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Developments of autonomous vehicles progress fast. Within a few decades people will be 

able to drive an autonomous vehicle (AV) (Litman, 2018). Apart from that, shared mobility is 

evolving and the population is interested to use shared mobility (Nazari, Noruzoliaee, & 

Mohammadian, 2018). These developments will not only change the travel behavior of 

individuals, but also the transportation sector as a whole (Harb et al., 2018). This research 

investigates ǇŜƻǇƭŜΩǎ willingness to adopt or use different kinds of autonomous vehicles. 

Mid-term and short-term decisions are investigated. A stated choice experiment (SCE) is 

used to research mid-term decisions. The experiment takes a look at ǇŜƻǇƭŜΩǎ willingness to 

adopt an owned AV or shared autonomous mobility. Short-term decisions are tested with a 

stated adaptation choice experiment (SACE). The choice experiment investigates peopleΩs 

interest to use different types of shared autonomous transportation modes. The following 

alternatives are investigated: single occupancy shared AV, multiple occupancy shared 

autonomous ride or autonomous public transportation. Before answering the choice tasks 

of the SACE, the respondents are asked to describe four reference trips. The reference trips 

are used to generate personalized choice tasks. Not only choice experiments are used in this 

research. The research also investigates attitudes, in order to research the influence of 

attitudes on peopleΩs decisions.  

 

Both choice experiments and the attitudes are integrated in a questionnaire. The 

questionnaire is distributed via the online platform LimeSurvey. The answers of 902 

respondents are analyzed with a hybrid choice model. The model simultaneously estimates 

the influence of the attitudes on the decisions. The results indicate that the respondents are 

almost equally interested in adoption of owned AVs as shared autonomous mobility. The 

attributes related to financial aspects and the attribute waiting time have a lot of influence 

on the decisions. The attitude towards sustainability positively influences the decision to 

adopt shared autonomous mobility. As for short-term usage of AVs, the respondents are 

most interested in usage of single occupancy shared AVs. The travel costs and the waiting 

time have a lot of influence on the decisions. The attitude towards sustainability positively 

influences the decision to use an AV shared with strangers and autonomous public 

transportation.  

 

Keywords: 

Autonomous vehicle 

Shared mobility 

Mid-term decisions 

Short-term decisions 

Hybrid choice model 
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The transportation sector is changing. Movements from one location to another will be 

different in the future, due to the development of autonomous vehicles and shared mobility 

services. Autonomous vehicles are vehicles that enable driving without human intervention. 

Autonomous vehicles have level five of automation. Furthermore shared economies are 

popular, and therefore the popularity of shared mobility is increasing. Both these 

developments lead to changes in the travel behavior of individuals. If an increasing number 

of people is interested in shared autonomous mobility, then car ownership will decrease. 

This will result in extra space in urban areas, because fewer parking places are needed. 

However, if many people use shared mobility, then it does not necessarily mean that the 

road capacity increases. Development of AVs increase the travel convenience, resulting in 

higher willingness to travel for a longer period of time. Only if people are willing to share 

rides with others, then road capacity can increase as well.  

 

This research investigates ǇŜƻǇƭŜΩǎ willingness to adopt and use different kinds of 

autonomous vehicles, while focusing ǇŜƻǇƭŜΩǎ on mid-term and short-term decisions. The 

adoption of autonomous vehicles refers to mid-term decisions. Both the adoption of owned 

AVs and shared autonomous mobility are investigated. The analysis of short-term decisions 

only investigates shared autonomous transportation modes. Which are: a single occupancy 

ride, also shared autonomous vehicle (SAV), an autonomous ride shared with strangers, also 

shared autonomous ride (SAR), and autonomous public transportation (APT). Four research 

questions have been formulated: 

¶ ²Ƙŀǘ ŀǊŜ ŘǊƛǾƛƴƎ ŦŀŎǘƻǊǎ ƛƴ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴǎ ǘƻǿŀǊŘ ŀŘƻǇǘƛƴƎ ŀ ǇǊƛǾŀǘŜƭȅ ƻǿƴŜŘ ŀǳǘƻƴƻƳƻǳǎ 

vehicle versus adopting shared autonomous mobility? 

¶ How do attitudes play a role in the choice to adopt a privately owned autonomous vehicle or 

shared autonomous mobility? 

¶ If people are interested in shared mobility, then what are the driving factors (under which 

context) to choose between the usage of a shared autonomous vehicle, a shared autonomous 

ride or autonomous public transportation? 

¶ How do attitudes influence the usage of either a shared autonomous ride, a shared autonomous 

vehicle or autonomous public transportation? 

 

The first two research questions refer to the mid-term decisions. The mid-term decisions are 

investigated with a stated choice experiment, including different attributes that belong to 

the alternatives. The attributes of the alternative AV ownership are: purchase price, 

depreciation costs and monthly costs. The value of the purchase price and depreciations 

costs depend on ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ answer. The attributes related to the adoption of shared 

autonomous mobility are: membership fee, price per kilometer, waiting time and reliability. 

The last two research questions refer to the short-term choices. The choices are 

investigated with a stated adaptation choice experiment. Before answering this choice 

experiment, the respondents indicate four reference trips ǘŀƪŜƴ Ψlast week or the week 

ōŜŦƻǊŜΩΦ ¢ƘŜǎŜ ǘǊƛǇǎ ŀǊŜ ǳǎŜŘ in the choice tasks. The respondent is asked how he/she would 
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travel along the same ride, but then with one of the alternatives. Autonomous public 

transportation does not have any attributes and can only be chosen when the respondent 

uses public transportation during the reference trip. SAR and SAV have similar attributes: 

travel costs, waiting time, travel time and seating comfort. Shared autonomous ride has an 

extra attribute, describing with how many strangers the ride is shared. The travel costs and 

the travel time of the alternatives depend on the reference trips. These two choice 

experiments, together with statements investigating attitudes and questions about socio-

demographics and travel characteristics are integrated in one questionnaire.  

 

The questionnaire has a response rate of 902 respondents. Only the respondents that own a 

car or are willing to buy a car in the future filled in the SCE. The SCE has a sample size of 822 

respondents. The respondents willing to use shared mobility answered the choice tasks of 

the SACE. In total, 765 respondents filled in the SACE. The results of both choice 

experiments are investigated with a hybrid choice model. The hybrid choice model is used 

to analyze the attitudes. The model enables simultaneous estimation of the parameters of 

the latent variables (attitudes). 

A bit less than half of the respondents choose adoption of shared autonomous mobility. This 

is surprising, because not many respondents are current users of shared mobility. The 

financial attributes have most influence on the decisions made in the SCE. Increasing 

purchase prices and monthly costs discourage the respondents to adopt an owned AV. 

Likewise raising membership fees and prices per kilometer make the respondents less 

willing to choose the sharing option. Furthermore the respondents prefer short waiting 

times when considering adoption of shared autonomous mobility. The respondents that live 

in the city are most interested in adoption shared autonomous mobility. The respondents 

that often travel by car are most willing to purchase an AV. Furthermore retired 

respondents prefer adoption of shared autonomous mobility. Finally the respondents that 

have a positive attitude towards sustainability are most interested in adoption of shared 

autonomous mobility.  

 

The results of the SACE show that most respondents prefer using single occupancy shared 

AVs. A ride shared with strangers is chosen one third of the time. Autonomous public 

transportation is the preferred alternative 10% of the time. APT was chosen almost half of 

the time, when the alternative was available in the choice tasks. The financial attribute has a 

big influence on the choices. Increasing travel costs make the respondent less willing to 

choose one of the alternatives. Furthermore, the respondents prefer short waiting times 

and low travel times. The respondents favor the business class as seating comfort level. 

Moreover the respondents prefer traveling with one stranger instead of multiple strangers. 

Furthermore, the respondents with a low level of education are most interested in usage of 

SAR and SAV. Respondents that live alone or with a partner are least interested in these 

alternatives. Finally, the respondents with a positive attitude towards sustainability are 

most willing to use a ride shared with strangers or autonomous public transportation.  
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De mobiliteit sector is zich het laatste decennium flink aan het door ontwikkelen. 

Ontwikkelingen in autonome voertuigen en gedeeld vervoer veranderen verplaatsingen van 

de ene locatie naar een andere locatie. Autonome voertuigen zijn voertuigen die zonder 

menselijk ingrijpen kunnen rijden. Deze voertuigen beschikken daarmee over level vijf van 

autonomie. Verder neemt de populariteit van deel economieën en gedeeld vervoer toe. 

Beide ontwikkelingen zorgen voor veranderingen in reisgedrag van individuen. Autobezit zal 

afnemen wanneer steeds meer mensen geïnteresseerd zijn om gedeeld vervoer te 

gebruiken. Dit resulteert onder andere in extra ruimte in de stad, doordat er minder 

parkeerplaatsen nodig zijn. Wanneer een groot aantal mensen gedeeld vervoer gebruikt, 

betekent het niet direct dat de capaciteit van het wegennetwerk toeneemt. Autonome 

voertuigen zorgen voor efficiënt reizen, hierdoor zijn mensen bereid om langer en meer te 

reizen. Alleen als mensen bereid zijn om een rit te delen met anderen kan de capaciteit van 

het wegennetwerk toenemen.  

 

Tijdens dit onderzoek is geanalyseerd of mensen verschillende soorten autonome 

voertuigen willen gebruiken. Hierbij ligt de focus op midden termijn en korte termijn 

beslissingen. Op midden termijn is onderzocht of mensen een autonome auto willen kopen 

of gebruik willen maken van gedeelde autonoom vervoer. De analyse van korte termijn 

beslissingen onderzoekt alleen gedeelde autonome voertuigen, deze bestaan uit: 

individuele gedeelde autonome rit, gedeelde autonome rit met onbekenden en autonoom 

openbaar vervoer. Vier onderzoeksvragen zijn hierbij geformuleerd:  

¶ Wat zijn de belangrijke factoren die de keuze beïnvloeden tussen het kopen van eigen autonome 

auto en gebruik maken van gedeeld autonoom vervoer? 

¶ In welke mate spelen standpunten een rol bij de keuze tussen het kopen van een eigen 

autonome auto of het gebruik van gedeeld autonoom vervoer?  

¶ Als mensen geïnteresseerd zijn in gedeeld vervoer, wat zijn dan de belangrijke factoren (in welke 

context) om te kiezen tussen gebruik van een gedeelde autonome auto, een gedeelde autonome 

rit en autonoom openbaar vervoer?  

¶ In welke mate spelen standpunten een rol bij de keuze tussen gebruik van een gedeelde 

autonome auto, een gedeelde autonome rit en autonoom openbaar vervoer? 

 

De eerste twee onderzoeksvragen gaan over midden termijn keuzes. Deze keuzes zijn 

onderzocht met een Stated Choice experiment, inclusief verschillende attributen die bij de 

alternatieven horen. De volgende attributen horen bij eigendom van een autonome auto: 

aanschafkosten, afschrijvingskosten en maandelijkse kosten. De waardes van de 

aanschafsprijs en afschrijvingskosten zijn afhankelijk van een antwoord van de respondent. 

De attributen gerelateerd aan gebruik van gedeeld autonoom vervoer zijn: 

lidmaatschapskosten, prijs per kilometer, wachttijd en betrouwbaarheid. De laatste twee 

onderzoeksvragen zijn gerelateerd aan korte termijn keuzes. Deze keuzes worden 

onderzocht met een Stated Adaptation Choice experiment. Voordat het experiment wordt 

behandeld in de enquête, wordt aan de respondenten gevraagd vier ritten te beschrijven, 

ŘŜȊŜ ȊƛƧƴ ΨǾƻǊƛƎŜ ǿŜŜƪ ƻŦ ŘŜ ǿŜŜƪ ŘŀŀǊǾƻƻǊΩ ƻƴŘŜǊƴƻƳŜƴΦ 5Ŝ Ǌespondenten is gevraagd hoe 
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ze zouden reizen met een van de alternatieven, afhankelijk van de rit. Autonoom openbaar 

vervoer heeft geen attributen en kan alleen gekozen worden wanneer de respondent 

openbaar vervoer gebruikt tijdens de vooraf beschreven rit. De andere twee alternatieven 

hebben gemeenschappelijke attributen: reiskosten, reistijd, wachttijd en zitcomfort. De 

autonome rit gedeeld met onbekenden heeft een extra attribuut: aantal onbekenden. De 

reiskosten en reistijd zijn afhankelijk van de antwoorden over de rit. De twee experimenten, 

samen met statements gerelateerd aan standpunten en vragen over sociaal demografische 

factoren en reis gedrag, zijn samengevoegd in een enquête.  

 

902 respondenten hebben gereageerd op de enquête. Alleen respondenten die een auto 

hebben of een auto willen kopen hebben het Stated Choice experiment ingevuld, met een 

totaal van 822 respondenten. De respondenten die gedeeld vervoer willen gebruiken 

hebben het Stated Adaptation Choice experiment ingevuld, met een totaal van 765 

respondenten. De resultaten van beide experimenten zijn onderzocht met een Hybrid 

Choice model. Het model is gebruik om de standpunten te onderzoeken. Met het model is 

het mogelijk om de parameter van de standpunten simultaan te berekenen.  

 

Iets minder dan het helft van de respondenten wil gedeeld autonoom vervoer gebruiken. 

Dit is verassend, want op dit moment gebruiken niet zo veel respondenten gedeeld vervoer. 

De financiële attributen hebben het meeste invloed op de beslissingen. Toenemende 

aanschaf en maandelijkse kosten ontmoedigen de respondenten om een autonome auto te 

kopen. Stijgende lidmaatschapskosten en de prijzen per kilometer maken de respondenten 

minder geïnteresseerd om gedeeld autonoom vervoer te kiezen. Verder prefereren 

respondenten korte wachttijden van het gedeelde voertuig. De respondenten die in de stad 

leven zijn het meest geïnteresseerd in gedeeld autonoom vervoer. De respondenten die 

vaak de auto gebruiken zijn het meest geïnteresseerd in de aanschaf van een autonome 

auto. Verder zijn gepensioneerde respondenten geïnteresseerd in gebruik van gedeeld 

autonoom vervoer. Tot slot zijn de respondenten met een positief standpunt naar 

duurzaamheid het meest bereid om gedeeld autonoom vervoer te gebruiken.  

 

De resultaten van het Stated Adaptation Choice experiment laten zien dat de respondenten 

een individuele autonome rit prefereren. Een derde van de respondenten wil een rit 

gedeeld met anderen gebruiken en 10% van de respondenten kiest voor autonoom 

openbaar. Tevens is autonoom openbaar vervoer de helft van de tijd gekozen, wanneer 

deze optie beschikbaar was. De financiële attributen hebben veel invloed op de keuzes. 

Verder hebben de respondenten een voorkeur aan korte wachttijden, korte reistijden en de 

businessclass. De meeste mensen hebben de voorkeur om met één onbekende te reizen in 

plaats van meerdere onbekenden. De respondenten met een laag onderwijs niveau hebben 

de meeste interesse in een individuele rit of een rit gedeeld met onbekenden. De 

respondenten die alleen wonen of met een partner zijn het minst geïnteresseerd in deze 

alternatieven. Tot slot zijn de respondenten met een positief standpunt naar duurzaamheid 

het meest geïnteresseerd in een rit gedeeld met onbekenden of autonoom openbaar 

vervoer. 
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The way people move from one location to another is changing, due to the emergence of 

ICT enabling shared mobility services. Moreover, prevalence of technologies such as 

autonomous vehicles (AVs) are on the horizon, accompanied by many behavioral changes 

(Litman, 2018). Autonomous vehicles enable driving without human interventions. These 

vehicles are robots with a high sensing level of their surroundings (Tettamanti, Varga, & 

Szalay, 2016). AVs have level five of automation, so the vehicles do not need a human driver 

(Kockelman et al., 2016). The development of AVs will most likely result in extreme changes 

in travel behavior. The elimination of human intervention in a vehicle will change the value 

of traveling time, since the user can conduct other activities during the ride. Travel distances 

will most likely increase, as well as the number of trips. On the long term, daily travel 

behavior triggers changes in work and home locations of individuals. Finally, AVs have 

impact on land-use development as a whole (Harb et al., 2018).  

 

Automation in vehicles is not the only emerging technological development in the mobility 

sector. Increasing interest in sharing economies led to the emergence of shared mobility. 

The developments of car sharing, ride hailing and ride sharing services are an important 

milestone for mobility shifts. These technological developments reduce the need for a 

personally owned vehicle. A service including autonomous driving and shared mobility has 

the opportunity to make shared mobility services more reliable and flexible (Nazari, 

Noruzoliaee, & Mohammadian, 2018).  

 

1.1 Research problem 
 

The number of people and vehicles on the road network have impact on road congestion. 

Demand for mobility will probably increase, because it is easier to go to a destination with 

an autonomous vehicle. On the other hand, autonomous vehicles react on traffic and are 

able to connect with other (autonomous) vehicles and infrastructure. Therefore AVs will 

create extra capacity on the road network. 

 

To that end, if the widespread adoption of autonomous vehicles is combined with increasing 

attractiveness of shared mobility, then the positive impact of autonomous vehicles will be 

elevated. Tendency to adopt shared AVs should be segregated from the willingness to adopt 

a privately owned AV. Adoption and usage of AVs involves two stages, mid-term decisions 

and short-term decisions. The mid-term decisions are decisions that influence travel 

behavior for a longer period of time. Mid-term choices refer to adoption of an owned AV or 

shared autonomous mobility. The short-term decisions are daily travel decisions. The 

decisions are related to usage of shared AVs. AV ownership may exacerbate the congestion 

and pollution or at least not significantly reduce it. Shared AVs have the opportunity to 

diminish the negative effects of mobility on congestion and pollution. Shared AVs decrease 

the number of vehicles being used. However, the service might still increase the total 

distance traveled, depending on the occupancy levels. If people are willing to share 
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autonomous rides with others, then shared AVs can play a significant role in reducing 

congestion and pollution.  

 

The development of autonomous vehicles influence modal shifts among people, which on 

their term highly influence the impact of AVs on the road network. For example, citizens 

that mainly use public transportation might adopt shared autonomous mobility, challenging 

the high expectations for a less congested future cities. However, those expectations will be 

firmly defendable, if this research shows that a great majority of the current car drivers are 

interested in shared autonomous vehicles as well.    

 

While the above-mentioned criteria is worth to investigate. Understanding the influence of 

various characteristics of AVs on the decision making process is important as well. 

Furthermore there is heterogeneity among peopleΩǎ attraction to use a certain autonomous 

transportation mode. Not only social demographic and travel behavior differ per individual, 

but also attitudes explain inter-person differences. It is important to forecast market share 

for different kinds of AVs as realistic as possible, while taking such heterogeneities into 

account. The objective is to support city planners and authorities to draft the future city and 

infrastructure plan in line with the future mobility demand. 

  

1.2 Research questions 
 

The aim of this research is to predict adoption and usage of different types of autonomous 

vehicles, depending on mid-term and short-term decisions. The prediction is accompanied 

with getting knowledge of relevant attributes related to the alternatives. Both time frames 

will also be examined according to attitudes. The target group of this research are people 

that regularly travel by car or public transportation, since these existing transportation 

modes are easiest comparable to autonomous vehicles. 

 

The mid-term investigation concerns the type of autonomous vehicle (owning or sharing) 

people are willing to adopt. The short-term research accounts for understanding of the 

usage of specific types of shared AVs: shared autonomous vehicles, shared autonomous 

rides and autonomous public transportation. The first alternative refers to single occupancy 

rides and the second alternative provides rides shared with strangers. The last alternative 

provides a ride with autonomous public transportation. To that end, the research questions 

are defined as following: 

 

²Ƙŀǘ ŀǊŜ ŘǊƛǾƛƴƎ ŦŀŎǘƻǊǎ ƛƴ ǇŜƻǇƭŜΩǎ ŘŜŎƛǎƛƻƴs toward adopting a privately owned 

autonomous vehicle versus adopting shared autonomous mobility? 

 

How do attitudes play a role in the choice to adopt a privately owned autonomous 

vehicle or shared autonomous mobility? 
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If people are interested in shared mobility, then what are the driving factors (under 

which context) to choose between the usage of a shared autonomous vehicle, a 

shared autonomous ride or autonomous public transportation? 

 

How do attitudes influence the usage of either a shared autonomous ride, a shared 

autonomous vehicle or autonomous public transportation? 

 

1.3 Research design 
 

The research will be conducted with two choice experiment. The first experiment is a stated 

choice experiment (SCE). The experiment is used to investigate adoption of owned AVs and 

shared autonomous mobility. A stated adaptation choice experiment (SACE) is used to 

research ǇŜƻǇƭŜΩǎ short-term usage of shared autonomous transportation modes. The 

respondents indicate four reference trips per person. The answers on these trips are 

integrated in the choice tasks of the SACE. The attitudes will be tested with multiple 

statements related to these attitudes. The experiments and statements are integrated in a 

questionnaire, together with questions about socio-demographics and travel characteristics. 

After data collection, the choices and the attitudes are analyzed with a hybrid choice model 

(HCM). This model analyzes the choices of the experiments. The HCM also enables 

simultaneous estimation of the influence of the attitudes on the decisions.  

 

The conceptual frameworks of both experiments are displayed in figure 1.1 and 1.2. Socio-

demographics and travel characteristics influence the attitudes, as well as on the choices 

made in the experiments. Moreover, the attitudes and attributes influence the choices of 

both experiments. Both frameworks look similar. The difference between the models lies in 

the fact that the second choice experiment is designed and presented around the 

ǊŜǎǇƻƴŘŜƴǘǎΩ ǊŜŦŜǊŜƴŎŜ ǘǊƛǇǎΦ {ƛƴŎŜ ǘhe choices of the respondents in the SACE depend on 

the reference trips. 

 

 

 
Figure 1.1: Conceptual model 1 - adopting an owned AV or a shared AV  
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Figure 1.2: Conceptual model 2 - usage of a shared autonomous vehicle, shared autonomous ride or 
autonomous public transportation  

 

1.4 Reading guide 
 

The outline of the thesis is structured as follows. This chapter briefly explains the research, 

including the research problem, questions and design. The thesis continues with the 

literature review. Insights into the implementation and the potential of AVs are explained. 

Research similar to this research is described as well. The literature review ends with 

information about travel behavior. Chapter 3 explains the design of both choice 

experiments. The chapter also describes the questionnaire. Chapter 4 describes the pilot 

study, the data gathering process and the data cleaning process. The chapter ends with 

exploratory analysis of the socio-demographics, travel characteristics and reference trips. 

Chapter 5 describes the analysis of the attitudes, continues with background information of 

hybrid choice models and presents the final results of the hybrid choice models. The thesis 

ends with the conclusion of the research. The conclusion also consists of scientific and 

societal relevance, the limitations of this research and recommendations for future 

research.  
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This literature review investigates future mobility usage, and potential adoption and usage 

of autonomous vehicles (AVs). Section 2.1 explains implementation of AVs. The potential of 

AVs and shared mobility is explained in section 2.2. Previous studies into adoption and 

usage of AVs are described in section 2.3. A summary of these studies is shown in appendix 

A. The chapter continues with a description of attitudes and personalities, which have 

influence on mobility behavior (section 2.4). The literature review ends with a conclusion. 

 

2.1 Implementation of AVs 
 

The role of future mobility on travel behavior is unknown. Uncertainties in future travel 

patterns, infrastructure planning, parking, and public transportation need to be unfold. 

(Litman, 2018). Car manufacturers, ride hailing companies, and technology companies are 

investing in automation of mobility. Developments in the technology of AVs are progressing 

quickly, because of competition between companies (Johnson & Walker, 2016). Many 

experts try to predict technology availability of AVs and adoption of AVs by potential users. 

Adoption of AVs in the global market is expected to happen between 2030 and 2040, even 

though the technology will be earlier available. High adoption levels of autonomous vehicles 

will change the transportation sector (Bernhart et al., 2014).  

 

The implementation of autonomous vehicles is different than the implementation of other 

technologies. Implementation of AVs depends on two elements; technology and legislation. 

Legal and regulation issues are the main issues that prolong the implementation of AVs. If 

AV technology develops fast and national regulations approve AV implementation, then AVs 

will be implemented soon, with a potential market penetration rate of 10% in 2025 in the 

US market. If technology developments and regulation progress slowly, then it will take a 

while before AVs will be implemented (Johnson & Walker, 2016). The implementation 

process of AVs depends on government regulations, but also on financial help of 

governments. Help from the government leads to faster adoption of semi and fully 

autonomous vehicles (Viereckl et al., 2015).   

 

AVs will be implemented between 2025 and 2045 in the Netherlands. The timing depends 

mostly on policies and technology. The execution of policies related to AVs and the 

development of AV technologies influence the transformation from manual driving to 

autonomous driving. However, a lot is uncertain about the developments of these aspects. 

A few years ago (2015), the Dutch government revealed having a positive attitude towards 

developments of autonomous vehicles. This attitude will boost the development of AVs in 

the Netherlands. Furthermore, the Netherlands has a dense and easily accessible highway 

network, which has both positive and negative effect on AV implementation. AVs will first 

be applied on the highway network. AVs can easily be implemented on the Dutch highway 

network, because the network is easily accessible. The negative side effect of the dense 
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highway network is the complexity of the highway system. The network has many ramps 

and is a busy network (Milakis et al., 2017).  

 

Even though the predictions are optimistic, reason exists to question the predictions. 

Implementation of new technologies is complex, and many obstacles and financial issues 

need to be taken into account. Many technical complications of AVs still need to be solved 

to implement AVs on the road network (Litman, 2018). It is fundamental to develop save 

and reliable AV technologies. AVs will not be operating until the vehicles are safe and 

reliable. Development of this technology is complex, certainly by taking the changing 

environment and weather complications into account (Anderson et al., 2016). Operation 

during heavy weather should be safe, however the current AV technologies do not have a 

solution for heavy weather situations (Litman, 2018). 

 

2.2 The potential of AVs and shared mobility 
 

2.2.1 Alternative transportation mode usage 
 

AV ownership will be low at the start of the implementation stage of AVs, due to high 

purchasing costs of AVs. Therefore, AVs have the opportunity to become part of sharing 

services. Since future users are not able to afford an AV yet, but they will be able to adopt 

shared autonomous mobility (Bansal & Daziano, 2018).  

 

AV development will probably influence modal shifts from public transportation to shared 

autonomous mobility (Levin & Boyles, 2015). Autonomous vehicles can be viewed as 

alternative for public transportation, and these transportation modes can become 

competitors. Shared AV services are safer, provide extra productivity and enable door to 

door services. Public transportation usage will decrease due to the advantages of shared 

autonomous mobility (Zmud, Sener, & Wagner, 2016). Initially usage of shared autonomous 

mobility will be expensive for public transportation users. The period between the initiation 

of AVs (with low numbers of users) and AVs becoming available for the general public is an 

important moment for transportation planners. Demand for public transportation will start 

slowly decreasing during this period (Levin & Boyles, 2015). 

 

Demand for public transportation will decrease fast the moment AVs become affordable for 

the general public (Levin & Boyles, 2015). Shared autonomous mobility can either replenish 

or substitute public transportation, by respectably providing a first and last mile option or by 

providing a more efficient service. Shared AVs have the same benefits of a privately owned 

car, without the responsibilities related to car ownership (Krueger, Rashidi, & Rose, 2016).  

Cities with efficient public transportation, like bus rapid transit systems or sufficient metro 

systems, will encounters less modal shifts. These public transportation systems have 

potential to become faster than AVs, due to congestion on the road (Levin & Boyles, 2015). 
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Car ownership is decreasing. Car ownership has proven to encounter congestion, high costs 

and, inconvenience. Which results in reduced quality of life, when often using a manual car 

(Webb, Wilson, & Kularatne, 2019). Younger generations and millennials postpone getting a 

driving license. This trend ensures a shift from car ownership to car access, referring to ride 

hailing services and car sharing (Mounce & Nelson, 2019). Ride hailing services have already 

proven to decrease car ownership (Keeney T. , 2017). Automation in vehicles and 

developments in sharing services create efficient shared autonomous transportation 

services (Webb, Wilson, & Kularatne, 2019). High adoption of shared AV services lead to less 

vehicles being used at the same time. This cause will reduce congestion, because a car is 

only used 10% of the time nowadays (Spieser et al., 2014). 

 

Shared autonomous mobility is convenient. The AV picks up an individual, drops the 

individual at the desired location, and drives to the next customer. No human intervention is 

needed for these services. Current taxi companies, ride sharing services and ride hailing 

companies are expected to change their business plans and are to invest in low cost mobility 

on demand services. Success of the sharing services would depend on the efficacy. A 

successful system triggers people to shift from car and public transportation usage to shared 

autonomous mobility. The fleet size of a sharing service together with the number of users 

affect the efficiency of the service. Many vehicles in the fleet and many users boost the 

efficiency of the sharing service. High efficiency will convince people to switch from their 

currently used transportation to a shared autonomous mobility. This development will 

change transportation in general and the automotive industry as a whole (Bernhart, 2014).  

 

Furthermore, the development of ride hailing services have fast-forwarded developments in 

autonomous vehicles. Global urbanization of cities and the current most dominantly used 

transportation mode, the car, make ride hailing services successful. Car usage within the city 

leads to many problems, like parking scarcity and congestion. Which makes public 

transportation an interesting alternative in some cities (Chan, 2017). Such a city requires a 

reliable and accessible public transportation network. If the city does not have an efficient 

public transportation system, then car usage is dominant (Krueger, Rashidi, & Rose, 2016). 

On demand mobility provides personalized rides, so the services lies between car and public 

transportation usage. The service is more efficient than bad public transportation in some 

cities (Chan, 2017) and is a suitable alternative for car ownership (Haboucha, Ishaq, & 

Shiftan, 2017).  

 

Shared vehicles can be used by one individual or peers at the same time. Ride hailing has 

the potential to transport multiple strangers with an origin and a destination in close 

proximity (Bansal & Daziano, 2018). Public agencies have tried to increase the popularity 

and usage of rides shared with others. High occupancy rates of cars reduce congestion and 

preserve fossil fuels. The convenience of ride sharing increases due to technology 

developments. These technology developments use real-time matching mechanisms of 

drivers and passengers, which increases occupancy rates (Lavieri & Bhat, 2019). UberPool is 

one of such ride sharing services, UberPool provides a car pool service. The service provides 
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lower prices, albeit extra traveling time. UberPool is also an interesting alternative of public 

transportation. In general, usage of UberPool saves time and money, compared to public 

transportation usage (Schwieterman & Smith, 2018). Technologies enabling efficient use of 

pooled rides did not help to increase vehicle occupancy rates in the U.S. While multiple 

occupancy rides play a crucial role in decreasing congestion (Lavieri & Bhat, 2019).  

 

Sharing a ride with strangers encounters some challengers, both for the driver and 

passengers. Concerns are related to privacy, trust and safety issues. Another threat for ride 

sharing is the extra time needed to pick up other passengers (Xia et al., 2019). The 

individuals willing to share a ride with others need to make a tradeoff between travel times, 

travel costs and the privacy of a ride. Time is the most important factor influencing usage of 

a ride shared with others. People do not like the waiting times involved with pooling. The 

user also cannot make last minute changes when sharing a ride with others. The current 

technologies can minimalize the time troubles of a ride shared with strangers, but still travel 

times can be an unreliable. There is another obstacle to share a ride with strangers, which is 

ǇŜƻǇƭŜΩǎ attitude towards ride sharing. Unknown co-travelers make people uncomfortable. 

People want personal space and do not want to have social contacts during the ride. 

Potential users might distrust the co-travelers or have other concerns related to privacy. 

Socio-demographics of the unknown co-travelers also make people hesitant to use shared 

rides, especially socio-demographics related to income, ethnicity and gender. Time and cost 

saving policies promote ride sharing, which positively influence peopleΩǎ ǿƛƭƭƛƴƎƴŜǎǎ to share 

a ride with others. Automation in vehicles might make a ride shared with strangers more 

appealing, because costs of a ride can be mitigated (Lavieri & Bhat, 2019). 

 

2.2.2 Value of travel time with AVs 
 

The value of travel time is related to the costs of the time people spend in a vehicle. Thus if 

a person travels for a long period of time, then the person cannot use the time for another 

purpose, which costs money. Value of travel time is often used in choice models to compare 

travel costs and travel time (Athira et al., 2016). The driver needs to pay attention on the 

road during a manual ride. Usage autonomous vehicles changes the situation. The driver 

becomes the passenger and can conduct other activities during the ride. The value of travel 

time decreases (Cyganski, 2016), consequently the travel time, length of trips and the 

number of trips will increase (Heinrichs & Cyganski, 2015). The implementation of AVs 

changes the threshold of travel time. Future users are willing to travel for a longer period of 

time. The car might even become part of the living environment of the individual. Therefore, 

automation of vehicles highly influences the transformation of lifestyles (Begg, 2014).  

 

The value of travel time of a passenger is currently 20% higher, than the value of travel time 

for the driver. The passenger does not need to pay attention on the road. The 

implementation of AVs make all drivers becoming passengers, so value of travel time 

decreases (CPB & PBL, 2015). The activities people typically do as passengers are talking, 

surfing Internet or watching out of the window. Only a small share of the activities is 
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working (Bansal & Kockelman, 2015). Another study shows that only one third of its panel 

would do an activity during an autonomous ride. However, prediction of time usage during a 

ride with an AV is difficult, since AVs are not implemented yet (Cyganski, 2016). 

 

The value of travel time does not only depend on the time and costs of a trip, but also on 

the level of comfort. The value of travel time changed when new technologies were 

introduced, like the smartphone and laptop. People are able to spend time more fruitful, 

due to these new technologies. As a conclusion, if the comfort level increases, then the 

value of travel time decreases (Kouwenhoven & de Jong, 2018). 

 

2.2.3 Capacity 
 

Demand for mobility depends on the road structure itself. If the road capacity increases, 

travel time and congestion decreases. Which leads to more demand for transportation. 

When the road network increases the vehicle distance traveled (VDT) raises as well. In 

general, when the road space increases by 1%, the VDT increases by 0.74%. Road capacity 

increases due to AVs, resulting in more demand for transportation (Fagnant & Kockelman, 

2015).  

 

AVs increase the efficiency of the transportation network, resulting in less congestion. An 

AV can communicate with other vehicles and the infrastructure systems itself. Therefore, 

distances between vehicles can be reduced and platoons can be formed, resulting in extra 

road capacity (Fagnant & Kockelman, 2015). Extra road capacity can only occur with high 

penetration rates of AVs or with cars having at least cooperative adaptive cruise control 

(Shladover, Su, & Lu, 2012). The benefits of AVs on road capacity differ per road network 

type. AVs are most efficient on highways, so AVs have most impace on road capacity of high 

ways. AVs have moderate influence on the capacity of urban environments (Milakis et al. 

2017). The opportunity of AVs to platoon and drive smoothly (less accelerating and 

decelerating) leads to efficient fuel usage. On the other hand, more space on the road 

results in extra road users. Which increases fuel usage. Therefore the effect of AVs on the 

environment depends on demand for mobility (Wadud, MacKenzie, Leiby, 2016). 

 

2.2.4 Activity travel pattern 
 

Harb et al. (2018) conducted a research to test the transportation behavior of individuals 

and families. Aƴ ΨŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜΩ όŎŀǊ ǿƛǘƘ ŎƘŀǳŦŦŜǳǊύ was provided to the respondents 

for one week. This week is compared to the week before the AV was provided and the week 

afterwards. Millennials, families and retirees owning and using a car were asked to attend 

ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΦ ¢ƘŜ ǾŜƘƛŎƭŜ ŘƛǎǘŀƴŎŜ ǘǊŀǾŜƭŜŘ ό±5¢ύ ƻŦ ǘƘŜ ǿŜŜƪ ǿƛǘƘ ΨŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜΩ 

increased by 83%, of which 21% were zero-occupancy kilometers. The respondents changed 

their behavior when the AV was available. They conducted longer and more trips. Mostly 

the retirees conducted more and longer trips. As conclusion, the annual distance traveled 

and travel behavior will transform due to autonomous vehicles (Harb et al., 2018).  
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Fagnant and Kockelman (2014) conducted a simulation to investigate the efficiency of 

shared autonomous vehicles in cities. If 3.5% of the vehicles is a shared AV, then the average 

waiting time is 20 seconds. In addition, 10 manual cars can be replaced by one shared AV. 

However, the transformation would lead to an increasing VDT. If users are located in close 

proximity and the penetration rate of shared AVs is high, then the VDT can be diminished 

(Fagnant & Kockelman, 2014). TIF (2014) did also a research to investigate the efficiency of 

shared AVs. The transportation network becomes more efficient when using shared AVs, 

especially when public transportation is sufficient. The number of owned cars can be 

diminished, while remaining the sufficient transportation network. However, the VDT will 

increase, because of repositioning of shared AVs (ITF, 2014). Spieser et al. (2014) researched 

the effect on the road network, by replacing all personally owned vehicles by shared AVs. 

The transportation demand can be met with one third of the currently used vehicles. 

However, decreasing number of vehicles does not provide a sustainable road structure, 

since all vehicles need to make zero-occupancy kilometers (Spieser et al., 2014). Dynamic 

ride sharing can be defined as a system arranging shared autonomous rides. The rides are 

arranged according to matching paths of individuals. Waiting times, traveling times, and 

costs can be optimized with this system. The service provides efficient rides. However, the 

VDT raises, due to zero-occupancy kilometers. The number of users of ride sharing services 

should increase, as well as flexibility of individuals, in order to reduce VDT (Fagnant & 

Kockelman, 2016). A Dutch simulation is conducted to investigate AV adoption in the 

Netherlands. If AVs become available, then usage of active transportation modes drops, car 

ownership declines, and usage of public transportation decreases. VDT and the hours spend 

in traffic will increase, due to shared AVs. Which results in increasing road pressure 

(Bergveld et al. 2018). Zero-occupancy rides will become normal in daily life after 

implementation of AVs. Zero-occupancy rides are made to search for a parking spot, run 

errands or pick up the next customer. Sometimes it might even be cheaper to let the car 

drive around, than parking the car at a parking spot. Which results in more congestion 

(Litman, 2018).  

 

2.3 Adoption and usage of autonomous vehicles 
 

2.3.1 General 
 

The success of a technology depends on the market share. Rogers developed the technology 

adoption life cycle to explain adoption of new technologies. The bell-shaped curve is divided 

into 5 adoption categories, containing potential customers of an innovation. The model 

starts with a small percentage of innovators (2.5%). The innovators are the first customers. 

This group is enthusiastic about a technology and risks investing in a certain technology. 

Early adopters (13.5%) are the early adopters of a product, but are less willing to risk the 

failures of a technology. The early majority (34%) are still relatively early in the adoption 

process, but are more realistic towards innovations. This group first wants to observe the 

usefulness of the product. The late majority (34%) is pessimistic towards adopting a new 
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technology. Finally, the laggards (16%) are not willing to adopt new technologies and are 

skeptical towards new technological products (Nijssen, 2014).  

 

Adoption of a new technology depends on the technology itself and the personality of the 

adopters (Gkartzonikas & Gkritza, 2019). Adoption of an autonomous vehicle works 

different than adoption of, for example, a phone or camera. Due to the fact that adoption of 

AVs will change the travel behavior of individuals. In addition, purchasing an AV is a large 

acquisition. Therefore, penetration of AV in the mobility market will take more time than 

adoption of other technologies (Litman, 2018). However, nowadays customers rapidly adopt 

new technologies, compared to adoption of technologies a few decades ago. For example, 

50% of the people adopted the telephone in a few decades, whereas 50% adoption of the 

mobile phone took only five years (McGrath, 2013). 

 

Adoption and usage of AV depend on the acceptance of the potential users. Acceptance of 

AVs depends on the perception on the utility and usefulness of AVs. Furthermore, 

acceptance depends on satisfaction of AVs. AVs increase comfort of the individuals (Martens 

et al., 2011). Autonomous vehicles are still in the development stage, and civilians are still 

unaware of detailed functionalities of AVs. These uncertainties influence the prediction of 

acceptance of AVs (Cyganski, Fraedrich, Lenz, 2015). Acceptance of autonomous vehicles 

will influence the adoption of such vehicles. Increasing usage of AVs will lead to more 

autonomous vehicles on the road, allegedly safer roads and cleaner cities. Which on their 

turn can lead to even more demand for autonomous vehicles (Zmud, Sener, & Wagner, 

2016). 

 

Car manufactures claim that autonomous vehicles are a lot safer, since traffic accidents 

caused by human errors can be mitigated (Litman, 2018). 90% of all crashes are caused by 

human failure (Haboucha, Ishaq & Shiftan, 2017). Other advantages of AVs are: lower 

emissions and efficient fuel consumption (Gkartzonikas & Gkritza, 2019). Furthermore 

usefulness, comfort, safety and practicality are positive aspects of AVs according to 

potential users (Cyganski, Fraedrich, Lenz, 2015). While autonomous vehicles have many 

benefits, acceptance to use such vehicles is questionable, mainly due to concerns about: 

liability, hacking, misuse, safety, financial issues (Kyriakidis, Happee, & Winter, 2015), 

equipment failure (Bansal & Kockelman, 2015), ethical issues, privacy and technological 

dependency (Gkartzonikas & Gkritza, 2019). 

 

2.3.2 Adoption of AVs  
 

A lot of research is conducted to investigate and predict the adoption of new technologies, 

such as automation in vehicles, shared mobility and a combination of both. The results of 

these investigations predict the effect of AVs on the transportation network. This section 

describes different researches into adoption of AVs. More specifically most of these 

researches use choice experiments to investigate adoption of owned AVs, shared AVs or 

manual cars. Adoption of AVs refers to mid-term decisions, since people will use a certain 
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mode for a longer period of time. A summary of the researches described in this section is 

shown in appendix A.  

 

2.3.2.1 Costs of autonomous vehicles 

 

Usage of a certain transportation mode highly depends on the transportation costs (Bösch 

et al., 2018). The costs of usage of an autonomous transportation mode heavily depends on 

the type of mode. The mode can be a privately owned AV or a shared mobility system. The 

ride can also be shared with others, which decreases the costs. The first generation 

purchased AVs will be used by the higher income classes. Ownership of an AV becomes 

affordable for the middle and lower classes after some decades. The exact prices of AV 

usage are uncertain (Litman, 2018). Autonomous taxi services will be a lot cheaper than 

manual taxi services, because the autonomous taxi does not need a human driver. Manual 

public transportation will become a competitor of the autonomous taxi, since manual public 

transportation is expected to be cheaper than autonomous taxis (Keeney, 2017).  

 

Bösch et al. (2018) explored price differentiations between manual and level five 

autonomous vehicles with comprehensive bottom-up calculations. The costs to own a 

vehicle depends on fixed costs, like acquiring costs, and variable costs, like maintenance, 

insurance, cleaning, and fuel costs. Five transportation modes are investigated; rail 

transport, bus, individually used taxi, pooled taxi, and private car. The cheapest manual 

transportation modes are public transportation and the privately owned car. However, 

automation in vehicles twists these conclusions. Shared autonomous services do not need a 

driver. Which decreases the costs for shared services, especially when the ride is shared 

with strangers. Autonomous rides shared with others are potentially the biggest competitor 

with manual public transportation. Public transportation should become innovative and 

autonomous, to have a chance to compete with the shared AV services. Furthermore, AV 

ownership entails high acquiring costs than manual cars. However, autonomous vehicles 

drive more balanced, so the fuel cost will decrease by assumingly 10%. Accident rates will 

decrease, since AVs drive more safely. Therefore, insurance costs will decrease as well. 

However, the reaction of insurance business on the implementation of autonomous vehicles 

is uncertain. Which results in small cost differences between manual cars and AVs. Finally, 

the depreciation costs of AVs are expected to be 10% of the purchase price each year (Bösch 

et al., 2018). 

 

Bansal and Kockelman (2015) carried out a survey to investƛƎŀǘŜ ǇŜƻǇƭŜΩǎ ƻǇƛƴƛƻƴǎ ǘƻǿŀǊŘǎ 

economic characteristics of automation in vehicles. The questionnaire was carried out in 

2015 in Texas. The data was analyzed with an exploratory analysis. The willingness to pay 

(WTP) for automation was assessed. If the level of automation raises, then the accepted 

purchase price increases as well. The influence of costs on the adoption of shared 

autonomous mobility was assessed as well. Only small number of participants is willing to 

adopt shared autonomous mobility, if the price would be $1 per mile. Autonomous vehicles 
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are not implemented yet, so possibly the above presented results will change rapidly during 

the implementation period of AVs (P. Bansal, K. Kockelman, 2015).  

 

The dataset of the research of Bansal and Kockelman (2015) was combined with an US 

survey. The analysis used a multinomial logit model as methodology. The research 

investigates adoption rates and accepted purchase prices of AVs. More than half of the 

panel is not willing to pay for level 3 automation or higher. A Monte Carlo simulation was 

used to investigate adoption rates under different circumstances. Multiple purchase prices 

of level four autonomous vehicles were tested in the simulation. Multiple scenarios of 

people willingness to pay for automation were also added. Lower purchase prices, 

knowledge about AVs and adoption by acquaintances lead to higher adoption rates of AVs 

(Kockelman et al., 2016). 

 
Costs of autonomous vehicles highly influence the decision to buy an AV.  Daziano et al. 

(2017) researched what households want to pay for an AV. The research was conducted 

ǿƛǘƘ ŀ ŘƛǎŎǊŜǘŜ ŎƘƻƛŎŜ ƳƻŘŜƭ ƛƴŎƭǳŘƛƴƎ Ψǉǳŀǎƛ-ŎǳǎǘƻƳƛȊŜŘΩ ŀƭǘŜǊƴŀǘƛǾŜ ŀǘǘǊƛōǳǘŜǎΦ ¢ƘŜ ǾŀƭǳŜǎ 

of the attributes were estimated according to the income of the households. In order to 

calculate personalized price thresholds. This reasoning provides a legitimate price to the 

panel. Data analysis method was a conditional logit model. Most of the respondent are not 

willing to pay for automation. However, the decisions in the discrete choice model are 

theoretical, so real life decisions might differ (Daziano, Sarrias, & Leard, 2017).  

 

2.3.2.2 AV ownership vs. manual vehicle adoption  

 

Schoettle and Sivak (2015) carried out a research investigating user acceptance and 

adoption of AVs. The research uses a questionnaire, which is carried out in 2015. The data 

was reviewed with exploratory analysis. Only few respondents are interested in AV 

adoption. The majority of the panel prefers adoption of a manual vehicle or a semi-

autonomous vehicle (Schoettle & Sivak, 2015). Another research by Schoettle and Sivak 

(2014) compares AV adoption in the U.S., U.K. and Australia with a questionnaire. 

Exploratory analysis is the methodology for the study. A bit more than half of the panel is 

interested in AV adoption. The respondents from the U.S. were more likely to have heard 

from AVs. The respondents for the U.S. are also more positive towards the technology in 

comparison to respondents from the U.K. and Australia (Schoettle & Sivak, 2014).    

 

Kyriakidis et al (2015) researched future adoption of AVs with a questionnaire. The 

questionnaire had a response rate of 5000 respondents living in various countries. 

Descriptive statistics and spearman correlation coefficients were estimated to compare the 

socio-demographics and traveling characteristics of the individuals. Manual driving is still 

the preferred mode among the panel. Only a small share of the panel would enjoy driving 

with an AV. A small share of the panel is willing to pay more than $30.000 for full 

autonomous vehicles. In addition, a lot of respondents are against fully autonomous driving, 

and prefer semi-autonomous vehicles and manual vehicles. Respondents from developed 

countries are more concerned about data transmitting issues, than respondents from 
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developing counties. These results do not guarantee actual travel behavior (Kyriakidis, 

Happee & de Winter, 2015). 

 

Zmud et al. (2016) carried out a quantitative survey and qualitative interviews in Austin in 

2015. The aim was prediction of adoption of autonomous vehicles. Exploratory analysis 

were applied to validate the results. Later the results were modeled with the CAMPO travel 

ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘ ƳƻŘŜƭΦ ¢ƘŜ ǿƘƻƭŜ ǇŀƴŜƭ ƘŀŘ ŀ Ψǿŀƛǘ-and-ǎŜŜΩ ŀǘǘƛǘǳŘŜ ǊŜƭŀǘŜŘ ǘƻ !± 

adoption. Half of the respondents was not likely to adopt AVs, and the other half was 

slightly interested in AV adoption. The attitude towards technology adoption and the 

attitude towards perception of privacy and safety are most influential. Austin is a car 

oriented city. Therefore only a fourth of the respondent was tempted to use shared 

autonomous mobility. The main limitation of this research is the sample size, which is quite 

small. In addition, future research should also investigate policy related questions in order 

to predict travel behavior (Zmud, Sener, & Wagner, 2016).   

 

König and Neumayr (2017) examined the attitudes, advantages and barriers connected to 

adoption of AVs. The data was gathered with a questionnaire. Multiple statements were 

examined on a five and six point Likert scale. The data was analyzed with an exploratory 

analysis. Overall the respondents were positive towards AV adoption. Although the 

respondents would be comfortable if every AV has a feature, enabling the user to regain 

manual control over the car. A future viewpoint was formulated in the study, therefore the 

outcomes of the study could be biased (König & Neumayr, 2017). 

 

Shabanpour et al. (2018) examined the influence of various attributes of AVs on pŜƻǇƭŜΩǎ 

willingness to adopt an AV. A decision model was used. The model was divided in two parts. 

First respondents were asked which attributes are most and least attractive. Later, the 

willingness to purchase an AV with corresponding attributes was tested. The first part is a 

best-worst choice experiment, which is analyzed with a multinomial logit model. The second 

part contains a binary choice model. The model is examined with a binary logit formulation. 

Data was gathered via an online platform in Chicago in 2016. The study found that the 

purchasing price and policy implications (liability for crashes and exclusive lane for AVs) are 

the most attractive attributes and have most influence on the decision to purchase an AV. 

Future research should include other attributes, like tax prices and congestion charges 

(Shabanpour et al., 2018).  

 

2.3.2.3 AV ownership, shared AV adoption vs. manual vehicle adoption  

 

Cyganski et al. (2014) compared the currently used transportation mode with fully 

autonomous vehicles and partial autonomous vehicles. A questionnaire was applied to 

gather data. Four alternatives were tested: the highway pilot feature, the valet parking 

feature, fully AVs and an on demand AV service. The data was scrutinized with exploratory 

qualitative and quantitative analyses (Cyganski, 2016). In general, the respondents are not 

enthusiastic about autonomous vehicles. Only half of the respondents would maybe 
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consider replacing their current transportation mode by a fully or partial AV (Cyganski, 

Fraedrich, Lenz, 2015). Fully autonomous vehicles are the most attractive alternative. 

Shared AVs are the least popular alternative (Fraedrich & Lenz, 2016). The influential 

attitudes are: enjoyment of driving and peopleΩǎ imagination towards AV usage (Heinrichs & 

Cyganski, 2015). The research also concluded that usage of non-autonomous transportation 

modes would decrease when AVs are implemented. The research analyzes a future 

situation, but AVs are not yet reality. Opinions and attitudes might change once AVs are 

implemented (Cyganski, Fraedrich, Lenz, 2015).   

 

Haboucha et al. (2017) compared user preferences for the manual car, a personally owned 

AVs and shared autonomous mobility. The preferences were analyzed with a stated 

preference experiment. This research uses the answers of the respondents to determine the 

values of the attributes.  The respondents indicated the purchase price of their car, trip 

costs and parking costs. These answers are used to determine the values of the attributes. 

The answer of the respondents is multiplied by the percentage of the attribute level. In 

order to get the final value of the attributes. Random utility models were used to analyze 

the data. A nested structure was applied to analyze the latent variable. Later, a Logit Kernel 

model was used to test correlations. The panel is overall hesitant to use AVs. Usage of 

shared autonomous mobility is the least popular alternative, mostly among non-public 

transportation users. If shared autonomous mobility would be completely free, then only 

75% of the panel would use a shared mode. The most influential attitudes are the attitude 

toward technology and enjoyment of driving. A new simplified technology is presented in 

the survey. A hypothetical situation is provided, which could bias the results (Haboucha, 

Ishaq, & Shiftan, 2017). 

 

Lavieri et al. (2017) researched ǇŜƻǇƭŜΩǎ willingness to adopt AVs. Three alternatives are 

explored: non autonomous modes, AV ownership, shared autonomous mobility and a 

combination of AV ownership and usage of shared autonomous mobility. The choices were 

studied in connection with latent variables. The latent variables are the attitudes of the 

respondents. The attitudes are: safety concerns towards AVs, sustainably concerns, shared 

mobility affection and technology enthusiasm. A dataset from a travel survey gathered in 

Puget Sound region (state of Washington, U.S.) was used to perform the analysis. The 

choices are explored with a stated choice experiment. A generalized heterogeneous data 

model approach was used to analyze the data. Less than a third of the panel desires 

adoption of an AV. The participants with affection towards sustainability and technology are 

most interested in shared autonomous mobility adoption (Lavieri et al., 2017).  

 

Kolarova et al. (2018) carried out a research estimating preferences for various 

transportation modes. The study investigates to what extend transportation behavior 

depends on the value of travel time. A questionnaire was distributed in Germany in 2017. 

The questionnaire contains a revealed and stated preference experiment. The revealed 

preferences experiment investigates the current mobility behavior, resulting in reference 

trips. The stated preference experiment is divided into two parts. The first part compares 
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non-autonomous transportation modes: waking, cycling, car usage and public 

transportation usage. The second experiment explores AV preferences. Car usage was 

replaced by a privately owned AV and shared autonomous mobility in the second 

experiment. A Bayesian efficient design was created, strengthening the efficiency of both 

experiments. The data from the questionnaire was analyzed with a multinomial logistic 

regression model. Value of travel time becomes better when the AV is the transportation 

mode instead of the car. Furthermore, the respondents prefer an owned AV over shared 

autonomous mobility (Kolarova et al., 2018). Future research should analyze whether 

people are willing to share a ride with others (Steck et al., 2018).   

 

The aim of the research of Pakusch et al. (2018) is investigation of preferences for manual 

and autonomous transportation modes. An online survey was distributed across Germany. A 

complete paired comparison was conducted. First manual modes were tested, which are: 

car ownership, car sharing and public transportation. Later, autonomous transportation 

modes were added to the experiment, which were: autonomous car and shared 

autonomous mobility. Two alternatives were displayed in each choice set. The respondent 

chooses the preferred option. The alternatives were ranked according to the choices of the 

respondents. A Bradley-Terry-Luce model was applied to scale the values of the ranks, so 

the results are utility scale values. The manual owned car is the preferred mode, followed by 

the autonomous car, then followed by public transportation, shared autonomous mobility 

and finally car sharing. Public transportation loses most users. The respondents want to use 

shared mobility instead. However, autonomous public transportation was not added in the 

study. This alternative could make a difference in the choices of the respondents and in the 

results (Pakusch et al., 2018).  

 

The attitude influencing adoption of personal owned AVs and shared autonomous mobility 

was investigated by Pettigrew et al. (2019). In order to define segments of AV adoption, 

which represent the population. An online survey was spread among Australians, including 

socio-demographics, travel information and attitudes corresponding to AV adoption. A 

latent profile analysis used to divide the respondents among classes. Attitudes, intentions 

and AV knowledge are used to categorize the respondents. Seven different class solutions 

were analyzed according to the maximum likelihood estimator. The highest entropy was 

assigned to the best fitting model, which is a model with five classes. Later a one-way 

ANOVA test and a chi-square test was used to estimate the results. The classes vary from 

non AV adopters to early AV adopters. In general, the respondents have few knowledge 

about AVs and willingness to adopt AVs is moderate. Surprisingly the shared AV option is 

slightly more popular than AV ownership (Pettigrew, Dana, & Norman, 2019).  

 

The trade-off between manual car and electrical shared AV (SEAV) was investigated by 

Webb et al. (2019). Two questionnaires were distributed among the same set respondents. 

In order to investigate changing opinions towards autonomous vehicles. The first survey 

contained general information about SEAVs. The second survey was the exactly the same, 

but contained extra information about SEAVs, including the benefits of SEAVs. People living 
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within a 20 kilometer distance to Brisbane city center were target group. The researched 

alternatives are: 50% usage of a SEAV and 50% usage of a manual car, 80% usage of a SEAV 

and 20% by manual car, and the daily used transportation mode. The results were estimated 

by a multinomial logit model. The respondents are attached to their privately owned cars, 

but acknowledge the negative effects of car ownership. Half of the respondents is willing to 

adopt SEAV. Costs related to the alternatives have most influence on the decisions. The 

differences between the results of questionnaires is most significant among public 

transportation users. These users are more willing to use shared AVs after getting additional 

information in the second questionnaire. Future research should analyze age, gender and 

families with children in more detail (Webb, Wilson, Kularatne, 2019).  

 

Stoiber et al. (2019) investigated ǇŜƻǇƭŜΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ǳǎŜ ŘƛŦŦŜǊŜƴǘ ƪƛƴŘǎ ƻŦ !±ǎΦ [ong- 

and short-term AV adoption is researched. Short-term decisions refer to daily choices 

between transportation modes. Long-term decisions are related the intention to purchase a 

vehicle or subscribe for either shared mobility or public transportation. Less car ownership 

and more shared mobility usage would be a preferred future scenario. The Swiss household 

energy demand survey contained a choice experiment, which tests AV preferences. Both 

short- and long-term decisions were tested. Manual vehicles were not included, since these 

vehicles are not viewed as vehicles that will be adopted in the future. Three alternatives are 

presented in each choice set in both time frames. The respondents indicate their preference 

on a five point Likert scale. One or two attributes are assigned to the alternatives, differing 

per choice set. The attribute levels were formulated in such way promoting shared 

autonomous mobility. The short-term choice experiment exists of a privately owned AV, an 

autonomous ride (the ride is a single occupancy ride in some choice sets), and autonomous 

shuttle/train. The alternatives of the long-term decisions are: owning an AV, membership 

for shared autonomous rides, and membership for autonomous public transportation. The 

survey also tested attitude related to autonomous traveling and attitude towards sharing a 

ride/vehicle. A generalized estimation equation ordinal logistic model was used to analyze 

the responses. The respondents graded the sharing option higher than AV ownership. 

Willingness to adopt shared autonomous mobility increases when the attributes related to 

sharing are attractive. The attributes of shared autonomous mobility are formulated quite 

positive, therefore actual behavior might differ (Stoiber et al., 2019). The research of Stoiber 

et al. (2019) is also related short-term usage of AVs, which is explained in section 2.3.3.  

 

The world economic forum (2018) conducted a research to give background knowledge to 

policy makers for development of future mobility networks. Respondents from multiple 

cities around the world attended the questionnaire distributed in 2015. A bit more than half 

of the respondents are likely to adopt an AV, according to exploratory analysis. Although 

only 40% of the Dutch respondents are interested in AV adoption. Furthermore, a specific 

conjoint analysis about AV adoption was conducted among respondents from Boston. In 

order to investigate transportation mode usage during different circumstances. Multiple 

alternatives are investigated; public transportation, personal owned vehicles (manual and 

autonomous) and shared mobility (taxi/ride haling, SAV, SAR: either car or van). One third of 
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the respondents from Boston are willing to use shared mobility. The majority is interested in 

shared autonomous mobility. Shared autonomous modes will recuse usage of public 

transportation and vehicle ownership (World Economic Forum, 2018). This research is also 

related to short-term usage of AVs, which is explained in section 2.3.3. 

 

The same dataset was used by Nazari et al. (2018). The research investigates public interest 

in adoption of a personally owned AV or of shared autonomous mobility. The daily travel 

routines of the respondents are taken into account for this research. Five transportation 

modes were investigated: AV ownership, renting an AV, usage of a shared AV with driver, 

usage of a shared AV without driver and multimodal AV usage. Apart from that, two other 

alternatives are investigated in a separate experiment, specifically designed for commuters. 

The alternatives are: traveling alone with an AV and carpooling with an AV. The interest in 

these modes was tested on a 5 point scale. The analysis is divided in two modeling parts. 

First latent variables were evaluated with measurement and structural equations. Then the 

latent variables were modeled with multivariate and bivariate ordered probit models. The 

results show that half of the respondents do not want to adopt an AV. Only one third of the 

panel is interested in adoption of AVs. The respondents are almost equally interested in all 

five autonomous transportation modes, except form multimodal AV usage. Commuters are 

more interested in AV adoption. This group prefers the carpooling alternative. Moreover, 

the attitude towards safety is most influential and has negative influence on AV adoption. 

Both environmental concern and affection towards sharing have positive influence on AV 

adoption. One of the limitations in this study is that the costs of AV usage are not included 

(Nazari, Noruzoliaee, & Mohammadian, 2018). This research is also related to short-term 

usage of AVs, which is explained in section 2.3.3 

 

Nair et al. (2018) used the same data as Nazari et al (2018) and Lavieri et al. (2017), but with 

different model settings. The data was transformed in rank ordered data, in order to apply 

the rank ordered probit model. The model estimated the utility per alternative. The 

following alternatives were taken into account: AV ownership, renting an AV, usage of a 

shared AV with driver and usage of a shared AV without driver (Nair et al., 2018). The result 

of the analysis is comparable to the validation of Nazari et al (2018). This research is also 

related to short-term usage of AVs, which is explained in section 2.3.3.  

 

2.3.3 Usage of AVs  
 

This section describes research into short-term usage of AVs, more specifically the 

researches investigate if people are willing to use AVs shared with others or prefer using a 

single occupancy shared ride. Other modes are also included in the researches. Four of the 

above described investigations are also related to this section, these are the investigations 

of Nazari et al (2018), Nair et al. (2018), Stoiber et al. (2019) and the world economic forum 

(2018).  
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Krueger et al. (2016) researched the preferences between usage of shared autonomous 

vehicles, shared autonomous rides and the currently used transportation mode. The first 

alternative provides a single occupancy shared autonomous ride and the second alternative 

provides autonomous rides shared with strangers. A stated choice experiment was used to 

investigate the preferences of the respondents. The attributes are: travel costs, waiting time 

and traveling time. Each respondent first entered information about their daily 

transportation routine, the information was used to formulate reference trips. The results 

were modeled with a mixed logit model. Overall the respondents prefer their current 

transportation mode. SAV is the more interesting among the respondents than SAR 

(Krueger, Rashidi, & Rose, 2016). 

 

Bansal and Daziano (2018) carried out a research scrutinizing peopleΩs willingness to pay for 

automation and preferences for shared autonomous mobility. Citizens of New York City 

were approached to attend the stated choice experiment. The main experiment 

investigated adoption of: an Uber without ridesharing, an Uber with ride sharing or the daily 

used transportation mode. One of the attributes determined the level of automation of the 

alternatives. The values of the attributes were established according to the currently used 

transportation mode of the respondent. A pivot-efficient design was created as 

experimental design. A multinomial logit model was used to estimate the results. The 

respondents are willing to pay for low waiting/access times, in vehicle time and number of 

transfer stops. Furthermore, the respondents are not willing to pay a high price for 

automation, because the modes do not need a human driver. The main limitation of this 

study is the low number of respondents (Bansal & Daziano, 2018).  

 

Lavieri & Bhat (2019) aimed to give new insight on ǇŜƻǇƭŜΩǎ willingness to travel with others 

or not. The study also investigates the effect on the value of travel time. The research is 

conducted by using a revealed and stated choice experiment. The sample consists of 

commuters from Dallas-Fort worth Metropolitan Area. Two alternatives are investigated: a 

private self-driving cab service and a shared self-driving cap service. The former provides a 

ride shared with others. The attributes and attitudes of the research are displayed in 

appendix A. The respondents is asked choose one of the alternatives, while the purpose 

(work or leisure activity) is indicated in each choice task. The data is analyzed with a 

Generalized Heterogeneous Data Model. The model enables simultaneous calculation of 

nominal and binary endogenous variables. The model uses a structural and measurement 

equation model. The respondents with privacy concerns are least willing to use a ride 

shared with others. The respondents that are time sensitive or have concerns towards 

privacy are less sensitive to better value of travel time. Finally, if privacy concerns can be 

solved, then autonomous pooled services have high market potential, especially for 

commute trips (Lavieri & Bhat, 2019). 
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2.4 Attitudes towards transportation modes and travel behavior 
 

Motivations to buy and use a car depends on practical, symbolic and emotional factors. 

Practical factors refer to the ability to conduct activities during a ride, but also to the 

perceived flexibility, safety and convenience of a certain transportation mode. Symbolic 

aspects refer to the identity of a person and how the person wants to express 

himself/herself. Symbolic aspects are influenced by social networks. The emotional effects 

are non-instrumental needs, referring to desires and emotions connected to a 

transportation mode. Independence is, for example, an emotional effect. This desire 

influences usage of transportation mode. Practical factors are not the most important factor 

influencing car ownership. Symbolic and emotional aspects are underlying factors 

influencing car usage. Which make the car a popular transportation mode. Quality of life 

increases when the car is at disposal. Therefore the car ownership is preferred over public 

transportation usage. Policies and regulations are not always effective, because these only 

focus on the practical aspects of the car. Symbolic and emotional factors should be 

integrated in policies to apply successful policies (Steg, 2005).   

 

Furthermore, two types of attitudes can be distinguished to explain travel behavior: specific 
and general attitudes. The general attitudes are exogenous and have low influence on travel 
behavior. Whereas specific attitudes are endogenous and have direct influence travel 
behavior. Travel behavior has influence on specific attitudes a well. Specific attitudes refer 
to the interest in and adoption of certain transportation mode. General attitudes refer, for 
example, to political attitudes and are not related to actual travel behavior (Kroesen & 
Caspar, 2018).  
 

Anable (2005) attempted to segment the population according to their transportation 

behavior and attitudes. tŜƻǇƭŜΩǎ ǘǊŀǾŜƭ ōŜƘŀǾƛƻǊ ǎƘƻǳƭŘ ōŜ ŀƴŀƭȅȊŜŘ in order to create 

policies promoting sustainable transportation and discouraging car usage. The fundamental 

factors influencing traveling behavior are practical, contextual, symbolic and emotional 

factors. The population can be divided into four car user segments and two non-car users 

segments. All these segments have unique characteristics and attitudes. The first segment 

contains malcontented motorists. These people are not willing to use public transportation 

or active modes, but are also not satisfied with car usage. The complacent car addicts 

mostly use the car and are not eager to use alternative transportation modes. Aspiring 

environmentalists decreased their car usage for sustainability reasons, but think they need a 

car. άDie hardέ drivers are the most stubborn segment and are only willing to use the car. 

The car-less crusaders do not use the car and use alternative modes for environmental 

reasons. The reluctant riders cannot afford a car or are not able to drive. People from this 

segment mostly use public transportation. The segments show that people with different 

reasoning make the same transportation mode decisions. On the other hand, people with 

the same attitudes make different transportation mode decisions (Anable, 2005). 
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2.4.1 Short-term, mid-term and long-term mobility behavior 
 

Decisions people make on a daily basis or for a longer period of time are part of the travel 

behavior of individuals. Short-term mobility decisions refer to daily mobility decisions. These 

mobility decisions are influenced by long-term and mid-term decisions. Mid-term and long-

ǘŜǊƳ Ƴƻōƛƭƛǘȅ ŘŜŎƛǎƛƻƴǎ ŀǊŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ŀƴŘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦ tŜƻǇƭŜΩǎ ƳƛŘ-term 

and long-term mobility involve their residential, educational and employment locations. The 

decsions also depend on changes of residentail, educational and employment locations. The 

possession of mobility tools are also part of mid-term and long-term mobility decisions. Car 

ownership and public transportation membership are examples of mobility tools. An 

adjustment in one of these aspects often results in changes of other areas as well. These 

adjustments can be seen within the life course of an individual. Residential, employment 

and education locations often change within five years. Whereas ownership of a type of 

mobility tools does not change often, especially car ownership. If people use one specific 

mobility tool for a long period of time, then the chance to use another mobility tool 

decreases. In conclusion the living environment is related to mobility tools and the other 

way around (Beige & Axhausen, 2008).  

 

2.5 Conclusion 
 

Two development will change the mobility sector. The developments are autonomous 

vehicles and shared mobility. Autonomous vehicles and shared mobility services provide 

new opportunities for citizens. First and last mile issues can be solved with both 

developments. Users can spend time in the vehicle more efficiently when using an AV, 

because the vehicles do not need a driver. The popularity of AVs leads to modals shifts. Car 

ownership will decrease, and public transportation will have a hard job competing with 

shared autonomous services. VDT will increase due to the development of AVs. In addition, 

demand for mobility will increase, together with the usage of shared AV services. Finally, the 

group of potential car users becomes bigger; Elderly, disabled people, and adolescents will 

be able to use a car.  

 

AVs are beneficial on individual level. However, the effect of AVs on the road network is 

highly dependent on the future demand for AVs and usage of different kinds of AVs. Both 

owned and shared AVs increase the number of zero occupancy kilometers, because shared 

AVs need to reposition themselves. High penetration rates of shared vehicles and a high 

number of occupants in one single vehicle can help decreasing the VDT. As a conclusion, 

autonomous vehicles will change travel behavior of individuals and will transform the 

mobility network as a whole.  

 

Adoption of AVs depends on the potential customers. Acceptance of AVs plays an important 

role in the adoption of AVs. Adoption of AVs starts with a small share and in time more 

people start using AVs. Different studies investigated acceptance, adoption and usage of 

AVs. If the study investigates the currently used transportation mode as alternative, then 
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most people prefer using a manual transportation mode. The owned AV is preferred over 

adoption of shared AVs in the majority of the studies that investigate alternatives like, AV 

ownership and shared AVs. Only few studies compared single occupancy with multiple 

occupancy shared autonomous rides. Most respondent in these studies prefer the single 

occupancy shared autonomous rides.  

Attitudes and personality are important factors determining adoption of a certain 

ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƳƻŘŜΦ tŜƻǇƭŜΩǎ long-term and mid-term decisions also influence daily 

mobility decisions.  
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This chapter starts with an introduction about stated choice experiments (3.1). The chapter 

continues with the explanation the stated choice experiment (section 3.2), then the stated 

adaptation choice experiment (SACE) is explained in more detail (section 3.3). Later the 

experimental design is described (section 3.4). The questionnaire is presented in section 3.5. 

The chapter ends with a conclusion (section 3.6) 

 

3.1 Introduction 
 

MultipƭŜ ƳŜǘƘƻŘǎ ŀǊŜ ǳǎŜŘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǇŜƻǇƭŜΩǎ ǇǊŜŦŜǊŜƴŎŜǎ ŀƴŘ choice behavior. 

Revealed preference or choice methods incorporates choice alternatives. The choice 

alternatives are real world examples. Hypothetical alternatives are investigated during 

stated modeling approaches, either with a stated preference or stated choice experiment. 

Stated preference experiments ask respondents to provide their preference for attributes or 

alternatives on a certain scale. The respondent chooses an alternative during a stated choice 

experiment. In such experiment, the respondent makes a tradeoff between the alternatives 

and chooses the most interesting alternative (Kemperman, 2000). Stated choice 

experiments are widely used approaches to present choice alternatives to a panel (Rose & 

Bliemer, 2004).  

 

Two stated choice experiments are designed and used in this research. Fully autonomous 

vehicles (which are the focus of this study) are not yet available on the market. 

Consequently, the alternative are considered hypothetical, therefore the revealed 

preference/choice experiment would not fit. Stated preference experiments related to 

autonomous transportation modes are often used in previous research. Stated choice 

experiments are less often used. During a stated choice experiment people make an actual 

tradeoff, so the actual choices of the respondents are investigated. Which makes prediction 

of future behavior easier.  

 

The respondents need to choose multiple times during a stated choice experiment. The 

respondents evaluate each alternative and corresponding attributes. Afterwards, the 

respondents choose the best alternative (Rose & Bliemer, 2004). Alternatives in a choice 

experiment can be labeled or unlabeled. Unlabeled alternatives by definition cannot be 

linked to any familiar alternative iƴ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǎǳǊǊƻǳƴŘƛƴƎǎΦ ¦ƴƭŀōŜƭŜŘ ŀƭǘŜǊƴŀǘƛǾŜǎ 

ensure lower correlations among alternatives, due to the similarities of the alternatives 

from the perspective of respondents. However, labeled alternatives provide more context 

to the experiment and make the alternatives more realistic. The usage of labeled or 

unlabeled alternatives in a stated choice experiment depends on the research goal itself 

(Hensher et al., 2015). 

 

Each alternative is represented by various attributes. The influence of each attribute on the 

alternatives is an important outcome of the stated choice experiment (Rose & Bliemer, 
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2009) Defining attributes and their levels is a complex task. Choosing the ranges of the 

attribute levels is complex, as too wide ranges would lead alternatives that are not really 

competitive. On the other hand, a narrow range would not only limit the evaluation of 

attributes importance, but also make alternatives similar. This effect makes the trade-off 

between alternatives hard. The attributes should also have realistic levels. The levels should 

not be too high or too low (Rose & Bliemer, 2009). 

 

After determining alternatives, attributes and attribute levels, an experimental design 

should be generated. The experimental design is the distribution of the attribute levels 

among the choice sets. The used method plays a role in de independence of the assessment 

of each attribute and in the statistical accuracy. Various methods exists to achieve these 

goals. Each method has advantages and disadvantages. First, the full factorial design creates 

a design with all possible choice sets (Rose & Bliemer, 2009). A full factorial design is often 

too big to employ among reasonable number of respondents, given limited financial 

resource for data collection. A fractional factorial design uses only a fraction of all possible 

combinations. Before generating the fractional factorial design, the researcher should 

consider using blocking and adding interactions.  

 

The main effect is the direct independent effect of attributes on the alternatives. The 

interaction effect is included, when reason exist to believe that certain combinations of 

attributes would significantly affect the attractiveness of alternatives. All interactions can be 

estimated independently with a full factorial design. Fractional factorial designs only allow 

modeling of a limited number of interactions or none at all. Another aspect worthwhile 

considering, while making an experiment design, is blocking. Blocking is added to decrease 

the number of choice tasks assigned to each respondent. During the development of the 

experimental design an extra (virtual) attribute is added to accommodate blocking. During 

the choice experiment the respondent only answers the choice tasks of one block (Hensher 

et al., 2015).   

 
The two most often used methods to generate a fractional factorial design are orthogonal 
designs and efficient designs (Hensher et al., 2015). The orthogonal method is the 
traditional method to make experimental designs. The attributes are orthogonal, so the 
attributes are statistically independent. The method assures an independent estimation of 
the influence of each attribute on choices of alternatives (Rose & Bliemer, 2009). Efficient 
designs are suggested when the financial resources for data collection is limited, so 
significant parameter estimations cannot be realized given the sample size. Prior values of 
parameters are needed to generate efficient designs. An efficient design is typically 
recommended when previous research on the topic is available, because the prior value has 
effect on the final design. Furthermore the modeling method needs to be known 
a priori. Consequently, if the researcher wants to estimate various models (like multinomial 
logit model, mix logit model, regret model), than an efficient design cannot be used, since 
chosen model would affect the design. Efficient designs need smaller sample sizes and the 
standard error can be decreased, due to the requirements of efficient designs (Hensher et 
al., 2015).  
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3.2 Stated choice experiment ς buying or sharing 
 

! ǎǘŀǘŜŘ ŎƘƻƛŎŜ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ǳǎŜŘ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǇŜƻǇƭŜΩǎ ƳƛŘǘŜǊƳ ŎƘƻƛŎŜǎΦ The experiment 

investigates adoption of AV ownership versus adoption of shared autonomous mobility. 

Only fully autonomous transportation modes are considered as alternatives. These vehicles 

have level five of automation. AVs can drive by themselves and do not need a human driver. 

The detailed conceptual framework related to the SCE is displayed in figure 3.1. Socio-

demographics, travel characteristics, attitudes and attributes influence the decisions made 

in the SCE. Before answering the choice tasks in the stated choice experiments, a short 

video is shown to the respondents. This video explains the concept of level five autonomous 

vehicles and gives more insight in the sharing concept.  

 

The stated choice experiment takes a slightly different stand as opposed to many previous 

studies which aim to give insight in market share of autonomous vehicles. The ŜȄǇŜǊƛƳŜƴǘΩǎ 

focus will only be on autonomous transportation modes. Furthermore tƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ΨƴƻƴŜΩ 

is not considered in the choice experiments. During the implementation face of AVs only a 

few people will adopt to AVs. Once AVs become more attractive, slightly more people start 

adopting AVs. Within years autonomous vehicles will gain high market share and AVs are 

adopted in greater number. Once this happens people need to choose between different 

autonomous transportation modes only.  

 

 
Figure 3.1: Sketch of framework for the experiment 1: adopting an owned or shared AV  
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3.2.1 Alternatives and attributes of the SCE 
 

The alternatives of the SCE are purchasing an autonomous vehicle or adoption of shared 

autonomous mobility. Before introducing attributes and their levels, a short note regarding 

the definition of shared autonomous mobility would seems inevitable. A membership fee 

per month is envisaged, although with levels ranging from zero (no fee) to 60 euro. 

Moreover, car sharing services combined with autonomous technology makes the system 

also quite compatible with the conventional concept of ride hailing, as the car can provide 

door to door service after dropping of the passenger. The system of the vehicle knows the 

required time to be available again. The AV can either park and wait for the customer or 

provide services to other passengers. Consequently, the service could run similar to the 

conventional car sharing or ride hailing concept.  

 

The attributes connected to AV ownership are: purchase price, depreciation and monthly 

costs. Membership fee, price per kilometer, waiting time and reliability are the attributes 

associated with shared autonomous mobility. The attributes and the attribute levels are 

displayed in table 3.1. The explanation of each attribute and the reasoning behind choosing 

the levels are described below. The number of attributes and attribute levels are important 

for the experimental design. Two and four attribute levels per attribute are used. This would 

lead to a smaller number of required profiles in the fractional factorial design, which is the 

adopted design method.   

 
Table 3.1: Attributes and attribute levels the SCE 

Attributes SCE Unit Autonomous vehicle ownership Shared autonomous mobility  

Purchase price (of current 
or future car) 

ϵ 90% / 100% / 110% / 120% - 

Depreciation costs (of the 
purchase price) 

ϵκȅŜŀǊ 5% / 10% - 

Monthly costs (of the 
current car) 

% -35% / -20% / -5% / +10% - 

Membership fee ϵκƳƻƴǘƘ - 0 / 20 / 40 / 60 

Price per kilometer ϵκƪƳ - 0,1 / 0,2 / 0,3 / 0,4 

Waiting time Minutes - 1 / 4 / 7 / 10 

Reliability 1   - 80% and 20% / 60% and 40% 

Reliability 2   - 
2 min too early and 2 min late 
/ on time and 4 minutes too 
late 

 

Purchase price:  

The purchase price of AV is often used as attribute in literature, investigating what people 

are willing to pay for an AV. In this research, the purchase price of an AV is presented to the 

respondents with a personalized value. The presented purchase price depends on the 

answer of the respondent on a previously asked question: 
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¶ If the respondent owns a car, then the respondent is asked to indicate how much 

he/she is willing to pay for a (new) car, once the current car needs to be replaced.  

¶ If the respondent does not own a car, then the respondent is asked to indicate for 

what price he/she would buy a (new) car, when a new car is needed in the upcoming 

five years.  

If the respondent answers that he/she does not want to buy a car in the given situation, 

then the purchase price of the currently owned car is used to construct the attribute levels. 

The details of this question are further elaborated in section 3.5. The value of purchase price 

is constructed by multiplying the percentages (90%, 100%, 110% and 120%) by values 

reported by the respondents.  

 

Depreciation costs:  

The attribute depreciation costs of an AV is not a typically used attribute in previous studies. 

However, the attribute might have impact on the decision to buy an AV. Depreciation costs 

refers to the annual diminishing value of the AV. The attribute levels of depreciation costs 

have been set to 5% and 10% after consultation with relevant literature (chapter 2). 10% 

depreciation costs could resemble the depreciation costs of new AVs and 5% depreciation 

costs can resemble the deprecation costs of AVs that are a few years old. The depreciation 

costs are presented to the respondent as a value. The value of the attribute purchase price 

is multiplied by one of the attribute levels of depreciation costs (5% or 10%). 

 

Monthly costs:  

Monthly costs refer to expenses such as insurance, fuel, tax and maintenance. However, it is 

assumed that many people do not know what they exactly pay per month to sustain their 

cars. Gardner & Abraham (2007) confirm this assumption. Many of their respondents do not 

know or consider all costs involved with car ownership. Therefore a percentage is shown to 

the respondents. The percentage of monthly costs is compared to the monthly cost of 

manual car ownership. Operation costs, fuel costs and insurance costs of an AV are lower 

compared to ownership of a manual car, according to previous work. The maintenance costs 

will possibly remain the same (Bösch et al. (2018). For this reason, three attribute levels 

indicate lower monthly costs (-35%, -20% and -5%) and one attribute indicates higher 

monthly costs (+10%).  

 

Membership fee: 

The membership fee is the first attribute related to shared autonomous mobility. The fee is 

the price people need to pay to use shared AVs each month. The attribute levels of the 

membership fee ƘŀǾŜ ōŜŜƴ ŎƻƴŦƛƎǳǊŜŘ ǘƻ ōŜ лΣ ϵнлΣ ϵпл ŀƴŘ ϵсл ŀŦǘŜǊ ǎŎǊŜŜƴƛƴƎ ǊŜƭŜǾŀƴǘ 

literature (chapter 2) 

 

Price per kilometer: 

Price per kilometer is the price people pay per kilometer when traveling with shared 

autonomous mobility. The attribute levels the attribute are determined according to the 
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attribute levels used in relevant literature. The attribute levels vary between ϵлΦм ǇŜǊ 

ƪƛƭƻƳŜǘŜǊ ŀƴŘ ϵлΦ4 per kilometer.   

 

Average waiting time:  

The attribute average waiting time is the average time the user needs to wait for the shared 

autonomous vehicle. Although one can argue that it is difficult to determine waiting time 

without having a specific trip and context. The counterargument would be that for a 

potential user of such service, it is important to have an idea of average waiting time before 

making any commitment by paying a membership fee. Four attribute levels are used: 1 

minute, 4 minutes, 7 minutes and 10 minutes. This attribute also appears in the stated 

adaptation choice experiment. 

 

Reliability: 

Lastly, reliability is used differently than in previous research. The attribute reliability in this 

study refers to the reliability of the waiting time. The reliability refers to the chance the 

vehicle arrives on time or not. Reliability itself is made of a combination of two attributes: 

percentage and minutes. The percentage gives the probability that the vehicle will be too 

early, too late or on time. The minutes determine how many minutes the vehicle will be too 

early, too late or on time. The following combinations of reliability 1 and 2 are possible:  

¶ 80% chance the vehicle arrives 2 minutes earlier, 20% chance the vehicle arrives 2 

minutes later. 

¶ 80% change the vehicle arrives on time, 20% change the vehicle arrives 4 minutes 

later. 

¶ 60% chance the vehicle arrives 2 minutes earlier, 40% chance the vehicle arrives 2 

minutes later. 

¶ 60% change the vehicle arrives on time, 40% change the vehicle arrives 4 minutes 

later. 

 

3.3 Stated adaptation choice experiment ς SAV, SAR vs. APT 
 

The main focus of the stated adaption experiment is to understand potential interest of 

usage of shared autonomous transportation modes. Respondents that are willing to use 

shared mobility will execute this second choice experiment. Before the SACE is tested, the 

respondents is asked whether they are current users of shared mobility or have any 

intention to use shared mobility in the future. In Addition, the system tracks their answers 

on the SCE, inspecting if the respondent chose at least once shared autonomous mobility. If 

one of these answers is positive, then the respondent proceeds with the SACE. Otherwise 

the respondent continuous with the statement questions.  

 

The stated adaptation choice experiment investigates the short-term decisions of the 

respondents. These decisions are related to one single trip. The following alternatives are 

investigated: a ride shared with strangers, a single occupancy shared AV and autonomous 

public transportation. The detailed conceptual framework is shown in figure 3.2. Socio-
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demographics, travel characteristics, attitudes, attributes and reference trips impact the 

decisions made in the SACE. While the figure 3.2 seems to have overlap with figure 3.1, the 

core difference between the figures lies in the fact that the SACE is designed and presented 

to the respondents around their reference trips. The choices of the respondents depend on 

their reference trips. Furthermore some of the attribute levels will be pivoted for each 

respondent. While pivoting attributes is more complex in nature, it guarantees the realistic 

nature of the choice tasks. 

 

 

 
Figure 3.2: Sketch of framework for the experiment 2: usage of shared mobility, with or without 
strangers during the ride  

 

The input of the SACE is determined according to the reference trips of the respondent. 

Each respondent answers questions about four trips he/she took by car or public 

ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŘǳǊƛƴƎ ΨǘƘƛǎ ǿŜŜƪ ƻǊ ƭŀǎǘ ǿŜŜƪΩΦ 5Ŝǘŀƛƭǎ ƻŦ ŜŀŎƘ ǘǊƛǇ ŀǊŜ ŀǎƪŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƎŜǘ a 

detailed overview of each reference trip. Section 3.5 provides an elaboration of the 

questions asked about the reference trips. The reason for targeting only trips conducted by 

car or public transportation is to guarantee that the distances traversed by the respondent 

make sense for using AVs. Each respondent fills in four choice tasks and each reference trip 

is connected to one choice task. The respondent is asked how he/she would travel along to 

the same route (reference trip), but then with one of the alternatives of the SACE. 

 

3.3.1 Alternatives and attributes of the SACE 
 

The choice tasks of the SACE either have two or three alternatives. The first alternative is a 

shared autonomous vehicle (SAV). This autonomous transportation mode provides shared 
































































































































































































































































































































