70% -1.42% 

Total number vehicles in the 
model 

-0.43% -0.11% -1.58% -0.02% -0.54% -0.39% 

Queue delay  -1.83% 3.98% 4.54% -5.67% -7.92% -5.39% 

Queue length  -5.65% -5.80% -14.29% -1.19% -5.58% 0.30% 

Vehicle delay  -1.75% 0.25% -4.40% -1.00% -3.15% -1.40% 

Number of stops 0.65% 5.81% 5.81% -10.32% -11.61% -12.26% 

Stop delay  -2.74% 4.79% 1.37% -10.27% -10.96% -10.96% 

Emission CO  0.41% 4.29% 5.02% -7.63% -7.26% -8.14% 

Fuel consumption  0.41% 4.29% 5.02% -7.63% -7.26% -8.14% 

LOS value  -1.94% 0.00% -3.10% -1.16% -4.26% -1.94% 

Average improvement  -1.41% 1.56% -0.77% -4.17% -5.65% -4.56% 

* CC3: the threshold for entering to “following” phase 

 

6.3.2.7. Overall Results for the Optimisation of CC0-CC9 

The results indicated that, except for CC0, CC1, CC2, the rest of the Wiedemann parameters 

evaluated in this study should not be changed. Such a result has also been previously shown 

in a report by Wisconsin DOT (2018). Therefore, the study used the optimised parameters 

of CC0, CC1, and CC2 for the AV simulations while CC3 – CC9 were used with their initial 

value. Table 6.26 represents the recommended values for AV driving behaviours. However, 

as discussed in the research methodology, the optimised driving behaviours will be applied 

to the VISSIM model of AVs with some other model configurations to replicate autonomous 

behaviours. 
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Table 6.26. Recommended values for the driving behaviours of AVs 

Model 

Parameter 

Definition W99 Status  Recommended 

CC0 Standstill Distance 1.5 Changed 0.38 

CC1 Headway Time 0.9 Changed 0.45 

CC2 “Following” Variation 4 Changed 2 

CC3 The Threshold for Entering to 

“Following” Phase 

-8 Not changed -8 

CC4 Negative “Following” Threshold -0.35 Not changed -0.35 

CC5 Positive “Following” Threshold 0.35 Not changed 0.35 

CC6 Speed Dependency of 

Oscillation 

11.44 Not changed 11.44 

CC7 Oscillation Acceleration 0.25 Not changed 0.25 

CC8 Standstill Acceleration 3.5 Not changed 3.5 

CC9 Acceleration at 80 km/h 1.5 Not changed 1.5 

 

6.3.3. The Impacts of CC0, CC1, and CC2 on Highway Trip Characteristics 

This Section addresses the impacts of CC0, CC1, and CC2 on specific highway trip 

characteristics evaluated in the study (travel time, queue length, delays, and some others). 

In this context, the study estimated how these characteristics are affected by driving 

behaviour changes. The results from this evaluation provide a useful guideline to provide a 

target framework for driving behaviours and information on the extent to which driving 

behaviour must change to attain the desired improvements in travel time, queues, delays, 

and all the other assessed parameters. 

 

6.3.3.1. The Impact of CC0, CC1, and CC2 on Travel time 

In order to address how driving behaviour affects travel time, the results of all 63 simulation 

scenarios presented in Table 6.13 are sorted for travel time. Then, three scenarios with the 

greatest improvement in travel time (lowest value of travel time) were selected for further 

assessments. However, because of the subtle changes in the results between the scenarios, 

selecting the top three scenarios was not found to be representative of the impact of the CC-

parameters in travel time. Then, the study tested 10, and 20 scenarios for a wider range of 

assessment. The trial evaluation showed that 20 scenarios would provide a sufficient range 

of results for addressing the impact of CC0, CC1, and CC2 on travel time. Therefore, the study 

considered 20 scenarios with the greatest improvement in travel time for further 

assessments. It is also worth noting that such an approach with the similar number of 

scenarios (20 scenarios) had been acquired in the assessments of the rest of the parameters 

in this Section. 
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Table 6.27 describes the scenarios, which give the lowest travel times of all 63 scenarios 

evaluated for the optimisation of CC0, CC1, and CC2. Moreover, the (%) improvement in 

travel time for each scenario compared with the travel time of TVs is shown in Table 6.27. 

Additionally, the applied values of CC0, CC1, and CC2 in those parameters are available.  

 

Table 6.27. Results of the simulation regarding the impact of CC0, CC1, and CC2 on travel time 

Count Scenario Travel time Improvement compared to TVs CC0 CC1 CC2 

1 36 02:02:25 10.8% 1.50 0.23 1.00 

2 44 02:02:29 10.7% 1.13 0.23 2.00 

3 35 02:02:40 10.6% 1.50 0.23 2.00 

4 62 02:02:45 10.5% 0.38 0.23 2.00 

5 52 02:02:46 10.5% 0.75 0.23 3.00 

6 61 02:02:46 10.5% 0.38 0.23 3.00 

7 53 02:02:49 10.5% 0.75 0.23 2.00 

8 59 02:02:52 10.4% 0.38 0.45 2.00 

9 63 02:02:56 10.4% 0.38 0.23 1.00 

10 18 02:02:57 10.4% 0.75 0.23 4.00 

11 24 02:03:12 10.2% 0.38 0.23 4.00 

12 58 02:03:20 10.1% 0.38 0.45 3.00 

13 23 02:03:34 9.9% 0.38 0.45 4.00 

14 6 02:03:39 9.9% 1.50 0.23 4.00 

15 41 02:03:41 9.8% 1.13 0.45 2.00 

16 49 02:03:45 9.8% 0.75 0.45 3.00 

17 45 02:03:47 9.8% 1.13 0.23 1.00 

18 43 02:03:48 9.8% 1.13 0.23 3.00 

19 54 02:03:48 9.8% 0.75 0.23 1.00 

20 42 02:03:49 9.7% 1.13 0.45 1.00 

Base TVs 02:17:11 - 1.50 0.90 4.00 

 

In the following step, an assessment is conducted to find which factorial changes of CC0, CC1, 

and CC2 have had the highest frequency in those top 20 scenarios sorted for travel time. 

These assessments represent the importance of each of the factorial changes. For instance, 

the evaluation related to travel time in this context showed that CC0 with a factorial change 

of 75% reduction (0.38) from its initial value (1.5) was used seven times in the top 20 

scenarios with the lowest travel time. However, CC0 with 25% (1.13) and 50% (0.75) 

reduction from its initial value was adopted five times each. Such an assessment shows that 

CC0 with 75% reduction from its initial value had the highest impact compared with the 

other (two) factorial changes applied to CC0 in 20 scenarios with the lowest travel time. In 

other words, the results reveal that CC0 when it was considered 0.38 had the highest impact 

on the reduction of travel time.  
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The same assessment was applied to the factorial changes related to CC1 and CC2. In this 

regard, the results showed that CC1 with a 75% reduction (0.23) from its initial value (0.9) 

was used 14 times in 20 scenarios that provided the lowest travel times. Consequently, CC1, 

when it was considered 0.23, had the highest impact on travel time reduction. However, CC2 

with a 50% reduction (2) from its initial value (4) showed a higher impact on the reduction 

of travel time than the other two factorial changes related to CC2. Table 6.28 represents the 

results related to the frequency of factorial changes regarding the impact of CC0, CC1, and 

CC2 on travel time. 

 

Table 6.28. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on 
travel time 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 5 5 7 0 6 14 5 6 5 

Total frequency 17 20 16 

 

In overall, the assessment in this Section revealed that CC1 had the highest impact of all 

driving behaviours on the reduction of travel time. Therefore, to achieve the lowest travel 

time of the simulation, CC1 must be considered of the highest importance of all driving 

behaviours. Moreover, according to the results of this study, CC1 must be regarded as 0.23 

to achieve the lowest travel time. 

 

6.3.3.2. The Impact of CC0, CC1, and CC2 on the Number of Vehicles 

The number of vehicles in the network indicates to the road throughput or the capacity of 

the road for providing traffic streams. Therefore, finding the CC-parameter, which highly 

impacts upon the increase of road throughput, would be beneficial for future studies. 

According to what has been explained for the assessments related to the impact of CC0, CC1, 

and CC2 on travel time, the study sorted 20 scenarios, which had the highest number of 

vehicles in the simulation. Table 6.29 shows the simulation results in regard to the impact 

of CC0, CC1, and CC2 on vehicle numbers.  
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Table 6.29. Results of the simulation regarding the impact of CC0, CC1, and CC2 on the number 
of vehicles 

Coun

t 

Scenari

o 

Number of 

vehicles 

Improvement compared to 

TVs 

CC0 CC1 CC2 

1 62 45,689  30.8% 0.38 0.23 2.00 

2 63 45,657  30.7% 0.38 0.23 1.00 

3 59 45,590  30.5% 0.38 0.45 2.00 

4 61 45,589  30.5% 0.38 0.23 3.00 

5 53 45,541  30.4% 0.75 0.23 2.00 

6 52 45,393  30.0% 0.75 0.23 3.00 

7 44 45,390  29.9% 1.13 0.23 2.00 

8 45 45,348  29.8% 1.13 0.23 1.00 

9 35 45,347  29.8% 1.50 0.23 2.00 

10 54 45,338  29.8% 0.75 0.23 1.00 

11 36 45,323  29.8% 1.50 0.23 1.00 

12 60 45,277  29.6% 0.38 0.45 1.00 

13 51 45,221  29.5% 0.75 0.45 1.00 

14 42 45,149  29.3% 1.13 0.45 1.00 

15 58 45,145  29.2% 0.38 0.45 3.00 

16 24 45,077  29.0% 0.38 0.23 4.00 

17 50 45,069  29.0% 0.75 0.45 2.00 

18 57 45,011  28.9% 0.38 0.68 1.00 

19 48 44,973  28.7% 0.75 0.68 1.00 

20 18 44,970  28.7% 0.75 0.23 4.00 

Base TVs 34,931  - 1.5

0 

0.9

0 

4.0

0 

 

Additionally, Table 6.30 represents the frequency of factorial changes of CC0, CC1, and CC2 

in 20 scenarios with the highest number of vehicles in the model. The assessment, therefore, 

shows that CC1, when it was reduced by 75% (0.23) from its initial value (0.9), had the 

highest association with vehicle number increases on the network. Moreover, CC0 and CC2 

had the same overall impact on the improvement of road throughput. 

 

Table 6.30. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on 
the number of vehicles 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 3 7 8 2 6 12 3 6 9 

Total frequency 18 20 18 
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6.3.3.3. The Overall Impact of CC0, CC1, and CC2 on Trip Characteristics 

To avoid repeating the assessment procedure related to the effects of CC0, CC1, and CC2 on 

each specific characteristics of the trip evaluated, this Section provides the brief results. 

More information about the Table of results (Table 6.31) related to the effect of CC0, CC1, 

and CC2 on the rest of the characteristics of the trips are available in Appendix D (D3 – D14). 

Table 6.31 represents the frequency of the applied factorial changes in this study, which 

shows how many times each of the factorial changes was used on each specific characteristic. 

The results in this Section help to have a targeted simulation and to address which CC-

parameter should be changed, and by how much, to achieve the best results for each of the 

specific characteristics of the trip. 

The assessment of the total frequency of the factorial changes defined for CC0, CC1, and CC2 

revealed that CC1 with 75% reduction (0.23) from its initial value (0.9) had the highest 

impact (of all factorial changes) on the quality of traffic flow. In total, CC1 (0.23) was used 

93 times in 180 scenarios with the greatest improvements in the characteristics of traffic in 

this study. Such a result implies that CC1 when it is considered 0.23, plays an essential role 

in simulations related to the improvement in the quality of traffic. Overall, CC1 (0.23) had 

the highest impact on the reduction of travel time, queue length, LOS, and increasing the 

number of vehicles. 

Moreover, results showed that CC2 had the second-highest impact on the quality of traffic 

(after CC1) when CC2 was decreased by 75% (1) from its initial value (4). In total, CC2 with 

the value of 1 was used 85 times in 180 scenarios with the most considerable improvements 

in the characteristics of traffic in this study. CC2, when it was considered 1, had the highest 

impact on the reduction of queue delay, the number of stops, stop delay, fuel consumption 

and CO emissions. 
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Table 6.31. Assessment of the overall impact of CC0, CC1, and CC2 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3 2 1 

Frequency in 20 scenarios with the greatest improvement on each characteristic 

Travel time 5 5 7 0 6 14 5 6 5 

Number of Vehicles 3 7 8 2 6 12 3 6 9 

Queue length 3 8 9 1 8 11 4 5 4 

Queue delay 5 5 6 4 7 8 0 7 13 

Number of Stops 5 5 6 4 7 9 1 7 12 

Stop delay 4 5 8 5 7 7 1 5 13 

Fuel consumption 5 6 5 4 7 9 1 7 12 

CO emission 5 6 5 4 7 9 1 7 12 

LOS 5 6 7 0 6 14 5 4 5 

Total 40 53 61 24 61 93 21 54 85 

 

6.4. Discussion 

The optimisation results in this Chapter presented into two parts. One part of the results was 

related to the results obtained during the optimisation of driving behaviours. The other part 

of the results associated with the impact of driving behaviours on the quality of traffic. 

In order to assess the improvement of optimisation scenarios, the results for each of the 

characteristics evaluated in this study (such as travel time, queue length, emission CO, and 

others) were compared to those of TVs. An increase or decrease of the values attained by the 

optimisation scenario represented how much they improved such characteristics or 

deteriorated them. Then, the average improvement of all characteristics represented the 

overall improvement of AVs to TVs. 

In total, the study simulated 63 scenarios with various combinations of CC0, CC1, and CC2. 

Among which scenario 59 was selected as the optimised scenario of this study, with an 

overall improvement of 55.6% compared with the simulation result of TVs (see Table 6.15). 

The CC-parameters related to scenario 59 were used as the optimised CC-parameters of this 

study and were applied to the optimisation of CC3 to CC9. The related values of CC0, CC1, 

and CC2 for scenario 59 are 0.38, 0.45, and 2, respectively. 

In order to assess any further development in the model with the optimisation of CC3–CC9, 

the simulation results of the optimisation scenarios (for CC3–CC9) were compared with the 

results from scenario 59. In this regard, any improvement in the results of scenario 59 was 

considered an enhancement to the optimisation process. Otherwise, the new optimisation 

scenarios (for CC3–CC9) were being rejected if they deteriorated the results of scenario 59. 
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In this regard, the simulation results related to the optimisation of CC3–CC9 revealed that 

none of the optimisation scenarios of CC3–CC9 could improve the results of scenario 59; 

most deteriorated them. Therefore, the results indicated that, except for CC0, CC1, CC2, the 

rest of the Wiedemann parameters evaluated in this study should not be changed. Such a 

result had also been indicated in a report by Wisconsin DOT (2018). 

Moreover, Section 6.3.3 addressed the impact of CC0, CC1, and CC2 on the characteristics of 

highway trip evaluated in the study such as travel time, queue length, delays, and some 

others. The study estimated how these characteristics were affected by driving behaviour 

changes. The idea for such evaluation was to provide a target framework for driving 

behaviours and information on the extent to which driving behaviour must change to attain 

the desired improvements in those characteristics. In this context, 20 scenarios with the 

most substantial improvement in each of those characteristics were chosen for further 

assessments. Then, an evaluation was conducted to find which factorial changes of CC0, CC1, 

and CC2 have had the highest frequency in those top 20 scenarios sorted for each 

characteristic (for example, travel time). Such an assessment represented the importance of 

each of the factorial changes.  

The assessment regarding the impact of CC0, CC1, and CC2 on travel time revealed that CC1 

had the highest impact of all driving behaviours on the reduction of travel time. Therefore, 

to achieve the lowest travel time of the simulation, CC1 must be considered of the highest 

importance of all driving behaviours, and it must be regarded as 0.23. Also, CC0 and CC2, 

when they were considered 0.38 and 2, respectively, had the highest impact on the reduction 

of travel time, after CC1. Such an assessment provided a target framework for driving 

behaviours on the extent to which driving behaviours must change to attain the desired 

improvements in travel time. 

The assessment regarding the impact of CC0, CC1, and CC2 on the number of vehicles 

revealed that CC1 when it was reduced by 75% (0.23) from its initial value (0.9), had the 

highest association with the increase in the vehicle number on the network and improving 

LOS. Moreover, CC0 and CC2 had the same overall impact on the number of vehicles in the 

network, which indicates to the road throughput or the capacity of the road for providing 

traffic streams, while CC0 was more effective in improving LOS. 

Moreover, results revealed that CC0 and CC1 – by similar effect – had the highest impact on 

the reduction of queue length. The highest reduction in queue length achieved when CC0 and 

CC1 were regarded as 0.38 and 0.23, respectively. CC2 had the lowest impact on the decrease 

in queue length.  
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Also, the investigation in this Chapter revealed that CC1, and CC2, when they were regarded 

as 0.23 and 1, respectively, had the highest association with the reduction in the number of 

stops and stop delay. Besides, CC1 and CC2 had the highest association with the decrease in 

fuel consumption and CO emissions with such values, while CC0 had the lowest impact on 

the number of stops, stop delay, fuel consumption, and CO emission. 

In the next step (available in Chapter 7) the optimised parameters of driving behaviours 

from this Chapter will be used for the simulation of AVs in the single mode of occupancy and 

the shared road with TVs. In this regard, the optimised values of CC0 (0.38), CC1 (0.45), and 

CC2 (2) will be adopted for the simulation of AVs along with other model configurations 

conducted for the replication of autonomous behaviours (explained in Chapter 3). The rest 

of the Wiedemann parameters (CC3 – CC9) will be adopted with the default values defined 

by Wiedemann. The results of simulations with the optimised driving behaviours from this 

Chapter will provide an understanding of how efficiently AVs might operate if they drive 

with optimised human driving behaviours. 
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7. SIMULATION 

 

 

7.1. Introduction 

This Chapter presents the results of a reliability test conducted on a simulation model 

developed for this study. The results of the simulation of TVs and AVs using the optimised 

driving behaviours identified, in Chapter 6, along with the model configurations applied to 

VISSIM for defining some autonomous driving behaviours. The Chapter also presents the 

results of simulations of TVs and AVs sharing the road. Finally, the Chapter presents the 

results of simulations performed with the new driving behaviours (that mimic AV’s) 

suggested by PTV and compares them to driving behaviours of this study. 

 

7.2. Reliability Test of the Simulation Model with Cronbach's Alpha 

As previously explained in Chapter 3 (Section 3.6.2, Pg. 46), due to the limitations regarding 

the data collection in this study, the model of this study was designed as a conceptual model 

of the M50. Hence, certain assumptions are made for the VISSIM model in this study such as 

that the M50 has six junctions in total, and that half of the traffic from the approaching roads 

to the M50 junctions is heading towards the airport. Furthermore, the M50 was assumed to 

have four lanes (in one direction) across its entire length, and all cars on the M50 move 

towards the airport and none leave the M50. 

As previously explained in Chapter 3 (Section 3.7.2, Pg. 72), Cronbach's Alpha was used to 

measure the internal consistency of the simulation results. For this purpose, a random traffic 

condition (on 4th of May 2017) was chosen for the evaluation of the simulation results of TVs 

to ensure model consistency. In this regard, the number of vehicles in simulation results 

related to the 4th of May for TVs were classified based on the time-intervals defined in the 

simulation model, which is shown in Appendix E (E1). For each row of the simulation results 

in that Table, information is available about the simulation run and the data collection points 

that recorded the data. The simulation results represented in Table E1 were used for the 

reliability assessment of Cronbach's Alpha according to what explained in Chapter 3 (Section 

3.7.2, Pg. 72). 

Table 7.1 represents the results of the reliability assessment of the number of vehicles (for 

TVs) in the simulation. Available in this Table, there are item statistics, which show the mean 
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and standard deviation of the number of vehicles recorded at each time interval. 

Additionally, the inter-item correlation matrix represents the correlation of the recorded 

data between time-intervals, which is ranged from 0 – 1. A higher value represents a higher 

correlation of results between time-intervals’ data. As shown in Table 7.1, the value of the 

Cronbach's Alpha in this evaluation is 0.839 which represents a good internal consistency of 

the data recorded for travel time (based on the criteria defined for Cronbach's Alpha in 

Chapter 3 (Section 3.7.2, Pg. 72). 

 
Table 7.1. Reliability Assessment of the number of vehicles in the test condition (May, 4th) 

Item Statistics 

Simulation time interval* 
(s) 

Mean Std. Deviation N 

0–600 ** ** ** 

600–1200 1063.352 181.325 105 

1200–1800 1074.771 171.328 105 

1800–2400 986.133 129.263 105 

2400–3000 965.676 149.029 105 

3000–3600 946.133 140.977 105 

3600–4200 931.752 164.175 105 

Inter-Item Correlation Matrix 

  600-1200 
1200-
1800 

1800-2400 2400-3000 3000-3600 3600-4200 

0–600 1.000 0.806 0.465 0.601 0.377 0.440 

600–1200 0.806 1.000 0.500 0.366 0.191 0.249 

1200–1800 0.465 0.500 1.000 0.277 0.473 0.286 

1800–2400 0.601 0.366 0.277 1.000 0.641 0.720 

2400–3000 0.377 0.191 0.473 0.641 1.000 0.609 

3000–3600 0.440 0.249 0.286 0.720 0.609 1.000 

Reliability Statistics 

Cronbach's Alpha 
Cronbach's Alpha Based on Standardised 

Items 
N of Items  

(time intervals) 

0.839 0.840 6 

* Information about the simulation time intervals is available in Chapter 3 (Table 3.19) 
** Not recorded for evaluations. 

 

In the next step, the reliability test was conducted for all the evaluated parameters of this 

study (see Chapter 6, Section 6.3.2.1) for both TVs and AVs’ simulation results, which is 

shown in Table 7.2. As previously explained in the research methodology (see Chapter 3, 

Section 3.7.2), the reliability test demonstrates model ability in presenting consistent results 

over various traffic situations. In this context, travel time, queue length, stop delay, and other 

parameters are statistically evaluated for internal consistency using Cronbach's Alpha (α) 

method. Then, the average of the Alpha values of TVs and AVs were calculated to find the 

reliability range of each parameter (such as travel time).  
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According to the assessments in Table 7.2, nine out eleven evaluated parameters of the 

simulation model represented good (and very good) reliability according to Siswaningsih et 

al. (2017) and Taber (2018) as explained in Chapter 3 (Section 3.9.2, Pg. 73). Also, two 

parameters, the number of vehicles from origin to destination (O–D), and stop delay 

represented acceptable consistency for TVs according to the studies mentioned above. In 

general, the simulation model of this study represented an overall α value of 0.848, which is 

good reliability. Therefore, the simulation model showed to be reliable to represent 

consistent results.    

 

Table 7.2. Reliability Assessment of the simulation model in the test condition (May, 4th) 

Evaluated parameter Cronbach's Alpha (α) Reliability 

TVs AVs Average 

Travel time 0.913 0.906 0.910 Very good 

Number of vehicles (O–D)* 0.456 0.851 0.654 Acceptable 

Number of vehicles (total) 0.839 0.986 0.913 Very good 

Queue delay 0.867 0.889 0.878 Good 

Queue length 0.834 0.883 0.859 Good 

Vehicle delay 0.855 0.887 0.871 Good 

Stop delay 0.773 0.719 0.746 Acceptable 

Number of stops 0.779 0.886 0.833 Good 

CO emission 0.825 0.924 0.875 Good 

Fuel consumption 0.825 0.924 0.875 Good 

LOS 0.929 0.912 0.921 Very good 

Average reliability  0.809 0.888 0.848 Good 

* Origin – Destination  

 

7.3. Simulation of TVs and AVs in Various Traffic Conditions 

The TVs and AVs used in this study were simulated under various traffic conditions (peak, 

normal, and off-peak) at various times throughout the year; the TV and AV results were then 

compared. This Section presents the overall results of the TV and AV simulations in peak, 

normal, and off-peak traffic conditions to compare the quality of traffic created by these two 

types of vehicles. More information about the simulation results for each traffic condition is 

available in Appendix E (E2 – E19) and will be denoted within the Chapter as appropriate. 

The results of this Section represent the reliability of the simulation model. In this context, 

the comparison of results from various peak traffic conditions of the year represents how 

well the model consistently gets the same results. 
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7.3.1. Comparison of Results from the Simulation of TVs and AVs in Peak Traffic 

Condition 

TV performance and AV performance were simulated and compared in peak traffic hours for 

a peak month (May), peak traffic for a normal month (September), and peak traffic for an 

off-peak month (February). Such an evaluation reveals how well AVs can operate in different 

peak traffic hours throughout the year.  

As previously explained in Chapter 3 (Section 3.6.7, Pg. 62), there is no practical application 

of AVs on public roads, to date, so there is not sufficient information available against which 

to validate these results. However, a reliability assessment was conducted in Section 7.2 to 

ensure the simulation model is reliable and provides consistent results, which was called 

Cronbach's Alpha (Heale and Twycross, 2015). In this regard, the ratio of the “Mean Squared 

Error (MSE)” and “Mean Squared Row (MSR)” of the data for each characteristic such as the 

results of travel time were assessed. The results represented similar alpha values for both 

TVs and AVs, meaning that the simulation model was able to provide results with little 

variation between TVs and AVs; otherwise, the model would have been considered 

unreliable. 

Also, a further assessment was performed on the overall simulation results to ensure 

reliability, which the results are represented in this Section, using the CV1 method according 

to what previously explained in Chapter 3 (Section 3.7.2, Pg. 72). In this regard, the SD2 of 

the average results for multiple traffic conditions (peak, normal, and off-peak) were 

measured to quantify the variation in results. From this, a CV value was generated to 

measure the dispersion. For instance, for the characteristics evaluated in this Section, AVs 

showed an average 54.3% improvement over TVs in the quality of traffic in all peak traffic 

hours (of May, September, and February) assessed in this study. A standard deviation of 

0.001 and a CV of 0.001 verify that AVs achieved almost the same results across all peak 

traffic hours, which approves the simulation model’s reliability. 

Table 7.3 compares TV and AV simulation results in peak traffic hours at various times in 

the year. More information about the results for each of the traffic conditions is available in 

Appendix E (E2 – E19). 

 

 

                                                             
1 CV: Coefficient of Variation (the ratio of the standard deviation to the mean value) 
2 SD: Standard Deviation 



Chapter 7 

225 
 

Table 7.3. Comparison of results from the simulation of TVs and AVs in various peak traffic 
hours 

Parameter Peak traffic in May Peak traffic in September Peak traffic in February 

Average of 10  
peak hours in the peak 
month (May) 

Average of 10  
peak hours in the normal 
month (Sep) 

Average of 10  
peak hours in the off-peak 
month (Feb) 

TVs AVs Improve
ment 

TVs AVs Improv
ement 

TVs AVs Improv
ement 

Travel time  
(hh:mm:ss) 

03:09:51 02:45:06 13.04% 03:08:38 02:43:29 13.33% 03:06:07 02:42:05 12.91% 

# of vehicles 
(O–D)* 

1,362 2,182 37.58% 1,354 2,176 37.78% 1,408 2,207 36.20% 

# of vehicles 
(total) 

41,655 50,502 17.52% 41,139 49,956 17.65% 41,328 49,929 17.23% 

Queue delay 
(hh:mm:ss) 

02:23:28 00:52:31 63.39% 02:18:20 00:49:59 63.87% 02:14:15 00:48:05 64.18% 

Queue length 
(km) 

4.03 1.97 51.12% 3.83 1.96 48.83% 3.66 1.81 50.55% 

Vehicle delay 
(hh:mm:ss) 

02:05:41 00:53:55 57.10% 02:01:54 00:51:19 57.90% 01:56:27 00:48:35 58.28% 

Stops 
(num) 

1,382 200 85.53% 1,329 190 85.70% 1,259 179 85.78% 

Stop delay 
(hh:mm:ss) 

00:29:44 00:02:03 93.11% 00:29:17 00:01:52 93.63% 00:27:48 00:01:49 93.47% 

CO emission  
(tons) 

2.53 0.66 73.91% 2.44 0.65 73.36% 2.35 0.62 73.62% 

Fuel 
consumption 
(litres) 

137,118 35,832 73.87% 132,268 34,953 73.57% 127,204 33,551 73.62% 

LOS value 
(1–6)  

4.43 3.09 30.25% 4.42 3.02 31.67% 4.34 2.96 31.80% 

Average   54.2%   54.3%   54.3% 

Reliability of the model results 

Average of all traffic conditions The SD of the three average values The CV of the three average values 

54.3% 0.0006 0.001 

* Origin – Destination  

 
 

7.3.2. Comparison of Results from the Simulation of TVs and AVs in Normal 

Traffic Condition 

Table 7.4 shows the comparison of results from the simulations of TVs and AVs in normal 

traffic hours at three time-points in the year: a month with peak traffic (May), a month with 

normal traffic (September), and a month with off-peak traffic (February). This evaluation 

indicates that AVs could improve the quality of traffic by 67.3% in various normal traffic 

hours. The precision of the simulation results is confirmed by the CV value of 0.003, which 

is close to zero, meaning there is little dispersion of result values around the mean value and 

the model is reliable in normal traffic condition. 
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More information about the simulation results for each of the traffic conditions in this 

Section is available in Appendix E (E2 – E19). 

 

Table 7.4. Comparison of results from the simulation of TVs and AVs in various normal traffic hours 

Parameter Normal traffic in May Normal traffic in 
September 

Normal traffic in 
February 

Average of 10  
normal hours in the peak 
month (May) 

Average of 10  
normal hours in the 
normal month (Sep) 

Average of 10  
normal hours in the off-
peak month (Feb) 

TVs AVs Improve
ment 

TVs AVs Improve
ment 

TVs AVs Improve
ment 

Travel time  
(hh:mm:ss) 

02:34:42 02:06:39 18.13% 02:30:35 02:05:01 16.98% 02:26:51 02:03:36 15.83% 

# of vehicles 
(O–D)* 

1,208 1,752 31.05% 1,308 1,868 29.98% 1,321 1,823 27.54% 

# of vehicles 
(total) 

33,736 39,542 14.68% 33,900 39,618 14.43% 33,699 39,130 13.88% 

Queue delay 
(hh:mm:ss) 

01:02:10 00:05:41 90.86% 00:54:45 00:04:20 92.09% 00:48:59 00:03:09 93.57% 

Queue length 
(km) 

1.12 0.05 95.54% 0.91 0.02 97.80% 0.89 0.01 98.88% 

Vehicle delay 
(hh:mm:ss) 

00:51:24 00:06:40 87.03% 00:44:23 00:05:08 88.43% 00:40:00 00:03:52 90.33% 

Stops 
(num) 

487 21 95.69% 402 15 96.27% 358 11 96.93% 

Stop delay 
(hh:mm:ss) 

00:12:16 00:00:31 95.79% 00:10:20 00:00:27 95.65% 00:09:23 00:00:23 95.91% 

CO emission  
(tons) 

1.09 0.20 81.65% 0.94 0.19 79.79% 0.86 0.17 80.23% 

Fuel 
consumption 
(litres) 

58,773 10,965 81.34% 51,030 10,169 80.07% 46,565 9,397 79.82% 

LOS Value 
(1–6) 

3.31 1.78 46.22% 3.18 1.61 49.37% 3.03 1.51 50.17% 

Average   67.1%   67.4%   67.6% 

Reliability of the model results 

Average of all traffic conditions The SD of the three average values The CV of the three average values 

67.4% 0.002 0.003 

* Origin – Destination  

 

7.3.3. Comparison of Results from the Simulation of TVs and AVs in Off-peak 

Traffic Condition 

This Section presents the TV and AV simulation results for off-peak traffic hours during the 

peak traffic month of May, the normal traffic month of September, and the off-peak traffic 

month of February. As shown in Table 7.5, AVs showed a slightly lower level of improvement 

in May off-peak traffic than in the other conditions in this assessment. In general, AVs 
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improved the quality of traffic an average of 63.5% during off-peak traffic hours. The CV of 

the simulation results in this Section showed a negligible dispersion of 0.037, which 

represents the model’s reliability in off-peak traffic hours. Table 7.5 provides detailed 

information about the simulation results in off-peak traffic. More information about these 

results is available in Appendix E (E2 – E19). 

 

Table 7.5. Comparison of results from the simulation of TVs and AVs in various off-peak hours 

Parameter Off-peak of May Off-peak of September Off-peak of February 

Average of 10  

off-peak hours in the peak 

month (May) 

Average of 10  

off-peak hours in the 

normal month (Sep) 

Average of 10  

off-peak hours in the off-

peak month (Feb) 

TVs AVs Improve

ment 

TVs AVs Improve

ment 

TVs AVs Improve

ment 

Travel time  

(hh:mm:ss) 

02:04:08 02:00:15 3.13% 02:12:31 02:00:25 9.13% 02:02:50 01:50:09 10.33% 

# of vehicles 

(O–D)* 

1,836 2,016 8.93% 1,792 2,131 15.91% 1,826 2,593 29.58% 

# of vehicles 

(total) 

32,728 34,072 3.94% 33,961 36,563 7.12% 28,881 33,060 12.64% 

Queue delay 

(hh:mm:ss) 

00:13:03 00:00:17 97.83% 00:25:24 00:00:40 97.38% 00:11:51 00:00:16 97.75% 

Queue length 

(km) 

0.26 0.00 100.00% 0.48 0.00 100.00% 0.23 0.00 100.00% 

Vehicle delay 

(hh:mm:ss) 

00:12:12 00:00:22 96.99% 00:20:59 00:00:44 96.51% 00:10:57 00:00:19 97.11% 

Stops (num) 81 1 98.77% 159 2 98.74% 74 1 98.65% 

Stop delay 

(hh:mm:ss) 

00:02:25 00:00:02 98.62% 00:04:47 00:00:06 97.91% 00:02:13 00:00:02 98.50% 

CO emission  

(tons) 

0.30 0.12 60.00% 0.48 0.13 72.92% 0.29 0.12 58.62% 

Fuel 

consumption 

(litres) 

16,465 6,669 59.50% 25,872 7,308 71.75% 15,435 6,440 58.28% 

LOS value 

(1–6) 

1.81 1.03 43.09% 2.40 1.07 55.42% 1.71 1.03 39.77% 

Average   61.0%   65.7%   63.8% 

Reliability of the model results 

Average of all traffic conditions The SD of the three average values The CV of the three average values 

63.5% 0.024 0.037 

* Origin – Destination 
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7.3.4. Comparison of TVs and AVs in the Heaviest, near Normal, and Lightest 

Traffic Hours of the Year 

Table 7.6 represents a comparison of results from the simulation of TVs and AVs under all 

traffic conditions in various months of the year (May, September, and February) evaluated 

in this study. The results are presented for the heaviest traffic hours of the year (peak traffic 

in May – assessed in Table 7.3), the normal traffic hours in the month with normal traffic 

(normal traffic in September – assessed in Table 7.4), and the lightest traffic hours of the 

year in the month with off-peak traffic (off-peak traffic in February – assessed in Table 7.5).  

As shown in Table 7.6, AVs achieved the highest overall improvements (67.4%) in normal 

traffic hours, followed by off-peak traffic hours, with AVs demonstrating the lowest level of 

overall improvement during peak traffic hours.  

According to the results from Table 7.6, one of the reasons for the lower level of 

improvement AVs showed in peak traffic was the high queue length and queue delay, which 

also impacted the vehicle delay and LOS. Therefore, it could be stated that AVs might not be 

quite efficient in high traffic volumes, as they result in long queues and delays on the road.  

AVs in off-peak traffic hours, on the other hand, showed smaller improvements in travel time 

and in the total number of vehicles on the road than they did during peak and normal traffic 

hours. One reason for reduced improvement levels in these measures during the off-peak 

traffic hours could be the limitations defined for AVs such as the speed limit of 100km/h and 

the constraints related to their acceleration function, described in Chapter 3 (Section 3.6.5, 

Pg. 56). However, AVs demonstrated a high average improvement (67.4%) in the normal 

traffic hours when the road network was carrying normal traffic volumes. Therefore, it could 

be stated that the highest efficiency of AVs on the road might occur when AVs are adopted 

under normal traffic hours. Table 7.6 represents the comparison of the (overall) simulation 

results of TVs and AVs in peak, normal, and off-peak traffic hours evaluated in this study.  

A visual evaluation (using graphs) was also assembled representing the change of each 

highway characteristic evaluated in this study (travel time, the number of vehicles, and 

several others) during peak, normal, and off-peak traffic hours. The resulting graphs are 

available in Appendix E (E2 – E19). 
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Table 7.6. Comparison of TVs and AVs in the heaviest, near normal, and lightest traffic hours of 
the year 

Parameter Peak traffic in the peak 

month (the heaviest 

traffic of the year) 

Normal traffic in the 

normal month (the 

normal traffic of the 

year) 

Off-peak traffic in the off-

peak month (the lightest 

traffic of the year) 

Average of 10  

peak traffic hours in May 

Average of 10 normal traffic 

hours in September 

Average of 10 off-peak 

traffic hours in February 

TVs AVs Improve

ment 

TVs AVs Improve

ment 

TVs AVs Improve

ment 

Travel Time  

(hh:mm:ss) 

03:09:51 02:45:06 13.04% 02:30:35 02:05:01 16.98% 02:02:50 01:50:09 10.33% 

# of vehicles 

(O–D)* 

1,362 2,182 37.58% 1,308 1,868 29.98% 1,826 2,593 29.58% 

# of vehicles 

(total) 

41,655 50,502 17.52% 33,900 39,618 14.43% 28,881 33,060 12.64% 

Queue delay 

(hh:mm:ss) 

02:23:28 00:52:31 63.39% 00:54:45 00:04:20 92.09% 00:11:51 00:00:16 97.75% 

Queue length 

(km) 

4.03 1.97 51.12% 0.91 0.02 97.80% 0.23 0.00 100.00% 

Vehicle delay 

(hh:mm:ss) 

02:05:41 00:53:55 57.10% 00:44:23 00:05:08 88.43% 00:10:57 00:00:19 97.11% 

Stops 

(num) 

1,382 200 85.53% 402 15 96.27% 74 1 98.65% 

Stop Delay 

(hh:mm:ss) 

00:29:44 00:02:03 93.11% 00:10:20 00:00:27 95.65% 00:02:13 00:00:02 98.50% 

CO emission  

(tons) 

2.53 0.66 73.91% 0.94 0.19 79.79% 0.29 0.12 58.62% 

Fuel 

consumption 

(litres) 

137,118 35,832 73.87% 51,030 10,169 80.07% 15,435 6,440 58.28% 

LOS Value (1-6) 4.43 3.09 30.25% 3.18 1.61 49.37% 1.71 1.03 39.77% 

Average - - 54.2% - - 67.4% - - 63.8% 

* Origin – Destination  

 

Figure 7.1 illustrates the improvement percentage of AVs over TVs in all highway trip 

characteristics evaluated in this study. The results show that AVs, in general, could improve 

the quality of traffic by an overall average of 62% across all traffic conditions. 
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Figure 7.1. Improvement of AVs over TVs in different traffic hours 

 

7.4. Simulation Results of the TV–AV Shared Road 

This Section presents the results of the simulation of TVs and AVs in shared traffic mode. In 

this context, various scenarios with different proportions of TVs and AVs on the road were 

simulated for peak, normal, and off-peak traffic conditions for the year 2017. For this 

purpose, a random day from 2017 was selected and simulated from each of the three 

evaluated months: May (heaviest traffic of the year), September (close to normal traffic), and 

February (lightest traffic). 

The simulation results were evaluated for the highway characteristics explained in Chapter 

6 (Table 6.11, Pg. 198). The improvement for each characteristic was calculated – for each 

of the shared scenarios – and compared with the results from the simulation of TVs, which 

were the reference category for the analysis. 

To better represent the improvements of AVs over TVs for each shared scenario, a colour 

bar was adopted for use in the assessments in this Section. The red colour represents the 

results from the simulation of TVs (the reference category in this Section), and green shows 

high improvement in the quality of the evaluated characteristics exhibited by AVs. Yellow 

represents more moderate improvements for the evaluated scenarios or characteristics. 

Figure 7.2 illustrates the colour bar applied to the simulation results of the TV–AV shared 

road in this evaluation.  
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Figure 7.2. Colour bar applied to the simulation results of the TV–AV shared road 

 

7.4.1. Simulation Results of the Shared Road in the Month with Peak Traffic 

(May) 

This Section presents the results from the simulation of the TV–AV shared road in the 

heaviest traffic condition of the year 2017. The selected day for this assessment was the 16th 

of May, which was a random day that represents those days with the heaviest traffic hours 

of the year.  

As shown in Table 7.7, travel time, queue length, queue delay, CO emission, fuel 

consumption, and LOS were reduced with an increase in the share of AVs on the road. On the 

other hand, the number of vehicles from beginning to end (O–D)1, and the total number of 

vehicles in the model were increased with an increase in the share of AVs. 

 

Table 7.7. Simulation results of the TV–AV shared road in peak traffic in the peak month (16th of 
May) 

Scenario Travel 

time  

(hh:mm:

ss) 

Number 

of 

vehicles 

(O-D) 

Total 

vehicle

s in the 

model 

Queue 

delay 

(hh:mm:

ss) 

Queu

e 

lengt

h 

(km) 

Vehicle 

delay 

(hh:mm:

ss) 

Stops 

(num) 

Stop 

delay 

(hh:mm:

ss) 

CO 

emis

sion  

(tons

) 

Fuel 

consum

ption 

(litres) 

LOS 

(1-6) 

100% TVs 03:09:41 1,350 41,450 02:22:11 3.97 02:05:11 1,368 00:29:14 2.5 135,152 4.47 

10% AVs 03:05:33 1,452 42,703 02:07:55 3.61 01:52:53 1,203 00:25:27 2.3 124,755 4.22 

20% AVs 03:02:53 1,556 43,967 01:53:37 3.3 01:42:13 1,028 00:21:36 2.06 111,653 4.22 

30% AVs 02:59:11 1,696 45,294 01:37:53 2.97 01:29:22 806 00:16:30 1.73 93,957 4.08 

40% AVs 02:56:38 1,750 46,226 01:21:26 2.78 01:20:56 552 00:11:13 1.31 70,773 3.92 

50% AVs 02:55:19 1,802 47,107 01:09:50 2.59 01:15:18 393 00:07:25 1.04 56,185 3.97 

60% AVs 02:53:58 1,851 47,813 01:01:17 2.05 01:11:04 280 00:04:26 0.82 44,141 3.89 

70% AVs 02:53:26 1,877 48,092 00:58:25 2.29 01:09:38 243 00:03:24 0.74 39,922 3.75 

80% AVs 02:52:53 1,910 48,429 00:57:04 2.22 01:05:44 221 00:02:45 0.69 37,339 3.5 

90% AVs 02:48:59 2,015 49,225 00:53:34 2.05 00:59:52 200 00:02:08 0.65 35,200 3.36 

100% AVs 02:43:45 2,171 50,347 00:50:31 1.88 00:52:13 191 00:01:55 0.64 34,523 2.97 

 

 

Table 7.8 represents the improvement in the shared-road scenarios compared with the 

results from the simulation of TVs only. According to the results in Table 7.8, when AVs 

comprised 100% of the network, the number of stops and length of stop delay were reduced 

                                                             
1 O–D: Origin to Destination, which is also called ‘from beginning to the end of trip’ 
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by 86.0% and 93.4%, respectively, from the results of the TV-only simulation. Such a 

substantial reduction in the number of stops and the length of stop delay when the share of 

AVs increased could be an indication of the efficient interaction of AVs. After stops and stop 

delay time, fuel consumption and CO emissions were the characteristics that had the next 

greatest reductions. In general, a network with an equal proportion of TVs and AVs (50%–

50%) provided 41.3% improvement in the quality of traffic, whereas a road entirely 

populated by AVs demonstrated a 57.6% improvement. Such an evaluation indicates how 

efficient a road shared by TVs and AVs can be in improving traffic quality, and how much a 

dedicated lane for AVs can be beneficial in this matter.  

 

Table 7.8. The average improvement of the shared scenarios compared with the results from 
the simulation of 100% TVs for the 16th of May 

Scenario 

Trav
el 
time 

Vehicl
es (O-
D) 

Total 
vehicle
s  

Queue 
delay 

Queue 
length 

Vehicl
e delay 

Stops Stop 
delay 

CO 
emissi
on 

Fuel 
consu
mptio
n 

LOS Aver
age 

% % % % % % % % % % % % 
100% CVs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10% AVs 2.2 7.6 3.0 10.0 9.1 9.8 12.1 12.9 7.7 7.7 5.6 8.0 
20% AVs 3.6 15.3 6.1 20.1 17.0 18.3 24.9 26.1 17.4 17.4 5.6 15.6 
30% AVs 5.5 25.6 9.3 31.2 25.1 28.6 41.1 43.6 30.5 30.5 8.7 25.4 
40% AVs 6.9 29.6 11.5 42.7 30.0 35.3 59.6 61.6 47.6 47.6 12.3 35.0 
50% AVs 7.6 33.5 13.6 50.9 34.9 39.8 71.3 74.6 58.4 58.4 11.2 41.3 
60% AVs 8.3 37.1 15.4 56.9 48.4 43.2 79.5 84.8 67.3 67.3 13.0 47.4 
70% AVs 8.6 39.0 16.0 58.9 42.4 44.4 82.2 88.4 70.5 70.5 16.1 48.8 
80% AVs 8.9 41.5 16.8 59.9 44.0 47.5 83.8 90.6 72.4 72.4 21.7 50.9 
90% AVs 10.9 49.3 18.8 62.3 48.5 52.2 85.4 92.7 74.0 74.0 24.8 53.9 
100% AVs 13.7 60.8 21.5 64.5 52.7 58.3 86.0 93.4 74.5 74.5 33.6 57.6 

 

Figure 7.3 illustrates the improvement of each characteristic evaluated in this study 

obtained with the increase in the proportion of AVs on the road. Each of the evaluated 

characteristics in Figure 7.3 is represented with a coloured line, which is introduced in the 

Figure legend. The solid black line represents the average improvement of all characteristics 

in each scenario of the TV–AV mixed traffic. 

Figure 7.3 also indicates the required share of AVs on the road, based on the target overall 

improvement. For instance, to obtain around a 40% improvement in traffic quality, 

approximately 50% of the road traffic has to be AVs. Furthermore, these results represent 

how travel time, queue length, and other characteristics are changed with an increase in the 

percentage of AVs. For example, when 80% of the road traffic was AVs, queue delay had 

decreased by 59.9% compared to when the road was entirely populated by TVs.  
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Furthermore, Figure 7.3 shows that there was no substantial improvement in the quality of 

traffic after the share of AVs on the road exceeded 60%. In this context, and as described in 

Table 7.8, a 60% share of AVs represented a 47.4% overall improvement in the quality of 

traffic, whereas a road with 100% AVs achieved 57.6% overall improvement. Therefore, 

dedicating 100% of the road traffic to AVs or devoting a dedicated lane for AVs in peak traffic 

hours might be as efficient as a shared road with 60% AVs was in this context. 

 

 

 

Figure 7.3. Improvement percentage of the shared scenarios compared to 100% TVs in the 
peak traffic month, May 

 

7.4.2. Simulation Results of the Shared Road in the Month with Near Normal 

Traffic (September) 

This Section presents the results from the simulation of the TV–AV shared road in the normal 

traffic condition of the year 2017. The selected day for this assessment was the 25th of 

September, which represents the days with normal traffic hours. Table 7.9 describes the 

result of the simulation in this context. 
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Table 7.9. Simulation results of the TV–AV shared road in normal traffic condition of the month with 
normal traffic (25th of September) 

Scenario Travel 

time  

(hh:mm:

ss) 

Number 

of 

vehicles 

(O-D) 

Total 

vehicles 

in the 

model 

Queue 

delay 

(hh:mm

:ss) 

 

Queue 

length 

(km) 

 

Vehicle 

delay 

(hh:mm:

ss) 

Stops 

(num) 

Stop 

delay 

(hh:mm:s

s) 

CO 

emis

sion 

(tons

) 

Fuel 

consumpt

ion 

(litres) 

LOS 

value 

(1-6) 

100% TVs 02:27:19 1,322 33,720 00:50:47 0.94 00:40:11 381 00:09:27 0.89 48,405 3.00 

10% AVs 02:22:26 1,411 34,597 00:40:46 0.83 00:31:35 284 00:07:19 0.74 40,091 2.81 

20% AVs 02:18:24 1,488 35,426 00:32:52 0.64 00:24:29 208 00:05:37 0.61 33,251 2.53 

30% AVs 02:15:02 1,557 36,200 00:23:34 0.48 00:19:24 146 00:04:05 0.5 26,933 2.33 

40% AVs 02:13:00 1,600 36,935 00:16:22 0.48 00:16:09 107 00:02:48 0.42 22,642 2.28 

50% AVs 02:12:20 1,632 37,314 00:12:26 0.41 00:14:26 73 00:01:52 0.34 18,173 2.28 

60% AVs 02:09:23 1,692 37,833 00:07:25 0.24 00:11:27 40 00:01:03 0.25 13,714 2.06 

70% AVs 02:09:02 1,697 37,965 00:05:52 0.18 00:10:43 26 00:00:40 0.22 11,812 2.03 

80% AVs 02:08:50 1,733 38,073 00:06:13 0.09 00:10:08 25 00:00:37 0.21 11,602 2.03 

90% AVs 02:05:05 1,786 38,504 00:03:52 0.01 00:05:51 14 00:00:26 0.18 9,872 1.69 

100% AVs 02:02:53 1,838 38,861 00:02:30 0.01 00:03:08 8 00:00:20 0.16 8,895 1.42 

 

Table 7.10 represents the improvement of each simulation scenario compared with the 

results from the simulation of TVs in this study. According to the results in Table 7.10, when 

AVs accounted for 100% of road traffic, the queue length and queue delay and the number 

of stops and stop delay decreased by more than 95%. Additionally, fuel consumption and CO 

emissions were reduced by 81.6%. In general, a network with a 50% share of AVs provided 

a 50.0% improvement in the quality of traffic, whereas a road network entirely populated 

by AVs demonstrated a 69.8% improvement. 

 

Table 7.10. The average improvement of the shared scenarios compared with the results from the 
simulation of 100% TVs, associated with the 25th of September 

Scenario Travel 

time  

Vehicle

s (O-D) 

Total 

vehicles  

Queue 

delay 

Queue 

length 

Vehicle 

delay 

Stops Stop 

delay 

CO 

emissio

n 

Fuel 

consum

ption 

LOS Average 

% % % % % % % % % % % % 

100% CVs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10% AVs 3.3 6.7 2.6 19.7 11.9 21.4 25.5 22.6 17.2 17.2 6.3 14.0 
20% AVs 6.1 12.6 5.1 35.3 32.3 39.1 45.4 40.6 31.3 31.3 15.7 26.8 
30% AVs 8.3 17.8 7.4 53.6 48.6 51.7 61.7 56.8 44.4 44.4 22.3 37.9 
40% AVs 9.7 21.0 9.5 67.8 49.2 59.8 71.9 70.4 53.2 53.2 24.0 44.5 
50% AVs 10.2 23.4 10.7 75.5 56.0 64.1 80.8 80.2 62.5 62.5 24.0 50.0 
60% AVs 12.2 28.0 12.2 85.4 74.5 71.5 89.5 88.9 71.7 71.7 31.3 57.9 
70% AVs 12.4 28.4 12.6 88.4 81.0 73.3 93.2 92.9 75.6 75.6 32.3 60.5 
80% AVs 12.5 31.1 12.9 87.8 90.2 74.8 93.4 93.5 76.0 76.0 32.3 61.9 
90% AVs 15.1 35.1 14.2 92.4 99.0 85.4 96.3 95.4 79.6 79.6 43.7 66.9 
100% AVs 16.6 39.0 15.2 95.1 99.5 92.2 97.9 96.5 81.6 81.6 52.7 69.8 
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Figure 7.4 illustrates the improvement of the evaluated characteristics in this study with the 

increase in the share of AVs on the road. As shown in Figure 7.4, the improvement of 

characteristics under normal traffic volume in the shared road – compared to the road with 

100% TVs – is in line with the improvements that occurred in peak traffic hours. In this 

context, for instance, CO emissions were reduced by 62.5% when 50% of the traffic was AVs. 

Also, Figure 7.4 suggests that LOS might not continuously improve with an increase in the 

share of AVs since scenarios with a 70% and 80% share of AVs similarly represented 32.30% 

improvement in LOS. In this context, it is worth noting that such similarities in the results of 

some scenarios – if they are not too numerous - can be ignored given the stochastic nature 

of the simulation procedures. 

 

 
Figure 7.4. Improvement percentage of the shared scenarios to TVs in the normal traffic 
month, September 

 

 

7.4.3. Simulation of the Shared Road in the Off-peak Month (February) 

This Section presents the results from the simulation of the TV–AV shared road in the lightest 
traffic condition of the year 2017. The selected day for this assessment was the 18th of February, 
which represents the days with the lightest traffic of the year.  

Table 7.11 describes the results of the simulation in this context. 
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Table 7.11. Simulation results of the TV–AV shared road in the off-peak traffic of the month with 
the lightest traffic of the year (18th of February) 

Scenario Travel 

time  

(hh:mm:

ss) 

Numbe

r of 

vehicle

s (O-D) 

Total 

vehicles 

in the 

model 

Queue 

delay 

(hh:mm:s

s) 

Queu

e 

lengt

h 

(km) 

Vehicle 

delay 

(hh:mm:

ss) 

Stops 

(num

) 

Stop 

delay 

(hh:mm:

ss) 

CO 

emis

sion 

(tons

) 

Fuel 

consum

ption 

(litres) 

LOS 

value 

(1-6)  

100% TVs 02:07:20 1,810 33,106 00:14:53 0.34 00:14:20 89 00:02:58 0.33 17,874 2.03 

10% AVs 02:02:29 1,920 33,851 00:07:19 0.22 00:08:31 47 00:01:34 0.24 12,992 1.58 

20% AVs 01:58:35 2,008 34,526 00:02:07 0.07 00:04:10 15 00:00:31 0.17 9,147 1.31 

30% AVs 01:57:27 2,057 34,788 00:00:24 0.02 00:02:12 3 00:00:07 0.14 7,510 1.08 

40% AVs 01:58:11 2,048 34,741 00:00:19 0.00 00:02:09 2 00:00:06 0.13 7,337 1.11 

50% AVs 01:58:27 2,048 34,726 00:00:05 0.00 00:01:32 0 00:00:02 0.13 6,984 1.00 

60% AVs 01:59:11 2,044 34,726 00:00:06 0.00 00:01:27 0 00:00:02 0.13 6,956 1.00 

70% AVs 01:59:44 2,039 34,699 00:00:11 0.00 00:01:18 1 00:00:02 0.13 6,912 1.00 

80% AVs 02:00:01 2,038 34,703 00:00:07 0.00 00:00:59 0 00:00:02 0.13 6,823 1.00 

90% AVs 02:00:07 2,036 34,704 00:00:04 0.00 00:00:35 0 00:00:01 0.12 6,758 1.00 

100% AVs 02:00:03 2,039 34,716 00:00:04 0.00 00:00:09 0 00:00:01 0.12 6,700 1.00 

ent in the quality of traffic.  

 

Table 7.12 represents the improvement of each simulation scenario compared with the 

results from the simulation of TVs. According to the results in Table 8, when AVs represented 

100% of the traffic, the number of stops, queue length, and delay were almost eliminated 

from the road. In general, a road with a 100% share of AVs provided a 63.4% improvement 

in the quality of traffic.  

 

Table 7.12. The average improvement of the shared scenarios compared with the results from the 
simulation of 100% TVs, associated with the traffic stream of the 18th of February 

Scenario Travel 

time  

Total 

vehicles  

Total 

vehicles  

Queue 

delay 

Queue 

length 

Vehicle 

delay 

Stops Stop 

delay 

CO 

emissio

n 

Fuel 

consum

ption 

LOS Avera

ge 

% % % % % % % % % % % % 

100% CVs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10% AVs 3.8 6.1 2.3 50.8 36.8 40.6 47.2 47.2 27.3 27.3 22.2 28.3 
20% AVs 6.9 10.9 4.3 85.8 80.4 70.9 83.1 82.6 49.0 48.8 35.5 50.7 
30% AVs 7.8 13.6 5.1 97.3 94.7 84.7 96.6 96.1 58.0 58.0 46.8 59.9 
40% AVs 7.2 13.1 4.9 97.9 99.4 85.0 97.8 96.6 58.9 59.0 45.3 60.5 
50% AVs 7.0 13.1 4.9 99.4 100.0 89.3 100.0 98.9 60.9 60.9 50.7 62.3 
60% AVs 6.4 12.9 4.9 99.3 100.0 89.9 100.0 98.9 61.1 61.1 50.7 62.3 
70% AVs 6.0 12.7 4.8 98.8 100.0 90.9 98.9 98.9 61.3 61.3 50.7 62.2 
80% AVs 5.7 12.6 4.8 99.2 100.0 93.1 100.0 98.9 61.8 61.8 50.7 62.6 
90% AVs 5.7 12.5 4.8 99.6 100.0 95.9 100.0 99.4 62.2 62.2 50.7 63.0 
100% AVs 5.7 12.7 4.9 99.6 100.0 99.0 100.0 99.4 62.5 62.5 50.7 63.4 
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Figure 7.5 illustrates the improvement in each characteristic evaluated in this study that was 

obtained with the increase in the proportion of AVs on the road in the off-peak traffic 

condition. The general trend of the characteristic improvement in Figure 7.5 indicates that 

there was no substantial improvement in travel time and the number of vehicles as the 

percentage of AVs on the road increased from 30% to 100%. However, other characteristics, 

such as the queue length and queue delay and the number of stops and stop delay time, 

obtained their greatest possible improvement when AVs represented a 30% share of the 

traffic.  

Moreover, from the results in this Section, it can be seen that travel time increases after a 

30% share of AVs. One interpretation for such a phenomenon could be that the 30% share 

of AVs in the road might be a point that AVs make the most efficient use of the road capacity 

and the ratio of volume to capacity is in its most efficient amount. After this amount, the ratio 

of volume to capacity goes toward zero, which means the capacity is much higher than what 

needed for the related volume. Such an issue lead to a higher level of service or a free-flow 

traffic stream. As a result, since AVs are limited to operate at a maximum speed of 100 km/h 

(see Chapter 3, Section 3.6.5.1), they will not be able to make the most use out of the available 

capacity though no improvement will occur in AVs’ efficiency after 30% share of the mixed 

traffic. A solution for this issue would be increasing the speed limit of AVs so they can make 

more use of the capacity in free-flow traffic condition. Yea and Yamamoto (2018) 

recommended defining a higher speed flow for AVs than TVs in order to achieve higher 

performance of AVs in dedicated lanes, which would also be viable for merged traffic; 

therefore, validates the results of the current study in this regard. Such a declaration 

increase require further investigation. 

In general, according to the results in this Section, it could be stated that more than a 30% 

share of AVs in off-peak traffic hours might not make a substantial improvement in the 

quality of traffic. Therefore, devoting a 30% share of the road to AVs would suffice to obtain 

the highest possible efficiency of traffic quality in off-peak traffic hours. 
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Figure 7.5. Improvement percentage of the shared scenarios to TVs in the off-peak month, February 

 

7.5. Simulation of AVs with PTV Values and Comparison of Results with Those of 

This Study 

In this Section, the simulation results are made available for the driving behaviours defined 

by PTV for AVs in an aggressive mode of driving, AVs with normal driving behaviours, and 

AVs with cautious driving behaviours.  

In this study’s simulation results, AVs achieved their highest efficiency in normal traffic 

conditions. Therefore, in this Section, AVs using the PTV driving behaviours are simulated 

under 10 normal traffic hours (in 10 days) in September. These results are compared with 

previous AV simulation results of this study. More information about the simulation results 

for each simulation hour (of each day) and the characteristics evaluated in this context is 

available in Appendix G (G1 – G3). 
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7.5.1. Average Results for the Simulation of the AVs of PTV in Normal Traffic 

Month (September) 

This Section represents the overall results from the simulation of AVs with the driving 

behaviours defined by PTV compared to those of this study. Table 7.13 describes the average 

results for 10 normal traffic hours1 within the month with a normal traffic stream 

(September). 

In Table 7.13, the results from the simulation of TVs were considered as the reference 

category, and the rest of the simulation results were compared with them. Then, the AV 

simulation results of this study are compared with the results from the simulation of the AVs 

of PTV. In this context, a colour bar is applied to the results, where red shows the findings 

related to the reference category (TVs). Any substantial improvement compared with the 

results from TVs are shown in green, and yellow represents a median improvement.  

 

Table 7.13. Overall results of the simulation of AVs in this study and those of PTV 

Parameter TVs AVs of 

this 

study 

AVs with PTV Value 

AV Aggressive AV Normal AV Cautious 

Travel time (hh:mm:ss) 02:30:35 02:05:01 02:00:16 02:06:14 02:21:36 

# Vehicles (O–D) 1,308 1,868 1,956 1,805 1,464 

# Vehicles (total) 33,900 39,618 40,113 39,541 32,639 

Queue delay(hh:mm:ss) 00:54:45 00:04:20 00:00:11 00:00:42 01:15:20 

Queue length (km) 1.00 0.02 0.00 0.00 1.82 

Vehicle delay (hh:mm:ss) 00:44:23 00:05:08 00:00:48 00:05:00 00:56:28 

Stops (num) 402 15 0 4 131 

Stop delay (hh:mm:ss) 00:10:20 00:00:27 00:00:01 00:00:15 00:29:59 

CO emission (tons) 0.22 0.19 0.15 0.16 0.37 

Fuel consumption (litres) 51,030 10,169 7,972 8,658 20,183 

LOS value (1-6) 3.18 1.61 1.01 1.41 4.27 

 

Table 7.14 presents the improvement or deterioration obtained by the AVs of PTV and those 

of this study compared with the results from the simulation of TVs.  

As shown in Table 7.14, and according to what has previously been explained in this Chapter, 

compared with TVs, the AVs of the current study obtained a 67.4% improvement in the 

quality of traffic under normal traffic hours. The results in Table 7.14 show that AVs with 

cautious driving behaviours defined by PTV lowered the quality of traffic by 27.3% 

                                                             
1 Each hour represents a normal traffic hour of a day with normal traffic in September (for example, 
7:00 am – 8:00 am, 20th Sep.) 
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compared to the scenario with 100% TVs on the road. Table 7.14 also shows that, by 

contrast, AVs with aggressive driving behaviours improved the quality of traffic by 73.0%, 

which is slightly more (by 5.6%) than what AVs of the current study obtained, considering 

the substantial change of values that PTV made in Wiedemann parameters. Finally, AVs with 

normal driving behaviours defined by PTV achieved a 69.4% overall improvement 

compared with TVs, which is close to the results of this study. 

 

Table 7.14. Percent improvement of current study AVs and PTV AVs over TVs 

Parameter AVs of this study AVs of PTV 

AV Aggressive AV Normal AV Cautious 

% % % % 

Travel time 17.0 20.1 16.2 6.0 

# Vehicles (O–D) 30.0 33.1 27.5 10.7 

# Vehicles (Total) 14.4 15.5 14.3 -3.9 

Queue delay 92.1 99.7 98.7 -37.6 

Queue length 97.8 100.0 100.0 -100.0 

Vehicle delay 88.4 98.2 88.7 -27.2 

Stops 96.3 100.0 99.0 67.4 

Stop delay 95.6 99.8 97.6 -190.2 

CO emission 79.8 84.0 83.0 60.6 

Fuel consumption 80.1 84.4 83.0 60.4 

LOS 49.4 68.2 55.7 -34.3 

Overall improvement 67.4 73.0 69.4 -27.3 

 

In general, the comparison of results from the simulation of various driving behaviours of 

AVs defined by PTV indicates that the cautious driving behaviours defined by PTV lower the 

quality of traffic. Additionally, there is only a 3.6% difference in the overall average 

improvement achieved by AVs with normal driving behaviours compared to AVs with 

aggressive driving behaviours (both defined by PTV). Such a difference is negligible, given 

the stochastic nature of the simulations. Therefore, one of those sets of driving behaviours 

would be representative of the other one with some margin of error. 

Moreover, the comparison of AV simulation results of this study to those of PTV validates 

the optimisation and simulation of this study. The optimised driving behaviours of this study 

obtained an overall improvement of 67.4%, which is in line with the simulation result 

improvements shown by the PTV’s normal driving behaviours (69.4%) and aggressive 

driving behaviours (73.0%), with negligible variations of 2% and 5.6%, respectively. 
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It is also worth noting that PTV has substantially decreased the range of many parameters 

of Wiedemann 99, as explained in the methodology of this thesis. However, the optimisation 

of the current study revealed that only the three parameters of CC0, CC1, and CC2 have to be 

changed, and a change of value for the rest of the parameters is not required. In this context, 

simulation results in this Section validate the optimisation of the current study, as AVs of 

PTV did not show a substantial improvement over the AVs of this study. 

7.5.2. Simulation of the TV–AV Shared Road with PTV Values 

Following the comparison of the AVs of this study and those of PTV, this Section represents 

the simulation results of the TV–AV shared road with PTV values. In this context, a day with 

normal traffic hours within the month with normal traffic (25th of September) was chosen. 

The driving behaviour selected for this analysis was PTV’s normal driving behaviour, as it 

had provided efficiency similar to that of the AVs of this study. Table 7.15 presents the 

results of this simulation. 

As shown in Table 7.15, the share of AVs increased by 10% in each successive scenario, until 

finally, AVs occupied the entire road. Similar to what has previously been explained for the 

evaluation of the scenario improvement, TVs were considered as the reference category, and 

the simulation results of the shared scenarios were compared to those of TVs. 

 

Table 7.15. Simulation of the TV–AV shared road for PTV (AV – normal) 

Scenario Travel time  

(hh:mm:ss) 

Vehicles 

(O–D)* 

(numbe

r) 

Total 

vehicles  

(number) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:s

s) 

Stops 

(num) 

Stop 

delay 

(hh:mm:s

s) 

CO 

emissi

on 

(tons) 

Fuel 

consumpt

ion 

(litres) 

LOS 

value 

(1-6)  

100% TVs 02:27:19 1,322 33,720 00:50:47 1 00:40:11 381 00:09:27 0.89 48,405 3.00 

10% AVs 02:23:00 1,390 34,515 00:38:51 1 00:32:29 277 00:06:03 0.73 39,308 2.81 

20% AVs 02:19:30 1,461 35,340 00:29:20 1 00:26:13 189 00:04:13 0.58 31,206 2.58 

30% AVs 02:13:42 1,525 36,043 00:20:52 1 00:21:05 123 00:02:45 0.44 23,925 2.33 

40% AVs 02:11:47 1,624 37,002 00:12:41 0 00:15:38 67 00:01:33 0.32 17,411 2.22 

50% AVs 02:08:43 1,696 37,668 00:07:20 0 00:11:44 37 00:00:57 0.25 13,395 2.00 

60% AVs 02:05:32 1,760 38,157 00:04:07 0 00:08:10 16 00:00:25 0.19 10,256 1.69 

70% AVs 02:03:44 1,801 38,441 00:02:02 0 00:05:47 7 00:00:12 0.17 8,999 1.36 

80% AVs 02:01:09 1,865 38,909 00:00:28 0 00:02:32 1 00:00:03 0.15 8,030 1.17 

90% AVs 02:00:37 1,882 39,072 00:00:16 0 00:01:25 1 00:00:02 0.15 7,856 1.00 

100% AVs 02:00:13 1,883 39,106 00:00:09 0 00:00:40 0 00:00:01 0.14 7,729 1.00 

* Number of vehicles from beginning to end 
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Table 7.16 represents the improvement percentage of the TV–AV shared road in a normal 

traffic hour in September adopting PTV AVs with normal driving behaviours compared to 

the TVs of this study.  

As shown in Table 7.16, the number of stops, queue length, and delay showed the largest 

reductions of all evaluated characteristics in this assessment, similar to the reductions 

previously found for the TV–AV shared road of the current study. Also, the evaluation in this 

Section represented an average improvement of 73.6% when AVs represented 100% of the 

road traffic, an improvement average close to that of this study (69.8%). Moreover, there 

was no substantial improvement in the quality of traffic once the percentage of AVs rose 

above 60%. Such a result has already been found in the simulation results of the TV–AV 

shared road of the current study. 

 

Table 7.16. Percent improvement of the TV–AV shared road of PTV with normal driving behaviours 
compared to TVs 

Scenario Travel 

time  

Total 

vehicles  

Total 

vehicles  

Queue 

delay 

Queue 

length 

Vehicle 

delay 

Stops Stop 

delay 

CO 

emissio

n 

Fuel 

consum

ption 

LOS Average 

% % % % % % % % % % % % 

100% CVs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10% AVs 2.9 5.1 2.4 23.5 8.0 19.2 27.3 36.0 18.8 18.8 6.3 15.3 
20% AVs 5.3 10.5 4.8 42.2 20.3 34.8 50.4 55.4 35.5 35.5 14.0 28.1 
30% AVs 9.2 15.4 6.9 58.9 34.5 47.5 67.7 70.9 50.6 50.6 22.3 39.5 
40% AVs 10.5 22.8 9.7 75.0 58.8 61.1 82.4 83.6 64.0 64.0 26.0 50.7 
50% AVs 12.6 28.3 11.7 85.6 73.0 70.8 90.3 89.9 72.3 72.3 33.3 58.2 
60% AVs 14.8 33.1 13.2 91.9 86.2 79.7 95.8 95.6 78.8 78.8 43.7 64.7 
70% AVs 16.0 36.2 14.0 96.0 94.4 85.6 98.2 97.9 81.4 81.4 54.7 68.7 
80% AVs 17.8 41.1 15.4 99.1 100.0 93.7 99.7 99.5 83.4 83.4 61.0 72.2 
90% AVs 18.1 42.4 15.9 99.5 100.0 96.5 99.7 99.6 83.8 83.8 66.7 73.3 
100% AVs 18.4 42.4 16.0 99.7 100.0 98.3 100.0 99.8 84.0 84.0 66.7 73.6 

 

Appendix H (H1 – H11) presents comparative graphs comparing results from the TV–AV 

shared road of this study and results from the TV–AV shared road of PTV. The simulation 

results for each of the highway characteristics evaluated in this study are compared to those 

obtained by PTV. It is worth noting that the graph results of Appendix H are a cell-by-cell 

comparison of the results of Table 7.10 and Table 7.16. 
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7.6. Discussion of Chapter 

This Chapter presented the results of the simulation of TVs and the simulation of AVs using 

the optimised parameters of Wiedemann-99 from Chapter 6. The Chapter then reported 

simulation results when the road was shared by various proportions of TVs to AVs. Finally, 

the Chapter presented simulation results for AVs with driving behaviours defined by PTV 

and compared those results with the AVs of this study. 

The simulation of TVs and AVs in various traffic hours throughout the year revealed that AVs 

achieved the most substantial overall improvements in traffic quality under normal traffic 

hours when the road network carried normal traffic volumes. The lowest level of 

improvement was seen during peak traffic hours. One reason for this low improvement of 

AVs in peak traffic hours was the long queue and delays, which also impacted the LOS. 

Therefore, AVs might not be quite as efficient in the high traffic volumes as they are in normal 

traffic conditions. Moreover, AVs provided less improvement in travel time and the number 

of vehicles during off-peak traffic times, which could be due to the speed limit and 

acceleration constraints defined for them. AVs also showed higher efficiency in reducing the 

number of stops, stop delay, queue length, and queue delay, which could be due to their near-

constant speed and the low variation in their acceleration and decelerations.  

Results related to the TV–AV shared road revealed that the number of stops, queue length, 

and delay were substantially decreased when the roads were entirely populated by AVs. 

Such substantial reductions indicate that AVs might be more efficient when they represent 

a large share of the traffic. However, the results related to peak traffic hours in this context 

revealed that there was not substantial improvement in the quality of traffic after AV share 

rose above 60%. Therefore, dedicating 100% of the road traffic to AVs or devoting a 

dedicated lane for AVs in peak traffic hours might be as efficient as a shared road with 60% 

AVs. The simulation results of the shared road in the normal and off-peak traffic hours 

confirm such a declaration. According to the results in this context, there is an insignificant 

improvement in the overall results after a 60% share of AVs is reached in normal traffic 

hours and a 30% share for off-peak traffic hours. 

The investigation of PTV driving behaviours for AVs revealed that cautious driving 

behaviours reduce traffic quality.  Additionally, there is only a 3.6% difference in the overall 

average improvement achieved by AVs with normal driving behaviours compared to AVs 

with aggressive driving behaviours (both defined by PTV).  Such a difference is negligible 

given the stochastic nature of the simulations. Therefore, one of those sets of driving 

behaviours, preferably AVs with normal driving behaviours, would be representative of the 

other one with some margin of errors. 
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The comparison of results from the simulation of the AVs of this study and those of PTV 

validates the simulation of this study. The simulation of AVs using the optimised driving 

behaviours of this study obtained an overall improvement of 67.4% in traffic quality, which 

is in line with simulated 69.4% improvement from the PTV’s normal driving behaviours. The 

PTV aggressive driving behaviours resulted in an overall improvement of 73.0% in the 

quality of traffic, which is also close to the overall improvement obtained by the AVs of the 

current study, representing another validation for the simulation of the current study. 

Moreover, the comparison of the simulation results of the AVs of this study and those of PTV 

also validates the optimisation of the current study. It is worth highlighting that the 

optimisation of the current study revealed that only the three parameters of CC0, CC1, and 

CC2 have to be changed, and a change of value for the rest of the parameters is not required. 

The simulation results in this Chapter validate such a declaration for the current study, as 

PTV AVs did not substantially improve on the AVs of this study with regard to the substantial 

changes PTV made on all parameters of driving behaviours. 

Moreover, the simulation of the TV–AV shared road of PTV returned results similar to those 

of this study. The shared scenarios showed no substantial improvement in the quality of 

traffic once the AV share of the road rose above 60%. Such a result has already been seen in 

the simulation results of the TV–AV shared road of the current study. 

In general, the simulation results in this study indicated that AVs could substantially 

improve the quality of traffic in normal traffic hours, especially by reducing the number of 

stops, queues, and delay time. Moreover, according to the results from the peak and normal 

traffic hours in this Chapter, a road with a 60% share of AVs can improve traffic quality as 

much as a road entirely populated by AVs. Likewise, a 30% share of AVs on the road in off-

peak traffic hours provides approximately the same improvement as a 100% share of AVs. 

Therefore, the required share of AVs on the road varies based on the traffic condition, on 

what level of overall improvement is favoured, and on how much funding is going to be 

invested for this purpose. 
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8. CONCLUSIONS AND DISCUSSION 

 

 

8.1. Introduction 

The main objective of this research was to investigate the efficiency of AVs in highway 

transport. The study adopted multiple approaches, such as the review of past literature, to 

obtain an understanding of the benefits and risks of the application of AVs. The study also 

conducted public and expert surveys regarding the assessment of human perspectives on 

the implementation of AVs. Finally, the study optimised human driving behaviours for use 

in the modelling of AVs, and it simulated AVs under various traffic conditions. This Chapter 

discusses the main findings of this research and provides directions for future research in 

this area. In this context, Section 8.2 summarises the main results of each Chapter in the 

thesis, followed by the discussion of findings in this study in Section 8.3 and a descriptive 

Table of the discussion in 8.4. Section 8.5 outlines the contribution of the research to the 

application of AVs in highway transport and 8.6 highlights the weaknesses regarding the 

data collection, model design and assessments. Additionally, Sections 8.7 and 8.8 provides 

directions for expanding research in the field based on the results of this study and the 

remaining gaps. Finally, Section 8.9 provides an overall conclusion for this research. 

 

8.2. Summary of Chapters 

This Section outlines the key findings from each Chapter to provide an overview of the main 

results of this research. 

 

Chapter 2 – Literature Review 

Chapter 2 reviewed the relevant studies on benefits and concerns related to the adoption of 

AVs in highway transport. This review found several questions which remained 

unanswered. These included the following: To what extent will people accept liability for 

AVs if they know an AV is recording data? Who should have access to the data recorded by 

AVs? Which group or agency should accept liability for AVs in case of accidents? To what 

extent does their level of interest in driving AVs impact people’s decisions about adopting 

and paying for them? Do people prefer a ridesharing AV or a private AV? To answer these 
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questions, this thesis assessed expert opinion on and public acceptance of the use of AVs on 

public roads. 

Chapter 2 also reviewed the studies related to the microsimulation of traffic flow and some 

previous analysis of the parameters of driving behaviours. This review found that there were 

no defined driving behaviours for AVs to date. There was also a gap in research on how AV 

driving behaviours might affect the factors evaluated in this study (travel time, queue length, 

and delays, among others). Additionally, previous studies were focused primarily on 

theoretical aspects related to AV use, such as price and interest, and there was a gap in 

understanding what would actually happen to highway traffic flow during long-distance 

travel. Finally, the literature review also identified a gap in research on whether AVs will be 

able to cooperate with TVs in merged traffic or will need a dedicated lane. Such gaps are all 

filled in this thesis. 

 

Chapter 3 – Survey, Data Collection, Optimisation, and Model Design Methodology 

Chapter 3 presented the research methodology and explained the data collection procedures 

used in the study’s surveys. This Chapter also conducted a review of the Wiedemann-99 car-

following model and its parameters, since driving behaviours are an essential aspect of 

simulation modelling in this field. This review explained the step-by-step process of 

optimisation and provided a detailed description of the structure of the study’s simulations. 

Chapter 3 also assessed data for the entire 2017 year to assemble input traffic data for 

modelling. The evaluation revealed that May, September, and February experienced peak, 

normal, and off-peak traffic conditions, respectively. Therefore, these months were selected 

for further analysis and simulation. In this context, the traffic data were analysed in greater 

detail to find the peak, normal, and off-peak traffic conditions within each of these three 

months. Such an assessment covered a diverse range of traffic conditions with the minimum, 

normal, and maximum traffic conditions for the whole year included in the evaluation.  

The Chapter then addressed the methodology for designing the VISSIM model of the study 

over a 40-km length of the M50 motorway in Dublin, which is the busiest motorway in 

Ireland. Several configurations were applied to the VISSIM model to replicate autonomous 

behaviours and optimised driving behaviours were later added to the model. Finally, the 

Chapter explained the structure of the simulation’s single-vehicle-type models and TV–AV 

shared road model under various traffic conditions throughout the year. 
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Chapter 4 – Public Survey 

The study in this Chapter analysed peoples’ perceptions and acceptance of AVs along with 

their willingness to pay and willingness to adopt. The results showed that people, in general, 

were not interested in driving AVs; only one-fifth of the population expressed a high level of 

interest. Additionally, results showed that females, in general, were more neutral and less 

likely to be interested in driving AVs than males. People in the 26–35 age range appeared to 

be the most enthusiastic about AVs, yet concerns about recording data had an extreme and 

negative impact on interest since the majority of respondents were not ready to accept AVs' 

recording of data because of their concerns about privacy. Moreover, people, in general, 

were not interested in AVs without steering wheels. 

People were also mostly unsure about or not likely to believe in the safety and security of 

AVs’ operation, and they were not at all willing to accept liability for AVs. User’s perceptions 

as to whether AVs are safer and more secure than vehicles with human drivers could 

substantially impact their decisions to purchase AVs. People who did not believe in AVs’ safe 

and secure operation were not willing to purchase them. Furthermore, the study showed 

that extreme concern about whether AVs could react quickly enough could reduce people’s 

likeliness to purchase an AV.  

In addition, the results revealed that cost substantially impacts people’s AV purchasing 

decisions, as when the cost was not an issue, people were much more interested in 

purchasing an AV. The study survey found that nearly half of the participants had a WTP 

below USD 5,900 for the additional cost of an AV over the base price of the same vehicle in 

the traditional mode. As a result, the total average price users in this study were willing to 

pay for an AV was around USD 65,377, which is far below the estimated price of an AV (USD 

150,000) in 2012 (Howard and Dai, 2014; KPMG, 2012b; Priddle and Woodyard, 2012). 

The assessment of the purchase option between private AVs and ridesharing AVs showed 

that feeling safe and secure about AVs’ operation substantially affected users’ opinions about 

purchasing private AVs. Results indicated that people had a slightly greater preference for 

ridesharing AVs than the private AVs, a preference that was more pronounced among 

women. However, for men in general, and for those who were interested in driving AVs and 

those who felt safe and secure in driverless AVs, the private AV was a favourite choice. 

 

Chapter 5 – Expert Survey 

Chapter 5 dealt with concerns about AVs and their benefits and impacts on public roads.  The 

results related to experts’ concerns about adopting AVs on public roads revealed that 
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‘security concerns such as getting hacked and losing control of the vehicle’ were the most 

troubling consequences of the application of AVs. In this context, the majority of experts 

were against removing the steering wheel from the vehicle, declaring they would support 

‘AVs with a steering wheel and manual override control system’. Moreover, ‘legal liability’ 

was recognised as the second most worrisome consequence, ranking as only slightly less of 

a concern than security.  

The survey also revealed that ‘incorrect understanding of the surrounding objects such as 

humans and animals’ was the most substantial technical concern about adopting AVs. This 

was followed by ‘sensor failure and system shut down’. ‘Cybersecurity’, ‘software processing 

and programming issues’, and ‘vehicle control and operation’ were other technical concerns 

highlighted by experts.  

Regarding the benefits of adopting AVs, the study revealed that experts considered ‘safe 

driving’ and ‘the reduction of traffic congestion, queues, and delays’ the most valuable 

outcomes of the application of AVs. Participants also pointed out topics such as ‘providing 

access for disabled people’, ‘reduction in stress of driving’, ‘engaging in leisure activities’ 

during driving as other potential benefits. In general, however, the experts did not think 

reducing travel time would be one of the most valuable outcomes of the use of AVs. 

Additionally, the results of the survey of experts revealed that AVs would be likely to reduce 

traffic congestion, queues, and delays, and to increase road throughput by making better use 

of road capacity. The assessment on road safety and accidents also indicated that AVs would 

help substantially reduce the number and severity of accidents, and consequently, help 

increase road safety.  

In the area of legal liability, the majority of experts indicated that ‘AV manufacturers’ should 

accept the highest legal liability in case of accidents involving AVs. ‘Insurance companies’ 

and ‘AV owners or drivers’ were the next most likely sectors to be identified as being legally 

liable for accidents. However, some experts believed that assigning legal responsibility for 

AVs in the case of accidents depends on the nature of each accident, and therefore, some 

investigation of an accident scene would be required in this context. 

In general, more than half of the experts supported the application of AVs on public roads, 

with the majority of experts declaring they would ‘highly recommend’ on-demand 

ridesharing AVs rather than the application of private AVs. However, the experts also 

indicated that much more investigation, research, and development are required before the 

adoption of AVs. Experts did not recommend adopting AVs until further studies confirm that 

they would be safe, secure, and efficient. Additionally, the experts who supported the 

application of AVs indicated that adopting them requires infrastructure development, 
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technology development, safety measures, improvement in juridical issues related to the use 

of the AVs, and provision of comfortable conditions for vehicle ownership, among other 

conditions. 

 

Chapter 6 – Optimisation 

Chapter 6 presented results of simulations related to optimisation of driving behaviours and 

provided the optimised values for the simulation of AVs. Additionally, the Chapter reported 

results of assessments of each driving behaviour’s impact on specific characteristics of the 

highway trip. 

The investigation into the optimisation of driving behaviours revealed that CC0, CC1, and 

CC2, when they are regarded as 0.38, 0.45, and 2, respectively, can provide the greatest 

overall improvement in the quality of traffic. Changes of CC3–CC9 were not found to improve 

on the optimised scenario associated with CC0, CC1, and CC2; most had deleterious effects. 

Optimisation results indicated that, except for CC0, CC1, CC2, the rest of the Wiedemann 

parameters evaluated in this study should not be changed.  

The assessment of the impacts of CC0, CC1, and CC2 on the characteristics evaluated in this 

study revealed that CC1 with 75% reduction (0.23) from its initial value (0.9) had the 

greatest impact (of all factorial changes) on the quality of traffic. Overall, CC1 (0.23) had the 

greatest impact on reducing travel time, queue length, and LOS, and on increasing the 

number of vehicles. Results showed that CC2 had the second-greatest effect on the quality of 

traffic (after CC1) when it was decreased by 75% (1) from its initial value (4). CC2 with a 

value of 1 had the most substantial impact among all factors on the reduction of queue delay, 

the number of stops, stop delay, fuel consumption, and CO emissions. 

 

Chapter 7 – Simulation 

Chapter 7 dealt with the simulation of TVs and the simulation of AVs using optimised driving 

behaviours. The simulations were conducted in the single-vehicle-type and shared-road 

modes of transport along with the simulation of AVs using the parameters defined by PTV. 

The simulation results under various traffic conditions of the year revealed that AVs 

achieved the most substantial overall improvements in traffic quality under normal traffic 

conditions, whereas the lowest level of improvement was seen in peak traffic conditions, 

where AVs resulted in long queues and delays and low LOS. In general, the measures on 

which AVs had the greatest impact were in reducing the number of stops, stop delay, queue 
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length, and queue delay, which could be due to their near-constant speed and the low 

variation in their acceleration and deceleration.  

Results related to the TV–AV shared road in peak and normal traffic conditions revealed that 

there was not a substantial improvement in the quality of traffic after AVs’ share of the road 

rose above 60%. Also, for off-peak traffic conditions, there was no substantial improvement 

in the overall results after a 30% share. Therefore, devoting a dedicated lane for AVs might 

be as efficient as a shared road with 60% AVs in peak and normal traffic conditions, and 30% 

AVs in off-peak traffic conditions.  

The investigation of PTV driving behaviours for AVs revealed that cautious driving 

behaviours reduce traffic quality. Moreover, there was a negligible difference in the overall 

results achieved by AVs with normal driving behaviours compared to AVs with aggressive 

driving behaviours.  

The comparison of AV simulations results of this study to those of PTV validated the 

optimisation and simulation of this study. AV simulations using the optimised driving 

behaviours of this study obtained an overall improvement of 67.4% in traffic quality, which 

is in line with simulated 69.4% and 73.0% improvements from the PTV’s normal and 

aggressive driving behaviours, respectively. Moreover, the simulation of the TV–AV shared 

road of PTV returned results similar to those of this study. Additionally, the shared-road 

simulations of both studies (this study and PTV) showed no substantial improvement in the 

quality of traffic once the AV share of the road rose above 60%. 

 

8.3. Discussion of the Thesis 

The current study aimed to evaluate the efficiency of AVs on public roads. For this purpose, 

the study obtained an understanding of the benefits and risks of the application of AVs by 

reviewing previous studies in this context and found the gaps in the knowledge (Chapter 2). 

Such gaps included a lack of research into concerns regarding the assignment of legal 

liability for AVs in accidents, concerns about the recording of travel data by AVs and people’s 

acceptance of this issue, people’s interest in adopting AVs, and their WTP for these vehicles. 

Moreover, the study found that no simulation had been done for AVs’ operation in freeway 

transport, before this study, due to the gap in AVs’ driving behaviours. Therefore, the study 

conducted two surveys to help fill these knowledge gaps. 

The findings from the surveys in Chapters 4 and 5 answered a diverse range of questions 

regarding the application of AVs. However, it was deemed necessary to carry out 

experiments to determine the extent to which the results are in line with public and experts’ 
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perceptions in this matter. Therefore, the study simulated AVs in a case study on the M50 

motorway in Dublin (Chapter 7). For this, the study optimised the parameters of 

Wiedemann-99 together with several model configurations to replicate autonomous driving 

behaviours (Chapter 6).  

This Section conducts a comparative assessment of the results of the public survey, expert 

survey, and the simulation of this study with the results of studies in the literature review to 

evaluate similarities and differences. The assessment of this Section is also briefed in a 

comparative Table, available in Section 8.4, in line with the triangulation validation method 

explained in Chapter 3 (Section 3.7.3). 

KPMG (2012a) and Kesting et al. (2008) indicated a substantial reduction in travel time as a 

result of the adoption of AVs on public roads. However, the public survey of the current study 

revealed that the general public did not recognise travel time as one of the most important 

benefits of AVs (Table 4.9). Furthermore, approximately 41% of the experts surveyed for 

this study stated that AVs might reduce travel time, but in general, they did not expect a 

substantial reduction in this regard (Table 5.18, &  

Model 5.5). The study’s simulation suggested an average 13.4% reduction in travel time 

(Table 7.6) under various traffic conditions and at various times of the year as a result of 

adopting AVs, which accords with the results of the public and expert surveys in this matter. 

This study finds that AVs cannot substantially reduce travel time, thus rejecting the 

declarations of other studies in the literature in this context. 

Regarding traffic congestion, including queue length, queue delay, number of stops, and stop 

delay, Fagnant and Kockelman (2015) and Smith (2013) indicated an increase in traffic 

congestion as a result of the adoption of AVs. However, several studies such as Cui et al. 

(2018) and Li et al. (2018) suggested an improvement in traffic and a reduction of traffic 

congestion, and the results of the public survey by Schoettle and Sivak (2014b) reveal 

expectations that AVs might reduce traffic congestion. In this regard, around 30% of the 

public surveyed for this study believed that AVs would reduce traffic congestion (Table 4.9). 

Additionally, traffic congestion was considered the fourth most important consideration in 

people’s decision as to whether to buy an AV (Table 4.9). Roughly 46% of the experts 

surveyed believed AVs might reduce traffic congestion on public roads, but they did not 

expect a substantial reduction (Model 5.7, & Table 5.24). By contrast, another 20% of experts 

were concerned that adding AVs to the road network could increase traffic congestion. 

However, the results of simulations in this study indicate that AVs could improve traffic 

congestion, with an average 87.5% reduction in queue length, queue delay, number of stops, 

and stop delay (Table 7.6, & Figure 7.1). Therefore, the results from the simulation of this 
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study support the findings of the studies conducted by Cui et al. (2018), Li et al. (2018), 

Schoettle and Sivak (2014b), and others that suggest AVs will reduce traffic congestion. 

Talebpour and Mahmassani (2016) and Yea and Yamamoto (2018) showed a substantial 

potential for AVs to increase traffic stream and road throughput. In this context, around 45% 

of the experts in the current study stated that AVs might increase road throughput but not 

substantially (Table 5.26). The present study’s simulation supports the opinions of these 

experts by showing an average improvement of 29% in the number of vehicles and LOS 

where AVs were incorporated (Table 7.6, & Figure 7.1). Such results also (partially) validate 

the results of studies reviewed in the literature in this context (mentioned in the first line of 

this paragraph). 

Regarding the impact of AVs on the environment, Fox-Penner et al. (2018) and Schwartz et 

al. (2017) predicted an increase in emissions from AVs burning fossil fuel. However, several 

studies reviewed, such as Moriarty and Wang (2017), Ross and Guhathakurta (2017), and 

Mersky and Samaras (2016), indicated a reduction of fuel consumption and emissions, 

energy savings, improved fuel economy, and many other benefits from AVs. In addition, 

Bansal et al. (2016), and Schoettle and Sivak (2014b, 2014c) found that AVs would reduce 

fuel consumption and emissions by an average of approximately 72%. In this context, 

around 43% of the public in the current study recognised the reduction of fuel consumption 

and emissions as the second most substantial factor to consider in deciding whether to buy 

an AV’ (Table 4.9). Around 48% of the experts in the current study also indicated that AVs 

would reduce fuel consumption and CO emissions, highlighting it as one of the most valuable 

outcomes of the adoption of AVs (Table 5.24, & Table 5.26). In this regard, the simulation of 

AVs with fossil fuel in the current study rejects the results of studies conducted by Fox-

Penner et al. (2018) and Schwartz et al. (2017), which suggested an increase in emissions. 

According to the simulation results, AVs can reduce fuel consumption and CO emissions by 

an average of 71% (Table 7.6, & Figure 7.1), which is close to the reductions predicted by 

Bansal et al. (2016) and Schoettle and Sivak (2014b, 2014c). The simulation also supports 

the opinions of the public and expert surveys in this regard. 

Several studies, such as Papadoulis et al. (2019), Hulse et al. (2018), Noy et al. (2018), Beirigo 

et al. (2018), and many others, indicated safety benefits from adopting AVs. On the other 

hand, studies such as Noy et al. (2018), Rakotonirainy et al. (2014), and Schoettle and Sivak 

(2014c) highlighted safety concerns from AVs, such as obscured perception of humans, 

animals, and other objects; software failures; and not being as good as human drivers at 

driving operations. The public surveyed in the current study believed that AVs would be 

somewhat safer than human drivers. Approximately 48% of them indicated safe driving as 
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the most substantial factor they would consider in deciding whether to buy an AV (Table 4.9, 

Model 4.13, & Model 4.14). In this context, about 62% of the experts in this study supported 

the public’s opinions that safe driving would be the most valuable outcome of the adoption 

of AVs (Model 5.4, & Model 5.6). Around 58% of the experts also believed that AVs would 

substantially increase road users’ safety. However, approximately 47% of the experts also 

had safety concerns, such as an AV’s incorrect understanding of surrounding objects, sensor 

failures, or system shut down along with concerns about other factors, which might 

endanger road users’ safety (Table 5.27). Such results support the study of Chan (2017), 

which said safety would be the main reason for users to adopt AVs. The surveys of the 

current study, however, identified safety as only the third greatest concern about AVs, while 

the greatest concern was security. 

Regarding the security of AVs and AV users, several studies such as Sheehan et al. (2018), 

Faife (2017), and Kyriakidis et al. (2015) pointed to issues such as security breaches, 

hacking, car hijacking, kidnapping, and misuse of the vehicles by hackers. Moreover, some 

studies of public opinion, such as Kaur and Rampersad (2018), Schoettle and Sivak (2014b), 

Vallet (2013), and KPMG (2012a), found that security was one of the main concerns about 

adopting AVs. The public survey in the current study revealed similar concerns, suggesting 

that people do not feel secure about using AVs. The public also believed that AVs would not 

be more secure than vehicles with human drivers (Model 4.13). Additionally, around 56% of 

the experts in the current study also identified security issues (such as concerns about being 

hacked and losing control of the AV) as the most substantial concern regarding the 

application of AVs (Model 5.3). 

Rose (2017) and Heaps (2016) pointed to several concerns about privacy with AVs, such as 

data privacy, tracking of individuals’ location, and access to recorded data by third parties. 

Additionally, public opinion studies such as those of Kaur and Rampersad (2018) and 

Schoettle and Sivak (2014b) showed that privacy of AV users was a concern. In this study, 

around 46% of people in the public survey and 33% of experts were extremely concerned 

about the privacy of data in AVs (Model 4.8, & Table 5.10). Individuals surveyed in this study 

also indicated that if the recording of data by AVs is mandatory, local and national 

transportation authorities should be the first organisations with access to such data, 

followed by insurance companies and AV manufacturers.  

Moreover, legal liability has been identified as a main concern of the public in many studies, 

such as Kyriakidis et al. (2015), Howard and Dai (2014), and Schoettle and Sivak (2014a, 

2014b). In this context, around 57% of participants in the public survey of the current study 

were not willing to accept any legal liability for an AV in case of an accident (Model 4.9, Model 
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4.10, & Model 4.11). Additionally, around 71% of the public and 69% of the experts indicated 

that AV manufacturers should face the greatest legal responsibility for AVs in accidents 

(Table 4.8, & Table 5.2). Insurance companies were considered the second most responsible 

agency.  

Liu et al. (2019), Bansal et al. (2016), and Schoettle and Sivak (2014c) indicated high prices 

for AVs, and that the average WTP to add full self-driving automation to a traditional vehicle 

is around USD 5,500, which is far below the estimated price of an AV. The public survey in 

this study also found that nearly 43% of participants had a WTP that was less than USD 5,900 

beyond the traditional vehicle’s base price (Table 4.10). This means the average price those 

43% are willing to pay for one of the vehicles evaluated in this study (Table 4.40) is around 

USD 65,377, which is far below the estimated price of an AV (USD 150,000) in 2012 (Howard 

and Dai, 2014; KPMG, 2012b; Priddle and Woodyard, 2012).  

Furthermore, several studies such as Muoio (2016), Eldredge (2016), and KPMG (2012b) 

highlighted that there might be a need for new installations of infrastructure sensor 

technologies; as otherwise, there might be performance difficulties on roads without clear 

lane markings. However, Fagnant and Kockelman’s (2015) study shows that the existing 

infrastructure capacity of roadways should be adequate to accommodate the added 

demands imposed by AVs. The participants in the public survey in the current study 

indicated that they would not be likely to adopt AVs if the existing infrastructure cannot 

provide full support for them. In this context, around 67% of respondents indicated they 

would not adopt AVs if they could operate only in limited areas in the city rather than 

everywhere around the country (Table 4.5). The experts in the current study also indicated 

that much more investigation is required in this area, and much additional preparation 

might be needed before the adoption of AVs on public roads. The simulation of the current 

study revealed that AVs could be work on the existing infrastructure without the need for 

any sensor installations. However, CAVs might require technologies to facilitate 

communications of V2V, V2I, and V2X (KPMG, 2012b). 

Yea and Yamamoto (2018) studied the need for dedicated lanes for CAVs, which are a form 

of AV. Their results indicated that dedicated lanes for CAVs might increase the performance 

only for medium traffic densities. Such a finding looks similar to the simulation results of the 

current study, which revealed the highest performance of AVs in normal traffic conditions 

(Table 7.6). Additionally, Yea and Yamamoto (2018) highlighted that infrastructure changes 

such as devoting dedicated lanes to AVs might increase the performance of AVs. However, 

this study’s simulation results for the shared road in peak and normal traffic conditions 

revealed that there was not substantial improvement in the quality of traffic after AV share 
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rose above 60% (Table 7.8, & Table 7.10). The same findings applied for the off-peak traffic 

condition after the percentage of AVs on the road reached 30% (Table 7.12). Therefore, the 

simulation of this study indicates that devoting a dedicated lane for AVs might be as efficient 

as a shared road with 60% AVs in peak and normal traffic conditions and 30% AVs in off-

peak traffic conditions, which rejects Yea and Yamamoto’s (2018) declaration in this regard. 

A reduction in accidents as a result of adopting AVs has been suggested by several studies, 

such as Bansal et al. (2016), Continental (2015), and Underwood (2014). Schoettle and Sivak 

(2014a, 2014b) also found that AVs would help to reduce the number and severity of 

accidents, and Papadoulis et al. (2019) and Laan and Sadabadi (2017) pointed to the safer 

and quicker reactions of AVs compared with human drivers. However, the public surveyed 

in the current study did not believe that AVs would be safer and more secure, and people 

were somewhat concerned about AVs’ quick reactions in unexpected driving incidents 

(Table 5.4, & Model 4.5). Around 13% of the experts had the same fear that AVs might not 

be as good as human drivers in reacting quickly (Table 5.10, Model 5.6). People also said 

they did not feel safe and secure riding in a vehicle without a steering wheel, and they trusted 

more in AVs with override control systems and AVs with a steering wheel, an opinion 

supported by around 56% of the experts in the current study (Table 5.7). Additionally, the 

investigation of passengers’ concerns about riding TVs and AVs revealed that people, in 

general, were slightly more concerned about riding AVs than TVs in the same driving 

conditions (Table 4.25). However, about 64% of the experts of the current study indicated 

that AVs would reduce the number and severity of accidents (Table 5.25, Model 5.10, & 

Model 5.11), which is in line with the results of the study conducted by Schoettle and Sivak 

(2014a, 2014b) and others in the literature. 

The level of general interest in adopting AVs averages 66% overall in several studies, such 

as Haboucha et al. (2017), Bansal et al. (2016), and Kyriakidis et al. (2015). However, the 

current study found only 28% of people were very interested in adopting AVs, whereas 41% 

were not at all interested (Table 4.3) because of several concerns such as safety, security, 

and privacy. Around 54% of the experts believed that much more research and preparation 

is needed before AVs can be adopted on public roads (Table 5.8). Thus, the experts were not 

opposed to AVs, but they did not recommend adopting them until further investigations 

prove AVs’ safety, security, and efficiency. 

 

In general, the investigation into the optimisation of driving behaviours (as of research 

objective three) revealed that human driving behaviour models could be modified to 

replicate autonomous behaviours. In the case of optimising Wiedemann-99 as a human 
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driving behaviour model, except for CC0, CC1, CC2, the rest of the Wiedemann parameters 

evaluated should not be changed.  

Also, the assessment of the impacts of CC0, CC1, and CC2 on the trip characteristics (as of 

research objective four) revealed that CC1 and CC2 had the greatest impact of all Wiedemann 

parameter on the quality of traffic. Results showed that CC1 with a value of 0.23 had the 

greatest impact on reducing travel time, queue length, and LOS, and on increasing the 

number of vehicles. Also, CC2 with a value of 1 had the most substantial impact among all 

factors on the reduction of queue delay, the number of stops, stop delay, fuel consumption, 

and CO emissions 

The simulation results in this study (as of research objective five) indicated that AVs could 

substantially improve the quality of traffic in normal traffic conditions, especially by 

reducing the number of stops, queue length, and delay time. The study also found that TVs 

and AVs can efficiently share their road (which explains the research objective six), and the 

improvement in the quality of traffic increases with an increase in the proportion of AVs to 

TVs, up to a specific level, on the road. In this regard, according to the results from the peak 

and normal traffic conditions, a road with a 60% share of AVs can see its traffic quality 

improved as much as a road entirely populated by AVs. Likewise, a 30% share of AVs on the 

road in off-peak traffic conditions provides approximately the same improvement as a 100% 

share of AVs. Therefore, the optimum percentage of AVs on the road varies based on the 

traffic conditions, on what level of overall improvement is favoured, and on how much 

funding is to be invested for this purpose.  

Furthermore, the investigation into perceptions about adopting AVs in people’s daily lives 

(as of research objective one) revealed that people, in general, were not very interested in 

driving AVs; only one-fifth of the population expressed a high interest. The majority of 

respondents did not accept AVs' recording of data, because of concerns about privacy. 

Additionally, people were mostly unsure about or not likely to believe in AVs’ safe and secure 

operation, they were not interested in AVs without steering wheels, and they were not at all 

willing to accept liability for AVs. Moreover, people had great concerns about AVs’ quick 

reactions and their safe and secure operation compared with vehicles with human drivers, 

concerns which impacted how likely they are to purchase AVs. The results also revealed that 

the cost of AVs substantially influenced people’s decisions about purchasing them, since the 

total average amount the users in this study would spend for an AV was far below the 

estimated price of an AV. However, the study showed that if the cost were not an issue, 

people would be more interested in purchasing an AV. Results also indicated that women, 

and respondents overall, had a slightly greater preference for ridesharing AVs than the 
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private AVs. For men, however, and for those who were interested in driving AVs and those 

who felt safe and secure in driverless AVs, the private AV was a favourite choice. 

The investigation of experts’ concerns (as of research objective two) in adopting AVs on 

public roads revealed that security concerns, legal liability, incorrect interpretations of the 

surrounding objects, sensor failure and subsequent system shut down, cybersecurity, 

software processing, and vehicle control would be the areas of greatest concerns. However, 

experts also believed that safe driving and the reduction of traffic congestion, queues, and 

delays would be the most valuable outcomes of the use of AVs. Additionally, experts believed 

that AVs would be likely to increase road throughput and reduce the number and severity of 

accidents. Most experts were of the opinion that AV manufacturers should face the highest 

level of legal liability in case of accidents involving AVs, followed by insurance companies 

and then AV owners. However, some experts believed that assigning legal responsibility for 

AVs depends on the nature of each accident, and therefore, some investigation of an accident 

scene would be required in this context. In general, more than half of the experts supported 

the use of AVs on public roads, especially the use of on-demand ridesharing AVs rather than 

private AVs. However, the experts indicated that much more investigation, research, and 

development are required before the adoption of AVs.  

 

8.4. Descriptive Table of the Discussion of Research 

The values and discussions provided in this Appendix are related to the adoption impacts of 

AVs which are obtained from the simulation assessment of this study. Additionally, 

discussions are provided for the possible impacts of AVs evaluated in the public and expert 

surveys of this study. Also, some results might be related to the shared road of TVs and AVs, 

which is indicated in the text. 

“Correlation” in this section refers to the similarity of results and opinions between various 

means of assessments in this study (literature review, public participants, expert 

participants, and simulation). By contrast, “opposition” colour represents how much the 

results from various means of evaluations are in conflict with each other. 

A colour bar is adopted to evaluate the correlation of responses obtained from the means of 

this study. 

The acronym “PP” in this section refers to the percentage of participants (where there was 

a statistics) involved with an answer or opinion. 
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Point of view Definition Colour Bar 

Correlation  High correlation  

Medium correlation  

Explaining a fact  

Not possible for evaluation in the adopted instrument (simulation or survey)  

Opposition  
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Parameter Literature This study Conclusion 

Public Survey Expert Survey Simulation 

Travel time KPMG (2012a) and Kesting et 
al. (2008): Substantial 
reduction 

Not recognised as an 
essential benefit 

PP: 41%: AVs might 
reduce travel time, but 
not substantially 

About 13.4% 
reduction 

• Rejection of the literature 

• Approval of the public and expert 
opinion 

Traffic congestion: 

queue length, 

queue delay, 

number of stops, 

stop delay 

Fagnant and Kockelman 
(2015), Smith (2013): 
increase in congestion 

PP: 30%: reduction of 
traffic congestion 

PP: 46%: AVs would 
reduce traffic 
congestion, but not 
substantially 

Average of 87.5% 
reduction in queue 
length, queue 
delay, number of 
stops, and stop 
delay 

• Rejection of Fagnant and 
Kockelman (2015), Smith (2013), 
and experts of the current study 
(to some extent) 

• Approval of the public 
individuals of the present study 
(to some extent), Cui et al. 
(2018), Li et al. (2018), Schoettle 
and Sivak (2014b), and several 
others, which believed in the 
reduction in congestion.  

Cui et al. (2018), Li et al. 
(2018), Schoettle and Sivak 
(2014b), and several others: 
reduction in congestion 

Reduction in traffic 
congestion was 
considered as the fourth-
most important aspect of 
the AVs, which make 
people buy them 

PP: 20%: concerned 
about an increase in 
congestion 

Road throughput & 

LOS 

Talebpour and Mahmassani 
(2016), Yea and Yamamoto 
(2018): Substantial potential 
to increase in road throughput 

Not evaluated as it is a 
technical issue, which 
experts should answer 

PP: 45%: AVs might 
increase road 
throughput, but not 
substantially 

Average of 29% 
increase in the 
number of 
vehicles and 
improvement in 
LOS 

• Approval of the literature and 
experts of this study 

Environment: fuel 

consumption and 

emissions 

Fox-Penner et al. (2018), 
Schwartz et al. (2017): 
increase in emission from AVs 
burning fossil fuel 

PP: 43%: recognised as 
the second-most exciting 
aspects of the AVs, which 
make people buy AVs  

PP: 48%: reduction of 
fuel consumption and 
CO emissions 

 

Average of 71% 
reduction in fuel 
consumption and 
CO emission 

• Rejection of the results of studies 
conducted by Fox-Penner et al. 
(2018) and Schwartz et al. 
(2017) 



Chapter 8 

260 
 

Moriarty and Wang (2017), 
Ross and Guhathakurta 
(2017), Mersky and Samaras 
(2016), and several others: 
reduction of fuel consumption 
and emissions, saving energy, 
improving fuel economy and 
many other benefits 

Known as one of the 
most valuable 
outcomes of the 
adoption of AVs 

• Approval of Bansal et al. (2016) 
and Schoettle and Sivak 

• Approval of public individuals 
and experts 

Bansal et al. (2016) and 
Schoettle and Sivak (2014b, 
2014c): reduction of fuel 
consumption and emissions 
by an approximate average of 
72% 

Safety Papadoulis et al. (2019), Hulse 
et al. (2018), Noy et al. (2018), 
Beirigo et al. (2018) and 
several others: many safety 
benefits would result from the 
adoption of AVs 

AVs would be somewhat 
safer than human drivers 

PP: 62%: approved 
public opinions that 
safe driving would be 
the most valuable 
outcome of the 
adoption of AVs 

Out of the scope of 
the simulation in 
this study 

• Approval of the research 
conducted by Chan (2017) with 
regard to the fact that safety 
would be the main reason for 
users to adopt AVs 

• Rejection of the study conducted 
by Chan (2017) in relation to the 
fact that safety would be the 
primary concern of the adoption 
of AVs. The surveys of the 
current study found safety as the 
third-most concerning aspect of 
using AVs, while security was 

Noy et al. (2018), 
Rakotonirainy et al. (2014), 
and Schoettle and Sivak 
(2014c): many safety 
concerns would result from 
the adoption of AVs such as 
obscure understanding of 
humans, animals, and other 

PP: 58%: AVs would 
substantially increase 
road users’ safety 



Chapter 8 

261 
 

objects, software failures, and 
not being as good as human 
drivers at driving operations 

PP: 48%: safe driving 
would be the most 
interesting aspect of the 
AVs, which make people 
buy them 

PP: 47%: concerned 
about incorrect 
understanding of the 
surrounding objects, 
sensor failures and 
system shut down, and 
some other concerns, 
which might endanger 
road users’ safety 

found as the most concerning 
aspect. 

Security Sheehan et al. (2018), Faife 
(2017), and Kyriakidis et al. 
(2015), and several others: 
many concerns would result 
from the adoption of AVs such 
as security breaches, hacking, 
car hijacking, kidnapping, 
misuse of the vehicles by 
hackers, and many other 
concerns 

People, in general, did 
not feel secure about 
using AVs 

PP: 56%: security 
concerns such as 
getting hacked and 
losing control of the AV 
would be the most 
substantial concern 
regarding the 
application of AVs 

Out of the scope of 
the simulation in 
this study 

• The public and expert surveys of 
this study approved the studies 
in the literature 

Kaur and Rampersad (2018), 
Schoettle and Sivak (2014b), 
Vallet (2013), and KPMG 
(2012a), and several others: 
one of the main concerns of 
public individuals for 
adopting AVs 

AVs would not be more 
secure than human 
drivers 
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Privacy (of data) Rose (2017), Heaps (2016): 
several privacy concerns of 
AVs such as data privacy, 
tracking individuals’ location, 
access to the recorded data by 
third-parties and some other 
concerns 

 

PP: 46%: extremely 
concerned about the 
privacy of data 

 

PP: 33%: extremely 
concerned about the 
privacy of data 

Out of the scope of 
the simulation in 
this study 

• Approval of the studies in the 
literature by the results of the 
public and experts surveys of this 
study  

Kaur and Rampersad (2018) 
and Schoettle and Sivak 
(2014b): privacy of the AV 
users was one of the concerns 
of individuals for adopting 
AVs 

If recording data is 
mandatory, local and 
national transport 
authorities should be the 
first organisation who 
should have access to 
such data; then, 
insurance companies, 
and AV manufacturers 

Legal liability Kyriakidis et al. (2015), 
Howard and Dai (2014), 
Schoettle and Sivak (2014a, 
2014b), and several others: 
one of the main concerns of 
adopting AVs  

PP: 57%: not at all 
willing to accept AVs’ 
legal liability in case of 
an accident 

PP: 69%: AV 
manufacturers should 
accept the highest legal 
responsibility of AVs in 
accidents; then, 
insurance companies  

Not possible to be 
assessed in 
simulation 

• Approval of the public survey 
results by the experts of this 
study  

• Approval of the studies in the 
literature with respect to the 
results of the public and experts 
surveys of this study  

PP: 71%: AV 
manufacturers should 
accept the highest legal 
responsibility of AVs in 
accidents; then, 
insurance companies 
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WTP Liu et al. (2019), Bansal et al. 
(2016), Schoettle and Sivak 
(2014c), and several others: 
the high price of AV would be 
a concern for user acceptance 

PP: 43%: showed below 
USD 5,900 WTP in 
addition to the base 
price of the same vehicle 
in Traditional mode 

Not evaluated since 
WTP is related to 
people. Experts were 
not investigated as a 
buyer but specialist in 
technical outcomes 

Not possible to be 
assessed in 
simulation 

• Approval of the studies in the 
literature by the results of the 
public survey of this study  

The average WTP to add full 
self-driving feature is around 
USD 5,500, which is far below 
the estimated price of an AV 

Infrastructure Muoio (2016), Eldredge 
(2016), KPMG (2012b), and 
several others: installations of 
infrastructure sensor 
technologies might be 
required  

People would not be 
likely to adopt AVs if the 
existing infrastructure 
cannot provide full 
support of AVs 

A lot more 
investigation is 
required in this 
context, and many 
preparations might be 
needed before the 
adoption of AVs on 
public roads 

AVs could work 
on the existing 
infrastructure 
without the need 
for any sensor 
installations 

• Rejection of the studies in the 
literature with regard to the fact 
that the current infrastructure 
would (necessarily) need the 
installation of particular sensor 
technologies for adopting AVs  

• Approval of Fagnant and 
Kockelman's (2015) declaration 

• Approval of KPMG's (2012b) 
results.  
CAVs might require technologies 
to facilitate vehicles 
communications, but not 
necessarily AVs (as the 
simulation showed) 

Fagnant and Kockelman 
(2015): the existing 
infrastructure would be able 
to accommodate AVs 

KPMG (2012b): CAVs might 
require technologies to 
facilitate communications of 
V2V, V2I, and V2X 

PP: 67%: people would 
not adopt AVs if AVs 
could only operate in 
some limited areas in the 
city and not everywhere 
around the country 
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Dedicate lane Yea and Yamamoto (2018):  
dedicated lanes for CAVs 
might increase the 
performance only for medium 
traffic densities.  
 

Public individuals were 
not investigated in this 
matter as it is a technical 
issue, which required 
technical evaluations 

Experts were asked 
about ridesharing. 
Dedicated lane is 
assessed through 
simulation 

Devoting a 
dedicated lane for 
AVs might be as 
efficient as a 
shared road with 
60% AVs in peak 
and normal traffic 
conditions, and 
30% AVs in off-
peak traffic 
condition 

• Partial acceptance of Yea and 
Yamamoto’s (2018) declaration 
as such study didn't specify a 
limit for the proportion of AVs in 
mixed traffic.  

Yea and Yamamoto (2018):  
infrastructure changes, such 
as devoting dedicated lanes to 
AVs might increase the 
performance of AVs. 

Accidents Bansal et al. (2016), 
Continental (2015), 
Underwood (2014), and 
several others: reduction of 
accidents 

 

AVs would not be safer 
and more secure than 
human drivers 

PP: 13%: AVs might not 
be as good as human 
drivers in quick driving 
reactions in accidents 

The purpose of 
the simulation 
was the efficiency 
of AVs in traffic. 
Accidents would 
be a separate 
topic to 
investigate in 
future studies 

• Rejection of the studies in the 
literature by the public survey of 
this study. 
People did not believe AVs to be 
safer and more secure than 
human drivers 

• Evidence of similar concerns 
between public individuals and 
experts in this context  

• Approval of some studies in the 
literature by experts of this study 
with regard to the reduction in 
the number and severity of 
accidents 

Somewhat concerned 
about AVs’ immediate 
reaction in unexpected 
driving incidents 

Schoettle and Sivak (2014a, 
2014b): reduction in the 
number and severity of 
accidents 

Not felt safe and secure 
about riding a vehicle 
without a steering wheel 

PP: 56%: not felt safe 
and secure about riding 
a vehicle without a 
steering wheel 

Papadoulis et al. (2019) and 
Laan and Sadabadi (2017): 
AVs would have safer and 

Trusted more on AVs 
with steering wheel and 
override control systems 

Trusted more on AVs 
with steering wheel 
and override control 
systems 
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quicker reaction compared 
with human drivers 

Slightly more concerned 
about operating with 
AVs than TVs in the same 
driving conditions 

PP: 64%: reduction in 
the number and 
severity of accidents by 
adopting AVs 

Interest Haboucha et al. (2017), Bansal 
et al. (2016), Kyriakidis et al. 
(2015), and several others: an 
average of 66% of the people 
were interested 

PP: 28%: very interested PP: 54%: a lot more 
investigations and 
preparation needed 
before AVs' adoption on 
public roads 

Not possible to be 
assessed in 
simulation 

• Partial acceptance of the studies 
in the literature by the public 
survey of this study (when 
“somewhat interested” and “very 
interested” results are merged) 

*Note: “somewhat interested” 
could also implicate to a neutral or 
unsure perception. So, in that case, 
the public study rejects the 
literature as only 28% were very 
interested in adopting AVs. 

PP: 31%: somewhat 
interested* 

PP: 41%: not at all 
interested 

The experts were not 
opposed to adopting 
AVs, but they did not 
recommend adopting 
AVs until further 
investigations approve 
AVs’ safety, security 
and efficiency. 
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8.5. Research Contributions 

This research has contributed the following findings to the state of knowledge in the field of 

AVs: 

1. Assessing the public’s opinion and acceptance of the application of AVs in their 

daily transport routines. This assessment was conducted by running a public 

survey among 475 Irish road users. The results revealed public concerns about the 

use of AVs generally. This study also showed how much people are willing to pay for 

an AV and how willing they are to adopt an AV if the cost is not an issue. 

2. Identifying experts’ concerns and thoughts regarding the adoption of AVs in 

highway transport. The study undertook an international survey of 301 experts in 

fields related to AVs, with 71% participation from transportation experts in 

academia and industry. The outcomes of this survey will be beneficial for transport 

researchers, car manufacturers, legislators, insurance companies, traffic and 

transport consultancies, and other related groups with a focus on AVs. 

3. Proposing a method for optimising human driving behaviours using sensitivity 

analysis over 86 simulation scenarios with 1,003 hours of simulation. As 

mentioned in the discussion of research methods, previously there were no defined 

driving behaviours for AVs. This study optimised the driving behaviours of 

Wiedemann-99 (using sensitivity analysis) for the modelling of AVs along with some 

model configurations for AVs. Results of the simulations with optimised 

Wiedemann-99 parameters provided a vision of what might happen if AVs can drive 

with optimised human driving behaviours and the extent to which they can improve 

the quality of trip characteristics. 

4. Addressing the impact of each driving behaviour on specific characteristics of 

highway trip evaluated in this study (travel time, queue length, delays, fuel 

consumption, emissions, and LOS). As part of the optimisation process, the study 

estimated how these characteristics are affected by changes in driving behaviours. 

The results of this evaluation provided a useful guideline for developing a target 

framework for driving behaviour and information on how driving behaviour must 

change to attain the desired improvements in travel time, queues, delays, and the 

other assessed parameters. 

5. Examining the efficiency of AVs on long trips by modelling AVs in a case study in 

Dublin, Ireland. For this purpose, the 40-km road network of the M50 motorway 

was modelled on VISSIM. The simulation comprised 180 scenarios for a diverse 
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range of traffic conditions with 3,150 hours of traffic simulation; this amount of 

simulation is unprecedented in terms of the number of scenarios and the total 

simulation time conducted. The results provide a profound understanding of what 

would practically happen to traffic flow over long travel distances. The results of the 

simulation were assessed for travel time, queue length, delays, LOS, road throughput, 

fuel consumption, and emissions. 

6. Examining the operability of TVs and AVs in mixed traffic over 33 simulation 

scenarios with 576 hours of simulation. For this part of the study, TVs and AVs 

were designed to work in separate modes and then in mixed traffic situations with 

different proportions on the road. For this purpose, the proportion of AVs increases 

by 10% in each scenario from entirely regular traffic flow using only TVs to a 

network operating fully with AVs. The results clearly showed how flexibly TVs and 

AVs can interact with each other and what proportion of AVs is needed on a 

motorway to cause considerable reductions in queues, delays, fuel consumption, and 

emissions along with increases in the network throughput and an improvement in 

LOS. 

7. Adopting Cronbach’s Alpha reliability test in highway traffic engineering. 

Cronbach’s Alpha is a very well-known reliability test for evaluating the internal 

consistency of a statistical model (Heale and Twycross, 2015; Tavakol and Dennik, 

2011). However, to the best of (this research) author’s knowledge, Cronbach’s Alpha 

has not been used for assessing the internal consistency of the highway traffic 

simulation models. Hence, due to the high performance, ease of use, and availability 

of this reliability test in the statistical software IBM SPSS 25 (which has already been 

used for survey’ analysis in Chapters 4 and 5), Cronbach’s Alpha method was 

adopted as a model reliability test in this research. The evaluation of results in this 

regard revealed that Cronbach’s Alpha could be adopted as a reliable and efficient 

tool for investigating the reliability of the traffic simulation models. 

8. Assessing the new PTV-tuned driving behaviours for AVs, over 41 simulation 

scenarios with 717 hours of simulation. For this purpose, the driving behaviours 

suggested by PTV in 2018 were used for simulation of AVs, and the results for single-

mode and shared-road mode for TVs and AVs were compared to previous results 

from this study. Such an evaluation showed the great extent to which the optimised 

parameters of the current research were already in line with the tuned parameters 

recommended by PTV. 
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9. Adopting a mixed methodology approach using qualitative and quantitative 

studies, and traffic simulation. The study adopted various research methods (and 

instruments) and compared the findings of them against each other. In this regard, 

the current study reviewed past studies in the field and conducted a national public 

survey, a global expert survey, and an extensive traffic simulation study as the 

research instruments. Then, the study triangulated the findings of the mentioned 

instruments against each other to see which one those investigations confirm or 

reject the findings of the rest of the investigations. 

 

8.6. Weaknesses 

The results of evaluations in this study validated the employed research methodology. 

However, there were some limitations in the study which could be improved on in future 

studies. 

Running the pilot survey was a challenging procedure with several limitations. One 

limitation was that there was a very low willingness to participate in the survey since many 

of those who were contacted to participate in the survey knew that their responses were not 

going to be used for statistical assessments or to get published at all. Therefore, several 

potential candidates refused to participate. In addition, running a pilot study for the expert 

survey was not possible since there was no willingness to take part in a trial study. 

Also, while efforts were made to contact a representative sample, it is mindful to consider 

that the public survey was conducted online and those who did not have access to the 

Internet were not covered in the survey. Also, many potential candidates might have been 

at work or so busy so that they couldn’t participate.  

Also, the initial assessment of the (main) surveys revealed that some of the demographic 

groups had a smaller number of participants than the rest. However, those small groups 

were not merged or so they can be comparable with the Census (CSO, 2018) groups. Such an 

issue might be considered as a weakness of the survey. However, before running the 

analysis, all demographic groups were checked for model fitting, standard deviation, and 

errors to make sure that such an issue does not make a substantial (negative) impact on the 

survey results.  

As mentioned in Chapter 3 (Section 3.6.6, Pg. 59), the traffic data for the simulations were 

generated from TII, which is the source of traffic data in Ireland. Despite the fact that TII 

provides detailed data for each road, they do not provide turning ratios for the junctions on 

M50. Therefore, there is no exact information about the number of vehicles approaching 
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M50 and heading towards the airport. The TII officers explained that they do not capture all 

movements entering and leaving the M50 interchanges (D. Kennan, D. Brenna, personal 

communication, Feb 12, 2019). Such a lack of data required the current study to make 

assumptions regarding the input traffic volumes, which impacted the conformity of the 

simulation results with actual traffic running in M50. 

Also, the lack of traffic data for the turning ratios at M50 junctions and making assumptions 

in this regard made the simulation model, a conceptual model of the M50 motorway, and not 

an exact model, which was another limitation in this research. Therefore, a comprehensive 

calibration of the model for TVs was not possible since the lack of such traffic data would 

also impact the rest of the model parameters. It means that even if the study calibrated the 

simulation model for any other parameter such as the travel time, the model would [still] be 

lacking the impact of those missing traffic volumes. As a result, the model would provide a 

travel time which conformed the current travel time of M50 without considering the impact 

of those missing traffic. Such an issue would also impact the results related to the LOS, queue 

length, delay time, fuel consumption, and emission as all these parameters are related to the 

traffic volumes.  

One might ask whether the current study considered the effect of accidents, if any, on the 

simulation model or not. The answer is that due to the high number of the simulation 

scenarios and extensive simulation time of this study, the researcher (of this study) could 

not focus on other road characteristics, such as the consideration of accidents, as model 

input for further assessments. Also – as explained in Section 3.6.6 – no accident data was 

found (at RSA data site) for the year 2017. Therefore, there was not sufficient information 

to check whether any of the days in the TII database had any form of a traffic accident or not, 

which would be considered as a limitation of this study. 

Additionally, the current study evaluated the efficiency of AVs on long highway trips, and 

due to the vastness of the evaluations in this context, the urban application of AVs was not 

assessed. Therefore, further investigation would be required if the results of this study are 

going to be applied to an urban traffic condition, as there are differences between the 

simulation parameters of the freeway traffic and those of the urban roads.  

Finally, there are a few VISSIM limitations regarding model design and operation. Designing 

a 40-km length network in VISSIM requires many road sections and connectors, which could 

be problematic sometimes, especially when reducing the number of lanes (e.g., from a 4-lane 

road section to a 3-lane road). The connectors should direct all the traffic from one section 

of the road to the other side (using routing decisions); a very small mistake in design aspects 

can make some vehicles disappear or lost their way. Even when the model is very well-
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designed, some (random) vehicles cannot properly recognise the routing decision at 

connectors. When this occurs, the vehicles reduce their speed or they might stop and 

proceed to a lane change (to the adjacent lane) and then move forward, which might create 

a delay or initiate a waving traffic stream. Also, VISSIM adopts several different types of 

control parameters for managing vehicles driving operations, which increase the calibration 

flexibility but also makes it very complex and time-consuming. Another issue is that the 

running process could get very time-consuming when the model is large and the simulation 

resolution in high. Moreover, despite that VISSIM is upgrading its features, the VISSIM 

manual is still not easy to work with and there are not many teaching materials for the design 

and operation of emerging technologies like AVs.   

 

8.7. Future Research Directions 

Regarding the survey assessments, future studies are recommended to hire a survey 

company for running the pilot survey with a fair number of participants, which are from the 

same sample type. For example, if the main survey is going to be a public survey on local 

drivers; then, the pilot survey should be done on local drivers. The feedback and comments 

from such a pilot study would be very helpful in designing the main survey which fairly 

considers the requirements (technical terms, language, and needs) of the participants.  

Future studies are recommended to run expert surveys in the form of Delphi surveys. 

Running a Delphi research has several advantages such as that the survey could be 

conducted with a fewer number of participants. Also, such a survey study could be 

conducted in several rounds which provide the experts with the opportunity of thinking 

(and reviewing) their responses and provide more information or new feedbacks in the 

following rounds of the survey. Moreover, a Delphi survey would (probably) provide 

consistent results as it studies various perspective of a system on the same participants. 

Furthermore, such a survey can be longer and more comprehensive as it is done in several 

rounds, not at once. 

Future studies are recommended to install their own digital counters at the junction for 

several days to obtain the average turning proportion for each approach to the junction. This 

could be done using automatic traffic counters such as JTC1, ATC2, and ANPR3. In this way, 

they would be able to capture the full impact of the traffic stream at the junctions of M50 and 

use those data for a comprehensive model calibration, which can be representative of all 

                                                             
1 Junction Traffic Count 
2 Automatic Traffic Count 
3 Automatic number-plate recognition 
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traffic parameters (travel time, traffic volume, queue length, delay time, LOS, fuel 

consumption, and emissions). Also, the future studies are recommended to capture the 

impact of minor junctions at M50 (as TII does not record them) to achieve a more realistic 

simulation of M50. 

Future studies are recommended to integrate the effects of accidents on M50 and how much 

those accidents impact travel time, queue length, delays, and the number of stops for TVs. 

Future studies can also model those accidents when simulating AVs to investigate how AVs 

might react to accidents on the road and to what extent AVs can neutralise their impact on 

travel time, queues, delay, LOS, fuel consumption and emission. 

Future studies are also recommended to investigate the application of AVs in urban traffic, 

such as their impact in coordinated signalised intersections. AVs’ performance in 

roundabouts could also be evaluated to determine how they interact and communicate with 

other AVs and TVs to make the best decisions for yielding the way or advancing in the 

roundabout. Such a scenario could also be applied to AVs at an intersection, with results 

being compared with the results related to the roundabout scenario. In this way, AVs could 

be investigated for whether they operate more efficiently in roundabouts or intersections. 

Such an evaluation could address the best application of AVs at junctions with several 

approaches. 

The simulation results related to the operation of AVs in the off-peak traffic condition (see 

Section 7.4.3) revealed that AVs might not be efficient after 30% penetration on the road; 

even they might have adverse implications such as an increase in travel time. This thesis 

(Section 7.4.3) explained that increasing the speed limit of AVs might be a solution in this 

regard as it might provide AVs with the opportunity of making more use of the capacity in 

free-flow traffic condition. This declaration is in line with the results of a study conducted 

by Yea and Yamamoto (2018) in this regard. Therefore, future studies are recommended to 

further the investigation in this context and simulate AVs with a higher speed limit in mixed 

traffic with TVs.  

 

8.8. Policy and Industry Recommendations 

Industry professionals are recommended to focus more on the improvements of 

technologies required for the production of safe and secure AVs as follows: 

- Producing high-quality sensors and cameras with consideration of the total vehicle 

price 

- Advancing AI algorithms related to AVs’ perception of its surrounding objects 
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- Advancing AVs’ safety and security against cyber attacks 

- Designing new methods for the safe and secure record of the vehicle data, if it is going 

to be recorded, in a form of local data servers which cannot be penetrated by hackers 

- Testing AVs under various road conditions (not just the controlled environments) to 

make sure they can operate safely in any situations 

 

Also, policymakers are recommended to focus on the political, and juridical issues related to 

the adoption of AVs such as: 

- Legal liabilities of the vehicles in case of accidents; addressing how much the legal 

liability should be divided between the participants in accidents related to AVs 

- The overall price of AVs and whether it will be affordable for public individuals or 

not 

- Insurance of the AVs and their occupants; addressing the financial coverage the 

insured bodies can expect in case of the possible accidents involved with their AVs 

- The authorised agency for accessing the recorded travel data, if the record of data by 

AV is necessary 

- Whether the society is ready for accepting AVs in daily life commute and whether 

there is a mass market for it or not; if not, many manufacturers might face 

bankruptcy 

- Whether the government are able to manage the huge cost of replacing the old 

infrastructure and traditional vehicles with smart infrastructure and AVs; if not, 

what would be the consequences 

- Whether the countries’ economy has any plan for the loss of jobs which occur 

because of the automation of things i.e., what would taxi drivers do if future AV taxis 

would not need drivers anymore, or several other delivery jobs which would not 

need drivers or operators 

- Which government body or agency should take responsibility if the big project of 

adopting AVs fails and what would be the best course of action in such a case 

- Whether the economy is strong enough to compensate for the loss of the investments 

if AVs are not successful and a shift back to the traditional model transport deemed 

necessary if such thing would be (even) possible. 
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8.9. Overall Conclusion 

Overall, the current study revealed that AVs could substantially improve the quality of traffic. 

However, they require more research, technology development, safety and security 

measures, improvements in juridical issues and legal liabilities related to their use, and the 

provision of acceptable conditions for vehicle ownership, especially in terms of the cost of 

the vehicle. In this way, many concerns regarding the adoption of these vehicles on the road 

would be resolved. However, according to the evaluations of this study, and based on the 

current status of AV research and development, the present study does not recommend 

adopting AVs until further studies confirm that the requirements for their adoption – 

mentioned above – are met. 
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APPENDIX A: Data Tables of the Methodology of Research 

 

 

A1. Variable coding of the public survey in SPSS 

Note:  A copy of the public survey questionnaire is available in APPENDIX B (B3). 

Variable and answer options Coding for each answer option 

Respondent None 

Having heard about AV Nothing at all = 1, Somewhat = 2, A great deal = 3 

Being interested in driving AVs Not interested = 1, Neither = 2, Very interested = 3 

Preferences for spending time in an AV: 

A = Sleeping, resting, and reading, B = enjoying the 

scenery, C = Social activities, D = Working, E = 

Other 

No = 0, Yes = 1 

Owning an AV in limited areas of the city Not at all likely = 1, Somewhat likely = 2, 

Extremely likely = 3 

AVs would be safer and more secure than human 

drivers 

Not at all = 1, Somewhat = 2, Extremely = 3 

Feeling safe and secure in an AV without a steering 

wheel 

Not at all = 1, Somewhat = 2, Extremely = 3 

Feeling safe and secure in an AV with manual 

control 

Not at all = 1, Somewhat = 2, Extremely = 3 

Feeling safe and secure about AVs’ quick reaction 

in accidents 

Not at all concerned = 1, Somewhat concerned = 2, 

Extremely concerned = 3 

Passengers’ concern of driving a TV: 

A = Travelling at night, B = Road is slippery, C = 

Vehicle is at speed limit 

Not at all concerned = 1, Somewhat concerned = 2, 

Extremely concerned = 3 

Passengers’ concern of driving an AV: 

A = Travelling at night, B = Road is slippery, C = 

Vehicle is at speed limit 

Not at all concerned = 1, Somewhat concerned = 2, 

Extremely concerned = 3 

Previous knowledge that AVs might record travel 

data 

No = 0, Yes = 1 

Concerned about the privacy of the recorded data 

in AVs 

Not at all concerned = 1, Somewhat concerned = 2, 

Extremely concerned = 3 

Agree that AVs should record data Disagree = 1, Undecided = 2, Agree = 3 

Preferences of sharing the vehicle data: 

A = Car manufacturer, B = Transport authorities, C 

= Consultants, D = Insurance companies, E = Other 

No = 0, Yes = 1 

How much will you accept AVs' liability Nothing at all = 1, Somewhat = 2, A great deal = 3 

The group or agency which should accept liability: 

A = NTA, B = Manufacturers, C = AV owners, D = 

Traffic control centres, E = Insurance companies, F 

= Others 

No = 0, Yes = 1 

Reason to buy an AV: No = 0, Yes = 1 
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A = Safe driving, B = Auto navigation, C = Enjoying 

free time, D = Reduction in congestion, E = 

Reduction in emission, F = Others 

Prefer to purchase an AV when it is fully 

developed and tested 

Not at all likely = 1, Somewhat likely = 2, 

Extremely likely = 3 

Prefer to wait to see the early adopters' opinions 

about the application of AVs 

Not at all likely = 1, Somewhat likely = 2, 

Extremely likely = 3 

WTP for AV in addition to the price of the same 

vehicle in Traditional mode 

Below 10% = 1, 10%-20% = 2, Above 20%, 3 

Prefer to purchase AV if the cost was not an issue Not at all likely = 1, Somewhat likely = 2, 

Extremely likely = 3 

An on-demand ridesharing AV is more efficient 

than owning AV 

Not at all likely = 1, Somewhat likely = 2, 

Extremely likely = 3 

Prefer to purchase an AV even if a ridesharing 

service of AVs provided 

No = 0, Yes = 1 

Gender Female = 0, Male = 1 

Age 18 - 25 years old = 1, 26-35 years old = 2, 36-50 

years old = 3, Above 50 years old = 4 

County {1, Antrim} ... 

Possessing driving license No = 0, Yes = 1 

Owning at least one car No = 0, Yes = 1 

Number of cars 1 = 1, 2 = 2, 3 =3, 4 = 4, 5 = 5+ 

Age of car 0-2 years = 1, 2-5 years = 2, 5-7 years = 3, 7-10 

years = 4, Above 10 years = 5 

Owning a mobile phone No = 0, Yes = 1 

Mobile purchasing time In the past 12 months = 1, 1-2 years ago = 2, 2-4 

years ago = 3, 4-7 years ago = 4, More than 7 years 

ago = 5 

When buying the mobile phone, it was the latest 

version of its brand  

No = 0, Yes = 1 

Interest in the latest smart technologies Nothing at all = 1, Somewhat = 2, A great deal = 3 
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A2. Variable coding of the expert survey in SPSS 

Note:  A copy of the expert survey questionnaire is available in APPENDIX C (C2). 
Variable and answer options Coding (for each answer option) 

Respondent ID None 

Question: The most valuable outcome/s of the adoption of AVs: 

A = Safe driving, B = Vehicle security, C = Reduction of travel 

time, D = Reduction of traffic congestion, E = Reduction of fuel 

consumption and emission 

No = 0, Yes = 1 

The adoption impact of AVs on some trip characteristics: 

A = Travel time, B = Traffic congestion, C = Road throughput, D = 

Fuel consumption and vehicle emissions, E = Road users’ safety, F 

= The number of accidents, G = The severity of accidents 

Substantially decrease = 1, No impact 

= 2, Substantially increase = 3 

The most substantial concerns regarding the application of AVs: 

A = Safety concerns, B = Security concerns, C = Privacy concerns, 

D = Legal liabilities, E = Traffic issues, F = Fuel consumption and 

emissions 

No = 0, Yes = 1 

The most concerning technical issue regarding the application of 

AVs: 

A = Sensor failures and system shut down, B = Incorrect 

understanding of the surrounding objects, C = Getting limited by 

the factory-defined driving operations, D = Not being as good as 

human drivers in quick driving reactions 

No = 0, Yes = 1 

The group or agency which accept the highest liability: 

A = AV owners, B = Legal authorities, C = AV manufacturers, D = 

Insurance companies, E = Local traffic control centres 

No = 0, Yes = 1 

The overall opinion regarding the future use of AVs on public 

roads: 

A = The science and industry of the AVs are doing very well. So, I 

have no concern to adopt AVs., B = I am concerned about safety, 

security and hacking threats but I’d like to try AVs., C = A lot more 

investigations and preparation needed before AVs' adoption on 

public roads., D = I am opposed to AVs ever being allowed on 

public roads in any condition., E = Others  

A = 1, B = 2, C = 3, D = 4, E = 5 

Supporting on-demand ridesharing AVs rather than the 

application of private AVs 

Not at all likely = 1, Somewhat likely = 

2, Extremely likely = 3 

The recommended type of AVs by experts: 

A = An AV in a dual-mode of driving (manual and autopilot) with 

manual override control systems., B = An AV without a steering 

wheel - Fully Autonomous., C = None 

A = 1, B = 2, C = 3 

Experts' experience in the field 1-3 years = 1, 3-5 years = 2, 5-10 years 

= 3, 10-20 years = 4, Above 20 years = 

5 

Main area of expertise: 

A = Transportation 

(Engineering/Planning/Modelling/Policy/Economics/etc.)., B = 

Civil Engineering., C = Electronic Engineering., D = Computer 

Engineering., E = Mechanical Engineering., F = Behavioural and 

Social Sciences 

A = 1, B = 2, C = 3, D = 4, E = 5, F = 6 

Experts' group Government = 1, Road authority = 2, 

Academia = 3, Private sector = 4, Other 

= 5 
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A3. Speed distribution for TVs 

X: Speed (km/h) Fx: Distribution range 

80 0.00 

82 0.05 

84 0.10 

86 0.15 

88 0.20 

90 0.25 

92 0.30 

94 0.35 

96 0.40 

98 0.45 

100 0.50 

102 0.55 

104 0.60 

106 0.65 

108 0.70 

110 0.75 

112 0.80 

114 0.85 

116 0.90 

118 0.95 

120 1.00 

Source: PTV Manual (2017) 

 

 

A4. Speed distribution for AVs 

X: Speed (km/h) Fx: Distribution range 

100 0 

100 1 
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A5. Desired acceleration for TV and AVs 

Speed TVs AVs 

Lower bound Mean Upper bound No distribution 

0 1.96 3.00 3.50 3.00 

10 1.49 2.70 3.50 2.70 

20 1.30 2.29 3.50 2.29 

30 1.15 1.97 3.50 1.97 

40 1.03 1.70 3.50 1.70 

50 0.92 1.46 3.27 1.46 

60 0.82 1.31 2.92 1.31 

70 0.73 1.25 2.59 1.25 

80 0.64 1.18 2.29 1.18 

90 0.56 1.11 2.00 1.11 

100 0.48 1.04 1.73 1.04 

110 0.45 0.97 1.61 0.97 

120 0.42 0.90 1.50 0.90 

130 0.39 0.83 1.38 0.83 

140 0.36 0.76 1.27 0.76 

150 0.32 0.69 1.15 0.69 

160 0.29 0.62 1.04 0.62 

170 0.26 0.55 0.92 0.55 

180 0.23 0.48 0.81 0.48 

190 0.19 0.42 0.69 0.42 

200 0.16 0.35 0.58 0.35 

210 0.13 0.28 0.46 0.28 

220 0.10 0.21 0.35 0.21 

230 0.07 0.14 0.23 0.14 

240 0.03 0.07 0.12 0.07 

250 0.00 0.00 0.00 0.00 

Source: PTV Manual (2017) 
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A6. Maximum acceleration for TV and AVs 

Speed TVs AVs 

Lower bound Mean Upper bound No distribution 

0 1.96 3.50 3.50 3.50 

10 1.49 3.20 3.50 3.20 

20 1.30 2.79 3.50 2.79 

30 1.15 2.47 3.50 2.47 

40 1.03 2.20 3.50 2.20 

50 0.92 1.96 3.27 1.96 

60 0.82 1.75 2.92 1.75 

70 0.73 1.55 2.59 1.55 

80 0.64 1.37 2.29 1.37 

90 0.56 1.20 2.00 1.20 

100 0.48 1.04 1.73 1.04 

110 0.45 0.97 1.61 0.97 

120 0.42 0.90 1.50 0.90 

130 0.39 0.83 1.38 0.83 

140 0.36 0.76 1.27 0.76 

150 0.32 0.69 1.15 0.69 

160 0.29 0.62 1.04 0.62 

170 0.26 0.55 0.92 0.55 

180 0.23 0.48 0.81 0.48 

190 0.19 0.42 0.69 0.42 

200 0.16 0.35 0.58 0.35 

210 0.13 0.28 0.46 0.28 

220 0.10 0.21 0.35 0.21 

230 0.07 0.14 0.23 0.14 

240 0.03 0.07 0.12 0.07 

250 0.00 0.00 0.00 0.00 

Source: PTV Manual (2017) 
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A7. Desired deceleration for TVs and AVs 

Speed 
TVs AVs 

Lower bound Mean  Upper bound Mean 

0 -3.00 -2.75 -2.55 -2.75 

10 -3.00 -2.75 -2.55 -2.75 

20 -3.00 -2.75 -2.55 -2.75 

30 -3.00 -2.75 -2.55 -2.75 

40 -3.00 -2.75 -2.55 -2.75 

50 -3.00 -2.75 -2.55 -2.75 

60 -3.00 -2.75 -2.55 -2.75 

70 -3.00 -2.75 -2.55 -2.75 

80 -3.00 -2.75 -2.55 -2.75 

90 -3.00 -2.75 -2.55 -2.75 

100 -3.00 -2.75 -2.55 -2.75 

110 -3.00 -2.75 -2.55 -2.75 

120 -3.00 -2.75 -2.55 -2.75 

130 -3.00 -2.75 -2.55 -2.75 

140 -3.00 -2.75 -2.55 -2.75 

150 -3.00 -2.75 -2.55 -2.75 

160 -3.00 -2.75 -2.55 -2.75 

170 -3.00 -2.75 -2.55 -2.75 

180 -3.00 -2.75 -2.55 -2.75 

190 -3.00 -2.75 -2.55 -2.75 

200 -3.00 -2.75 -2.55 -2.75 

210 -3.00 -2.75 -2.55 -2.75 

220 -3.00 -2.75 -2.55 -2.75 

230 -3.00 -2.75 -2.55 -2.75 

240 -3.00 -2.75 -2.55 -2.75 

250 -3.00 -2.75 -2.55 -2.75 

Source: PTV Manual (2017) 
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A8. Maximum deceleration for TVs and AVs 

Speed 
TVs AVs 

Lower bound Mean Upper bound No distribution 

0 -8.50 -7.50 -6.50 -7.50 

10 -8.40 -7.40 -6.40 -7.40 

20 -8.30 -7.30 -6.30 -7.30 

30 -8.20 -7.20 -6.20 -7.20 

40 -8.10 -7.10 -6.10 -7.10 

50 -8.00 -7.00 -6.00 -7.00 

60 -7.90 -6.90 -5.90 -6.90 

70 -7.80 -6.80 -5.80 -6.80 

80 -7.70 -6.70 -5.70 -6.70 

90 -7.60 -6.60 -5.60 -6.60 

100 -7.50 -6.50 -5.50 -6.50 

110 -7.40 -6.40 -5.40 -6.40 

120 -7.30 -6.30 -5.30 -6.30 

130 -7.20 -6.20 -5.20 -6.20 

140 -7.10 -6.10 -5.10 -6.10 

150 -7.00 -6.00 -5.00 -6.00 

160 -6.90 -5.90 -4.90 -5.90 

170 -6.80 -5.80 -4.80 -5.80 

180 -6.70 -5.70 -4.70 -5.70 

190 -6.60 -5.60 -4.60 -5.60 

200 -6.50 -5.50 -4.50 -5.50 

210 -6.40 -5.40 -4.40 -5.40 

220 -6.30 -5.30 -4.30 -5.30 

230 -6.20 -5.20 -4.20 -5.20 

240 -6.10 -5.10 -4.10 -5.10 

250 -6.00 -5.00 -4.00 -5.00 

      Source: PTV Manual (2017) 
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A9. Breakdown of the monthly traffic data (Sep. 2017) for node 1 (TII, 2017) 
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A10. Top 10 peak, normal and off-peak traffic conditions in February 

Traffic 

condition 

Day Traffic volume (veh/h) 

Origin Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Total 

Peak AM-1st 1,439 720 2,443 2,401 1,858 1,212 217 10,289 

AM–3rd 1,359 680 2,483 2,535 1,882 1,115 228 10,281 

AM–7th 1,460 730 2,368 2,475 1,808 1,235 221 10,296 

AM–9th 1,475 738 2,458 2,558 1,849 1,250 226 10,552 

AM–14th 1,531 766 2,388 2,456 1,876 1,231 224 10,471 

AM–15th 1,477 739 2,406 2,531 1,799 1,258 235 10,444 

AM–16th 1,459 730 2,453 2,538 1,919 1,196 239 10,532 

AM–17th 1,389 695 2,383 2,515 1,866 1,146 244 10,237 

AM–21st 1,329 665 2,423 2,453 1,884 1,177 222 10,151 

AM–27th 1,401 701 2,441 2,486 1,859 1,191 233 10,311 

Normal PM-1st 2,320 727 2,109 1,666 1,613 844 435 9,713 

PM-14th 2,333 762 2,159 1,641 1,622 874 419 9,808 

PM-15th 2,301 753 2,094 1,670 1,650 909 432 9,809 

PM-17th 2,628 680 2,091 1,757 1,534 740 404 9,832 

PM-20th 2,386 694 2,128 1,618 1,628 861 432 9,745 

PM-21st 2,422 709 2,143 1,682 1,628 874 397 9,854 

PM-22nd 2,517 786 1,910 1,717 1,555 886 406 9,776 

PM-23rd 2,524 707 2,127 1,711 1,566 855 417 9,907 

PM-24th 2,851 672 2,073 1,688 1,524 768 423 9,997 

PM-28th 2,277 760 2,128 1,614 1,601 864 419 9,662 

Off-peak AM-4th 2,515 449 1,474 1,354 1,213 536 199 7,740 

PM-4th 3,067 561 1,575 1,659 1,355 570 268 9,054 

AM-5th 2,177 318 1,152 1,278 989 375 143 6,431 

AM-11th 2,670 448 1,454 1,468 1,175 480 218 7,911 

AM-12th 2,289 288 1,220 1,328 954 357 164 6,600 

PM-12th 3,228 451 1,557 1,722 1,385 491 269 9,102 

AM-18th 2,657 433 1,461 1,613 1,214 531 228 8,136 

AM-19th 2,372 340 1,290 1,382 1,016 371 167 6,937 

AM-25th 2,624 433 1,606 1,595 1,224 493 211 8,184 

AM-26th 2,302 318 1,129 1,293 1,006 392 195 6,632 
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A11. Top 10 peak, normal and off-peak traffic conditions in May 

Traffic  

condition 

Day Traffic volume (veh/h) 

Origin Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Total 

Peak AM-04th 5,154 700 2,547 2,580 1,973 1,229 237 14,420 

AM-09th 5,045 700 2,578 2,583 1,962 1,271 248 14,386 

AM-10th 5,077 718 2,355 2,506 1,941 1,276 262 14,135 

AM-11th 5,014 702 2,471 2,628 1,935 1,251 258 14,258 

AM-16th 4,973 700 2,618 2,384 1,996 1,256 254 14,180 

AM-17th 5,174 709 2,477 2,643 2,003 1,250 261 14,516 

AM-24th 4,993 706 2,539 2,562 2,004 1,213 257 14,272 

AM-25th 4,894 698 2,469 2,610 1,935 1,199 268 14,072 

AM-30th 5,076 676 2,456 2,527 1,933 1,226 258 14,151 

AM-31st 5,257 682 2,470 2,598 1,980 1,206 260 14,452 

Normal PM-02nd 2,403 745 2,135 1,703 1,720 935 463 10,103 

PM-03rd 2,508 760 2,211 1,711 1,677 938 438 10,241 

PM-09th 2,504 728 2,190 1,736 1,708 938 410 10,213 

PM-11th 2,649 725 2,116 1,739 1,700 907 430 10,264 

PM-15th 2,334 731 2,185 1,683 1,698 899 477 10,005 

PM-16th 2,352 735 2,205 1,698 1,674 974 431 10,068 

PM-18th 2,464 705 2,163 1,751 1,696 927 422 10,127 

PM-23rd 2,461 715 2,194 1,723 1,701 924 445 10,162 

PM-25th 2,615 721 2,152 1,733 1,641 889 453 10,203 

PM-30th 2,427 733 2,203 1,757 1,692 920 446 10,177 

Off-peak AM-01st 2,370 293 1,179 1,358 985 383 167 6,735 

AM-06th 2,597 480 1,480 1,607 1,176 512 221 8,071 

PM-06th 3,089 542 1,730 1,736 1,411 539 274 9,319 

AM-07th 2,420 387 1,459 1,638 1,250 459 178 7,790 

AM-13th 2,635 481 1,522 1,638 1,247 538 230 8,290 

AM-14th 2,502 345 1,214 1,430 1,065 386 179 7,120 

AM-20th 2,788 511 1,614 1,749 1,176 528 237 8,603 

AM-21st 2,615 319 1,352 1,534 1,107 447 195 7,567 

AM-27th 2,825 448 1,627 1,622 1,227 449 239 8,437 

AM-28th 2,491 354 1,306 1,440 1,171 547 177 7,485 
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A12. Top 10 peak, normal and off-peak traffic conditions in September 

Traffic  

condition 

Day Traffic volume (veh/h) 

Origin Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Total 

Peak AM-4th 4,942 655 2,414 2,642 1,875 1,198 270 13,996 

AM-7th 4,576 687 2,451 2,758 1,961 1,273 274 13,978 

AM-8th 4,888 684 2,442 2,578 1,946 1,219 258 14,014 

AM-11th 4,827 680 2,384 2,619 1,862 1,228 275 13,873 

AM-12th 4,950 683 2,393 2,484 1,932 1,308 260 14,008 

AM-13th 5,101 705 2,265 2,586 1,824 1,292 276 14,048 

AM-14th 5,050 690 2,334 2,582 1,939 1,289 274 14,157 

AM-19th 5,022 725 2,194 2,561 1,892 1,297 270 13,960 

AM-20th 4,978 715 2,386 2,735 1,940 1,295 240 14,288 

AM-21st 4,833 725 2,393 2,665 1,884 1,264 300 14,063 

Normal AM-7th 2,469 715 2,152 1,762 1,596 851 458 10,002 

AM-10th 3,540 517 2,048 1,921 1,455 520 281 10,280 

AM-13th 2,377 699 2,140 1,737 1,562 917 446 9,876 

AM-14th 2,401 710 2,220 1,726 1,433 936 441 9,866 

AM-19th 2,409 745 2,126 1,825 1,615 872 420 10,011 

AM-20th 2,421 729 1,935 1,827 1,607 852 403 9,774 

AM-21st 2,470 745 1,993 1,937 1,559 868 432 10,002 

AM-22nd 2,689 673 2,100 1,763 1,513 734 423 9,893 

AM-25th 2,459 708 2,046 1,619 1,585 875 432 9,722 

AM-26th 2,303 740 2,168 1,737 1,589 879 395 9,810 

Off-peak AM-2nd 2,751 476 1,640 1,775 1,298 520 240 8,699 

AM-3rd 2,988 366 2,035 2,044 1,203 415 211 9,260 

AM-9th 2,762 479 1,682 1,748 1,278 494 291 8,732 

AM-10th 2,770 337 1,438 1,553 1,102 412 211 7,823 

AM-16th 2,781 464 1,571 1,732 1,264 542 281 8,634 

AM-17th 2,720 335 1,705 2,123 1,315 461 243 8,902 

AM-23rd 2,917 346 1,575 1,695 1,289 510 276 8,608 

AM-24th 2,585 316 1,359 1,520 1,134 398 197 7,507 

AM-30th 2,862 490 1,576 1,649 1,299 545 248 8,667 

PM-23rd 2,937 374 1,752 1,895 1,451 560 312 9,280 
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A13. 63 scenarios for the optimisation of CC0, CC1 and CC2 

Scenario Change CC0 CC1 CC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9 
W99 No change 1.5 0.9 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
1 CC0-25% 1.13 0.9 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
2 CC0-50% 0.75 0.9 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
3 CC0-75% 0.38 0.9 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
4 CC1-25% 1.13 0.68 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
5 CC1-50% 1.13 0.45 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
6 CC1-75% 1.13 0.23 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
7 CC2-25% 1.5 0.9 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
8 CC2-50% 1.5 0.9 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
9 CC2-75% 1.5 0.9 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
10 CC0-25% 

CC1-25% 
1.13 0.68 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

11 CC0-25% 
CC1-50% 

1.13 0.45 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

12 CC0-25% 
CC1-75% 

1.13 0.23 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

13 CC0-25% 
CC2-25% 

1.13 0.9 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

14 CC0-25% 
CC2-50% 

1.13 0.9 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

15 CC0-25% 
CC2-75% 

1.13 0.9 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

16 CC0-50% 
CC1-25% 

0.75 0.68 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

17 CC0-50% 
CC1-50% 

0.75 0.45 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

18 CC0-50% 
CC1-75% 

0.75 0.23 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

19 CC0-50% 
CC2-25% 

0.75 0.9 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

20 CC0-50% 
CC2-50% 

0.75 0.9 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

21 CC0-50% 
CC2-75% 

0.75 0.9 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

22 CC0-75% 
CC1-25% 

0.38 0.25 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

23 CC0-75% 
CC1-50% 

0.38 0.45 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

24 CC0-75% 
CC1-75% 

0.38 0.23 4 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

25 CC0-75% 
CC2-25% 

0.38 0.9 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

26 CC0-75% 
CC2-50% 

0.38 0.9 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

27 CC0-75% 
CC2-75% 

0.38 0.9 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

28 CC1-25% 
CC2-25% 

1.5 0.68 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

29 CC1-25% 
CC2-50% 

1.5 0.68 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

30 CC1-25% 
CC2-75% 

1.5 0.68 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

31 CC1-50% 
CC2-25% 

1.5 0.45 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
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32 CC1-50% 
CC2-50% 

1.5 0.45 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

33 CC1-50% 
CC2-75% 

1.5 0.45 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

34 CC1-75% 
CC2-25% 

1.5 0.23 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

35 CC1-75% 
CC2-50% 

1.5 0.23 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

36 CC1-75% 
CC2-75% 

1.5 0.23 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

37 CC0-25% 
CC1-25% 
CC2-25% 

1.13 0.68 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

38 CC0-25% 
CC1-25% 
CC2-50% 

1.13 0.68 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

39 CC0-25% 
CC1-25% 
CC2-75% 

1.13 0.68 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

40 CC0-25% 
CC1-50% 
CC2-25% 

1.13 0.45 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

41 CC0-25% 
CC1-50% 
CC2-50% 

1.13 0.45 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

42 CC0-25% 
CC1-50% 
CC2-75% 

1.13 0.45 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

43 CC0-25% 
CC1-75% 
CC2-25% 

1.13 0.23 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

44 CC0-25% 
CC1-75% 
CC2-50% 

1.13 0.23 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

45 CC0-25% 
CC1-75% 
CC2-75% 

1.13 0.23 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

46 CC0-50% 
CC1-25% 
CC2-25% 

0.75 0.68 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

47 CC0-50% 
CC1-25% 
CC2-50% 

0.75 0.68 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

48 CC0-50% 
CC1-25% 
CC2-75% 

0.75 0.68 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

49 CC0-50% 
CC1-50% 
CC2-25% 

0.75 0.45 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

50 CC0-50% 
CC1-50% 
CC2-50% 

0.75 0.45 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

51 CC0-50% 
CC1-50% 
CC2-75% 

0.75 0.45 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

52 CC0-50% 
CC1-75% 
CC2-25% 

0.75 0.23 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
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53 CC0-50% 
CC1-75% 
CC2-50% 

0.75 0.23 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

54 CC0-50% 
CC1-75% 
CC2-75% 

0.75 0.23 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

55 CC0-75% 
CC1-25% 
CC2-25% 

0.38 0.68 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

56 CC0-75% 
CC1-25% 
CC2-50% 

0.38 0.68 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

57 CC0-75% 
CC1-25% 
CC2-75% 

0.38 0.68 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

58 CC0-75% 
CC1-50% 
CC2-25% 

0.38 0.45 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

59 CC0-75% 
CC1-50% 
CC2-50% 

0.38 0.45 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

60 CC0-75% 
CC1-50%  
CC2-75% 

0.38 0.45 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

61 CC0-75% 
CC1-75% 
CC2-25% 

0.38 0.23 3 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

62 CC0-75% 
CC1-75% 
CC2-50% 

0.38 0.23 2 -8 -0.35 0.35 11.44 0.25 3.5 1.5 

63 CC0-75% 
CC1-75% 
CC2-75% 

0.38 0.23 1 -8 -0.35 0.35 11.44 0.25 3.5 1.5 
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APPENDIX B: Public Survey Questionnaire and Result Tables 

 

 

B1. Generic Email Invitation Sent by Delve Research 

Subject line: Take our new €250 prize draw survey 

Dear Panellist, 
 
We would like to invite you to take our new survey which should take about 10 minutes to 
complete. After taking part you will have a chance to enter a draw for 3 cash prizes - first 
prize of €150 and 2 prizes of €50 each. 

Click here to take part in this survey 

There will be 3 winners of prizes - the top prize is €150 plus two €50 prizes  
  
Your unique draw entry code is Refid* (you will be asked to enter this at the end of the 
survey). 

This is a very important academic survey concerning self-driving vehicles, your participation 
will be greatly appreciated. 

The survey will close at midnight on Friday, February 1st, or when we have reached our target 
number of responses. 

Thank you, 

 

If you experience problems opening the link, please copy and paste the following into your 
browser address bar: https://www.surveymonkey.com/r/AVs_Public 

You are receiving this email because you are a member of the Ask Me... Pay 
Me! survey panel.  If you would not like to receive any further communication about this, 
please reply to this email with "unsubscribe" in the subject line and we will remove your details 
from the panel. 

* "Refid" was populated with a unique draw entry code for each panellist to administer the 
prize draw. 

 

 

 

 

 

 

 

https://www.surveymonkey.com/r/AVs_Public
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B2. Reminder Email Sent by Delve Research 

Subject line: Reminder - Our new €250 prize draw survey ends soon 

Dear Panellist,  
 
You can still take our €250 prize draw survey which is closing this Friday.  After taking part 
you will have a chance to enter a draw for 3 cash prizes - first prize of €150 and 2 prizes of 
€50 each. 

Click here to take part in this survey 

It should take about 10 minutes to complete.  There will be 3 winners of prizes - the top 
prize is €150 plus two €50 prizes  
  
Your unique draw entry code is Refid* (you will be asked to enter this at the end of the 
survey). 

This is a very important academic survey concerning self-driving vehicles, your participation 
will be greatly appreciated. 

The survey will close at midnight on Friday, February 1st, or when we have reached our target 
number of responses. 

Thank you, 

 

If you experience problems opening the link, please copy and paste the following into your 
browser address bar: https://www.surveymonkey.com/r/AVs_Public 

You are receiving this email because you are a member of the Ask Me... Pay 
Me! survey panel.  If you would not like to receive any further communication about this, 
please reply to this email with "unsubscribe" in the subject line and we will remove your details 
from the panel. 

* "Refid" was populated with a unique draw entry code for each panellist to administer the 
prize draw. 

 

 

 

 

 

 

 

 

 

 

https://www.surveymonkey.com/r/AVs_Public
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B3. Public Survey Questionnaire 

 

 

Dear Participant, 

Thank you for participating in this survey. Your feedback is important. This survey 

forms part of a PhD study at Trinity College Dublin. 

Introduction: An Autonomous Vehicle which is also known as the self-driving car, or driverless 

car is a vehicle that can guide itself without human conduction. Autonomous Vehicles combine 

a variety of sensors to perceive their surroundings and interpret sensory information to identify 

appropriate navigation paths, as well as obstacles and relevant signage. 

Aim: We're conducting research on User Acceptance of Autonomous Vehicles in highway 

transport. 

Survey length: This survey should take no longer than 13 minutes to complete! 

Survey Prize: At the end of the survey, you will be able to enter a draw for a chance to win 

prizes with a total value of 

€250. 

Confidentiality: The survey is completely anonymous, and the results can only be accessed 

and disseminated by the scientific researcher of the study, Mr Amin Rezaei. All data collected 

from this survey will be used for scientific research purposes only. 

Withdrawal: Your participation is completely voluntary, and a participant can drop out of the 

study at any time, however as the data is anonymous this cannot be withdrawn. If you have 

any questions about this research or the management of the research data, please email 

rezaeim@tcd.ie. 

Consent: Clicking on the "Next" button below indicates that you have read the information 

provided on this page and you voluntarily agree to participate. If you DO NOT wish to 

participate in the research study, please decline participation by clicking on the "Exit" button 

on the top right corner of this page to quit the survey. 

 

Amin Rezaei 
PhD Candidate, Civil Engineering - Transportation Engineering  
Department of Civil, Structural & Environmental Engineering  
Trinity College Dublin, the University of Dublin 
Dublin, Ireland 
Email: rezaeim@tcd.ie 
 

 

Introduction 

Questions 

mailto:rezaeim@tcd.ie
mailto:rezaeim@tcd.ie
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1. How much have you heard about Autonomous Vehicles? 

 
 

2. On a scale from 1-5, how interested are you in driving an Autonomous Vehicle? 

 
 

3. Since Autonomous Vehicles could perform all driving operations, the 
owners/drivers could be able to spend their time doing some activities. So, if you 
have had an Autonomous Vehicle, how would you prefer to spend your time in 
the vehicle? (Please select the options with the highest preferences) 
 
 

 

 

4. How likely would you be to own an Autonomous Vehicle if you have been told 
that Autonomous Vehicles could only operate in some limited areas in the city 
and not everywhere around the country? 

 

 

5. How much do you think Autonomous Vehicles will be safer and more secure 
than human drivers? 

 

 

6. If you were to own an Autonomous Vehicle, how safe and secure would you feel 
if the Autonomous Vehicle had no steering wheel at all? 

 

 

7. How likely do you think an Autonomous Vehicle with a manual override control 
system would be more secure than an Autonomous Vehicle without such a 
system? 
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8. If you were the passenger of an Autonomous Vehicle, how would you feel about 
the vehicle’s safe and quick driving reactions in case of an unexpected driving 
incident? 

 

 

9. Imagine you are a passenger of a Traditional vehicle and you see some 
pedestrians which might want to cross the road. How much would you be 
concerned in the following conditions? 

 

 

10. Now, imagine you are a passenger of an Autonomous Vehicle, and you see 
some pedestrians who might want to cross the road. How much would you be 
concerned in the following conditions? 

 

 

11. Did you know that Autonomous Vehicles will record travel data such as 
departure and arrival times, locations, trip routes, etc.? 

 

 

12. How much would you be concerned about the privacy of your travel data such 
as departure and arrival times, locations, trip routes, etc.? 
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13. How much do you agree that Autonomous Vehicles should record travel data? 

 

 

14. If recording your data by Autonomous Vehicles was mandatory for vehicle 
navigation, with whom would you prefer to share those data? (Please select the 
options with the highest preferences) 
 

 

 

15. How much would you be willing to accept liability in case of an accident if you 
were the owner/passenger of an Autonomous Vehicle? 

 

 

16. Since Autonomous Vehicles move with little or no human involvements, who do 
you think should accept the highest liability of the Autonomous Vehicle in case 
of an accident? 
 

 

 

17. If you are interested in driving an Autonomous Vehicle, what would be the most 
interesting aspects of the vehicle which makes you buy them? (Please select 
the options with the highest importance) 
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18. How likely are you to purchase an Autonomous Vehicle once the technology is 
fully developed and tested? 

 

 

19. Since there is no previous experience of using Autonomous Vehicles and their 
practical impacts on people’s lives, some users might prefer to wait and see 
Autonomous Vehicles’ efficiency based on the early adopters’ opinion about it. 
So, if you were going to purchase an Autonomous Vehicle, how likely would you 
be to wait to see the early adopters’ opinion? 

 

 

20. If you were going to purchase an Autonomous Vehicle, how much would you be 
willing to pay in addition to the cost of the same vehicle in Traditional mode? 

 

 

21. How likely are you to purchase an Autonomous Vehicle if the cost was not an 
issue? 

 

 

22. On a scale from 1-5, how likely do you think an on-demand ridesharing service 
like Uber, Lyft, and Hailo provided via Autonomous Vehicles would be more 
efficient for you rather than owning an Autonomous Vehicle? 

 

 

23. If an on-demand ridesharing service like Uber, Lyft, and Hailo had been provided 
to you via Autonomous Vehicles, would you still purchase an Autonomous 
Vehicle? 
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24. What is your gender? 

 

 

25. What is your age? 

 

 

26. Where is your county of residence? 

 

 

27. Do you possess a driving license? 

 

 

28. Do you have a car? 

 

 

29. How many cars do you have? 

 

 

30. How old is your car? 

 

 

31. Do you own a mobile phone? 

 

 

32. When did you buy your mobile phone? 
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33. When you were buying your mobile phone, was it the latest version of its brand 
available in the market? 

 

 

34. How much do you like the latest smart technologies? 

 

 

35. Do you have any other comments, questions, or concerns regarding the 
application of Autonomous Vehicles or this survey? 

 

 

36. If you'd like to be notified about the result of this survey, please provide an email 
address below. The information provided here will only be used to notify you of 
the results of the survey. 
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B4. Breakdown of the responses regarding the initial perception of AVs – previous knowledge 
about AVs 

 
Heard about AV 

Nothing at all Somewhat A great deal Total 

N % N % N % N % 

Gender Female 156 72.2 67 46.2 31 30.4 254 54.9 

Male 60 27.8 78 53.8 71 69.6 209 45.1 

Total 216 100.0 145 100.0 102 100.0 463 100.0 

Age 18-35 4 1.9 3 2.1 2 1.9 9 1.9 

26-35 44 20.5 23 15.9 20 19.2 87 18.8 

36-50 95 44.2 67 46.2 41 39.4 203 43.8 

50+ 72 33.5 52 35.9 41 39.4 165 35.6 

Total 215 100.0 145 100.0 104 100.0 464 100.0 

SD* 34 15.8 25 17.2 16 15.7 75 16.1 

Car Ownership Yes 166 77.6 166 77.6 166 77.6 166 77.6 

No 48 22.4 48 22.4 48 22.4 48 22.4 

Total 214 100.0 214 100.0 214 100.0 214 100.0 

SD* 59 27.6 59 27.6 59 27.6 59 27.6 

Overall Results All 216 46.4 145 31.3 105 22.5 466 100 

* Standard deviation 

 

B5. Breakdown of the responses regarding the initial perception of AVs – interest in driving 
AVs 

 
Interest in driving AVs 

Not interested Neither Very 
interested 

Total 

N % N % N % N % 

Gender Female 107 57.5 87 63.0 53 41.4 247 54.6 

Male 79 42.5 51 37.0 75 58.6 205 45.4 

Total 186 100.0 138 100.0 128 100.0 452 100.0 

Age 18-35 4 2.1 2 1.5 2 1.6 8 1.8 

26-35 30 16.0 23 16.8 31 24.2 84 18.6 

36-50 86 46.0 62 45.3 54 42.2 202 44.7 

50+ 67 35.8 50 36.5 41 32.0 158 35.0 

Total 187 100.0 137 100.0 128 100.0 452 100.0 

SD* 32 17.0 23 17.1 19 15.0 74 16.3 

Car Ownership Yes 152 82.2 110 80.3 102 79.7 364 80.9 

No 33 17.8 27 19.7 26 20.3 86 19.1 

Total 185 100.0 137 100.0 128 100.0 450 100.0 

SD* 60 32.2 42 30.3 38 29.7 139 30.9 

Overall Results All 187 41.2 138 30.4 129 28.4 454 100 

* Standard deviation 
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B6. Breakdown of the responses regarding preference for spending time in AVs for 
participants’ gender, age, and car ownership 

 
Gender Age Car ownership 

Male Female 18-25 26-35 36-50 50+ Yes No 

N % N % N % N % N % N % N % N % 

Sleeping/ resting, reading 

Yes 60 28.6 87 33.2 7 77.8 29 33.3 77 37.2 35 20.6 114 29.8 34 38.2 

No 150 71.4 175 66.8 2 22.2 58 66.7 130 62.8 135 79.4 268 70.2 55 61.8 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 45 21.4 44 16.8 2.5 27.8 14.5 16.7 26.5 12.8 50 29.4 77 20.2 10.5 11.8 

Enjoying the scenery 

Yes 134 63.8 202 77.1 7 77.8 66 75.9 138 66.7 127 74.7 261 68.3 75 84.3 

No 76 36.2 60 22.9 2 22.2 21 24.1 69 33.3 43 25.3 121 31.7 14 15.7 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 29 13.8 71 27.1 2.5 27.8 22.5 25.9 34.5 16.7 42 24.7 70 18.3 30.5 34.3 

Any social activities (TV, games, internet) 

Yes 62 29.5 69 26.3 4 44.4 31 35.6 69 33.3 29 17.1 51 13.4 16 18.0 

No 148 70.5 193 73.7 5 55.6 56 64.4 138 66.7 141 82.9 331 86.6 73 82.0 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 43 20.5 62 23.7 0.5 5.6 12.5 14.4 34.5 16.7 56 32.9 140 36.6 28.5 32.0 

Working 

Yes 34 68.0 32 12.2 4 44.4 20 23.0 31 15.0 11 6.5 51 13.4 16 18.0 

No 16 32.0 230 87.8 5 55.6 67 77.0 176 85.0 159 93.5 331 86.6 73 82.0 

Total 50 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 9 18.0 99 37.8 0.5 5.6 23.5 27.0 72.5 35.0 74 43.5 140 36.6 28.5 32.0 

Other answers 

Yes 25 11.9 23 8.8 0 0.0 5 5.7 20 9.7 23 13.5 40 10.5 7 7.9 

No 185 88.1 239 91.2 9 100.0 82 94.3 187 90.3 147 86.5 342 89.5 82 92.1 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 80 38.1 108 41.2 4.5 50.0 38.5 44.3 83.5 40.3 62 36.5 151 39.5 37.5 42.1 

* Standard deviation 
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B7. Breakdown of the responses about whether AVs would be safer and more secure than 
human drivers 

 Not at all Somewhat Extremely Total 

N % N % N % N % 

Gender Female 127 62.6 78 54.2 51 44.0 256 55.3 

Male 76 37.4 66 45.8 65 56.0 207 44.7 

Total 203 100.0 144 100.0 116 100.0 463 100.0 

Age 18-25 4 2.0 2 1.4 3 2.6 9 1.9 

26-35 36 17.7 26 17.9 24 20.7 86 18.5 

36-50 93 45.8 63 43.4 50 43.1 206 44.4 

50+ 70 34.5 54 37.2 39 33.6 163 35.1 

Total 203 100.0 145 100.0 116 100.0 464 100.0 

SD* 34 16.6 24 16.6 18 15.2 75 16.2 

Car 
Ownership 

Yes 174 86.1 110 75.9 90 78.3 374 81.0 

No 28 13.9 35 24.1 25 21.7 88 19.0 

Total 202 100.0 145 100.0 115 100.0 462 100.0 

SD* 73 36.1 38 25.9 33 28.3 143 31.0 

Overall 
Results 

All 205 44.0% 145 31.1% 116 24.9% 466 100% 

* Standard deviation 

 

 

 
B8. Breakdown of the responses regarding Feeling safe and secure if AVs had no steering wheel 

 Not at all Somewhat Extremely Total 

N % N % N % N % 

Gender Female 187 61.1 45 48.9 25 37.9 257 55.4 

Male 119 38.9 47 51.1 41 62.1 207 44.6 

Total 306 100.0 92 100.0 66 100.0 464 100.0 

Age 18-25 4 1.3 4 4.3 1 1.5 9 1.9 

26-35 48 15.7 21 22.6 17 25.8 86 18.5 

36-50 139 45.4 37 39.8 29 43.9 205 44.1 

50+ 115 37.6 31 33.3 19 28.8 165 35.5 

Total 306 100.0 93 100.0 66 100.0 465 100.0 

SD* 54 17.5 12 13.4 10 15.2 75 16.2 

Car 
Ownership 

Yes 253 83.2 72 77.4 50 75.8 375 81.0 

No 51 16.8 21 22.6 16 24.2 88 19.0 

Total 304 100.0 93 100.0 66 100.0 463 100.0 

SD* 101 33.2 26 27.4 17 25.8 144 31.0 

Overall 
Results 

All 308 66.0 93 19.9 66 14.1 467 100 

* Standard deviation 

 

 
B9. Breakdown of the responses about whether AVs with a manual override control system 
would be safer and more secure than an AV without such a system or not 
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 Not at all Somewhat Extremely Total 

N % N % N % N % 

Gender Female 56 67.5 61 55.5 141 52.2 258 55.7 

Male 27 32.5 49 44.5 129 47.8 205 44.3 

Total 83 100.0 110 100.0 270 100.0 463 100.0 

Age 18-25 2 2.4 3 2.8 4 1.5 9 1.9 

26-35 16 19.3 22 20.2 48 17.6 86 18.5 

36-50 40 48.2 48 44.0 116 42.6 204 44.0 

50+ 25 30.1 36 33.0 104 38.2 165 35.6 

Total 83 100.0 109 100.0 272 100.0 464 100.0 

SD* 14 16.6 17 15.4 45 16.5 75 16.2 

Car 
Ownership 

Yes 60 73.2 84 77.1 229 84.5 373 80.7 

No 22 26.8 25 22.9 42 15.5 89 19.3 

Total 82 100.0 109 100.0 271 100.0 462 100.0 

SD* 19 23.2 30 27.1 94 34.5 142 30.7 

Overall 
Results 

All 83 17.8 111 23.8% 272 58.4% 466 100% 

* Standard deviation 

 

 

 
B10. Breakdown of the responses regarding the concern about AVs' quick driving reaction in 
unexpected driving incidents 

 
Not at all 
concerned 

Somewhat 
concerned  

Extremely 
concerned 

Total 

N % N % N % N % 

Gender Female 90 62.9 83 58.0 85 48.6 258 56.0 

Male 53 37.1 60 42.0 90 51.4 203 44.0 

Total 143 100.0 143 100.0 175 100.0 461 100.0 

Age 18-25 3 2.1 5 3.5 1 0.6 9 1.9 

26-35 27 19.0 25 17.5 34 19.2 86 18.6 

36-50 68 47.9 64 44.8 72 40.7 204 44.2 

50+ 44 31.0 49 34.3 70 39.5 163 35.3 

Total 142 100.0 143 100.0 177 100.0 462 100.0 

SD* 24 16.7 23 15.8 29 16.5 75 16.2 

Car 
Ownership 

Yes 111 78.7 112 78.9 151 85.3 374 81.3 

No 30 21.3 30 21.1 26 14.7 86 18.7 

Total 141 100.0 142 100.0 177 100.0 460 100.0 

SD* 41 28.7 41 28.9 63 35.3 144 31.3 

Overall 
Results 

All 143 30.9 144 31.0 177 38.1 464 100 

* Standard deviation 
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B11. Breakdown of the responses about adopting AVs if they could only operate in some 
limited areas in the city and not everywhere around the country 

 
Not at all likely Somewhat 

likely 
Extremely 
likely 

Total 

N % N % N % N % 

Gender Female 182 57.6 53 58.2 24 40.0 259 55.5 

Male 134 42.4 38 41.8 36 60.0 208 44.5 

Total 316 100.0 91 100.0 60 100.0 467 100.0 

Age 18-25 6 1.9 3 3.2 0 0.0 9 1.9 

26-35 49 15.6 24 25.8 14 23.3 87 18.6 

36-50 143 45.4 34 36.6 29 48.3 206 44.0 

50+ 117 37.1 32 34.4 17 28.3 166 35.5 

Total 315 100.0 93 100.0 60 100.0 468 100.0 

SD* 54 17.2 12 13.2 10 17.2 76 16.2 

Car 
Ownership 

Yes 261 83.1 72 78.3 44 73.3 377 80.9 

No 53 16.9 20 21.7 16 26.7 89 19.1 

Total 314 100.0 92 100.0 60 100.0 466 100.0 

SD* 104 33.1 26 28.3 14 23.3 144 30.9 

Overall 
Results 

All 317 67.4 93 19.8 60 12.8 470 100 

* Standard deviation 

 

 

B12. Breakdown of the responses about previous knowledge that AVs might record travel data 

 
Previous knowledge 

Yes No Total 

N % N % N % 

Gender Female 50 32.7 210 66.2 260 55.3 

Male 103 67.3 107 33.8 210 44.7 

Total 153 100.0 317 100.0 470 100.0 

Age 18-25 2 1.3 7 2.2 9 1.9 

26-35 33 21.4 53 16.7 86 18.3 

36-50 66 42.9 141 44.5 207 43.9 

50+ 53 34.4 116 36.6 169 35.9 

Total 154 100.0 317 100.0 471 100.0 

SD* 24 15.7 53 16.6 77 16.2 

Car Ownership Yes 132 86.8 248 78.2 380 81.0 

No 20 13.2 69 21.8 89 19.0 

Total 152 100.0 317 100.0 469 100.0 

SD* 56 36.8 90 28.2 146 31.0 

Overall Results All 154 32.6 319 67.4 473 100 

* Standard deviation 
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B13. Breakdown of the responses regarding the concern about the privacy of AVs' travel data 

 
Not at all 
concerned 

Somewhat 
concerned 

Extremely 
concerned 

Total 

N % N % N % N % 

Gender Female 74 56.5 70 57.4 118 53.9 262 55.5 

Male 57 43.5 52 42.6 101 46.1 210 44.5 

Total 131 100.0 122 100.0 219 100.0 472 100.0 

Age 18-25 4 3.1 2 1.6 3 1.4 9 1.9 

26-35 22 16.9 24 19.5 41 18.6 87 18.4 

36-50 59 45.4 50 40.7 98 44.5 207 43.8 

50+ 45 34.6 47 38.2 78 35.5 170 35.9 

Total 130 100.0 123 100.0 220 100.0 473 100.0 

SD* 21 16.2 19 15.8 36 16.5 77 16.2 

Car 
Ownership 

Yes 108 83.1 93 76.9 181 82.3 382 81.1 

No 22 16.9 28 23.1 39 17.7 89 18.9 

Total 130 100.0 121 100.0 220 100.0 471 100.0 

SD* 43 33.1 33 26.9 71 32.3 147 31.1 

Overall 
Results 

All 131 27.6 123 25.9 221 46.5 475 100 

* Standard deviation 

 

 

B14. Breakdown of the responses about the agree/disagreements with the record travel data 
by AVs 

 
Disagree Undecided Agree Total 

N % N % N % N % 

Gender Female 85 55.6 100 57.5 71 52.6 256 55.4 

Male 68 44.4 74 42.5 64 47.4 206 44.6 

Total 153 100.0 174 100.0 135 100.0 462 100.0 

Age 18-25 1 0.7 2 1.2 6 4.3 9 1.9 

26-35 30 19.7 31 17.9 24 17.4 85 18.4 

36-50 64 42.1 82 47.4 58 42.0 204 44.1 

50+ 57 37.5 58 33.5 50 36.2 165 35.6 

Total 152 100.0 173 100.0 138 100.0 463 100.0 

SD* 25 16.3 30 17.3 21 15.0 75 16.2 

Car Ownership Yes 124 81.0 134 77.9 114 83.8 372 80.7 

No 29 19.0 38 22.1 22 16.2 89 19.3 

Total 153 100.0 172 100.0 136 100.0 461 100.0 

SD* 48 31.0 48 27.9 46 33.8 142 30.7 

Overall 
Results 

All 153 32.9 174 37.4 138 29.7 465 100 

* Standard deviation 
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B15. Breakdown of the responses related to the groups or agency who should access to AVs' 
travel data (multiple responses allowed) 

  
  
  

Gender Age Car ownership 

Male Female 18-25 26-35 36-50 50+ Yes No 

N % N % N % N % N % N % N % N % 

Car manufacturers 

Yes 82 39.0 92 35.1 5 55.6 36 41.4 79 38.2 55 32.4 141 36.9 31 34.8 

No 128 61.0 170 64.9 4 44.4 51 58.6 128 61.8 115 67.6 241 63.1 58 65.2 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 23 11.0 39 14.9 0.5 5.6 7.5 8.6 24.5 11.8 30 17.6 50 13.1 13.5 15.2 

Transport authorities 

Yes 95 45.2 112 42.7 6 66.7 33 37.9 94 45.4 73 42.9 160 41.9 45 50.6 

No 115 54.8 150 57.3 3 33.3 54 62.1 113 54.6 97 57.1 222 58.1 44 49.4 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 10 4.8 19 7.3 1.5 16.7 10.5 12.1 9.5 4.6 12 7.1 31 8.1 0.5 0.6 

Consultants 

Yes 44 21.0 43 16.4 3 33.3 12 13.8 40 19.3 33 19.4 70 18.3 17 19.1 

No 166 79.0 219 83.6 6 66.7 75 86.2 167 80.7 137 80.6 312 81.7 72 80.9 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 61 29.0 88 33.6 1.5 16.7 31.5 36.2 63.5 30.7 52 30.6 121 31.7 27.5 30.9 

Insurance companies 

Yes 77 36.7 119 45.4 2 22.2 33 37.9 85 41.1 75 44.1 149 39.0 46 51.7 

No 133 63.3 143 54.6 7 77.8 54 62.1 122 58.9 95 55.9 233 61.0 43 48.3 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 28 13.3 12 4.6 2.5 27.8 10.5 12.1 18.5 8.9 10 5.9 42 11.0 1.5 1.7 

Other answers 

Yes 20 9.5 12 4.6 0 0.0 6 6.9 13 6.3 14 8.2 30 7.9 3 3.4 

No 190 90.5 249 95.4 9 100.0 81 93.1 193 93.7 156 91.8 351 92.1 86 96.6 

Total 210 100.0 261 100.0 9 100.0 87 100.0 206 100.0 170 100.0 381 100.0 89 100.0 

SD* 85 40.5 118.5 45.4 4.5 50.0 37.5 43.1 90 43.7 71 41.8 160.5 42.1 41.5 46.6 

* Standard deviation 
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B16. Breakdown of the responses regarding the participants’ willingness to accept AV's legal 
liability in accidents (multiple responses allowed) 

 
Nothing at all Somewhat A great deal Total 

N % N % N % N % 

Gender Female 155 57.4 79 58.5 28 42.4 262 55.6 

Male 115 42.6 56 41.5 38 57.6 209 44.4 

Total 270 100.0 135 100.0 66 100.0 471 100.0 

Age 18-25 4 1.5 5 3.7 0 0.0 9 1.9 

26-35 47 17.4 27 19.9 13 19.7 87 18.4 

36-50 121 44.8 52 38.2 33 50.0 206 43.6 

50+ 98 36.3 52 38.2 20 30.3 170 36.0 

Total 270 100.0 136 100.0 66 100.0 472 100.0 

SD* 45 16.8 20 14.4 12 18.1 76 16.2 

Car 
Ownership 

Yes 227 84.1 33 24.6 53 80.3 381 81.1 

No 43 15.9 101 75.4 13 19.7 89 18.9 

Total 270 100.0 134 100.0 66 100.0 470 100.0 

SD* 92 34.1 34 25.4 20 30.3 146 31.1 

Overall 
Results 

All 271 57.2 137 28.9 66 13.9 474 100 

* Standard deviation 
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B17. Breakdown of the responses about the group or agency who should accept the highest 
legal liability of AVs in accidents 

  
  

  

Gender Age Car ownership 

Male Female 18-25 26-35 36-50 50+ Yes No 

N % N % N % N % N % N % N % N % 

National transport authorities 

Yes 35 16.7 31 11.8 0 0.0 10 11.5 38 18.4 18 10.6 54 14.1 12 13.5 

No 175 83.3 231 88.2 9 100.0 77 88.5 169 81.6 152 89.4 328 85.9 77 86.5 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 70 33.3 100 38.2 4.5 50.0 33.5 38.5 65.5 31.6 67 39.4 137 35.9 32.5 36.5 

Car manufacturers 

Yes 153 72.9 181 69.1 7 77.8 62 71.3 145 70.0 120 70.6 277 72.5 57 64.0 

No 57 27.1 81 30.9 2 22.2 25 28.7 62 30.0 50 29.4 105 27.5 32 36.0 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 48 22.9 50 19.1 2.5 27.8 18.5 21.3 41.5 20.0 35 20.6 86 22.5 12.5 14.0 

AV owners 

Yes 35 16.7 55 21.0 3 33.3 20 23.0 37 17.9 29 17.1 66 17.3 23 25.8 

No 175 83.3 207 79.0 6 66.7 67 77.0 170 82.1 141 82.9 316 82.7 66 74.2 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 70 33.3 76 29.0 1.5 16.7 23.5 27.0 66.5 32.1 56 32.9 125 32.7 21.5 24.2 

Traffic control centres 

Yes 35 16.7 24 9.2 1 11.1 10 11.5 28 13.5 20 11.8 49 12.8 10 11.2 

No 175 83.3 238 90.8 8 88.9 77 88.5 179 86.5 150 88.2 333 87.2 79 88.8 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 70 33.3 107 40.8 3.5 38.9 33.5 38.5 75.5 36.5 65 38.2 142 37.2 34.5 38.8 

Insurance companies 

Yes 49 23.3 55 21.0 1 11.1 21 24.1 43 20.8 40 23.5 82 21.5 22 24.7 

No 161 76.7 207 79.0 8 88.9 66 75.9 164 79.2 130 76.5 300 78.5 67 75.3 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 56 26.7 76 29.0 3.5 38.9 22.5 25.9 60.5 29.2 45 26.5 109 28.5 22.5 25.3 

Other answers 

Yes 6 2.9 8 3.1 0 0.0 1 1.1 6 2.9 7 4.1 8 2.1 6 6.7 

No 204 97.1 254 96.9 9 100.0 86 98.9 201 97.1 163 95.9 374 97.9 83 93.3 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 99 47.1 123 46.9 4.5 50.0 42.5 48.9 97.5 47.1 78 45.9 183 47.9 38.5 43.3 
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B18. Breakdown of the responses about whether participants would wait to see the early 
adopters’ opinion for buying AVs 

 
Not at all 
likely 

Somewhat 
likely 

Extremely 
likely 

Total 

N % N % N % N % 

Gender Female 34 55.7 43 51.2 184 56.6 261 55.5 

Male 27 44.3 41 48.8 141 43.4 209 44.5 

Total 61 100.0 84 100.0 325 100.0 470 100.0 

Age 18-25 0 0.0 3 3.6 5 1.5 8 1.7 

26-35 9 15.0 20 24.1 58 17.7 87 18.5 

36-50 32 53.3 39 47.0 135 41.3 206 43.8 

50+ 19 31.7 21 25.3 129 39.4 169 36.0 

Total 60 100.0 83 100.0 327 100.0 470 100.0 

SD* 12 19.8 13 15.3 54 16.4 76 16.3 

Car Ownership Yes 51 83.6 62 73.8 267 82.4 380 81.0 

No 10 16.4 22 26.2 57 17.6 89 19.0 

Total 61 100.0 84 100.0 324 100.0 469 100.0 

SD* 21 33.6 20 23.8 105 32.4 146 31.0 

Overall 
Results 

All 61 12.9 84 17.8 327 69.3% 472 100 

* Standard deviation 

 

 

B19. Breakdown of the responses about purchasing AV once the technology is fully developed 
and tested 

 
Not at all 
likely 

Somewhat 
likely 

Extremely 
likely 

Total 

N % N % N % N % 

Gender Female 148 62.7 64 53.8 50 42.7 262 55.5 

Male 88 37.3 55 46.2 67 57.3 210 44.5 

Total 236 100.0 119 100.0 117 100.0 472 100.0 

Age 18-25 4 1.7 3 2.5 1 0.8 8 1.7 

26-35 36 15.3 24 20.2 27 22.9 87 18.4 

36-50 98 41.7 53 44.5 56 47.5 207 43.9 

50+ 97 41.3 39 32.8 34 28.8 170 36.0 

Total 235 100.0 119 100.0 118 100.0 472 100.0 

SD* 40 17.2 19 15.6 20 16.6 77 16.3 

Car Ownership Yes 194 82.6 93 78.8 95 80.5 382 81.1 

No 41 17.4 25 21.2 23 19.5 89 18.9 

Total 235 100.0 118 100.0 118 100.0 471 100.0 

SD* 77 32.6 34 28.8 36 30.5 147 31.1 

Overall 
Results 

All 237 50.0 119 25.1 118 24.9 474 100 

* Standard deviation 
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B20. Breakdown of responses about the most interesting aspects of the AVs, which make 
participants buy them 

  Gender Age Car ownership 

  Male Female 18-25 26-35 36-50 50+ Yes No 

  N % N % N % N % N % N % N % N % 

Safe driving 

Yes 107 51.0 120 45.8 6 66.7 42 48.3 101 48.8 79 46.5 172 41.3 55 61.8 

No 103 49.0 142 54.2 3 33.3 45 51.7 106 51.2 91 53.5 244 58.7 34 38.2 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 416 100.0 89 100.0 

SD* 2 1.0 11 4.2 1.5 16.7 1.5 1.7 2.5 1.2 6 3.5 36 8.7 10.5 11.8 

Automatic guidance and navigation systems  

Yes 81 38.6 99 37.8 7 77.8 32 36.8 74 35.7 67 39.4 144 37.7 36 40.4 

No 129 61.4 163 62.2 2 22.2 55 63.2 133 64.3 103 60.6 238 62.3 53 59.6 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 24 11.4 32 12.2 2.5 27.8 11.5 13.2 29.5 14.3 18 10.6 47 12.3 8.5 9.6 

Being fun and enjoying the free time when not driving 

Yes 70 33.3 67 25.6 5 55.6 24 27.6 70 33.8 38 22.4 108 30.4 30 33.7 

No 140 66.7 195 74.4 4 44.4 63 72.4 137 66.2 132 77.6 247 69.6 59 66.3 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 355 100.0 89 100.0 

SD* 35 16.7 64 24.4 0.5 5.6 19.5 22.4 33.5 16.2 47 27.6 69.5 19.6 14.5 16.3 

Reduction of traffic congestion, queue, and delay 

Yes 72 34.3 71 27.1 3 33.3 28 32.2 66 31.9 47 27.6 110 28.8 33 37.1 

No 138 65.7 191 72.9 6 66.7 59 67.8 141 68.1 123 72.4 272 71.2 56 62.9 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 33 15.7 60 22.9 1.5 16.7 15.5 17.8 37.5 18.1 38 22.4 81 21.2 11.5 12.9 

Reduction of emissions and fuel consumption 

Yes 85 40.5 116 44.3 5 55.6 37 42.5 88 42.5 72 42.4 221 81.5 39 19.5 

No 125 59.5 146 55.7 4 44.4 50 57.5 119 57.5 98 57.6 50 18.5 161 80.5 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 271 100.0 200 100.0 

SD* 20 9.5 15 5.7 0.5 5.6 6.5 7.5 15.5 7.5 13 7.6 85.5 31.5 61 30.5 

Other answers 

Yes 11 5.2 13 5.0 0 0.0 4 4.6 6 2.9 14 8.2 17 4.5 6 6.7 

No 199 94.8 249 95.0 9 100.0 83 95.4 201 97.1 156 91.8 365 95.5 83 93.3 

Total 210 100.0 262 100.0 9 100.0 87 100.0 207 100.0 170 100.0 382 100.0 89 100.0 

SD* 94 44.8 118 45.0 4.5 50.0 39.5 45.4 97.5 47.1 71 41.8 174 45.5 38.5 43.3 
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B21. Breakdown of the WTP for an AV in addition to the price of the same vehicle in the 
traditional mode 

 
Below 10% 10% - 20% Above 20% Total 

N % N % N % N % 

Gender Female 106 52.2 98 58.7 57 56.4 261 55.4 

Male 97 47.8 69 41.3 44 43.6 210 44.6 

Total 203 100.0 167 100.0 101 100.0 471 100.0 

Age 18-25 3 1.5 1 0.6 4 4.0 8 1.7 

26-35 25 12.4 35 20.8 27 26.7 87 18.5 

36-50 77 38.1 75 44.6 55 54.5 207 43.9 

50+ 97 48.0 57 33.9 15 14.9 169 35.9 

Total 202 100.0 168 100.0 101 100.0 471 100.0 

SD* 38 18.8 28 16.4 19 18.8 77 16.3 

Car Ownership Yes 167 83.1 142 84.5 72 71.3 381 81.1 

No 34 16.9 26 15.5 29 28.7 89 18.9 

Total 201 100.0 168 100.0 101 100.0 470 100.0 

SD* 67 33.1 58 34.5 22 21.3 146 31.1 

Overall Results All 204 43.1 168 35.5 101 21.4 473 100 

* Standard deviation 
 
 
 
B22. Breakdown of the responses regarding the purchasing likelihood of AV if the cost was not 
an issue 

 
Not at all 
likely 

Somewhat 
likely 

Extremely 
likely 

Total 

N % N % N % N % 

Gender Female 108 60.7 75 63.0 79 45.7 262 55.7 

Male 70 39.3 44 37.0 94 54.3 208 44.3 

Total 178 100.0 119 100.0 173 100.0 470 100.0 

Age 18-25 3 1.7 4 3.4 1 0.6 8 1.7 

26-35 25 14.0 26 22.0 36 20.7 87 18.5 

36-50 77 43.3 54 45.8 75 43.1 206 43.8 

50+ 73 41.0 34 28.8 62 35.6 169 36.0 

Total 178 100.0 118 100.0 174 100.0 470 100.0 

SD* 32 17.7 18 15.2 28 16.2 76 16.3 

Car Ownership Yes 148 83.6 99 83.2 133 76.9 380 81.0 

No 29 16.4 20 16.8 40 23.1 89 19.0 

Total 177 100.0 119 100.0 173 100.0 469 100.0 

SD* 60 33.6 40 33.2 47 26.9 146 31.0 

Overall 
Results 

All 179 37.9 119 25.2 174 36.9 472 100 

* Standard deviation 
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B23. Breakdown of the response about whether an on-demand ridesharing service of AVs 
would be more efficient than owning an AV 

 
Not at all 
likely 

Somewhat 
likely 

Extremely 
likely 

Total 

N % N % N % N % 

Gender Female 108 60.7 75 63.0 79 45.7 262 55.7 

Male 70 39.3 44 37.0 94 54.3 208 44.3 

Total 178 100.0 119 100.0 173 100.0 470 100.0 

Age 18-25 3 1.7 4 3.4 1 0.6 8 1.7 

26-35 25 14.0 26 22.0 36 20.7 87 18.5 

36-50 77 43.3 54 45.8 75 43.1 206 43.8 

50+ 73 41.0 34 28.8 62 35.6 169 36.0 

Total 178 100.0 118 100.0 174 100.0 470 100.0 

SD* 32 17.7 18 15.2 28 16.2 76 16.3 

Car Ownership Yes 148 83.6 99 83.2 133 76.9 380 81.0 

No 29 16.4 20 16.8 40 23.1 89 19.0 

Total 177 100.0 119 100.0 173 100.0 469 100.0 

SD* 60 33.6 40 33.2 47 26.9 146 31.0 

Overall 
Results 

All 206 44.1 144 30.8 117 25.1 467 100 

* Standard deviation 

 

 

B24. Breakdown of the responses about purchasing private AVs rather than an on-demand 
ridesharing service of AVs  

 
Purchasing private AVs 

Yes No Total 

N % N % N % 

Gender Female 99 48.8 162 60.7 261 55.5 

Male 104 51.2 105 39.3 209 44.5 

Total 203 100.0 267 100.0 470 100.0 

Age 18-25 2 1.0 6 2.3 8 1.7 

26-35 49 24.0 37 13.9 86 18.3 

36-50 90 44.1 117 44.0 207 44.0 

50+ 63 30.9 106 39.8 169 36.0 

Total 204 100.0 266 100.0 470 100.0 

SD* 32 15.6 46 17.5 77 16.4 

Car Ownership Yes 167 82.3 213 80.1 380 81.0 

No 36 17.7 53 19.9 89 19.0 

Total 203 100.0 266 100.0 469 100.0 

SD* 66 32.3 80 30.1 146 31.0 

Overall Results All 204 43.2 268 56.8 472 100 

* Standard deviation 
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B25. Breakdown of the responses regarding mobile phone ownership 

 
Owning a mobile phone 

Yes No Total 

N % N % N % 

Gender Female 261 56.0 1 25.0 262 55.7 

Male 205 44.0 3 75.0 208 44.3 

Total 466 100.0 4 100.0 470 100.0 

Age 18-25 8 1.7 1 20.0 8 1.7 

26-35 86 18.5 0 0.0 86 18.5 

36-50 207 44.4 0 0.0 207 44.4 

50+ 165 35.4 4 80.0 165 35.4 

Total 466 100.0 5 100.0 466 100.0 

SD* 76 16.4 2 32.8 76 16.4 

Car Ownership Yes 89 19.1 0 0.0 89 19.0 

No 376 80.9 4 100.0 380 81.0 

Total 465 100.0 4 100.0 469 100.0 

SD* 144 30.9 2 50.0 146 31.0 

Overall Results All 468 98.9 5 1.1 473 100 

* Standard deviation 

 

 

B26. Breakdown of the responses about whether the mobile phone was the latest version of 
its brand available in the market when people were buying it 

 
Was it the latest version? 

Yes No Total 

N % N % N % 

Gender Female 119 93.7 141 56.9 260 55.9 

Male 8 6.3 107 43.1 205 44.1 

Total 127 100.0 248 100.0 465 100.0 

Age 18-25 6 2.8 3 1.2 9 1.9 

26-35 46 21.2 40 16.1 86 18.5 

36-50 91 41.9 114 45.8 205 44.0 

50+ 74 34.1 92 36.9 166 35.6 

Total 217 100.0 249 100.0 466 100.0 

SD* 32 14.8 43 17.5 75 16.2 

Car Ownership Yes 166 77.2 209 83.9 375 80.8 

No 49 22.8 40 16.1 89 19.2 

Total 215 100.0 249 100.0 464 100.0 

SD* 59 27.2 85 33.9 143 30.8 

Overall Results All 218 46.6 250 53.4 468 100 

* Standard deviation 
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B27. Breakdown of the responses about the time of purchasing the mobile phone 

 

In the past 
12 months 

1-2 years 
ago 

2-4 years 
ago 

4-7 years 
ago 

More 
than 7 
years 
ago 

Total 

N % N % N % N % N % N % 

Gender Female 107 60.8 92 52.9 49 62.8 8 38.1 6 35.3 262 56.2 

Male 69 39.2 82 47.1% 29 37.2 13 61.9 11 64.7 204 43.8 

Total 176 100.0 174 100.0 78 100.0 21 100.0 17 100.0 466 100.0 

Age 18-25 2 1.1 4 2.3 3 3.8 0 0.0 0 0.0 9 1.9 

26-35 40 22.7 30 17.2 12 15.2 3 14.3 1 5.9 86 18.4 

36-50 85 48.3 81 46.6 28 35.4 7 33.3 6 35.3 207 44.3 

50+ 49 27.8 59 33.9 36 45.6 11 52.4 10 58.8 165 35.3 

Total 176 100.0 174 100.0 79 100.0 21 100.0 17 100.0 467 100.0 

SD* 30 16.8 29 16.7 13 16.4 4 19.7 4 23.7 76 16.2 

Car 
Ownership 

Yes 143 81.3 144 83.2 60 76.9 15 71.4 14 82.4 376 80.9 

No 33 18.8 29 16.8 18 23.1 6 28.6 3 17.6 89 19.1 

Total 176 100.0 173 100.0 78 100.0 21 100.0 17 100.0 465 100.0 

SD* 55 31.3 58 33.2 21 26.9 5 21.4 6 32.4 144 30.9 

Overall 
Results 

All 176 37.5 176 37.5 79 16.80 21 4.5 17 3.7 469 100 

* Standard deviation 

 

 

B28. Breakdown of the responses regarding the interest in the latest smart technologies 

 Nothing at all Somewhat A great deal Total 

N % N % N % N % 

Gender Female 34 60.7 91 59.9 137 52.1 262 55.6 

Male 22 39.3 61 40.1 126 47.9 209 44.4 

Total 56 100.0 152 100.0 263 100.0 471 100.0 

Age 18-25 1 1.8 2 1.3 6 2.3 9 1.9 

26-35 8 14.3 30 19.7 49 18.6 87 18.4 

36-50 24 42.9 71 46.7 112 42.4 207 43.9 

50+ 23 41.1 49 32.2 97 36.7 169 35.8 

Total 56 100.0 152 100.0 264 100.0 472 100.0 

SD* 10 17.5 25 16.7 42 15.8 76 16.2 

Car Ownership Yes 47 83.9 121 80.7 213 80.7 381 81.1 

No 9 16.1 29 19.3 51 19.3 89 18.9 

Total 56 100.0 150 100.0 264 100.0 470 100.0 

SD* 19 33.9 46 30.7 81 30.7 146 31.1 

Overall Results All 56 11.8 153 32.3 265 55.9 474 100 

* Standard deviation 
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B29. Model fitting for the impact of gender on individuals’ interest in driving AVs 

Model Fitting Information 
Model Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-Square df Sig. 
Intercept Only 224.432 

   

Final 66.801 157.632 4 0 
Likelihood Ratio Tests 

Effect Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood of 
Reduced Model 

Chi-Square df Sig. 

Intercept 66.801 0 0 . 
AVs are safer and more 
secure than human drivers 

212.033 145.232 2 0 

Gender 73.201 6.401 2 0.041 
Goodness-of-Fit  

Chi-Square df Sig. 
Pearson 16.895 6 0.010 
Deviance 17.323 6 0.008 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
0.298 0.337 0.163 

 

 

B30. Parameter estimates for the impact of gender on individuals’ interest in driving AVs 

Interested in Driving 
AV 

B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 
Lower 
Bound 

Upper 
Bound 

Interested in Driving AVa: Neither 

Intercept -1.554 .279 31.009 1 .000    

AVs are safer and 
more secure than 
human drivers 

.482 .088 30.095 1 .000 1.619 1.363 1.923 

Gender Female .367 .243 2.282 1 .131 1.444 .897 2.325 

Male 0b . . 0 . . . . 

Interested in Driving AV: Very Interested 

Intercept -3.137 .368 72.543 1 .000    

AVs are safer and 
more secure than 
human drivers 

1.041 .103 101.976 1 .000 2.831 2.313 3.465 

Gender Female -.295 .282 1.090 1 .296 .745 .428 1.295 

Male 0b . . 0 . . . . 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 
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B31. Model-fitting information for the impact of individuals’ age on their interest in driving 
AVs 

Model fitting information 
Model Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-
Square 

df Sig. 

Intercept Only 357.334    
Final 202.542 154.792 10 .000 

Likelihood Ratio Tests 
Effect Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of 
Reduced Model 

Chi-
Square 

df Sig. 

Intercept 202.542 .000 0 . 
AVs are safer and more secure than 
human drivers 

349.768 147.226 2 .000 

Feeling safe and secure about AVs quick 
reaction in accidents 

205.245 2.703 2 .259 

Age 205.780 3.238 6 .778 
Goodness-of-Fit  

Chi-Square df Sig. 
Pearson 73.963 52 .024 
Deviance 76.316 52 .016 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
0.298 0.337 0.163 
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B32. Parameter estimates for the impact of individuals’ age on their interest in driving AVs 

Interested in Driving AV B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 
Lower 
Bound 

Upper 
Bound 

Interested in Driving AVa: Neither 

Intercept -.979 .348 7.897 1 .005    

AVs are safer and more 
secure than human drivers 

.493 .089 30.390 1 .000 1.636 1.374 1.950 

Feeling safe and secure about 
AVs quick reaction in 
accidents 

-.120 .074 2.662 1 .103 .887 .768 1.024 

Age 18-25 -.494 .930 .283 1 .595 .610 .099 3.775 

26-35 .045 .353 .017 1 .898 1.047 .524 2.091 

36-50 -.083 .270 .095 1 .758 .920 .542 1.563 

50+ 0b . . 0 . . . . 

Interested in Driving AVa: Very Interested 

Intercept -3.281 .472 48.221 1 .000    

AVs are safer and more 
secure than human drivers 

1.055 .105 101.97
9 

1 .000 2.873 2.341 3.526 

Feeling safe and secure about 
AVs quick reaction in 
accidents 

-.055 .092 .354 1 .552 .947 .791 1.133 

Age 18-25 -.242 1.101 .049 1 .826 .785 .091 6.786 

26-35 .590 .400 2.171 1 .141 1.803 .823 3.950 

36-50 .078 .323 .059 1 .808 1.082 .574 2.038 

50+ 0b . . 0 . . . . 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 
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B33. Model-fitting information for individuals’ preferred activity in AVs 

Model fitting information 
Model Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-Square df Sig. 
Intercept Only 56.844    
Final 37.515 19.329 4 .001 

Likelihood Ratio Tests 
Effect Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of Reduced Model Chi-Square df Sig. 
Intercept 37.515 .000 0 . 
Gender 37.591 .077 1 .782 
Age 55.865 18.351 3 .000 

Goodness-of-Fit  
Chi-Square df Sig. 

Pearson 8.801 3 .032 
Deviance 8.928 3 .030 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
0.040 0.057 0.033 

 

 

B34. Parameter estimates for individuals’ preferred activity in AVs 

Interested in driving 
AV 

B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 
Lower 
Bound 

Upper 
Bound 

Sleeping/Resting, Readinga: Yes 
Intercept -.979 .348 7.897 1 .005    
Gender Female .058 .209 .077 1 .782 1.060 .703 1.596 

Male 0b . . 0 . . . . 
Age 18-25 2.416 .843 8.219 1 .004 11.206 2.148 58.470 

26-35 .601 .302 3.959 1 .047 1.824 1.009 3.297 
36-50 .811 .240 11.426 1 .001 2.250 1.406 3.600 
50+ 0b . . 0 . . . . 

a. The reference category is: No. 
b. This parameter is set to zero because it is redundant. 
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B35. Model fitting of the AVs’ safe and secure operation compared to human drivers 

Model Fitting Information 

Model 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood Chi-Square df Sig. 

Intercept Only 559.802    
Final 345.349 214.452 20 .000 

Likelihood Ratio Tests 

Effect 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood of Reduced 
Model 

Chi-Square df Sig. 

Intercept     
Feeling safe and secure about AVs 
quick reaction in accidents 

349.602 4.253 2 .119 

Feeling safe and secure in an AV 
with manual control 

383.655 38.306 2 .000 

Feeling safe and secure in an AV 
without a steering wheel 

470.953 125.603 2 .000 

Gender 347.910 2.560 2 .278 
Age 351.540 6.191 6 .402 
Number of cars 360.323 14.974 6 .020 

Goodness-of-Fit 
 Chi-Square df Sig. 
Pearson 318.338 270 .023 
Deviance 251.611 270 .783 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
.454 .517 .286 
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B36. Parameter estimates of AVs’ safe and secure operation compared to human drivers 

AVs are safer and more 
secure than human 
drivers 

B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for 
Exp(β) 
Lower 
Bound 

Upper 
Bound 

AVs are safer and more secure than human driversa: Somewhat 

Intercept -4.89 0.709 47.571 1 0       

Feeling 
safe and 
secure 
about AVs 
quick 
reaction in 
accidents 

Not at all -0.022 0.089 0.062 1 0.804 0.978 0.822 1.165 

Somewhat 0.569 0.115 24.428 1 0 1.767 1.41 2.214 

Extremely 1.081 0.187 33.254 1 0 2.948 2.041 4.257 

Gender Female -0.318 0.301 1.119 1 0.29 0.728 0.404 1.312 

Male 0b . . 0 . . . . 

Age 18-25 -
19.025 

4443.74 0 1 0.997 0.004 0 . 

26-35 -0.6 0.431 1.944 1 0.163 0.549 0.236 1.276 

36-50 -0.137 0.319 0.185 1 0.667 0.872 0.466 1.63 

50+ 0b . . 0 . . . . 

Number of 
Cars 

1 1.182 0.343 11.888 1 0.001 3.261 1.665 6.386 

2 0.854 0 . 1 . 2.349 2.349 2.349 

3 -
16.832 

2900.084 0 1 0.995 0.004 0 . 

5+ 0b . . 0 . . . . 

AVs are safer and more secure than human driversa: Extremely 

Intercept 11.533 3681.455 0 1 0.998       

Feeling 
safe and 
secure 
about AVs 
quick 
reaction in 
accidents 

Not at all 0.219 0.126 3.006 1 0.083 1.244 0.972 1.593 

Somewhat 0.7 0.166 17.792 1 0 2.014 1.455 2.788 

Extremely 1.631 0.201 65.986 1 0 5.109 3.447 7.573 

Gender Female -0.61 0.391 2.429 1 0.119 0.543 0.252 1.17 

Male 0b . . 0 . . . . 

Age 18-25 -2.545 1.705 2.228 1 0.136 0.078 0.003 2.219 

26-35 -0.382 0.553 0.479 1 0.489 0.682 0.231 2.016 

36-50 0.052 0.414 0.016 1 0.899 1.054 0.468 2.373 

50+ 0b . . 0 . . . . 

Number of 
cars 

1 -
18.369 

3681.455 0 1 0.996 0.001 0 . 

2 -
18.786 

3681.455 0 1 0.996 0.006 0 . 

3 -
19.385 

3681.456 0 1 0.996 0.003 0 . 

5+ 0b . . 0 . . . . 

a. The reference category is: Not at all. 
b. This parameter is set to zero because it is redundant. 
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B37. Model fitting of how safe and secure would AVs be without a steering wheel 

Model Fitting Information 

Model 
Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood Chi-Square df Sig. 

Intercept Only 597.247    

Final 359.427 237.820 16 .000 

Likelihood Ratio Tests 

Effect 

Model Fitting Criteria Likelihood Ratio Tests 

-2 Log Likelihood of 

Reduced Model 
Chi-Square df Sig. 

Intercept 359.427a .000 0 . 

Agree that AVs should record data 375.183 15.757 2 .000 

Purchase AV when It is fully 

developed and tested 

368.033 8.606 2 .014 

AVs are safer and more secure than 

human Drivers 

421.969 62.543 4 .000 

Feeling safe and secure about AVs 

quick reaction in accidents 

378.224 18.798 4 .001 

Interested in driving AV 363.911 4.484 4 .344 

Goodness-of-Fit 
 Chi-Square df Sig. 

Pearson 393.182 322 .004 

Deviance 274.556 322 .974 

Pseudo R-Square 

Cox and Snell Nagelkerke McFadden 

0.427 0.519 0.321 
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B38. Parameter estimates of how safe and secure AVs would be without a steering wheel 

Feeling safe and secure 
in an AV without a 
steering wheel 

B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 
Lower 
Bound 

Upper 
Bound 

Feeling safe and secure in an AV without a steering wheela: somewhat likely 
Intercept -2.105 0.666 9.996 1 0.002       
Agree that AVs should 
record data 

0.271 0.127 4.562 1 0.033 1.311 1.023 1.681 

Purchase AV when It is 
fully developed and 
tested 

0.267 0.113 5.604 1 0.018 1.306 1.047 1.629 

AVs are 
safer and 
more secure 
than human 
drivers 

Not at all -2.385 0.472 25.508 1 0 0.092 0.036 0.232 
Somewhat -0.833 0.365 5.212 1 0.022 0.435 0.212 0.889 
Extremely 0b . . 0 . . . . 

Feeling safe 
and secure 
about AVs 
quick 
reaction in 
accidents 

Not at all 
concerned 

-0.526 0.425 1.532 1 0.216 0.591 0.257 1.359 

Somewhat 
concerned 

0.865 0.333 6.733 1 0.009 2.375 1.236 4.566 

Extremely 
concerned 

0b . . 0 . . . . 

Interested 
in driving 
AV 

Not 
interested 

0.62 0.467 1.759 1 0.185 1.859 0.744 4.646 

Neither 0.458 0.397 1.333 1 0.248 1.581 0.726 3.443 
Very 
interested 

0b . . 0 . . . . 

Feeling safe and secure in an AV without a steering wheela: Extremely likely 
Intercept -2.819 0.92 9.381 1 0.002       
Agree that AVs should 
record data 

0.642 0.172 13.939 1 0 1.9 1.356 2.661 

Purchase AV when It is 
fully developed and 
tested 

0.363 0.155 5.5 1 0.019 1.438 1.062 1.948 

AVs are 
safer and 
more secure 
than human 
drivers 

Not at all -3.788 0.835 20.565 1 0 0.023 0.004 0.116 
Somewhat -2.397 0.495 23.486 1 0 0.091 0.035 0.24 
Extremely 0b . . 0 . . . . 

Feeling safe 
and secure 
about AVs 
quick 
reaction in 
Accidents 

Not at all 
concerned 

-0.579 0.525 1.216 1 0.27 0.56 0.2 1.569 

Somewhat 
concerned 

-0.385 0.46 0.702 1 0.402 0.68 0.276 1.675 

Extremely 
concerned 

0b . . 0 . . . . 

Interested 
in driving 
AV 

Not 
interested 

-0.718 0.797 0.813 1 0.367 0.488 0.102 2.324 

Neither 0.358 0.515 0.483 1 0.487 1.431 0.521 3.927 
Very 
interested 

0b . . 0 . . . . 

a. The reference category is: Not at all likely. 
b. This parameter is set to zero because it is redundant. 
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B39. Model fitting for purchasing private AVs even if ridesharing AVs are provided 

Model Fitting Information 

Model 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood Chi-Square df Sig. 

Intercept Only 252.830    
Final 146.241 106.589 4 .000 

Likelihood Ratio Tests 

Effect 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood of 
Reduced Model 

Chi-Square df Sig. 

Intercept     
AVs are safer and more secure 
than human drivers 

148.350 2.109 1 .146 

Feeling safe and secure in an AV 
without a steering wheel 

153.102 6.860 1 .009 

Interested in driving AV 181.546 35.304 1 .000 
Gender 147.206 .965 1 .326 

Goodness-of-Fit 
 Chi-Square df Sig. 
Pearson 59.525 42 .039 
Deviance 68.770 42 .006 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
0.216 0.289 0.178 

 

 

B40. Parameter estimates for purchasing private AVs even if ridesharing AVs are provided 

Purchase AV even If 
ridesharing AV provided 

B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 

Lower 
Bound 

Upper 
Bound 

Yesa 

Intercept -2.249 .297 57.251 1 .000    

AVs are safer and more secure 
than human drivers 

.128 .088 2.127 1 .145 1.137 .957 1.351 

Feeling safe and secure in an AV 
without a steering wheel 

.243 .094 6.716 1 .010 1.275 1.061 1.532 

Interested in driving AV .452 .078 33.514 1 .000 1.571 1.348 1.831 

Gender Female -.218 .222 .967 1 .325 .804 .520 1.242 

Male 0b . . 0 . . . . 

a. The reference category is: No. 
b. This parameter is set to zero because it is redundant. 
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B41. Model fitting of the effects of gender and age on WTP for AVs 

Model Fitting Information 

Model 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood Chi-Square df Sig. 

Intercept Only 363.203    
Final 299.295 63.908 12 .000 

Likelihood Ratio Tests 

Effect 
Model Fitting Criteria Likelihood Ratio Tests 
-2 Log Likelihood of Reduced Model Chi-Square df Sig. 

Intercept     
Interested in driving AV 320.672 21.377 2 .000 
Heard about AV 301.006 1.710 2 .425 
Gender 301.936 2.640 2 .267 
Age 333.469 34.173 6 .000 

Goodness-of-Fit 
 Chi-Square df Sig. 
Pearson 137.788 104 .015 
Deviance 135.135 104 .022 

Pseudo R-Square 
Cox and Snell Nagelkerke McFadden 
0.133 0.152 0.068 

 

 

 

B42. Parameter estimates of the effects of gender and age on WTP for AVs 

 B Std. 
Error 

Wald df Sig. Exp(β) 95% Confidence 
Interval for Exp(β) 
Lower 
Bound 

Upper 
Bound 

WTP for AV in addition to the price of TVa: 10% - 20% 
Intercept -

1.511 
.344 19.336 1 .000    

Interested in driving AV .228 .072 10.066 1 .002 1.256 1.091 1.446 
Heard about AV .094 .078 1.455 1 .228 1.098 .943 1.279 
Gender Female .373 .241 2.389 1 .122 1.452 .905 2.328 

Male 0b . . 0 . . . . 
Age 18-25 -.563 1.184 .226 1 .634 .569 .056 5.798 

26-35 .654 .329 3.962 1 .047 1.924 1.010 3.665 
36-50 .424 .246 2.964 1 .085 1.528 .943 2.475 
50+ 0b . . 0 . . . . 

WTP for AV in addition to the price of TVa: Above 20% 
Intercept -

3.028 
.470 41.519 1 .000    

Interested in driving AV .374 .088 18.111 1 .000 1.454 1.224 1.728 
Heard about AV .005 .096 .003 1 .956 1.005 .833 1.213 
Gender Female .060 .291 .042 1 .838 1.061 .600 1.876 

Male 0b . . 0 . . . . 
Age 18-25 2.186 .905 5.839 1 .016 8.897 1.511 52.380 

26-35 1.953 .421 21.520 1 .000 7.051 3.089 16.093 
36-50 1.613 .356 20.501 1 .000 5.018 2.496 10.088 
50+ 0b . . 0 . . . . 

a. The reference category is: WTP Below 10%. 
b. This parameter is set to zero because it is redundant. 
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APPENDIX C: Copy of the Expert Survey 

 

 

 

C1. Email Invitation Sent by the Researcher of this Study 

Subject line: *first name of participant*, I need your expert opinion in my survey on AVs. 

Dear *first name of participant* 

 

This is Amin, your LinkedIn connection, 

  

I’m running a short expert survey on the application of Autonomous Vehicles as part of my 

PhD research, and I need the experts’ opinions. So, I’d be grateful if I could have your support 

in this matter. 

 

This short survey is designed in multiple-choice and check-box questions and will take you less 

than 6 minutes to complete. 

 

If you have any inquiry, please feel free to contact me through my email address 

at rezaeim@tcd.ie or my LinkedIn page. 

 

Thank you so much for your time and input in advance! 

  

Please click here to take the survey now 

 

If you experience problems opening the link, please copy and paste the following into your 

browser address bar: https://www.surveymonkey.com/r/AVs-Expert 

 

Amin Rezaei 
PhD Candidate, Civil Engineering - Transportation Engineering  
Department of Civil, Structural & Environmental Engineering  
Trinity College Dublin, the University of Dublin 
Dublin, Ireland 
Email: rezaeim@tcd.ie 

 

 

 

 

 

mailto:rezaeim@tcd.ie
https://www.surveymonkey.com/r/AVs-Expert
mailto:rezaeim@tcd.ie


Appendices 

337 
 

C2. Expert Survey Questionnaire 

 

 

Dear Participant, 

Thank you for participating in this survey. Your feedback is important. This survey forms part 

of a PhD study at Trinity College Dublin. 

Aim: We're conducting research on the efficiency of Autonomous Vehicles (AVs) and their 

adoption in highway transport, and we would like to have your expert opinion about it. 

The term "AVs" throughout the survey refers to level 5 - Fully Autonomous Vehicles without 

a steering wheel unless other levels are specified. 

Survey length: This survey should take no longer than 6 minutes to complete! 

Confidentiality: The survey is completely anonymous, and the results can only be accessed 

and disseminated by the scientific researcher of the study, Mr Amin Rezaei. All data collected 

from this survey will be used for scientific research purposes only. 

Withdrawal: Your participation is completely voluntary, and a participant can drop out of the 

survey at any time. If you have any questions about this research or the management of the 

research data, please email rezaeim@tcd.ie. 

Consent: Clicking on the "Next" button below indicates that you have read the information 

provided on this page and you voluntarily agree to participate. If you DO NOT wish to 

participate in the research study, please decline participation by clicking on the "Exit" button 

on the top right corner to quit the survey. 

 

Thank you, 
 
Amin Rezaei 
PhD Candidate, Civil Engineering - Transportation Engineering  
Department of Civil, Structural & Environmental Engineering  
Trinity College Dublin, the University of Dublin 
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AVs’ Impacts 

AVs’ Concerns 
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Overall Opinion 
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Demographic Questions 

Feedback/Contact 
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APPENDIX D: Result Tables Related to the Optimisation of Driving 
Behaviours 

 

 

D1. Results of the simulation of 63 scenarios for the optimisation of CC0, CC1, and CC2 

Scena

rio 

Travel 

time 

from 

beginni

ng to 

end 

Vehicle

s from 

beginni

ng to 

end 

Total 

vehicles 

in the 

model 

Queue 

delay 

Queue 

length 

Vehic

le 

delay  

Number 

of stops 

Stop 

delay  

Emiss

ion CO  

Fuel 

consumpt

ion  

LOS 

value  

LOS 

index 

(rang

e) 

   hh:mm Count Count  hh:mm km hh:mm Count  hh:mm  Ton. Litre 1-6 A-F 

TVs 02:17 1,139 34,931 01:23 2.46 01:18 1,112 00:17 2.18 117,821 3.70 C-D 

1 02:10 1,460 42,132 01:12 1.68 00:51 715 00:14 1.43 77,582 3.02 C-D 

2 02:09 1,479 42,368 01:10 1.54 00:49 713 00:13 1.45 78,767 2.94 B-C 

3 02:08 1,508 42,626 01:08 1.51 00:47 689 00:12 1.42 76,776 2.94 B-C 

4 02:08 1,541 42,634 01:07 1.60 00:48 622 00:13 1.28 69,330 3.08 C-D 

5 02:05 1,666 43,693 00:57 1.55 00:41 405 00:09 0.94 51,133 2.88 B-C 

6 02:03 1,734 44,362 00:49 1.50 00:38 289 00:06 0.74 39,841 2.63 B-C 

7 02:08 1,503 42,416 01:03 1.71 00:48 597 00:12 1.26 68,100 3.13 C-D 

8 02:07 1,553 43,032 00:52 1.72 00:44 458 00:08 1.03 56,035 3.02 C-D 

9 02:07 1,565 43,206 00:44 1.76 00:42 323 00:06 0.81 43,918 3.11 C-D 

10 02:06 1,594 43,264 01:02 1.51 00:44 571 00:11 1.21 65,790 2.94 B-C 

11 02:04 1,709 44,083 00:55 1.42 00:40 412 00:08 0.95 51,516 2.77 B-C 

12 02:04 1,758 44,577 00:47 1.45 00:36 255 00:05 0.70 37,657 2.63 B-C 

13 02:08 1,508 42,620 01:02 1.68 00:47 628 00:11 1.31 71,105 3.02 C-D 

14 02:06 1,609 43,534 00:49 1.64 00:42 433 00:07 0.99 53,692 2.97 B-C 

15 02:07 1,562 43,523 00:42 1.81 00:41 301 00:05 0.79 42,786 3.02 C-D 

16 02:08 1,509 42,626 01:06 1.60 00:47 650 00:12 1.37 74,266 3.00 C 

17 02:04 1,716 44,160 00:54 1.39 00:38 377 00:07 0.93 50,123 2.69 B-C 

18 02:02 1,783 44,970 00:47 1.29 00:35 261 00:05 0.72 38,819 2.55 B-C 

19 02:07 1,545 43,029 00:59 1.59 00:44 566 00:10 1.24 67,036 3.00 C 

20 02:06 1,605 43,634 00:49 1.66 00:41 401 00:07 0.98 53,177 3.02 C-D 

21 02:06 1,610 43,904 00:41 1.67 00:38 269 00:04 0.74 39,910 2.86 B-C 

22 02:05 1,651 43,729 00:58 1.36 00:41 517 00:09 1.17 63,322 2.86 B-C 

23 02:03 1,735 44,746 00:49 1.36 00:36 347 00:05 0.89 48,044 2.63 B-C 

24 02:03 1,757 45,077 00:44 1.32 00:33 225 00:04 0.66 35,946 2.55 B-C 

25 02:06 1,617 43,431 00:56 1.49 00:42 511 00:08 1.15 62,474 2.94 B-C 

26 02:05 1,640 44,024 00:47 1.57 00:39 376 00:06 0.94 50,967 2.83 B-C 

27 02:05 1,674 44,511 00:37 1.58 00:36 230 00:03 0.67 36,537 2.86 B-C 

28 02:05 1,646 43,684 00:53 1.55 00:41 437 00:08 1.02 55,331 2.97 B-C 

29 02:05 1,689 44,325 00:42 1.60 00:37 279 00:05 0.75 40,689 2.88 B-C 

30 02:05 1,701 44,531 00:34 1.62 00:36 183 00:03 0.57 31,014 2.91 B-C 

31 02:04 1,718 44,506 00:45 1.54 00:38 293 00:06 0.76 40,988 2.80 B-C 

32 02:03 1,717 44,622 00:38 1.59 00:36 202 00:04 0.60 32,233 2.88 B-C 

33 02:04 1,717 44,926 00:33 1.57 00:34 149 00:02 0.51 27,482 2.80 B-C 

34 02:04 1,727 44,581 00:40 1.58 00:36 202 00:04 0.59 31,953 2.69 B-C 
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35 02:02 1,798 45,347 00:35 1.52 00:33 171 00:03 0.55 29,613 2.58 B-C 

36 02:02 1,767 45,323 00:30 1.55 00:33 150 00:03 0.51 27,361 2.61 B-C 

37 02:06 1,637 43,856 00:53 1.58 00:41 437 00:08 1.03 55,842 2.91 B-C 

38 02:04 1,686 44,334 00:42 1.78 00:37 270 00:04 0.74 40,156 2.88 B-C 

39 02:03 1,721 44,929 00:33 1.58 00:34 164 00:02 0.54 29,314 2.86 B-C 

40 02:04 1,704 44,483 00:45 1.51 00:37 274 00:05 0.75 40,708 2.75 B-C 

41 02:03 1,730 44,959 00:36 1.50 00:34 183 00:03 0.58 31,158 2.75 B-C 

42 02:03 1,721 45,149 00:32 1.53 00:34 140 00:02 0.49 26,593 2.69 B-C 

43 02:03 1,748 44,819 00:40 1.52 00:35 204 00:04 0.61 32,774 2.66 B-C 

44 02:02 1,772 45,390 00:33 1.47 00:32 163 00:03 0.54 29,303 2.61 B-C 

45 02:03 1,754 45,348 00:33 1.52 00:33 160 00:03 0.54 29,076 2.63 B-C 

46 02:05 1,654 43,995 00:51 1.50 00:39 388 00:07 0.96 52,189 2.94 B-C 

47 02:04 1,711 44,727 00:41 1.52 00:36 253 00:04 0.72 38,994 2.83 B-C 

48 02:04 1,706 44,973 00:32 1.50 00:34 156 00:02 0.53 28,599 2.80 B-C 

49 02:03 1,746 44,796 00:42 1.42 00:35 241 00:04 0.68 37,021 2.66 B-C 

50 02:04 1,740 45,069 00:36 1.50 00:34 169 00:03 0.56 30,147 2.72 B-C 

51 02:03 1,736 45,221 00:32 1.44 00:34 139 00:02 0.49 26,471 2.58 B-C 

52 02:02 1,780 45,393 00:39 1.39 00:33 191 00:03 0.59 31,911 2.50 B-C 

53 02:02 1,781 45,541 00:34 1.41 00:33 160 00:03 0.53 28,928 2.66 B-C 

54 02:03 1,738 45,338 00:34 1.48 00:35 171 00:03 0.56 30,431 2.63 B-C 

55 02:05 1,661 44,142 00:50 1.41 00:38 377 00:06 0.95 51,675 2.91 B-C 

56 02:04 1,710 44,892 00:39 1.51 00:35 255 00:03 0.68 36,741 2.77 B-C 

57 02:04 1,718 45,011 00:34 1.50 00:34 162 00:02 0.54 29,469 2.72 B-C 

58 02:03 1,750 45,145 00:42 1.39 00:33 221 00:03 0.66 35,666 2.63 B-C 

59 02:02 1,786 45,590 00:35 1.34 00:33 155 00:02 0.53 28,879 2.58 B-C 

60 02:04 1,704 45,277 00:34 1.45 00:35 151 00:02 0.53 28,765 2.69 B-C 

61 02:02 1,804 45,589 00:39 1.27 00:33 190 00:03 0.59 32,218 2.50 B-C 

62 02:02 1,780 45,689 00:35 1.33 00:34 167 00:02 0.56 30,465 2.55 B-C 

63 02:02 1,779 45,657 00:33 1.40 00:35 165 00:02 0.56 30,113 2.55 B-C 
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D2. Improvement of each scenario compared with the results of the simulation of TVs 

 

 



Appendices 
 

344 
 

D3. Results of the simulation regarding the impact of CC0, CC1, and CC2 on queue length 

Count Scenario Queue length Improvement to TVs CC0 CC1 CC2 

1 61 1,271  48.2% 0.38 0.23 3.00 

2 18 1,286  47.6% 0.75 0.23 4.00 

3 24 1,324  46.1% 0.38 0.23 4.00 

4 62 1,329  45.9% 0.38 0.23 2.00 

5 59 1,344  45.3% 0.38 0.45 2.00 

6 23 1,362  44.5% 0.38 0.45 4.00 

7 22 1,363  44.5% 0.38 0.68 4.00 

8 17 1,387  43.5% 0.75 0.45 4.00 

9 58 1,387  43.5% 0.38 0.45 3.00 

10 52 1,391  43.3% 0.75 0.23 3.00 

11 63 1,395  43.2% 0.38 0.23 1.00 

12 53 1,408  42.6% 0.75 0.23 2.00 

13 55 1,410  42.6% 0.75 0.23 2.00 

14 11 1,416  42.3% 1.13 0.45 4.00 

15 49 1,421  42.1% 0.75 0.45 3.00 

16 51 1,440  41.3% 0.75 0.45 1.00 

17 60 1,445  41.1% 0.38 0.45 1.00 

18 12 1,450  40.9% 1.13 0.23 4.00 

19 44 1,470  40.1% 1.13 0.23 2.00 

20 54 1,478  39.8% 0.75 0.23 1.00 

Base TV 2,455  - 1.50 0.90 4.00 

 

 

D4. The frequency of factorial changes regarding the effect of CC0, CC1, and CC2 on queue 
length 

CC-parameter CC0 CC1 CC2 
Initial value 1.5 0.9 4 
Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 
Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 
Frequency 3 8 9 1 8 11 4 5 4 
Total frequency 20 20 13 

 

 

 

 

 

 

 

 



Appendices 

345 
 

 

D5. Results of the simulation regarding the impact of CC0, CC1, and CC2 on queue delay 

Count Scenario Queue delay Improvement to TVs CC0 CC1 CC2 

1 36 1,853  63.2% 1.50 0.23 1.00 

2 42 1,967  61.0% 1.13 0.45 1.00 

3 51 1,973  60.8% 0.75 0.45 1.00 

4 48 1,976  60.8% 0.75 0.68 1.00 

5 33 1,984  60.6% 1.50 0.45 1.00 

6 45 2,004  60.2% 1.13 0.23 1.00 

7 39 2,006  60.2% 1.13 0.68 1.00 

8 63 2,008  60.1% 0.38 0.23 1.00 

9 44 2,010  60.1% 1.13 0.23 2.00 

10 30 2,048  59.3% 1.50 0.68 1.00 

11 53 2,075  58.8% 0.75 0.23 2.00 

12 60 2,075  58.8% 0.38 0.45 1.00 

13 57 2,085  58.6% 0.38 0.68 1.00 

14 54 2,094  58.4% 0.75 0.23 1.00 

15 35 2,112  58.1% 1.50 0.23 2.00 

16 59 2,135  57.6% 0.38 0.45 2.00 

17 62 2,150  57.3% 0.38 0.23 2.00 

18 41 2,189  56.6% 1.13 0.45 2.00 

19 50 2,195  56.4% 0.75 0.45 2.00 

20 27 2,273  54.9% 0.38 0.90 1.00 

Base TV 5,038  - 1.50 0.90 4.00 

 

D6. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on queue 
delay 

CC-parameter CC0 CC1 CC2 
Initial value 1.5 0.9 4 
Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 
Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 
Frequency 5 5 6 4 7 8 0 7 13 
Total frequency 16 19 20 
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D7. Results of the simulation regarding the impact of CC0, CC1, and CC2 on the number of stops 

Count Scenario Number of Stops Improvement to TVs CC0 CC1 CC2 

1 51 139  87.5% 0.75 0.45 1.00 

2 42 140  87.4% 1.13 0.45 1.00 

3 33 149  86.6% 1.50 0.45 1.00 

4 36 150  86.5% 1.50 0.23 1.00 

5 60 151  86.4% 0.38 0.45 1.00 

6 59 155  86.1% 0.38 0.45 2.00 

7 48 156  86.0% 0.75 0.68 1.00 

8 45 160  85.6% 1.13 0.23 1.00 

9 53 160  85.6% 0.75 0.23 2.00 

10 57 162  85.4% 0.38 0.68 1.00 

11 44 163  85.3% 1.13 0.23 2.00 

12 39 164  85.3% 1.13 0.68 1.00 

13 63 165  85.2% 0.38 0.23 1.00 

14 62 167  85.0% 0.38 0.23 2.00 

15 50 169  84.8% 0.75 0.45 2.00 

16 35 171  84.6% 1.50 0.23 2.00 

17 54 171  84.6% 0.75 0.23 1.00 

18 30 183  83.5% 1.50 0.68 1.00 

19 41 183  83.5% 1.13 0.45 2.00 

20 61 190  82.9% 0.38 0.23 3.00 

Base TV 1,112  - 1.50 0.90 4.00 

 

 

D8. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on the 
number of stops 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 5 5 6 4 7 9 1 7 12 

Total frequency 16 20 20 
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D9. Results of the simulation regarding the impact of CC0, CC1, and CC2 on stop delay 

Count Scenario Stop delay Improvement to TVs CC0 CC1 CC2 

1 51 00:02:05 87.9% 0.75 0.45 1.00 

2 60 00:02:05 87.9% 0.38 0.45 1.00 

3 57 00:02:19 86.6% 0.38 0.68 1.00 

4 48 00:02:26 85.9% 0.75 0.68 1.00 

5 59 00:02:26 85.9% 0.38 0.45 2.00 

6 42 00:02:28 85.7% 1.13 0.45 1.00 

7 63 00:02:44 84.2% 0.38 0.23 1.00 

8 39 00:02:50 83.6% 1.13 0.68 1.00 

9 33 00:02:52 83.4% 1.50 0.45 1.00 

10 62 00:02:56 83.0% 0.38 0.23 2.00 

11 50 00:03:01 82.5% 0.75 0.45 2.00 

12 53 00:03:12 81.5% 0.75 0.23 2.00 

13 54 00:03:15 81.2% 0.75 0.23 1.00 

14 27 00:03:23 80.4% 0.38 0.90 1.00 

15 41 00:03:26 80.1% 1.13 0.45 2.00 

16 45 00:03:27 80.0% 1.13 0.23 1.00 

17 36 00:03:28 79.9% 1.50 0.23 1.00 

18 30 00:03:31 79.7% 1.50 0.68 1.00 

19 61 00:03:33 79.5% 0.38 0.23 3.00 

20 56 00:03:34 79.4% 0.38 0.68 2.00 

Base TV 00:17:17 - 1.50 0.90 4.00 

 

 

D10. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on stop 
delay 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 4 5 8 5 7 7 1 5 13 

Total frequency 17 19 19 
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D11. Results of the simulation regarding the impact of CC0, CC1, and CC2 on fuel consumption 
and CO emissions 

Count Scenario Emission Fuel 

consumption 

Improvement 

to TVs 

CC0 CC1 CC2 

1 51 0.49 26,471  77.5% 0.75 0.45 1.00 

2 42 0.49 26,593  77.4% 1.13 0.45 1.00 

3 36 0.51 27,361  76.8% 1.50 0.23 1.00 

4 33 0.51 27,482  76.7% 1.50 0.45 1.00 

5 48 0.53 28,599  75.7% 0.75 0.68 1.00 

6 60 0.53 28,765  75.6% 0.38 0.45 1.00 

7 59 0.53 28,879  75.5% 0.38 0.45 2.00 

8 53 0.53 28,928  75.4% 0.75 0.23 2.00 

9 45 0.54 29,076  75.3% 1.13 0.23 1.00 

10 44 0.54 29,303  75.1% 1.13 0.23 2.00 

11 39 0.54 29,314  75.1% 1.13 0.68 1.00 

12 57 0.54 29,469  75.0% 0.38 0.68 1.00 

13 35 0.55 29,613  74.9% 1.50 0.23 2.00 

14 63 0.56 30,113  74.4% 0.38 0.23 1.00 

15 50 0.56 30,147  74.4% 0.75 0.45 2.00 

16 54 0.56 30,431  74.2% 0.75 0.23 1.00 

17 62 0.56 30,465  74.1% 0.38 0.23 2.00 

18 30 0.57 31,014  73.7% 1.50 0.68 1.00 

19 41 0.58 31,158  73.6% 1.13 0.45 2.00 

20 52 0.59 31,911  72.9% 0.75 0.23 3.00 

Base TV 2.18 117,821  - 1.50 0.90 4.00 

 

 

D12. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on fuel 
consumption and CO emissions 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 5 6 5 4 7 9 1 7 12 

Total frequency 16 20 20 
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D13. Results of the simulation regarding the impact of CC0, CC1, and CC2 on LOS 

Count Scenario LOS Improvement to TVs CC0 CC1 CC2 

1 52 2.50 32.4% 0.75 0.23 3.00 

2 61 2.50 32.4% 0.38 0.23 3.00 

3 18 2.55 31.1% 0.75 0.23 4.00 

4 24 2.55 31.1% 0.38 0.23 4.00 

5 62 2.55 31.1% 0.38 0.23 2.00 

6 63 2.55 31.1% 0.38 0.23 1.00 

7 35 2.58 30.3% 1.50 0.23 2.00 

8 51 2.58 30.3% 0.75 0.45 1.00 

9 59 2.58 30.3% 0.38 0.45 2.00 

10 36 2.61 29.5% 1.50 0.23 1.00 

11 44 2.61 29.5% 1.13 0.23 2.00 

12 6 2.63 28.9% 1.13 0.23 4.00 

13 12 2.63 28.9% 1.13 0.23 4.00 

14 23 2.63 28.9% 0.38 0.45 4.00 

15 45 2.63 28.9% 1.13 0.23 1.00 

16 54 2.63 28.9% 0.75 0.23 1.00 

17 58 2.63 28.9% 0.38 0.45 3.00 

18 43 2.66 28.1% 1.13 0.23 3.00 

19 49 2.66 28.1% 0.75 0.45 3.00 

20 17 2.69 27.3% 0.75 0.45 4.00 

Base TV 3.70 - 1.50 0.90 4.00 

 

 

D14. The frequency of factorial changes regarding the impact of CC0, CC1, and CC2 on LOS 

CC-parameter CC0 CC1 CC2 

Initial value 1.5 0.9 4 

Factorial change -25% -50% -75% -25% -50% -75% -25% -50% -75% 

Reduced value 1.13 0.75 0.38 0.68 0.45 0.23 3.00 2.00 1.00 

Frequency 5 6 7 0 6 14 5 4 5 

Total frequency 18 20 14 
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APPENDIX E: Simulation Results of TVs and AVs in Various Traffic 
Conditions of the Year 

 

 

E1. Number of TVs under various time-intervals of the simulation model of a test month (May. 
4th) 

Run Data 

collection 

points 

Simulation time-intervals* 

Warm-

up 

Recorded for evaluation 

0 - 600 600-1200 1200-1800 1800-2400 2400-3000 3000-3600 3600-4200 

1 1-4 ** 887 827 841 827 874 889 

1 5-8 ** 956 977 964 965 945 910 

1 9-12 ** 985 1171 1231 672 871 690 

1 13-16 ** 1282 1274 994 943 1074 800 

1 17-20 ** 1355 1165 1248 980 1131 1000 

1 21-24 ** 1364 1081 1075 1106 1094 1075 

1 25-28 ** 876 849 855 844 842 884 

2 1-4 ** 820 870 872 825 877 918 

2 5-8 ** 919 910 994 957 962 976 

2 9-12 ** 1109 1204 1186 587 983 402 

2 13-16 ** 1246 1188 895 1069 876 792 

2 17-20 ** 1199 1191 1082 1040 1097 1084 

2 21-24 ** 1097 1097 1150 1095 1090 1220 

2 25-28 ** 846 862 872 830 874 876 

3 1-4 ** 870 834 854 853 885 876 

3 5-8 ** 932 974 958 949 981 919 

3 9-12 ** 1098 1232 1011 794 894 629 

3 13-16 ** 1220 1225 902 1103 747 802 

3 17-20 ** 1199 1298 946 1055 1173 1183 

3 21-24 ** 1102 1116 1188 1243 1212 1180 

3 25-28 ** 860 827 867 840 903 859 

4 1-4 ** 861 842 831 817 925 835 

4 5-8 ** 921 1019 946 944 925 870 

4 9-12 ** 986 1146 1181 819 784 750 

4 13-16 ** 1232 1179 1193 923 666 942 

4 17-20 ** 1451 982 1061 1094 984 1078 

4 21-24 ** 1172 1092 1074 1114 1220 1272 

4 25-28 ** 898 836 800 850 926 850 

5 1-4 ** 898 858 838 863 861 890 

5 5-8 ** 874 1032 1002 937 1005 835 

5 9-12 ** 1132 1253 981 799 715 741 

5 13-16 ** 1302 1040 985 1169 925 924 

5 17-20 ** 1139 1339 1149 1118 1045 1136 

5 21-24 ** 1131 1268 1083 1115 1113 1080 

5 25-28 ** 871 864 854 857 849 874 

6 1-4 ** 845 832 861 890 909 841 

6 5-8 ** 914 936 957 982 995 1007 
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6 9-12 ** 1049 1286 1070 805 754 740 

6 13-16 ** 1252 1094 1015 968 920 984 

6 17-20 ** 1177 1226 1069 1226 1056 1056 

6 21-24 ** 1173 1247 1091 1101 1144 1261 

6 25-28 ** 831 836 862 883 894 851 

7 1-4 ** 853 915 878 837 831 843 

7 5-8 ** 912 994 1032 983 969 843 

7 9-12 ** 1031 1297 1077 749 719 817 

7 13-16 ** 1361 1350 729 1201 623 971 

7 17-20 ** 1304 1283 894 1112 1036 1035 

7 21-24 ** 1145 1051 1122 1075 1124 1105 

7 25-28 ** 844 932 875 841 829 843 

8 1-4 ** 858 885 851 864 846 839 

8 5-8 ** 960 964 1013 961 992 956 

8 9-12 ** 1128 1204 957 897 740 683 

8 13-16 ** 1308 1320 912 857 868 896 

8 17-20 ** 1307 1088 1108 1090 1119 1062 

8 21-24 ** 1145 1194 1078 1148 1246 1226 

8 25-28 ** 869 896 850 845 844 836 

9 1-4 ** 876 880 860 811 860 854 

9 5-8 ** 927 999 1034 940 950 900 

9 9-12 ** 1035 1132 1067 787 845 976 

9 13-16 ** 1252 1291 891 1060 721 1042 

9 17-20 ** 1313 1256 927 1180 1024 1122 

9 21-24 ** 1190 1124 1111 1207 1099 1054 

9 25-28 ** 875 888 845 840 856 860 

10 1-4 ** 840 854 852 852 923 877 

10 5-8 ** 902 957 999 960 949 858 

10 9-12 ** 1102 1184 1096 763 881 606 

10 13-16 ** 1290 1282 787 959 836 945 

10 17-20 ** 1197 1119 1115 1128 1133 1097 

10 21-24 ** 1258 1190 1130 1174 1179 1143 

10 25-28 ** 838 843 846 861 911 883 

11 1-4 ** 906 855 841 869 855 819 

11 5-8 ** 930 1016 1007 989 946 874 

11 9-12 ** 981 1131 1249 779 764 870 

11 13-16 ** 1289 1230 982 1165 1230 670 

11 17-20 ** 1247 1400 1330 949 1073 1168 

11 21-24 ** 1309 1376 1083 1194 1246 1181 

11 25-28 ** 879 884 847 843 865 844 

12 1-4 ** 787 887 891 866 847 857 

12 5-8 ** 937 889 1030 984 982 974 

12 9-12 ** 1011 1223 1001 927 770 727 

12 13-16 ** 1288 1308 792 1052 783 1096 

12 17-20 ** 1258 1222 958 1250 1119 1208 

12 21-24 ** 1143 1175 1232 1252 1174 1214 

12 25-28 ** 801 897 853 875 867 845 

13 1-4 ** 813 843 876 932 862 830 

13 5-8 ** 918 922 964 976 1024 933 

13 9-12 ** 1107 1267 908 854 869 628 
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13 13-16 ** 1268 1189 1086 1021 944 755 

13 17-20 ** 1376 1225 1084 1034 1043 1040 

13 21-24 ** 1331 1095 1097 1077 1146 1270 

13 25-28 ** 817 849 860 906 874 864 

14 1-4 ** 890 892 816 847 886 828 

14 5-8 ** 931 988 991 923 960 828 

14 9-12 ** 1138 1260 915 774 715 882 

14 13-16 ** 1161 1318 874 948 914 1198 

14 17-20 ** 1198 1070 1130 1398 1142 1058 

14 21-24 ** 1265 1158 1120 1347 1037 1207 

14 25-28 ** 887 866 824 847 885 846 

15 1-4 ** 867 852 852 890 806 898 

15 5-8 ** 912 1002 955 964 1011 780 

15 9-12 ** 1124 1150 1126 788 741 742 

15 13-16 ** 1217 1294 985 1089 989 889 

15 17-20 ** 1259 1330 1259 949 1019 1034 

15 21-24 ** 1293 1179 1071 1101 1191 1129 

15 25-28 ** 863 858 831 904 812 895 

* The time interval 0-600 (seconds of the simulation time) represents the time-interval used for filling 
up the road network 
** Not recorded for evaluations 
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E2. Simulation of TVs in 10 peak traffic conditions in the peak month (May) 

MAY-Peak Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-04th  03:10:56 1,354 41,778 02:27:31 4 02:08:58 1,426 00:30:19 2.61 141,364 4.53 

AM-09th  03:10:29 1,340 41,621 02:24:31 4 02:07:34 1,415 00:29:57 2.58 138,697 4.44 

AM-10th  03:08:21 1,397 41,770 02:19:15 4 02:02:05 1,333 00:29:42 2.48 134,219 4.36 

AM-11th  03:10:36 1,336 41,411 02:25:43 4 02:06:35 1,398 00:30:37 2.56 138,879 4.42 

AM-16th  03:09:41 1,350 41,450 02:22:11 4 02:05:11 1,368 00:29:14 2.50 135,152 4.47 

AM-17th  03:11:15 1,353 41,888 02:27:48 4 02:09:01 1,434 00:30:40 2.62 141,902 4.47 

AM-24th  03:11:08 1,325 41,247 02:25:19 4 02:08:24 1,391 00:30:26 2.51 135,683 4.42 

AM-25th  03:08:13 1,357 41,290 02:19:08 4 02:00:46 1,313 00:28:05 2.43 131,607 4.39 

AM-30th  03:08:53 1,378 41,668 02:18:55 4 02:03:27 1,340 00:29:11 2.48 134,333 4.39 

AM-31st  03:08:59 1,430 42,422 02:24:24 4 02:04:52 1,402 00:29:10 2.57 139,343 4.39 

Average 03:09:51 1,362 41,655 02:23:28 4.03 02:05:41 1,382 00:29:44 2.53 137,118 4.43 
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E3. Simulation of AVs in 10 peak traffic conditions in the peak month (May) 

MAY-Peak Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-04th  02:46:04 2,179 50,714 00:54:08 2 00:55:30 205 00:02:10 0.67 36,441 3.14 

AM-09th  02:46:38 2,121 50,387 00:53:43 2 00:55:33 206 00:02:11 0.68 36,701 3.19 

AM-10th  02:43:54 2,229 50,599 00:49:21 2 00:50:56 186 00:01:49 0.64 34,414 3.06 

AM-11th  02:44:40 2,185 50,377 00:52:29 2 00:53:54 200 00:02:01 0.66 36,010 3.06 

AM-16th  02:43:45 2,171 50,347 00:50:31 2 00:52:13 191 00:01:55 0.64 34,523 2.97 

AM-17th  02:47:32 2,155 50,721 00:55:51 2 00:57:46 216 00:02:16 0.70 37,703 3.22 

AM-24th  02:45:36 2,144 50,291 00:53:20 2 00:54:11 204 00:02:06 0.67 36,187 3.14 

AM-25th  02:42:44 2,186 50,111 00:49:31 2 00:50:39 187 00:01:47 0.64 34,431 2.94 

AM-30th  02:44:16 2,217 50,443 00:51:20 2 00:52:25 194 00:01:58 0.65 35,148 3.06 

AM-31st  02:45:47 2,237 51,032 00:55:00 2 00:56:08 210 00:02:15 0.68 36,763 3.11 

Average 02:45:06 2,182 50,502 00:52:31 2 00:53:56 200 00:02:03 1 35,832 3.09 

 

 

 

 



Appendices 

355 
 

E4. Simulation of TVs in 10 normal traffic conditions in peak month (May) 

Normal 

conditions 

in May 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

PM-02nd  02:34:55 1,169 33,391 01:02:12 1.16 00:51:05 483 00:12:10 1.08 58,367 3.19 

PM-03rd  02:36:07 1,207 33,924 01:03:58 1.17 00:53:25 500 00:12:50 1.11 60,155 3.33 

PM-09th  02:35:30 1,215 33,861 01:03:13 1.14 00:53:01 503 00:12:31 1.09 59,174 3.31 

PM-11th  02:35:10 1,282 34,423 01:03:24 1.11 00:52:33 502 00:12:36 1.11 60,374 3.33 

PM-15th  02:32:30 1,180 33,279 00:59:09 1.06 00:48:01 467 00:11:28 1.04 56,447 3.19 

PM-16th  02:33:37 1,161 33,308 01:01:39 1.11 00:49:20 480 00:11:58 1.07 57,729 3.28 

PM-18th  02:34:12 1,215 33,709 01:01:45 1.10 00:50:43 477 00:11:55 1.07 58,089 3.31 

PM-23rd  02:35:01 1,198 33,661 01:01:33 1.11 00:51:49 482 00:12:29 1.09 59,222 3.36 

PM-25th  02:36:10 1,252 34,054 01:02:55 1.16 00:53:34 483 00:12:42 1.08 58,275 3.44 

PM-30th  02:33:53 1,196 33,753 01:01:57 1.09 00:50:26 494 00:11:58 1.11 59,897 3.33 

Average 02:34:43 1,208 33,736 01:02:11 1.12 00:51:24 487 00:12:16 1.09 58,773 3.31 
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E5. Simulation of AVs in 10 normal traffic conditions in the peak month (May) 

Normal 

conditions 

in May 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

PM-02nd  02:05:37 1,726 39,070 00:05:13 0.08 00:05:36 18 00:00:29 0.19 10,353 1.64 

PM-03rd  02:07:53 1,664 38,278 00:06:11 0.05 00:07:47 24 00:00:34 0.20 11,027 1.97 

PM-09th  02:07:56 1,769 39,996 00:06:18 0.08 00:07:42 24 00:00:30 0.21 11,602 1.83 

PM-11th  02:08:45 1,865 40,370 00:08:00 0.07 00:08:34 28 00:00:39 0.23 12,211 1.92 

PM-15th  02:05:41 1,686 38,963 00:04:46 0.04 00:05:46 18 00:00:30 0.19 10,453 1.64 

PM-16th  02:05:11 1,708 39,247 00:04:24 0.02 00:05:29 16 00:00:30 0.19 10,290 1.67 

PM-18th  02:06:14 1,711 39,663 00:05:32 0.06 00:06:12 19 00:00:29 0.20 10,788 1.72 

PM-23rd  02:05:23 1,777 39,828 00:04:58 0.01 00:05:41 18 00:00:29 0.20 10,588 1.72 

PM-25th  02:06:38 1,873 40,353 00:05:30 0.04 00:06:39 20 00:00:29 0.20 11,004 1.78 

PM-30th  02:07:13 1,736 39,649 00:06:03 0.05 00:07:12 23 00:00:33 0.21 11,333 1.86 

Average 02:06:39 1,752 39,542 00:05:41 0.05 00:06:40 21 00:00:31 0.20 10,965 1.78 
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E6. Simulation of TVs in 10 off-peak traffic conditions in the peak month (May) 

Off-peak 

conditions 

in May 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-01st  01:53:17 1,866 29,441 00:00:00 0.00 00:01:19 0 00:00:00 0.11 6,042 1.00 

AM-06th  02:05:30 1,807 33,072 00:13:49 0.29 00:12:22 79 00:02:33 0.31 16,621 1.86 

PM-06th  02:19:52 1,789 35,798 00:38:31 0.66 00:32:15 256 00:06:46 0.68 36,838 2.89 

AM-07th  02:00:02 1,771 32,313 00:05:58 0.17 00:07:16 37 00:01:13 0.21 11,469 1.56 

AM-13th  02:07:52 1,766 33,350 00:17:12 0.33 00:15:02 97 00:03:06 0.35 18,959 2.14 

AM-14th  01:54:48 1,948 31,077 00:00:35 0.02 00:02:32 5 00:00:09 0.13 7,012 1.11 

AM-20th  02:12:46 1,765 34,124 00:25:42 0.47 00:20:48 159 00:04:43 0.48 26,182 2.50 

AM-21st  01:59:07 1,930 32,300 00:03:57 0.13 00:06:35 25 00:00:56 0.18 9,837 1.47 

AM-27th  02:09:37 1,856 34,136 00:21:28 0.39 00:17:41 125 00:03:50 0.41 22,295 2.19 

AM-28th  01:58:29 1,860 31,671 00:03:21 0.11 00:06:07 22 00:00:53 0.17 9,392 1.42 

Average 02:04:08 1,836 32,728 00:13:03 0.26 00:12:12 81 00:02:25 0.30 16,465 1.81 
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E7. Simulation of AVs in 10 off-peak traffic conditions in the peak month (May) 

Off-peak 

conditions 

in May 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-01st  02:00:00 1,818 29,258 00:00:00 0.00 00:00:03 0 00:00:00 0.10 5,601 1.00 

AM-06th  02:00:03 1,992 34,464 00:00:03 0.00 00:00:08 0 00:00:01 0.12 6,674 1.00 

PM-06th  02:01:51 2,337 39,927 00:01:56 0.00 00:02:08 5 00:00:15 0.16 8,528 1.28 

AM-07th  02:00:02 1,857 32,933 00:00:03 0.00 00:00:08 0 00:00:01 0.12 6,393 1.00 

AM-13th  02:00:05 2,018 35,235 00:00:08 0.00 00:00:14 0 00:00:02 0.13 6,844 1.00 

AM-14th  02:00:01 1,920 30,980 00:00:01 0.00 00:00:04 0 00:00:00 0.11 5,931 1.00 

AM-20th  02:00:11 2,135 36,828 00:00:16 0.00 00:00:22 0 00:00:03 0.13 7,212 1.00 

AM-21st  02:00:01 2,004 32,691 00:00:01 0.00 00:00:05 0 00:00:00 0.12 6,268 1.00 

AM-27th  02:00:14 2,162 36,423 00:00:18 0.00 00:00:23 1 00:00:03 0.13 7,115 1.00 

AM-28th  02:00:01 1,912 31,979 00:00:01 0.00 00:00:05 0 00:00:00 0.11 6,123 1.00 

Average 02:00:15 2,016 34,072 00:00:17 0.00 00:00:22 1 00:00:03 0.12 6,669 1.03 
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E8. Simulation of TVs in 10 peak traffic conditions in the normal month (September) 

Peak 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-4th 03:07:55 1,389 41,309 02:17:39 3.85 02:00:03 1,300 00:28:34 2.42 131,261 4.42 

AM-7th 03:09:08 1,267 40,146 02:19:38 3.82 02:00:29 1,305 00:29:24 2.44 131,979 4.44 

AM-8th 03:09:00 1,342 41,004 02:19:05 3.93 02:03:09 1,345 00:29:31 2.47 133,622 4.42 

AM-11th 03:07:06 1,370 40,949 02:15:34 3.68 01:58:16 1,280 00:28:01 2.37 128,519 4.33 

AM-12th 03:08:03 1,354 41,274 02:16:36 3.76 02:01:27 1,317 00:28:59 2.42 130,942 4.42 

AM-13th 03:08:37 1,397 41,586 02:17:09 3.82 02:01:52 1,330 00:29:13 2.45 132,574 4.44 

AM-14th 03:08:00 1,401 41,792 02:18:26 3.78 02:01:26 1,330 00:29:05 2.45 132,606 4.28 

AM-19th 03:07:43 1,393 41,441 02:15:51 3.69 02:00:31 1,326 00:29:13 2.41 130,407 4.39 

AM-20th 03:10:55 1,318 41,203 02:22:53 4.02 02:07:09 1,395 00:30:21 2.53 137,245 4.50 

AM-21st 03:09:49 1,308 40,681 02:20:33 3.93 02:04:35 1,366 00:30:29 2.47 133,527 4.53 

Average 03:08:38 1,354 41,139 02:18:20 3.83 02:01:54 1329 00:29:17 2.443 132268.2 4.42 
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E9. Simulation of AVs in 10 peak traffic conditions in the normal month (September) 

Peak 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litre) 

LOS 

value 

(1-6) 

AM-4th 02:42:51 2,211 50,117 00:49:16 1.93 00:50:21 187 00:01:51 0.64 34,679 3.06 

AM-7th 02:43:20 2,046 48,893 00:49:51 2.07 00:52:34 195 00:01:51 0.65 35,347 3.00 

AM-8th 02:44:07 2,147 49,816 00:50:24 1.93 00:51:56 191 00:01:52 0.64 34,892 3.06 

AM-11th 02:42:01 2,178 49,543 00:49:56 1.85 00:49:52 191 00:01:52 0.64 34,777 2.94 

AM-12th 02:43:30 2,184 50,105 00:48:28 1.95 00:50:05 183 00:01:45 0.63 34,125 2.97 

AM-13th 02:42:18 2,285 50,682 00:48:14 1.88 00:48:09 178 00:01:48 0.62 33,798 3.00 

AM-14th 02:45:21 2,151 50,083 00:51:54 2.04 00:53:12 200 00:02:02 0.67 36,123 3.11 

AM-19th 02:43:35 2,227 50,252 00:48:46 1.91 00:51:06 185 00:01:53 0.64 34,519 3.03 

AM-20th 02:44:02 2,186 50,297 00:52:22 2.14 00:53:02 200 00:01:52 0.66 35,883 2.97 

AM-21st 02:43:44 2,141 49,767 00:50:35 1.94 00:52:50 194 00:01:55 0.65 35,390 3.03 

Average 02:43:29 2,176 49,956 00:49:59 1.96 00:51:19 190 00:01:52 0.64 34953 3.02 
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E10. Simulation of TVs in 10 normal traffic conditions in the normal month (September) 

Normal 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-7th 02:30:26 1,196 31,828 00:56:44 0.96 00:45:00 406 00:10:41 0.90 48,540 3.17 

AM-10th 02:38:33 1,745 37,707 00:56:08 1.18 00:48:22 412 00:10:05 1.00 54,320 3.31 

AM-13th 02:29:44 1,237 33,434 00:55:32 0.98 00:43:15 407 00:10:38 0.95 51,362 3.08 

AM-14th 02:29:32 1,247 33,579 00:54:02 0.10 00:44:00 405 00:10:13 0.94 50,801 3.22 

AM-19th 02:33:06 1,202 33,439 01:00:07 1.09 00:48:22 435 00:11:39 0.96 53,923 3.33 

AM-20th 02:28:15 1,271 33,513 00:51:28 0.95 00:41:31 367 00:09:38 0.89 47,968 3.17 

AM-21st 02:29:44 1,270 33,918 00:54:20 0.96 00:44:43 403 00:10:16 0.95 51,695 3.14 

AM-22nd 02:29:53 1,385 34,596 00:55:01 0.96 00:44:58 412 00:10:34 0.95 53,263 3.25 

AM-25th 02:27:19 1,322 33,720 00:50:47 0.94 00:40:11 381 00:09:27 0.89 48,405 3.00 

AM-26th 02:29:16 1,208 33,269 00:53:25 1.00 00:43:24 393 00:10:12 0.92 50,025 3.17 

Average 02:30:35 1,308 33,900 00:54:45 0.91 00:44:23 402 00:10:20 0.94 51030 3.18 
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E11. Simulation of AVs in 10 normal traffic conditions in the normal month (September) 

Normal 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-7th 02:04:47 1,799 39,537 00:03:59 0.02 00:05:00 15 00:00:27 0.19 10,126 1.67 

AM-10th 02:08:29 2,512 43,543 00:09:12 0.03 00:08:29 28 00:00:28 0.24 12,729 1.72 

AM-13th 02:04:43 1,747 38,877 00:03:51 0.01 00:04:49 14 00:00:27 0.18 9,893 1.56 

AM-14th 02:04:25 1,768 38,956 00:03:56 0.01 00:04:39 14 00:00:30 0.18 9,841 1.64 

AM-19th 02:05:36 1,745 39,394 00:04:18 0.03 00:05:37 16 00:00:26 0.19 10,270 1.67 

AM-20th 02:05:05 1,784 38,755 00:03:31 0.01 00:05:02 14 00:00:27 0.18 9,812 1.72 

AM-21st 02:05:12 1,798 39,431 00:04:36 0.03 00:05:22 17 00:00:31 0.19 10,425 1.61 

AM-22nd 02:04:54 1,992 40,171 00:04:08 0.01 00:04:54 14 00:00:27 0.19 10,125 1.58 

AM-25th 02:02:53 1,838 38,861 00:02:30 0.01 00:03:08 8 00:00:20 0.16 8,895 1.42 

AM-26th 02:04:10 1,695 38,654 00:03:18 0.01 00:04:19 12 00:00:24 0.18 9,574 1.53 

Average 02:05:01 1,868 39,618 00:04:20 0.02 00:05:08 15 00:00:27 0.19 10169 1.61 
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E12. Simulation of TVs in 10 off-peak traffic conditions in the normal month (September) 

Off-peak 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-2nd 02:13:31 1,736 34,026 00:27:40 0.51 00:22:04 169 00:04:51 0.51 27,627 2.58 

AM-3rd 02:20:11 1,740 35,271 00:37:55 0.58 00:33:00 239 00:06:41 0.66 35,746 2.97 

AM-9th 02:14:45 1,719 33,954 00:28:24 0.56 00:23:08 171 00:05:04 0.51 27,613 2.56 

AM-10th 02:03:44 1,944 33,120 00:08:54 0.26 00:10:53 55 00:01:59 0.25 13,794 1.72 

AM-16th 02:11:45 1,788 34,056 00:24:06 0.47 00:19:33 142 00:04:14 0.45 24,561 2.36 

AM-17th 02:17:02 1,644 33,659 00:32:35 0.61 00:27:08 203 00:05:46 0.58 31,177 2.83 

AM-23rd 02:12:39 1,875 34,184 00:25:58 0.48 00:20:23 161 00:04:40 0.48 26,154 2.31 

AM-24th 02:19:39 1,741 34,897 00:38:04 0.69 00:30:43 245 00:06:41 0.66 35,615 2.81 

AM-30th 01:57:46 1,941 32,218 00:02:43 0.10 00:00:19 41 00:02:48 0.17 9,076 1.36 

PM-23rd 02:14:08 1,789 34,226 00:27:41 0.54 00:22:41 168 00:05:07 0.51 27,359 2.50 

Average 02:12:31 1,792 33,961 00:25:24 0.48 00:20:59 159 00:04:47 0.48 25872 2.40 
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E13. Simulation of AVs in 10 off-peak traffic conditions in the normal month (September) 

Off-peak 

conditions 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-2nd 02:00:14 1,966 35,786 00:00:18 0.00 00:00:27 1 00:00:04 0.13 7,066 1.00 

AM-3rd 02:01:38 2,267 39,547 00:02:16 0.00 00:02:04 6 00:00:17 0.16 8,606 1.31 

AM-9th 02:00:17 2,113 37,017 00:00:24 0.00 00:00:33 1 00:00:05 0.13 7,303 1.03 

AM-10th 02:00:02 2,124 34,099 00:00:02 0.00 00:00:06 0 00:00:01 0.12 6,541 1.00 

AM-16th 02:00:13 2,130 36,644 00:00:18 0.00 00:00:25 1 00:00:03 0.13 7,170 1.00 

AM-17th 02:00:38 2,079 37,233 00:00:58 0.00 00:00:58 2 00:00:09 0.14 7,571 1.11 

AM-23rd 02:00:16 2,230 36,830 00:00:19 0.00 00:00:26 1 00:00:03 0.13 7,163 1.00 

AM-24th 02:00:38 2,230 38,900 00:01:41 0.00 00:01:44 4 00:00:12 0.15 8,163 1.22 

AM-30th 02:00:01 1,983 32,453 00:00:01 0.00 00:00:05 0 00:00:00 0.12 6,228 1.00 

PM-23rd 02:00:17 2,190 37,121 00:00:24 0.00 00:00:31 1 00:00:04 0.13 7,268 1.00 

Average 02:00:25 2,131 36,563 00:00:40 0.00 00:00:44 2 00:00:06 0.13 7308 1.07 
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E14. Simulation of TVs in 10 peak traffic conditions in the off-peak month (February) 

Peak 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-1st 03:05:56 1,434 41,830 02:16:12 4.00 01:56:55 1,282 00:27:56 2.41 130,471 4.53 

AM–3rd 03:05:01 1,437 41,520 02:15:25 4.00 01:54:50 1,243 00:27:32 2.34 126,826 4.44 

AM–7th 03:06:55 1,388 41,062 02:13:06 4.00 01:57:41 1,248 00:28:23 2.33 126,187 4.36 

AM–9th 03:08:28 1,368 41,511 02:18:17 4.00 02:02:37 1,337 00:28:46 2.45 132,674 4.42 

AM–14th 03:03:59 1,386 40,815 02:06:22 3.00 01:50:30 1,178 00:26:07 2.23 120,658 4.47 

AM–15th 03:06:48 1,394 41,093 02:13:46 4.00 01:58:19 1,289 00:28:21 2.36 127,762 4.47 

AM–16th 03:07:38 1,408 41,798 02:19:08 4.00 02:00:34 1,317 00:28:36 2.43 131,681 4.42 

AM–17th 03:05:32 1,384 40,911 02:12:21 4.00 01:54:05 1,218 00:27:14 2.29 124,129 4.39 

AM–21st 03:05:44 1,452 41,523 02:13:25 4.00 01:55:21 1,246 00:27:42 2.33 126,276 4.39 

AM–27th 03:05:06 1,425 41,216 02:14:31 4.00 01:53:42 1,230 00:27:19 2.32 125,374 4.39 

Average 03:06:07 1,408 41,328 02:14:15 3.90 01:56:27 1259 00:27:48 2.35 127204 4.43 
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E15. Simulation of AVs in 10 peak traffic conditions in the off-peak month (February) 

Peak 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-1st 02:41:43 2,277 50,595 00:47:14 1.81 00:47:33 173 00:01:47 0.61 32,958 3.00 

AM–3rd 02:41:20 2,246 50,149 00:48:16 1.72 00:48:34 178 00:01:43 0.61 33,263 2.92 

AM–7th 02:43:56 2,167 49,641 00:48:28 1.98 00:49:33 180 00:01:52 0.63 34,035 2.94 

AM–9th 02:43:13 2,210 50,382 00:50:08 1.89 00:49:47 185 00:01:55 0.64 34,436 3.03 

AM–14th 02:41:12 2,113 48,968 00:45:56 1.81 00:46:54 170 00:01:39 0.6 32,480 2.89 

AM–15th 02:42:44 2,185 49,742 00:48:02 1.89 00:47:56 178 00:01:48 0.63 33,904 3.03 

AM–16th 02:42:31 2,231 50,444 00:49:52 1.79 00:50:15 187 00:01:54 0.63 34,322 3.06 

AM–17th 02:41:32 2,198 49,556 00:48:18 1.67 00:48:57 183 00:01:55 0.63 33,902 2.94 

AM–21st 02:42:07 2,223 50,002 00:47:58 1.84 00:49:06 178 00:01:48 0.62 33,473 2.97 

AM–27th 02:40:28 2,216 49,812 00:46:41 1.70 00:47:11 173 00:01:44 0.60 32,735 2.83 

Average 02:42:05 2,207 49,929 00:48:05 1.81 00:48:35 179 00:01:48 0.62 33551 2.96 
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E16. Simulation of TVs in 10 normal traffic conditions in the off-peak month (February) 

Normal 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

PM-1st 02:28:40 1,220 33,083 00:52:04 1.00 00:42:05 388 00:09:56 0.92 49,815 3.11 

PM-14th 02:30:21 1,210 33,377 00:54:42 1.00 00:43:59 399 00:10:33 0.94 51,024 3.14 

PM-15th 02:28:26 1,208 33,257 00:51:40 1.00 00:41:57 379 00:09:52 0.90 48,977 3.11 

PM-17th 02:30:40 1,350 34,142 00:53:59 1.00 00:45:52 395 00:10:45 0.95 51,212 3.28 

PM-20th 02:26:18 1,289 33,653 00:49:19 1.00 00:39:04 361 00:09:02 0.86 46,832 3.00 

PM-21st 02:09:59 1,596 33,137 00:18:01 0.00 00:17:13 112 00:03:30 0.39 20,930 2.25 

PM-22nd 02:28:36 1,334 33,845 00:52:31 1.00 00:41:24 371 00:10:03 0.89 48,047 3.11 

PM-23rd 02:30:35 1,296 33,920 00:55:53 1.00 00:45:32 421 00:10:59 0.97 52,559 3.14 

PM-24th 02:28:47 1,483 35,348 00:52:58 1.00 00:44:08 397 00:10:02 0.94 51,022 3.19 

PM-28th 02:26:06 1,225 33,224 00:48:46 1.00 00:38:50 353 00:09:04 0.84 45,233 3.00 

Average 02:26:51 1,321 33,699 00:48:59 0.90 00:40:00 358 00:09:23 0.86 46565 3.03 
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E17. Simulation of AVs in 10 normal traffic conditions in the off-peak month (February) 

Normal 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

PM-1st 02:03:18 1,731 38,417 00:02:46 0.00 00:03:29 10 00:00:22 0.17 9,111 1.47 

PM-14th 02:03:12 1,740 38,843 00:02:53 0.00 00:03:31 10 00:00:22 0.17 9,231 1.47 

PM-15th 02:02:48 1,723 38,682 00:02:32 0.00 00:03:06 8 00:00:20 0.17 8,939 1.42 

PM-17th 02:03:18 1,961 39,841 00:03:18 0.00 00:03:38 10 00:00:22 0.17 9,420 1.47 

PM-20th 02:03:06 1,785 38,717 00:02:39 0.00 00:03:21 9 00:00:20 0.17 8,987 1.50 

PM-21st 02:03:53 1,801 39,198 00:03:27 0.00 00:04:03 12 00:00:23 0.18 9,531 1.50 

PM-22nd 02:03:54 1,859 39,119 00:03:23 0.00 00:04:11 12 00:00:27 0.18 9,535 1.53 

PM-23rd 02:04:33 1,848 39,518 00:03:59 0.00 00:04:48 14 00:00:28 0.18 9,982 1.56 

PM-24th 02:04:49 2,081 40,738 00:03:55 0.00 00:05:05 14 00:00:25 0.19 10,212 1.69 

PM-28th 02:03:10 1,698 38,228 00:02:37 0.00 00:03:30 9 00:00:22 0.17 9,025 1.50 

Average 02:03:36 1,823 39,130 00:03:09 0.00 00:03:52 11 00:00:23 0.18 9397 1.51 
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E18. Simulation of TVs in 10 off-peak traffic conditions in the off-peak month (February) 

Off-peak 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-4th 02:02:05 1,797 32,393 00:07:18 0.00 00:09:32 49 00:01:41 0.24 12,850 1.72 

PM-4th 02:18:10 1,847 35,268 00:36:44 1.00 00:28:10 237 00:06:38 0.64 34,475 2.69 

AM-5th 01:52:56 1,719 27,947 00:00:00 0.00 00:01:09 0 00:00:00 0.11 5,745 1.00 

AM-11th 02:04:00 1,867 33,011 00:10:02 0.00 00:10:54 61 00:02:03 0.26 14,295 1.83 

AM-12th 01:53:04 1,805 28,823 00:00:00 0.00 00:01:14 0 00:00:00 0.11 5,929 1.00 

PM-12th 02:17:00 1,958 35,931 00:34:40 1.00 00:27:11 219 00:06:00 0.62 33,424 2.78 

AM-18th 02:07:20 1,810 33,106 00:14:53 0.00 00:14:20 89 00:02:58 0.33 17,874 2.03 

AM-19th 01:54:13 1,850 30,202 00:00:21 0.00 00:02:13 2 00:00:06 0.12 6,490 1.08 

AM-25th 02:06:23 1,792 3,303 00:14:33 0.00 00:13:29 84 00:02:41 0.32 17,355 1.97 

AM-26th 01:53:09 1,812 28,829 00:00:02 0.00 00:01:17 0 00:00:00 0.11 5,918 1.00 

Average 02:02:50 1,826 28,881 00:11:51 0.20 00:10:57 74 00:02:13 0.29 15436 1.71 
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E19. Simulation of AVs in 10 off-peak traffic conditions in the off-peak month (February) 

Off-peak 

conditions 

in Feb. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

AM-4th 02:00:02 1,929 33,167 00:00:01 0.00 00:00:06 0 00:00:00 0.12 6,381 1.00 

PM-4th 02:00:44 2,337 39,003 00:00:56 0.00 00:01:02 2 00:00:08 0.14 7,805 1.11 

AM-5th 02:00:00 1,669 27,768 00:00:00 0.00 00:00:03 0 00:00:00 0.10 5,334 1.00 

AM-11th 02:00:03 2,049 34,189 00:00:02 0.00 00:00:08 0 00:00:01 0.12 6,582 1.00 

AM-12th 02:00:00 1,754 28,643 00:00:00 0.00 00:00:03 0 00:00:00 0.10 5,501 1.00 

PM-12th 02:01:01 2,459 39,534 00:01:16 0.00 00:01:17 3 00:00:10 0.15 8,047 1.17 

AM-18th 02:00:03 2,039 34,716 00:00:04 0.00 00:00:09 0 00:00:01 0.12 6,700 1.00 

AM-19th 02:00:01 1,819 30,085 00:00:00 0.00 00:00:04 0 00:00:00 0.11 5,791 1.00 

AM-25th 02:00:03 2,011 34,948 00:00:04 0.00 00:00:11 0 00:00:01 0.13 6,786 1.00 

AM-26th 00:29:25 7,200 28,658 00:00:00 0.00 00:00:03 0 00:00:00 0.10 5,476 1.00 

Average 01:51:08 2,527 33,071 00:00:14 0.00 00:00:19 1 00:00:02 0.12 6440 1.03 
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APPENDIX F: Comparison of TVs and AVs in the Heaviest Traffic, 
Normal Traffic, and Lightest Traffic Conditions of the Year 

 

F1. Travel time for TVs and AVs in various traffic conditions of the year 

 

 

F2. Number of vehicles TVs and AVs in various traffic conditions of the year 

 

03:09

02:30

02:02

02:45

02:05

01:50

01:33

01:48

02:02

02:16

02:31

02:45

03:00

03:14

Peak in May
(The heaviest traffic of the year)

Normal in Sep.
(The normal traffic of the year)

Off-peak in Feb.
(The lightest traffic of the year)

T
ra

v
e

l 
ti

m
e

 (
h

h
:m

m
)

Traffic Condition

Travel time

TVs AVs

1,362 1,308

1,826

2,182

1,868

2,593

1,000

1,200

1,400

1,600

1,800

2,000

2,200

2,400

2,600

2,800

Peak in May
(The heaviest traffic of the year)

Normal in Sep.
(The normal traffic of the year)

Off-peak in Feb.
(The lightest traffic of the year)

N
u

m
b

e
r 

o
f 

v
e

h
ic

le
s

Traffic Condition

Number of vehicles

TVs AVs



Appendices 
 

372 
 

F3. Total number of vehicles TVs and AVs in various traffic conditions of the year 

 

 

 

F4. Queue delay for TVs and AVs in various traffic conditions of the year 
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F5. Queue length for TVs and AVs in various traffic conditions of the year 

 

 

 

F6. Vehicle delay for TVs and AVs in various traffic conditions of the year 
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F7. Number of stops for TVs and AVs in various traffic conditions of the year 

 

 

 

F8. Stop delay for TVs and AVs in various traffic conditions of the year 
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F9. CO emission for TVs and AVs in various traffic conditions of the year 

 

 

 

F10. Fuel consumption for TVs and AVs in various traffic conditions of the year 
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F11. LOS for TVs and AVs in various traffic conditions of the year 
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APPENDIX G: Results of the Simulation of AVs with Driving Behaviours Defined by PTV 

 

 

G1. Simulation of AVs with aggressive driving behaviour mode set by PTV 

Normal 

traffic 

condition 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

07-Sep 02:00:14 1,891 40,047 00:00:11 0.00 00:00:46 0 00:00:01 0.15 7,968 1.00 

10-Sep 02:00:27 2,708 44,701 00:00:18 0.00 00:01:08 1 00:00:01 0.16 8,774 1.11 

13-Sep 02:00:14 1,821 39,268 00:00:10 0.00 00:00:45 0 00:00:01 0.14 7,820 1.00 

14-Sep 02:00:14 1,840 39,404 00:00:10 0.00 00:00:44 0 00:00:01 0.15 7,866 1.00 

19-Sep 02:00:15 1,846 39,933 00:00:11 0.00 00:00:48 0 00:00:01 0.15 7,971 1.00 

20-Sep 02:00:15 1,855 39,120 00:00:10 0.00 00:00:44 0 00:00:01 0.14 7,772 1.00 

21-Sep 02:00:21 1,894 39,976 00:00:14 0.00 00:00:56 1 00:00:01 0.15 7,995 1.00 

22-Sep 02:00:15 2,060 40,530 00:00:10 0.00 00:00:45 0 00:00:01 0.15 8,025 1.00 

25-Sep 02:00:12 1,883 39,104 00:00:09 0.00 00:00:39 0 00:00:01 0.14 7,729 1.00 

26-Sep 02:00:13 1,763 39,050 00:00:10 0.00 00:00:43 0 00:00:01 0.14 7,805 1.00 

Average 02:00:16 1,956 40,113 00:00:11 0.00 00:00:48 0 00:00:01 0.15 7,972 1.01 
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G2. Simulation of AVs with normal driving behaviour mode set by PTV 

Normal 

traffic 

condition 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

07-Sep 02:08:12 1,702 39,293 00:00:50 0.00 00:06:21 5 00:00:18 0.16 8,843 1.53 

10-Sep 02:03:45 2,590 44,291 00:00:37 0.00 00:03:19 3 00:00:09 0.17 9,129 1.22 

13-Sep 02:06:44 1,664 38,670 00:00:54 0.00 00:05:38 6 00:00:20 0.16 8,743 1.50 

14-Sep 02:07:03 1,679 38,822 00:00:41 0.00 00:05:24 4 00:00:15 0.16 8,619 1.42 

19-Sep 02:06:18 1,698 39,295 00:00:50 0.00 00:05:08 5 00:00:17 0.16 8,701 1.44 

20-Sep 02:05:18 1,723 38,638 00:00:35 0.00 00:04:19 4 00:00:13 0.15 8,364 1.39 

21-Sep 02:09:08 1,688 39,160 00:00:51 0.00 00:06:57 5 00:00:18 0.16 8,884 1.53 

22-Sep 02:07:31 1,869 39,862 00:00:41 0.00 00:05:50 4 00:00:15 0.16 8,787 1.47 

25-Sep 02:05:04 1,754 38,655 00:00:31 0.00 00:04:13 3 00:00:12 0.15 8,307 1.39 

26-Sep 02:03:15 1,679 38,725 00:00:29 0.00 00:02:55 3 00:00:10 0.15 8,206 1.22 

Average 02:06:14 1,805 39,541 00:00:42 0.00 00:05:00 4 00:00:15 0.16 8,658 1.41 
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G3. Simulation of AVs with cautious driving behaviour mode set by PTV 

Normal 

traffic 

condition 

in Sep. 

Travel time  

(hh:mm:ss) 

# Vehicles 

(O-D) 

# Vehicles 

(total) 

Queue 

delay 

(hh:mm:ss) 

Queue 

length 

(km) 

Vehicle 

delay 

(hh:mm:ss) 

Stops 

(num) 

Stop delay 

(hh:mm:ss) 

CO 

emission 

(tons) 

Fuel 

consumption 

(litres) 

LOS 

value 

(1-6) 

07-Sep 02:22:20 1,393 32,336 01:22:04 2.00 01:01:37 142 00:33:33 0.39 21,229 4.39 

10-Sep 02:25:17 1,934 36,027 01:16:10 2.00 00:58:04 136 00:29:42 0.39 21,357 4.42 

13-Sep 02:20:59 1,354 31,940 01:17:54 2.00 00:58:39 136 00:31:33 0.38 20,631 4.22 

14-Sep 02:21:55 1,363 32,167 01:17:15 2.00 00:57:50 132 00:31:12 0.37 20,208 4.28 

19-Sep 02:20:49 1,426 31,762 01:11:47 2.00 00:50:11 119 00:27:16 0.34 18,666 3.72 

20-Sep 02:20:19 1,413 32,114 01:14:42 2.00 00:55:40 129 00:29:30 0.37 19,928 4.28 

21-Sep 02:20:58 1,432 32,477 01:16:34 2.00 00:58:27 135 00:31:07 0.38 20,529 4.39 

22-Sep 02:21:22 1,551 33,269 01:13:04 2.00 00:55:55 129 00:29:06 0.37 20,209 4.33 

25-Sep 02:20:18 1,445 32,328 01:09:40 2.00 00:52:33 121 00:27:24 0.35 19,201 4.42 

26-Sep 02:21:40 1,325 31,973 01:14:07 2.00 00:55:47 128 00:29:28 0.37 19,875 4.28 

Average 02:21:36 1,464 32,639 01:15:20 2.00 00:56:28 131 00:29:59 0.37 20,183 4.27 
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APPENDIX H: Comparison of the Results of the TV–AV Shared Road 
of This Study with the TV–AV Shared Road of PTV 
  
 
H1. Improvement in travel time of the shared road compared with 100% TVs 

 

 

H2. Improvement in the number of vehicles (O-D) of the shared road compared with 100% TVs 

 
 

3%

6% 8%
10% 10%

12% 12% 13%

15%

17%

3%

5%

9%
11%

13%

15%
16%

18% 18% 18%

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

10%
AVs

20%
AVs

30%
AVs

40%
AVs

50%
AVs

60%
AVs

70%
AVs

80%
AVs

90%
AVs

100%
AVs

(%
) 

im
p

ro
v

em
en

t 
o

f 
A

V
s 

co
m

p
ar

ed
 t

o
 T

V
s

Share of AVs

Improvement in travel time

Current study PTV, AV normal

7%

13%

18%
21%

23%

28% 28%
31%

35%
39%

5%

11%

15%

23%

28%

33%
36%

41% 42% 42%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

10%
AVs

20%
AVs

30%
AVs

40%
AVs

50%
AVs

60%
AVs

70%
AVs

80%
AVs

90%
AVs

100%
AVs

(%
) 

im
p

ro
v

em
en

t 
o

f 
A

V
s 

co
m

p
ar

ed
 t

o
 T

V
s

Share of AVs

Improvement in the number of vehicles (O - D)

Current study PTV, AV normal



Appendices 

381 
 

 

H3. Improvement in the total number of vehicles in the shared road compared with 100% TVs 

 

 

 

H4. Improvement in queue delay of the shared road compared with 100% TVs 
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H5. Improvement in queue length of the shared road compared with 100% TVs 

 
 
 

 

H6. Improvement in vehicle delay of the shared road compared with 100% TVs 
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H7. Improvement in number of stops of the shared road compared with 100% TVs 

 
 
 

H8. Improvement in stop delay of the shared road compared with 100% TVs 
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H9. Improvement in fuel consumption and CO emissions of the shared road compared with 
100% TVs 

 
 

 

H10. Improvement in LOS of the shared road compared with 100% TVs 
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H11. The average improvement of the shared road compared with 100% TVs 
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