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Abstract

Developmens of autonomous vehicles progress fagiithin a few decades people wile
able todrive an autonomous vehicle (Af)tman, 2018)Apartfrom that, shared mobility is
evolving and the population iaterestedto useshared mobilityNazari, Noruzoliaee, &
Mohammadian2018) These developments will not only chantiee travel behavior of
individuals, but also the transportation sector as a whidlarb et al., 2018)lhis research
investigated JS 2 Lifillighass taadopt oruse different kinds of autonomous vehicles
Mid-term and shortterm decisionsre investigatedA stated choice experimer(8CE)s
used to researcimid-term decisions. fie experimentakes a look atJS 2 Lifill@deéssto
adopt an owned AV or shared autonomous mobiliBhortterm decisions are tésd with a
stated adaptation choice experiment (SACH)e choice experiment investigates pedple
interest to useadifferent types of shared autonomous transportation modeke following
alternatives are investigated: single occupancy sharedmNfiple occupancy shared
autonomous rideor autonomous public transportatioidefore answeringhe choice tasks
of the SACEthe respondents are asked tiescribe four reference tripsh€ reference trips
are used tayeneratepersonalized choice taskdot only cloice experiments are used in this
research The research also investigates attitudes, in orderasearchthe influence of
attitudes on peopl& decisions.

Both choice experimentand the attitudesare integrated in a questionnaire h&é
guestionnaire iglistributed viathe online platformLimeSurveyTheanswersof 902
respondents ar@nalyzed with a hybridhoice model. le model simultaneoug estimates
the influence of the attitudes on the decisions. The results indicate that the respondents
almog equally interested iradoption of owned AVasshared autonomous mobilityThe
attributes related to financial aspects and the attribute waiting time havet ofinfluence
on the decisions. The attitude towards sustainability positively influstieeedecision to
adopt sharedautonomous mobilityAs for shoriterm usage of AVshe respondentsare
most interested in usage of single occupancy shared AVs. Thé ¢sts and the waiting
time havea lot ofinfluence on the decisions. The attitude towasisstainability positively
influences the decision tose an AV sharedith strangers anéutonomous public
transportation.

Keywords:
Autonomous vehicle
Shared mobility
Mid-term decisions
Shortterm decisions
Hybrid choice model



summary

The trarsportation sector is changing. dements from ondocation toanotherwill be
different in the future, due to the development of autonomous vehicles and shared mobility
services. Autonomous vehicles are vehicles that enablendrivithout human intervention.
Autonomousvehicles have level five of automatidfurthermore sared economiesire
popular,and therefore the popularity of shared mobility is increasing. Both these
developmentdead tochangesn thetravel behavior of individuals. If an increasimgmber
of people is interested ishared autonomous mobility, thecar ownership will decrease.
Thiswill resultin extraspace in urban areas, becaus&ver parking places are needed
However if manypeopleuseshared mobility then it does notnecessarilyneanthat the
road capacity increaseselelopment ofAVs increasthe travel conveniencegsulting in
higherwillingness tdravelfor a longer period of time. Qy if people are willingo share
rides with others, tha road capacity can increase as well.

This research investigatédS 2 Lifillighéss to adopt and use different kinds of
autonomous vehicles, while focusihgS 2 Liin Si@t&rm and shortterm decisionsThe
adoption of autonomous vehicles refeto mid-term decisios. Bah the adoption of owed
AVs and sharedutonomousmobility are investigated. The analysis of shiemMm decisions
only investigates shared autonomous transportatrandes. Wich are:a single occupancy
ride, also shared autonomous vehicle (SAV), an autonomous ride sharestnaitgers, also
shared autonomous ride (SAR), and autonomous public transportation (AdRITF y.esearch
guestionshave beerformulated:
T2KFG NS RNAGAY3I FILOG2NER Ay LIS2L)X SQa RSOAaAizya
vehicle versus adopting steal autonomous mobility?
1 How do attitudes play a role in the choice to adopt a privately owned autonomous vehicle or
shared autonomous mobility?
1 If people are interested in shared mobility, then what are the driving factors (under which
context) to chooseetween the usage of a shared autonomous vehicle, a shared autonomous
ride or autonomous public transportation?

1 How do attitudes influence the usage of either a shared autonomous ride, a shared autonomous
vehicle or autonomous public transportation?

The frst two research question®fer to the midterm decisions. e midterm decisions are
investigatedwith a stated choice experimenti¢luding differentattributesthat belong to

the alternatives. Thattributes of the alternativeAV ownership are: purcise price,
depreciation costs and monthly costs. The value of the purchase and depreciations
costs dependnii KS NB a aisweR™g ditrib@es related tthe adoption of shared
autonomousmobility are: membership fee, price per kilometer, wagtitime and reliability.
The last two research questionsfer to the shortterm choices. fie choices are
investigated with a stated adaptation choice experiment. Before answering this choice
experiment, the respondestindicate four reference trigli I | I8sywedk or the week
0ST2NBQd ¢ K Siathe chokd tasdh TherésBonderi iS &ked how he/she would
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travel along the same ride, bthien with one of the alternativesAutonomous public
transportationdoes not have any attributes am@n onlybe choserwhen the respondent
uses public transportation during the reference trfAR and SAave similar attributes:
travel costs, waiting time, travéime and seating comfort.lHared autonomous ride has an
extra attribute, describing with how manyrangers the ride is shared. The travel costs and
the travel timeof the alternativeslependon the reference trips. These two choice
experiments, together with staments investigating attitudes and questions abeatio
demographics and travel charactdits are integrated in one questionnaire.

The questionnaire has a response rate of 902 respondents.t@migspondentghat owna
car orarewilling to buy a car in the future filled in tHf®CEThe SCE has a sataize of 822
respondents. fie responeénts willing to use shared mobility answered the choice tasks of
the SACEIn total, 765respondentdilled in the SACHhe results of bth choice

experiments are investaged with a hybrid choice modelhehybrid choice model igsed

to analyze the attudes. he model enables simultaneous estimatiortioé parameters of
the latent variables (attitudes).

A bit less than half of the respondents cho@skptionof shared autonomous mobilityl his
is surprising, becaus®t manyrespondents areurrentuseis of shared mobility. The
financial attributes have most influence on the decisions made in thelS&€&asing
purchase prices and monthly costs discourage the respondents to adopt an owned AV.
Likewise raisinghembership fees and prices per kilometaake the respondentdess
willingto choose the sharing option. Furthermore the respondents prefertwaiting
timeswhen considering@doption ofshared autonomous mobilityThe respondentthat live
in the cityare most interested imdoptionshared autonammousmobility. The respondens
that often travel bycar are mostwillingto purchase an AV. Furthermoretired
respondentsrefer adoption ofsharedautonomousmobility. Firally the respondentshat
have apositive attitude towards sustainability are masterested in adoption o$hared
autonomousmobility.

The results of the SACE show that most responder@ter usingsingle occupancy shared
AVs. Aide shared with strangers i©iasen one third of the timeAutonomous public
transportation isthe preferred alternative10% ofthe time. APT was chosen almost half of
the time, when the alternative was available in the choice tags.financial attribute haa
big influenceon the choicesincreasing tavel costs make the respondeless willing to
choo% one of thealternatives. Furthermore, lie respondents prefeshortwaiting times
and low travel timesThe respondent$avorthe business classsseating comfort level.
Moreover he respondentprefer traveling with one stranger instead ofultiple strangers.
Furthermore the respondentith alow level of educatiomre most interested in usage of
SAR and SAYespondensthat live alone or with a partner are least interested in these
alternatives Finally, therespondents witha positive attitude towads sustainability are
most willing to use a ride shared with strangers or autonomous public transportation.
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Samenvatting

Demobiliteit sector is zich het laatste decennium flink aan het door ontwikkelen.
Ontwikkelingen in autonome voertuigen en gedeedaoer veranderen verplaatsingen van
de ene locatie naar een andere loca#aitonomevoertuigenzijn voertuigen die zonder
menselijk ingrijperkunnen rijden Dez voertuigenbeschikken daarmee ovésvel vijf van
autonomie. Verder neemt dpopulariteit van deel economieéen gedeeld vervoer tae
Beide ontwikkelingen zorgen voor veranderingemneisgedrag van individuen. Autobezit zal
afnemen wanneesteeds meer mensen geinteresseerd zijn om gedeeld vervoer te
gebruken. Dt resulteertonder andere in exaruimte in de staddoordat erminder
parkeerplaatsen nodigijn. Wanneereen groot aantaimensen gedeeld vervogebruikt
betekent het niet direct dat de capaciteit van het wegennetwerk toeneemt. Autonome
voertuigen zorgen vooefficiéntreizen, hierdoo zijnmensen bereidm langeren meerte
reizen. Alleen als mensen bereid zijn om een rit te delen met anderen kan de capaciteit van
het wegennetwerk toenemen.

Tijdens it onderzoekis geanalyseerdf mensen verschillende soorten autonome
voertuigenwillen gebruiken. Hierbij ligt de focus op midden termijn en korte termijn
beslissingen. Op midden termigonderzocht of mensen een autonome auto willen kopen
of gebruik willen maken van gedeeldatonoom vervoerDe analyse van katermijn
beslissingeronderzoekt alleen gedeelde autonome voertuigen, deze bestaan uit:
individuelegedeeldeautonomerit, gedeeldeautonomerit met onbekenden en autonoom
openbaar vervoer. Vier onderzoeksvragen higrbij geformuleerd:

1 Wat zijn de belangrijke factoratie ce keuzebeinvioeden tussen het kopen van eigen autonome
auto en gebruik maken van gedeeld autonoom vervoer

1 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?

1 Alsmensemgeinteresseerd zijn in gedeeld vervoer, wat zijn dan de belangrijke facioresiie
context) om te kiezen tussen gebruik van een gedeelde autonome auto, een gedeelde autonome
rit en autonoom openbaar vervoer?

1 In welke mate spelen standpuntenresl bij de keuze tusseyebruik vareen gedeelde
autonome auto, een gedeelde autonome rit en autonoom openbaar vervoer?

De eerste twee onderzoeksvragen gaan over midden terreijizés. Bze keuzes zijn
onderzocht met eerStated Choice experiment, inclebverschillende 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 afhajkkesin een antwoord van de respondent.
De attributen gerelateerd aagebruikvan gedeeld autonoom vervoer zijn:
lidmaatschapkosten, prijs per kilometer, wachttijd en betrouwbaarheid. De laatste twee
onderzoeksvragen zijn gerelateerd aan korte termijn kesubeze keuzes worden
onderzocht met een Stated Adaptation Choice experiment. Voordat het experiment wordt
behandeld in de enquéte, wordt aan de respondenten gevraagd vier ritten te beschrijven
RST S TA2y W@2NR3IAS 6SS|U 27T eRpbndentdrbi§gevikabgd Nd& 2 2 NI
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ze zouden reizen met een van de alternatieven, afhankelijk van deutbtnoom openbaar
vervoerheeft geen attributen en kan alleen gekozen worden wanneer de respondent
openbaar vervoer gebruikt tijdens d®oraf beschrevenit. Deanderetwee alternatieven
hebben gemeenschappelijke attributen: reiskosten, reistijd, wachttijd en zitcomfort. De
autonomerit gedeeld met onbe&nden heeft een extra attribuutantal onbekenden. De
reiskosten en reistijd zijn afhankelijk vda antwardenover derit. De twee experimenten,
samen met statements gerelateerd aatandpuntenen vragen over sociaal demografische
factoren en reis gedragijn samengevoegd in een enquéte.

902 respondenten hebben gereageerd op de enquéteen respondente 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 tosaal 65
respondenten. De resultaten van beide experimenten zijn onderzocht met een Hybrid
Choice model. Het model is gebruik omsiandpuntente onderzoeken. Met het model is

het mogelijk om de parameter van geandpuntensimultaan te berekenen.

lets mnder 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 financiéle attributen hebben het meeste invlioed op dslissingen. Toenemende
aanstafen maandelijkse kosten ontmoedigen de respondenten om een autonome auto te
kopen. Stijgendddmaatschapskosten en de prijzper kilometer maken de respondenten
minder geinteresseerd 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 geinteresseerd in gedeeld autonoom vervaereg§pondenten die

vaak de auto gebruén zijnhet meest geinteresseerd in de aanschaf van een autonome
auto. Verder zijngepensioneerde respondentegeinteresseerd igebruik vargedeeld
autonoom vervoer. Tot slot zige respondenten met een positief standpumaar
duurzaamheid het meest bereid om gedeeld autonoom vervogetaruiken

Deresultaten van het Stad Adaptation Choice experiment laten zien dat de respondenten
een indivduele autonome rit prefereren.dh derdevan de respondentewil een rit

gedeeld met anderen gebruiken en 10% van de respondentenyaesautonoom

openbaar. Tevens is autonoom ofxar vervoer de helft van de tijd gekozen, wanneer
deze optie beschikbaar was. De financiéle attribthebbenveel invioed op de keuzes.
Verder hebben de respondenten een voorkeur aan korte wachttijden, korte reistijdele en
businessclase meeste meren 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 ofeheen partner zijn het minst geinteresseerd in deze
alternatieven. Tot slozijn derespondenten met een positief standpunaar duurzaamheid
het meest geinteresseerd in een rit gedeeld met onbekenden of autonoom openbaar
vervoer.
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L ist of Abbreviations

AGFI
AIC
APT
AV
AVE
BIC
CFA
CFI
CR
EFA
GFI
HCM
Km
LT
Min
NFI
PT
RMSEA
RT
SACE
SAR
SAV
SC
SCE
SEAV
ST
TLI
TT
TU/e
VDT

Adjusted goodnessf-fit statistic
Akaike Information Criterion
Autonomous public transportation
Autonomous vehicle

Average variance extracted
Bayesian information criterion
Confirmatory factor analysis
Comparative fit index

Composite reliability

Exploratory factor analysis
Goodnessof-fit statistic

Hybrid choice model

Kilometer

Longterm

Minutes

NormedHfit index

Public transportation

Root mean square error of approximation
Reference trip

Stated adaptatiorchoice experiment
Shared autonomous ride

Shared autonomous vehicle
Seating comfort

Stated choice expéanent
Hectricalshared autonomous vehicle
Shortterm

TuckerLewis index

Travel time

Eindhoven University of Technology
Vehicle distance traveled
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1. Introduction

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 horizzmgonpanied by many behavioral changes
(Litman, 2018)Autonomous vehicles enable driginvithout human interventions.hese
vehicles are robots with a high semg level of their surroundingg ettamanti, Varga, &
Szalay, 2016 AVs have level five of automatiorsothe vehicles d not need a human driver
(Kockelman et al., 2016 he development of AVs will mostdik result in extreme changes
in travel behaviorThe elimination olhumaninterventionin avehicle will change thealue

of traveling time, since the user can conduct other activities during the ride. Travel distance
will most likely increasegs well aghe number of trips. On the long term, daily travel
behavior triggers changes in work and home locations of indisdEinally, AVs have

impact on landuse development as a who(elarb et al., 2018)

Automation invehicles is not the only emerging technological development in the mobility
sector.Increasing interest in sharing economies led to the emergence of dhmobility.

The developmertof car sharing, ride hailgand ride sharing services am@ important
milestone fa mobility shifts These technological developments reduce the need for a
personally owned vehiclé service includingutonomousdriving andshared mobility has

the opportunity to make shared mobility services more reliable and flexideari,
Noruzoliaee, 8Mohammadian, 2018)

1.1 Researcproblem

The number of people and vehicles on the road networkehiayact on road congestion.
Demandfor mobility will probably increase, because it is easier to go to a destination with
an autonomous vehicle. On the otherrity autonomous vehicles reaeh traffic and are

able to connect with other (autonomolsehicles and infrastructure h&refore AVswill
createextracapacity 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 vehidlelse
elevated.Tendency to adpt sharedAVsshould be segregatefilom the willingness taadopt

a privately owned AVAdoption and usage of AVs involves two stages;terich decisions
and shortterm decisionsThe midterm decisios are decisions that influence travel
behavior for a lager period of time. Migderm choicegefer to adoption of an owned AV or
shared autonomous mobility. The shderm decisiors are daily travel decisions. The
decisions ee related tousage osharedAVs AV ownership may exacerbate the congestion
and polltion or at least not significantly reduce it. Shar®ds havehe opportunity to
diminish the negative effesiof mobility on congestion and pollution. SharAdf's decrease
the number of vehicles being usedoWever, the service might still increase theté&b
distance traveled, depending on the occupancy levels. If people are willing to share
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autonomous rides with others, then sharéd¥scan play a significant role in reducing
congestion and pollution.

The development of autonomous vehicles influeneadd shifts among people, kich on

their term highly influenceéhe impact ofAVson the road network. Foexample, citizens

that mainly use public transportatiomight adopt shared autonomouwsobility, challenging
the high expectations for a less congestetlifa cities. Howeverthose expectations will be
firmly defendableif this research shows that a great majority of the current car drivers are
interested in shared autonomous vehicles as well.

While the abovementioned criteria is wortho investigate Understanding thénfluenceof
various characteristics @&Vson the decision making process is important as well.
Furthermorethere is heterogeneity among peoflddttraction to use a certain autonomous
transportation mode. Not only social demographiaravel behavior differ per individual,
but also attitudes explain intgperson differences. It is important to forecast market share
for different kinds of AVs as realistic as possifeile taking such heterogeneitigsto
account The objective is teupport 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 researchtis predictadoption and usage of differemypes of autonomous
vehiclesdepending on miderm and shoriterm decisions. The prediction is@mpanied
with gettingknowledge of relevant attributes related to the alternativ@othtime frames
will alsobe examined according to attitudeEhe target group of this researeine people
that regulaty travel by car or public transportationsincetheseexistingtransportation
modesare easiestcomparable to autonomous vehicles.

The midterm investigation concernthe type of autonomous vehicle (owning or sharing)
people are willingo adopt. The shorterm researty accounts for understandinagf the

usage of specific typpof shared A¥: shared autonomous vehideshared autonomous
ridesand autonomous public transportatiofihe first alternative refers to single occupancy
rides andthe secondalternativeprovidesrides shared with stranger$he las@alternative
provides a ride with autonomous public transportatidra that end, the research questions
are defined as following

2 KFG NBE RNARGAY3I T st@vard atEpting a/privial8lzoniied Q &
autonomous vehicle versus adopting shared autonomous mobility?

How do attitudes play a role in the choice to adagtrivately owned autonomous
vehicleor shared autonomoumobility?
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If people are interested in shared mobilityeh 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 rideredsha
autonomous vehicler autonomous public transportatién

1.3 Research design

The research will be condwed with two choice experiment. The first experiment istated
choice experimenf{SCE)The experimenis used to investigate adoption @wned A/sand
shared autonomous mobilityA stated adaptatiorchoiceexperiment(SACH} used to
researchLJS 2 L3hdsteeém usage of shared autonomotrsnsportation modesThe
respondensindicatefour reference tripger person The answers on these tripsar
integratedin the choice tasks of the SACHhe attitudes will be tested with multiple
statements related to theeattitudes. The experiments and statements amgegrated in a
guestionnaire, togther with questions about socidemograghics and travel ciracteristics
After data collectionthe choicesand the attitudes aranalyzed with a hybrid choice model
(HCM) This modeénalyzes the choicesf the experiments. ThelCMalsoenables
simultaneousestimation ofthe influenceof the attitudes on the dersions

The conceptudirameworksof both expemments are displayed in figure 1.1 and .1Sbcie
demographics and traveharacteristicsnfluencethe attitudes, as well a®n the choices
made in the experimerst Moreover, he attitudesand attributesinfluencethe choices of
both experimentsBoth frameworks look similarh€ difference betweetthe modelslies in
the fact that the second choice experiment is designed and presented atbend
NEALRYRSY(aQ NISHeSnNBs6iGHe respdidididindhe SACHePehdoi
the reference trifs.

Midterm:
Owning an AV

= Vs @j

Shared AV mobility

Figurel.l: @nceptual model 1 adoptingan owned AV oa shared AV
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Short - term:

6 - @& v O

Shared autonomous vehicle
Shared autonomous ride
Autonomous public transportation

Figurel.2: Conceptual model 2 usage of a shared autonwus vehicleshared autonomous rider
autonomous public transportation

1.4 Readingyuide

The outline of the thbsis is structured as follow§hischapter brieflyexplainsthe research
including the research problem, questioaisd designThe thesis contues with the
literature review. hsighsinto the implementatiorandthe potential of AVsare explained
Researchsimilarto this researchs describedas well The literature review ends with
information abouttravel behaviorChapter 3 explainthe design of botlthoice
experiments The chapter also describes the questionna@@aapter 4 describes the pilot
study,the data gatheringorocessandthe datacleaning process.hE chapterends with
exploratory analysis of the soctemographics, travel characteristics and reference trips.
Chapter5 describeghe analysis of the attitudegontinues with background information of
hybrid choice modelandpresentsthe final resilts of the tybrid choice models. The thesis
ends with theconclusion of the researcifheconclusion also consists sgientific and
societal relevancehe limitations of this research and recommendations for future
research.
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2 | iterature review

This literature review investigates future mobility usage, and poét adoption and usage
of autonomous vehicles (AVs). Section 2.1 explampéementation of AVsThe potential of
AVs and shared mobility is explained in secdh Previous studies into adoption and
usage of A¥ are described in section 2.3sAmmaryof these studies is shown in appendix
A. The chaptecontinueswith a description of attitudes and personalitj@ghich have
influenceon mobility behavior (section 2.4T.he literature review ends with a conclusion.

2.1lmplementation of AVs

The role & future mobility on travel behavior is unknownntkrtainties in future travel

patterns, infrastructure planning, parking, and public tramsation need to be unfold

(Litman, 2018)Car manufacturers, ride hailing compani&sd technology companseare
investing in automation of mobility. Developments in the technology of AVs are progressing
quickly, lecause of competitiobbetween companiegJohnson &Valker, 2016)Many

experts try to predict technology availability A%¥sand adoptionof AVsby potential users
Adoptionof AVsin the global market is expected to happen between 2030 artD26ven

though the technology will bearlieravailable. High adoption levsbf autonomous vehicles

will changethe transportation secto(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 isshasprolongthe implementation of AVs. If

AV technology develops fast and national regulations approvenfdmentation then AVs

will be implemented sooywith apotential market penetratiorrate of 10% in 2025 in the

US market. If technology developmeiatisd regulation progress slowlghen it will take a

while before AVs will be implementédohnson &Valker, 2016)The implementation

process of AVs depends government regulations, but also on financial help of
governments. Help from the government tsato faster adoption of semi and fully
autonomous vehiclegviereckl et al., 2015)

AVs will be implemented between 2025 and 2045 in the Netherlands. The timing depends
mostly onpolicies and technology. The execution of policies related toadvdshe

development of AV technologies influence the transformation from manual driving to
autonomous driving. Howevea lotis uncertain about the developments of these aspects.

A few years ago (2015he Dutch government revealed havingasitive attitude tavards
devebpments of autonomous vehicles. This attitud#l boost the development of AVs in

the Netherlands. Furthermore, the Netherlands has a dense and easily accessible highway
network, which has bih positive and negative effecin AV implementationAVs will first

be applied on the highway network. AVs can easily be implemented on the Dutch highway
network, because the network is easdlgcessible. The negative side effect of the dense
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highway network is the coniexity of the highway system. The neivk has many ramps
and is a busy networfMilakiset al.,2017)

Even though the predictions are optimistic, reason exists to question the predictions.
Implementation of new technologies is compleand many obstacles and financial issues
need to be taka into account. Many technical complications of AVs still need to be solved
to implement AVs on the road netwo(fkitman, 2018)It is fundamental to develop save

and reliable AV technologieAVs will not be operating untihe vehicles are safe and
reliable. Developmenof this technology is complex, certainly by taking the changing
environment and weather complications into acco@Anderson et al., 2016Dperation
duringheavy weather should be safe, however the currBntechnologies do not have a
solution for heavy weather situatior(titman, 2018)

2.2 The potential of AVs and shared mobility

2.2.1 Alternativetransportation modeaisage

AV ownership will be lowt the start of the implemerdtion stage of AVslue to high
purchasing costs of AVs. Therefore, AVs havegpertunity to become part o$haring
services. Since future users are not able to afford an AV etthey will be able to adopt
shared autonomousnobility (Bansal &aziamw, 2018)

AV development will probably influence modal shifts from public transportation to shared
autonomousmobility (Levin &oyles, 2015)Autonomous vehicles can be viewed as
alternative for public transportatiopand these transportation modes céecome
competitors. Shared AV services are sgbeoyide extra productivity and enabtoor to

door servica. Public transportation usage will decrease due to the advantages of shared
autonomous mobilitZmud, Sener, & Wagner, 2016)itiallyusage oshared autonomous
mobility will be expensive for public transportation users. The gebetween the initiation

of Ak (wih low numbers of users) and AWecoming available for the general public is an
important moment for transportation planners. Demarat public transportatiorwill start
slowly decreasing durinpis period(Levin &oyles, 2015)

Demand for public transportation will decrease féise moment A¥ become affordable for

the general publi¢Levin &oyles, 2015)Shared autonomousobility 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 t@cownership(Krueger, Rashidi& Rose, 2016)

Cities with efficient public transportation, like bus rapid transit systems or sufficient metro
systems, will encounters less modal shifteesepublic transportation systems have

potential to becomefasterthan AVs, due to congestion on the ro@aevin &Boyles, 2015)
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Car ownership idecreasing. & ownership has proven to encounter congestion, high costs
and, irconvenience. Which resulis reduced quality of lifewhen often using a manual car
(Webb, Wison, & 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 sharifiounce & Nelson, 2019Ride hailing servicdgmve already
proven to decrease car ownershiiieeney T. , 2017Automation in vehiclesral

develgments in sharing serviceseate efficient sharedutonomoustransportation
servicefWebb, Wilson& Kularatne, 2019High aloption of shared AV services lead to less
vehicles being used at the same time. This cause will reduce congestion, becanse a

only used 10% of the timeowadayqSpieser et al2014)

Shared autonomous mobility is convenienheTAV picks up andividual, drops the
individual at the desired locatigand drives to the next customeNo human intervention is
needed for these service€urrent taxi ompanies, ride sharing servicasd ride hailing
companies are expected to change their businessgda are toinvest in low cost mobility
on demand services. Success of the sharing services would depend on the efficacy. A
successful system triggepeople to shift from caand public trasportation usage to shared
autonomousmobility. The fleet sizefa sharing service together with the number of users
affect the efficiency of the service. Many vehicles in the fleet and many userstheost
efficiencyof the sharing serviceHigh efficiency will convince people to switch from their
currently ugd trarsportation to a shared autonomounsobility. This development will
change transportation in general and the automotive industry as a wiBdenhart, 2014)

Furthermore, the develpment of ride hailing servicdmve fastforwarded developments in
autonomous vehiclesslobalurbanization of cities and the current most dominantly used
transportation mode, thecar, make ride hailing services succes&fak. usage within the city
leads to many problems, like parking scarcity and cetige. Which makes public
transportation an interesting alternative in some cit{@han, 2017)Sich acity requires a
reliable and accessible public transportation netwdfkhe city does not have an efficient
public transprtation systemthen car usage is dominaijKrueger, Rashidg Rose, 2016)
On demand mobility provides personalized rides, so the serlieebetween car and public
transportation usageThe service is more efficient than bad public transportatiosoime
cities(Chan, 2017and isa suitablealternativefor car ownershigHaboucha, Ishad&
Shiftan, 2017)

Shared vehicles can be used by one individual or pedreaame time. Ke hailing has
the potential to transporimultiple strangers witlan origin anda destination in close
proximity (Bansal &aziano, 2018Public agencies have triéd increasethe popularity
and usage of rides shared with otheHigh occupancy rates of cars redwmngestion and
preserve fossifuels. The convenience of ride sharing increases due to technology
developments. These technology developments igsdtime matching mechanisms of
drivers and passengera/hich increases occupancy ratesvieri & Bhat, 2019)berPool is
one of such ride sharing services, UberPool provides a car pool sditveservice provides
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lower pricesalbeit extra traveling time. UberPool is akso interesting alternative ofyblic
transportation. In generalisage otUberPool savetime and moneycompared to public
transportation usagéSchwieterman & Smith, 2018echnologiesenablingefficient use of
pooled rideddid nothelp toincreasevehicle occupancy rates in the UvBhile multiple
occupancyides play a crucial role iredreasingongestionLavieri & Bhat, 2019)

Sharing a ride with strangeesicounters some challengers, both for the driver and
passengers. Concerns are related to privacy, trust and safety issues. Another threat for ride
shaing is the extra time nased to pick up other passengepsia et al., 2019)he

individuals willing to share a ride with others need to make a tradeoff between travel times,
travel costs and the privacy of a ridéme is the most important factonfluencingusage of

a ride shared with others. People do not like the waitingegnmvolved with pooling.hE
useralsocannot make last minute changesen sharing a ride with other3he current
technologies can minimalize thiene troubles of a ride sharedvith strangersbut still travel

times can banunreliable.There is another obstacle &hare a ride with strangers, which

LJS 2 Lattifudedowards ride sharingunknown cetravelers make people uncomfortable.
People want personal space add not want to have social astacts during the ride.

Potential users mighdistrust the cetravelers or have other concermslated to privacy.
Socio-demographics of the unknown dcavelersalsomake people hesitant to usshared

rides, especially socidemographes related to income, ethnicity and gend&mme and cost
saving policiepromoteride sharingwhichpositively influence peop2d ¢ A ftdshafedy S & a
aride with others. Automation in vehicles might make a ride shared with strangers more
appealing, becasecosts of a ridean be mitigatedLavieri & Bhat, 2019)

2.2.2Value of travel timavith AVs

The value of travel time i®lated to the costs of the time people spend in a vehicle. Thus if
a person travels for a long ped of time, then the person cannot use the time for another
purpose, which costs moneYalue of travel time is often used in choice models to compare
travel costs and travel tim@Athira et al., 2016)The driver needs to pay attention on the
road duringa manual ride. Usageutonomous vehicle changes the situationh& driver
becomes the passenger and can conduct other activities during the ride. The valaeedf tr
time decrease$Cyganski, 2016¢onsequently theravel time, length of trips anthe

number of trips will increaséHeinrichs & Cyganski, 2013he implementation of AVs
changes the threshold of travel timeutkre users are willing to travel for a longer period of
time. The camight even becomeart of the livingenvironment of the indindual. Therefore,
automation of vehicles highly influences the transformationfektyles(Begg, 2014)

The value of travel time of a passengecisrently20% higherthan the vale of travel time
for the driver. he passager does not need to pay attentian the road The
implementation of AVs make all drivers becoming passengers, so value of travel time
decrease4CPB & PBL, 2019)he 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, 2018nother study shows that only one third of its panel
would do an activity during an autonomous ridgowever prediction oftime usage during a
ride with an AV is difficulsince AVs are not implemented y&yganskj 2016)

The \alue of travel time does not only depend on the time and costs of a trip, but also on
the level of comfort. The valuaf travel timechanged when new techmhagieswere
introduced, like the smartphone and laptop. People able taspend time more fruitful

due tothesenew technologiesAs a conclusion, tiie comfort leveincreasesthen the

value of travel time decreas€¢kouwenhoven & de Jong, 2018)

2.2.3 Capacity

Demandfor mobility depends on the road structure itself. If the road capacity increases,
traveltime and congestion decreases. Which |leammore demand for transportation.
When the road network increases the vehiclstdnce traveled (VDTaises as welln
general, when the road space increadsy 1%, the VDT increases b§406.Road capacity
increases due to AVs, resulting in more demand for transportdfagnant & Kockelman,
2015)

AVs increase the efficiency of the transportationtwerk, resulting in less congestion. An
AV can communicate with other vehicles and the infrastructure systes@i$é. Therefore,
distances between vehicles can be reduced and platoons can be foresedting inextra
road capacity (Fagnant & Kockelmanl2)) Extra road capacity can only occur with high
penetration rates of AVs or with canavingat least cooperative adaptive cruise control
(Shladover, S& Lu, 2012)The benefits of AVs on road capadiiffer per road network
type. AVs are most effiae on highways, sA&Vs have most impace on road capacity of high
ways AVs have moderate influence on tbapacity of urban environmen{$/ilakis et al.
2017) The opportunityof AVs to platoon andrive smoothly (less accelerating and
decelerating) leadwo efficient fuel usage. On the other hand, more space on the road
results in extra road users. Which increa$esl usageTherefore the effect of AVs on the
environment depends on demand for mobilfywadud, MacKenzie, Leiby, 2016)

2.2.4 Activity travée pattern

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

and familiesAy Wl dzi2y 2 Y2 dzA4 @S K A ®ds previded @ltheFespandeiits O K | dzF
for one week. Tis week is compared to the week before the Adswrovided and the week

afterwards. Millennials, families and retirees awgandusing acar were asked to attend

GKS SELISNAYSYylGod ¢KS OSKAOEtS RAaAGEYOS (NI @St S
increased by 83%f which21% were zeraccupancykilometers. The respondents changed

their behavior when the AV was available. They conducted longer and moreMogty

the retirees conducted more and longer trigss conclusiornthe annual distance traveled

and travel behavior will transform due sutonomous vehicledHarb et al., 2018)
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Fagnant and Kockelman (2014) conducted a simulation to investigate the efficiency of
shared autmomous vehicles in cities. 115834 of the vehicles sshared AV, then the average
waiting time is 20 seconds. In@itdon, 10 manual cars can be replaced by one shared AV.
However the transformation would lead to an increasing VD Tsers are located in close
proximity and the penetration rate of shared AVs is hitjen the VDT can be diminished
(Fagnant & Kockelnma 2014) TIF (2014) didlsoa research to investigate the efficiency of
shared AVs. The transportation network becomesre efficient when using shared AVs,
especially when public transportation is sufficient. The number of ownedcearbe
diminishedwhile remaining the sufficierttansportationnetwork. Howeverthe VD Twill
increase, because of repositioning of shared AV, 2014)Spieser et al. (2014) researched
the effect on the road networkby replacingll persomally owned vehicles by shared AVs.
The transportation demandanbe met with one third of the currently used vehicles.
However, decreasingumberof vehicles does ngirovidea sustainable road structure,
since all vehicleseed tomakezerooccupancy kilmeters(Spieser et al., 2014pynamic

ride sharing can be defined as a systenaaging shared autonomous rides. The rides are
arranged according to matching paths of individuals. Waiting times, traveling times, and
costs can be optimizedith this systemThe service provides efficient rides. However, the
VDT raisesdue to zereoccupancy kilometers. The number of users of ride sha@ngices
should increasgas well as flexibility of individualis, orderto reduce VDTFagnant &
Kockelman, 2016 ADutch simulation is conducted to investigate AV adoption in the
NetherlandsIf AVs become availablthen usage of active transportation modes drops, car
ownership declines, and usage of public transportation decreases. VQfieandurs spend
in traffic wil increase due to shared AVs. Which resuhsncreasingoad pressure

(Bergveld et al. 2018Yero-occupancy rides Wibecome normal in daily life after
implementation of AVs. Zeroccupancy rides are made to search for a parking spot, run
errands orpickup the next customerSometimes it mighéven be cheaper to let the car
drive around, than parking the car at a parking sp@hich resultsn more congestion
(Litman, 2018)

2.3 Adoptionand usagef 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. Thedbelped curve is divided

into 5 adoption categoriegontainingpotential customes of an innovation. The model

starts with a small percentage of innovators &%). ie innovatorsare the first customers.
Thisgroup is enthusiastic aboattechnology and risks investing in a certain technology.

Early adopters (1%%) arethe early adopers of a product, but are less willing to rigle

failures ofatechnology The early majority (34%) are still relatively early in the adoption
process, but are moreealistic towards innovationg.his grougdirst wantsto observe the
usefulnesf the product. The late majority (34%) is pessimistic towards adoatimgw
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technology Finally, thdaggards (16%) are not willing to adopt new technologies and are
skeptical towards new technological produ¢iijssen, 2014)

Adoption of a new technology demds on the technology itself and the personality of the
adopters(Gkartzonikas & Gkritza, 201®%doption ofan autonomous vehie works

different than adoption offor examplea phone or camera. Due to the fact that adoption of
AVs will change the traveehavior of individualdn addition purchasingn AV is a large
acquisition. Thereforegpenetration of AV in the mobility market will take more time than
adoption of other technologief.itman, 2018)However, nowadays cushers rapidly adopt
new technologies, compared to adoptiohtechnologiesa few decades ago. For example,
50% of the people adopted the telephone in a few decadd®greass0% adoption of the
mobile phone took only five yeatMcGrath, 2013)

Adoptionand usage of Adependon theacceptanceof the potential usersAcceptance of
AVsdepends on theperception onthe utility and usefulness of AVFurthermore,
acceptancalependson satisfaction of AV&Vsincrease comforbf the individual{Martens
et al., 2011)Autonomous vehicles are stitl the development stage, ardviliansare still
unaware ofdetailedfunctionalities of AVs. These uncertainties influence the prediction of
acceptance of A3(Cyganski, Fraedrich, Le@915) Acceptance of autonomous vehicles
will influence the adoption of such vehicléscreasingisage of AVs will lead to more
autonomous vehicles on the road, allegedly safer roads and cleaner Witiegsh o their

turn can lead to even more demand fautonomous vehicle&Zmud, Sener, & Wagner,
2016)

Car manufactures claim that autonomous vehiclesaalet safer, since traffic accidents
caused by human errors can be mitigafg&itman, 2018)90% of all crashes are caudad
human failure(Habouchalshaq &Shiftan, 2017)Other advantages of AVs are: lower
emissiors and efficient fuel consumptidiGkartzonikas & Gkritza, 2018urthermore
usefulness, comfort, safety and practicality are positive aspects of AVs acctarding
potential usergCyganski, Fraedrich, Lenz, 20Mhile autonomousehicles have many
benefits,acceptance to use such vehicles is quasible, nainly due to concerns about:
liability, hacking, misuse, safefinancial issuegKyriakidis, Happee, & Wter, 2015)
equipment failure(Bansal & Kockelman, 201&}hicalissues privacy and technological
dependencyGkartzonikas & Gkritza, 2019)

2.3.2 Adoption of AVs

A lot ofresearch is conducted to investigate and predict the adoption of new techresp
such as automation in vehicles, shared mobility and a combination of both. The results of
these investigations predict the effect of AMs the transportation network. This section
describes different researches into adoptionffs. More specificall most of these
researches use choice experiments to investigate adoption of owned AVs, shared AVs or
manual cars. Adoption of AVs re$¢éo mid-term decisions, since people will use a certain
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mode for a longer period of tim& summary of the researel describedin this section is
shown in appendix A.

2.3.2.1 Costs of autonomous vehicles

Usage of certain transportation modaighlydependson the transportation costs (Bdsch
et al., 2018)The costs ofisage ofan autonomous transportation mode heavdgpendson
the type ofmode. The mode can bepaivately ownedAVor a shared mobility systenihe
ride canalsobe shared with others, which decreases the coste first generation
purchased AVwill be used byhe higher income classe®wnership ofan AV becomes
affordable for the middle ad lower classeafter some decades.hE exact pices of AV
usage are uncertai(Litman, 2018)Autonomoustaxi servicesvill be a lotcheger than
manual taxi services, because the autarous taxi does not need a human driver. Manual
public transportation will become a competitor tife autonomous taxi,isce manual public
transportation is expected to beheaper than autonomous tax{geeney, 2017).

BoOsch et al. (2018) explored pricé#ferentiations between manual aniével five

autonomous vehiclewith comprehensive bottorup calculationsThe cost$o own a
vehicledependson fixed costs, like acquiring costs, and variable costs, like maintenance,
insurance, cleaning, and fuel cogtsve 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 twts these conclusions. Shared autonomaesvices do not need a
driver. Which decreases thests for shared services, especially when the ricdhésed

with strangers Autonomous rides shared with others are potentially the biggest competitor
with manual pubit transportation. Public transportation should become innovative and
autonomous, to have a chance to compete with the shared AV seragsermore AV
ownershipentails high acquiring costs than manual cars. Howevwgormmous vehicles

drive more balaced, so the fuel cost will decrealsg assumingly 10%ccident rates will
decrease, since AVs drive more safely. Therefoseirance costs will decrease as well.
However the reaction ofinsurance business on the implementation of autonomous vehicles
isuncertain. Which results ismall cost differences between manual cars and AVs. Finally,
the depreciation costs of AVs are expected to be 10% of the purchasespoheyeakBésch

et al., 2018).

Bansal and Kockelman (2015) carried out a survey to ikv@dt G S LIS2 LJX SQa 2 LAY A
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 sassed. Ithe lewel of automation raiseghen the accepted

purchase pricencreases as wellh€ influence otosts on the adoption of shared

autonomousmobility was assesseab well Only small number of particip&is willing to

adopt shared autonomousnobility, if the price would be $1 per mile. Autonomous vehicles
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are not implemented yetsopossibly the above presented results will change rapidly during
the implementation period of AV®. Bansal, K. Kockelman, 2015)

The dataset of theesearch of Bansal and Kockelman (20483 combined with an US
survey.Theanalysis used multinomial logit model as methodology. The research
investigates adoption rates and accepted purchase prices of AVs. More than half of the
panel is nowillingto pay for level 3 automation or higher. A Monte Carlo simulation was
used toinvestigateadoption rates under different circumstancégultiple purchase prices

of level four autonomous vehicles were testiacthe simulation. Miltiple scenarios of

people wilingness to pay for automatiowere alsoadded. Lower purchase prices,

knowledge about AVs and adoption by acquaintances lead to higher adoption rates of AVs
(Kockelman et al., 2016)

Costsof autonomous vehicles highly influence the decision to bup¥nDaziano et al.

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

gAGK I+ RAAONBGS OK20deaSi 2YY2AR SSR i yI- G f GdSRVIYE 30 AUgjSdzl |- &
of the attributes were estimated according tbe income of he householdsnl order to
calculatepersonalizegrice threshold. This reasoningrovidesa legitimate price to the
panel.Dataanalysianethodwas a conditional logit model. Most of the respondent are not

willing topay for automationHowever the decsions in the discrete choice model are
theoretical,soreal lifedecisiors might differ(Daziano, Sarrias, & Leard, 2Q17)

2.3.2.2AV ownership vs. manual vehicle adoption

Schoettle and Sivak (2015) carried out a research investigatinguosgptanceand

adoption of AVs. The research useguestionnaire, 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 arais
autonomous vehicl¢Schoettle &Sivak, 2015)Another research by Schoettle and Sivak
(2014) compares AV adoption in theS)JU.K and Australiavith a questonnaire.
Exploratoryanalysis is the methodolodgr the study A bit more than half of thegmel is
interested in AV adoption. The respondents from th& Were moie likely to have heard
from AVs. The respondents for the Uage also morepositive towards the technology in
comparisonto respondents fronthe U.K and AustraligSchoettle &Sivak 2014)

Kyriakidis et al (2015) researched future adoption of AVs with a questioniidies
guestionnaire had a response rate500 respondents living in various countries.
Descriptive statistics and spearman correlation coeffigevdre estimatedo compare the
sociademographics and traveling characteristadghe individuals Manual driving is still

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

with an AV. A small share of the panelifling to pay moe than $30.000 for full

autonomous vehicledn addition, a lot of respondents are against fully autonomous driving,
and prefer semautonomous vehicles and manual vehicles. Respondents from developed
countries are more concerned about data transmnidf isues, tha respondents from
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developing counties.hese results do not guarantee actual travel behavyigriakidis,
Happee &de Winter, 2015)

Zmudet al.(2016) carried out a quantitative survey and qualitative interg@wAustin in
2015 The aim wasnediction ofadoption of autonomous vehicleBxploratory analysis
were applied to validate the resultd der the resultswere modeled with the CAMPO travel
RSYFYR F2NBOlFad Y2RSf vandKSS @ KI2id BA LizRS t Nl IRG $
adoption. Halof the respondentsvasnot likely to adopt AV,sand the other halivas
slightly interestedn AV adoption The attitudetowardstechnology adoption anthe

attitude towardsperception of privacy andafety are most influentialAustin is aar
oriented city. Thereforeonly a fourth of the respondernwastempted to useshared
autonomousmobility. The main limitation ofhis research is the sample siaghich is quite
small In addition, titure research shouldlso investigatgolicyrelated questionsin order

to predicttravel behavior(Zmud, Sener, & Wagner, 2016)

Kodnig and Neumayr (2017) examined the attitudes, advantages and barriers connected to
adoption of AVsThe datavasgatheredwith a questionn&e. Multiple statements were
examined on a five ahsixpoint Likert scale. The data was analyzed with an exploratory
analysis. Overall the respondemt®re positive towards AV adoptioAlthoughthe

respondents would be comfortableevery AVhasa feature enabling the useto regain

manual control ovethe car. Auture viewpointwas formulatedin the study therefore the
outcomesof the studycould be biased(Ko6nig & Neumayr, 2017)

Shabanpour et al. (2018) examihie influence ofvarious attributesof AVson B 2 LJt S Q&
willingness to adopt an A¥Adecisionmodelwasused. Tie modelwasdivided in two parts.
Hrst respondents weraskedwhichattributes aremost and least attractive. Latghe
willingness to purchasan AWvith corresponding attributesvastested Thefirst partis a
bestworst choce experimentwhich isanalyzed with a multinomial logit modeh&second
part containsa binary choice modellhe model is examined with a binary logit formulation.
Data was gatheredia an online platform in Chicago in 20I®e study found thathe
purchasing price and policy implicatiofisbility for crashes and exclusive lane for A¥s?
the mostattractive attributes andhave most influence on theéecision topurchasean AV.
Future researchshould include other attributedike taxprices and cogestion charges
(Shabanpour et al., 2018)

2.3.2.3AV ownership, shared Adoption vsmanual vehicle adoption

Cyganski et al. (2014) compared the currently used transportatioge with fully
autonomous vehicles @hpartial autonomous vehicles.questionnairewasapplied to
gather data. Foualternativeswere tested: the highway pilot feature, the valet parking
feature,fully AVs and an on demand AV service. The @atscrutinized withexploratory
gualitative and quantitative analysé€yganski, 2I6). In general, the respondengse not
enthusiastic abouautonomous vehicle. nly half of therespondentsvould maybe
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consider replacing their current transportation mode by a fully or partia{@yganski,
Fraedrich, Lenz, 20155ully autonomous vetles are the most attractivalternative.
Shared AVs aréhe least populaalternative(Fraedrich & Lenz, 2016)heinfluential
attitudes are: enjoynent ofdriving andpeopleQ inagination towards AV usagEleinrichs &
Cyganski, 2015The research alsmacluded thatusage of norautonomous transportation
modes woulddecreasevhen AVs aremplemented.The researchanalyzes future
situation, butAVs are not yet realityOpinions and attitudes might change once AVs are
implemented(Cyganski, Fraedrich,nz 2015)

Haboucha et al. (A¥) compared user preferences fible manualcar,a personaly owned
AVs andshared autonomousnobility. The preferencewere analyzed with a stated
preference experimentThis research usébe answers of the respondents determine the
values of the attributes. The respondents indicated the purchase price of their car, trip
costs and parking cost§hese answers are used to determine the values of the attributes.
The answer of the respondents is multiplied by the perega of the attribute levelin
order to get thefinal value of the attributesRandom utility modelsvere used to analyze
the data. A nested structur@asapplied to analyze theatent variable. ater, a Logit Kernel
modelwasusedto test correlations. fie panel isoverallhesitantto use AVsUsage of
shared autonomousobility is the least populaalternative mostly among noipublic
transportation userslf sharedautonomousmobility would becompletely freethen only
75% of the panel would use a shdmnmode The most influential attitudes atée attitude
toward technology and enjoyment dfiving Anew simplified technlmgy is presented in
the survey. Aypothetical situatioris provided, whicltould biaghe results(Haboucha,
Ishag,& Shiftan, 201Y.

Lavieri et al. (2017) researchedS 2 Lifillfghass to adopAVs. Tiree alternatives are
explored non auonomous modes, AV ownershigharedautonomousmobility and a
combination of A\bwnershipandusage oshared autonomous mobilityThechoices vere
studied in connection with latent variablethe latent variables are the attitudes of the
respondents The atitudes are: safety concerns towardd/s, sustainably concerns, shared
mobility affection and technology enthusiasm. A dataset from a travelesy gathered in
Puget Sound region (state of WashingtorR)dvasused to perform the analysi$he
choicesare exploredwith astated choice experimenf generalized heterogeneous data
modelapproachwasused to analyze the dataess than a thirdf the paneldesires
adoption ofan AV Theparticipantswith affection towards sustainability and technology are
most interested irsharedautonomous mobilityadoption(Lavieri et al.2017)

Kolaroveet al. (2018) carried out a research estimating prefees for various
transportation modesThe studyinvestigatego what extend transportation behavior
dependson the value of travel time. uestionnairewasdistributed in Germany in 2017.
The questionnaire contains a revealed and stated preference erpati The revealed
preferences experimernivestigateshe currentmobility behaviorresulting inreference
trips. The &ated preferenceexperimentisdivided into two parts. The firgiart compares
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non-autonomous transportatiommodes: waking, cycling, casage and public
transportation usage. The secoedperimentexplores AV preferense Gr usagevas
replaced by grivately owned AV and shareditonomousmobility in the second
experiment A Bayesian efficient desigmascreated strengtheninghe effiaency of both
experiments The data from the questionnairgasanalyzed with a multinmial logistic
regression model. Value of travel time beconbester when the AV is the transportation
modeinstead of the carfFurthermore the respondentgprefer an ownel AV oveshared
autonomousmobility (Kolarova et al., 2018Future research shoulanalyze whether
people are willing to share a ride with othdfSteck et al., 2018)

The aim of the research of Pakusch et al. (2@d.8)vestigation opreferences fomanual
and autonomous transportation modes. An online surwagdistributedacross Germany. A
complete paireccomparisonwasconducted Firstmanualmodeswere tested which are
car ownership, car sharing and public transportation. Laetonomous tansportation
modeswere added to the experimentwhich were autonomous car and shared
autonomousmobility. Two alternatives were displayed each choice set. The respondent
choossthe preferred option. e alternativeswere ranked according to thehoies of the
respondentsA BradleyTerryLuce modeWwasapplied to scale the values of the ranks,

the results are utility scale values. Timanual ownecdtar is the preferred modédollowed by
the autonomous carthen followedby publictransportation shaed autonomousnobility
andfinally car sharing. Publitansportation loses most users. The respondemsit to use
shared mobilityinstead However autonomous public transportatiowas not addedn the
study. This alternative could make a differencetire choices of the respondengndin the
results(Pakusch et al., 2018)

The attitude influencing adoption giersonal owned AVs and sharadtonomousmobility
was investigated by Pettigrew et al. (201B)order to define segments of AV adoptjon
which representthe population. An online survey was spread among Australians, including
socicdemographics, travel information and attitudes corresponding to AV adoption. A
latent profile analysis used to divide the respondents among classes. Attitudegjonten
and AV knowledge are uséal categorize the respondentSeverdifferent class solutions
were analyzed according to the maximum likelihood estimator. The highest entropy was
assigned to the best fitting modeihich is a model witfive classes. Late oneway

ANOVA test and a chguare test was used to estimate the results. The classes vary from
non AV adopters to early AV adopters. In general, the respondentsféaMaowledge

about AVs and willingess to adopAVsis moderate. Surprisingte shared AV option is
slightly more popular than AV ownersHipettigrew, Dana, & Norman, 2019)

The tradeoff betweenmanual caiandelectricalshared AV (SEAWasinvestigated by
Webb et al(2019). Two questionnairegere distributed among the samgetrespondents
In order to investigate changing opinions towards autonomous vehithe first survey
containedgeneral informatiorabout SEAVs. The second survey waeiaetly the same,
but containedextra information abouSEAV,sincluding the benefitef SEAV.9eople living

32



within a 20 kilometedistanceto Brisbane city centewere target groupTheresearched
alternativesare:50% usage of a SEAV and 50% usagenaihaal car, 80%sage of SEAV
and20%by manual car, and the daily used transpogatmode. The resultwere estimated
by a multinomial logit modellhe respondentare attached to theiprivately ownedcars,
but acknowledge the negative effects of car ownership. Half of the respondeniting to
adopt SEAV. Cogtslated to the alteénatives have most influence on théecisiors. The
differences betweenthe results ofquestionnaires is most significant anmgppublic
transportation users. feseusersare more willing to use shared AVs after getting additional
informationin the second gestionnaire. Future researciguldanalyzeage, gender and
families with childrenn moredetail (Webb, Wilson, Kularatne, 2019)

Stoiber et al. (2019pvestigated JS 2 LI SQa ¢Afft Ay3IySaa an@ dzaS RA-
and shortterm AVadoption isresearchedShortterm decisionsgefer to daily choices
betweentransportationmodes.Longterm decisionsarerelatedthe intentionto purchase a
vehicleor subscribe foeither shared mobility or public transportatiohess car ownership
and more shared wbility usage would be a preferred future scenaribeSwiss household
energy demand survegontained a choice experiment, which teét¥ preferences. Both
short- and longterm decisios were tested. Manual vehiclesvere not included, sincéhese
vehiclesare not viewed asehicles that will be adopted in the futuréhree alternativesare
presented ineach choice sah both time framesThe respondents indicate their preference
on a fve point Likert scaleOne or two attributesre assigned to thalternatives differing

per choice set. The attribute levedsere formulated in such wapromotingshared
autonomousmobility. The shorterm choice experiment exists of a privately owned AV, an
autonomous ridgthe ride isasingle occupncy ridein some choie setg, and autonomous
shuttle/train. The alternatives of the loAgrm decisions areowning anAV,membership

for shared autonomous ridgand membership formutonomous publi¢gransportation The
survey also tested attitude related to autonomous tramglandattitude towardssharing a
ride/vehicle.Ageneralized estimation equation ordinlagistic model was used analyze
the responsesThe respondents gradetthe sharingoption higher than AV ownership.
Willingness to adopshared autonomousobility increaseswhen the attributes related to
sharing are attractiveThe attributes of shared autonomoumsobility are formulated quite
positive therefore actual behavior might diffefStoiber et al., 2019 he research of Stoiber
et al. (2019) is also reladeshort-term usageof AVs, wich is explained in section 233

The world economic forum (2018) conducted a research to give bawkdrknowledge to
policy makergor development of future mobility networks. Respondents from multiple
cities around the wdd 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 conducéedong respondents from Bostom |

order to investigate transportation mode usage during different circumstances. Multiple
alternatives are investigated; public transportation, personal owned vehicles (mandial an
autonomous) and shared mobility (taxi/ride haling, SAV,. 8Alker car or van)One third of
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the respondents fronBoston are willig to use shared mobility h€ maprity is interested in
shared autonomousobility. Shared autonomous modesill recuse uage of public
transportation and vehicle ownersh{Vorld Economic Forum, 2018)his research is also
related to shortterm usaye of AVs, which mxplained in section 2.3.

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

in adoption ofa personally owned\V or of shared autonomoumsobility. The daily travel
routines of the respondents are taken into account for this research. Five transportation
modes were investigated: AV ownership, renting an AV, usagstadrad AV with driver,
usage of a shared AV without driver and multimodal AV usage. Apart froptwiadther
alternatives are investigated in a separate experiment, sjpadly designed for commuters.
The alternatives are: traveling alone widm AV aml carpooling witran AV. The interest in
these modes was tested on gbint scale. The analysis divided in two modeling parts.

Hrst latent variables were evaluated with measurement and structural equations. Then the
latent variables were modeled witmultivariate and bivariate ordered probit models. The
results show that half of the respordts do not want to adopt an AV.ny one third of the
panel is interested in adoption of AVs. The respondents are almost equally interested in all
five autonomoustansportation 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 ahdsnegativeinfluence onAV adoption.

Both enwronmental concern ad affection towards sharing hay®sitive influence on AV
adoption. One of the limitations in this study/that the costs of AV usage aret included
(Nazari, Noruzoliaee, lohammadian, 2018)This research is also related to shtatm

usage of AVs, which explained in section 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 oreered probit model. fie 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 d¢iNair et al., 2018)The result

of the analysis is comparable to the validation of Nazari et al (20h#.research is also

related to shortterm usaye of AVs, which explained in section 2.3.

2.3.3 Usage of AVs

This section describes research into sHerim usage of AVs, mor@scifically the
researchesnvestigate if people are willing to uge/sshared with others or gefer using a
single occupancy shared rideth@r modes arelsoincluded in the researcheBourof the
above described investigations are also related to $kistion, these are thavestigations
of Nazari et al (2018), Nair et al. (2018), Stoiber et al. (2019)&nsorld economic forum
(2018)

34



Krueger et al(2016) researched the preferengbetween usage of shared autonomous
vehicles, shared autonomousles and the currently used transportation modée first
alternative provides single occupancy shared autonomous ride and the second alternative
provides autonomous rides shared with strangéstated choice experiment was used to
investigate the préerences of the respondents. The attributes atr@vel costswaiting time

and traveling time. Each respondent first entered information about their daily
transportation routine, the infamation was used to formulate reference tgpThe results

were modded with a mixed logit model. Overall the respondeptsfer their current
transportation mode SAMs themore interestingamong therespondentghan SAR

(Krueger, Rashidi, Rose, 2016)

Bansal and Daziano (2018) carried out a research scrutinizinge@oplingness to pay for
automation and preferences for shared autonomausbility. 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 widk sharing or the daily
used transportation mode. One of the attributes determined the level of automation of the
alternatives. The values of the attributes wesstablishedaccording to the currently used
transportation mode of the respondent. A pivefficient design was createas

experimental design. Awultinomial logit model was used to estimate the resultke
respondentsare willing to pay fotow waiting/access times, in vehicle time and number of
transfer stops. Furthermore, the responderatie not willing to pay a high price for
automation,because the modes do not need a human drivée fain limitation of this
study is the low number of respondent®ansal & Daziano, 2018)

Lavieri & Bhat (2019) aimed to give new insightds 2 Lifilighésgo travel with others
or not. The study also investigates the effect on the value of travel fithe.research is
conducted by using a revealed and stated choice experimidr@gsample consists of
commuters fromDallasFortworth Metropolitan Area. Wo alternatives are investigated: a
private selfdriving cab service and aaied selfdriving cap service hE former provides a
ride shared with others. The attributes and attitudes of the research are displayed in
appendix AThe respondents is askl cloose one of the alternatives, while the purpose
(work or leisure activity) is indicated in each choice tasle data is analyzed with a
Generalized Heterogeneous Data MadBhe model enables simultaneous calculation of
nominal and binary endogenous vébilas. The model uses a structural andaserement
equation model. The respondenigth privacy concerns areastwilling to use a ride
shared with othersThe respondentthat are time sensitive or have concerns towards
privacy are less sensitive better value of travel time. Finallyf privacy concerns can be
solved, the autonomous pooledesvices have higlmarket potential, especially for
commute trips(Lavieri & Bhat, 2019)
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2 4 Attitudes towards transptation modesand travebehavior

Motivationsto buy and use a calependson practical, symbolic and emotional factors.
Practicalfactors referto the ability to conduct activitieduring a ridebut also to the
perceivedflexibility, safety and convenience of a cartdransportationmode.Symbolic
aspectgefer to the identity of gperson and how the personamts to express
himself/herself. Symbolic aspects anfluencedby social networks. The emotional etts
are noninstrumental needs, referring tdesires and motions conmected to a
transportation mode. Independence, ior example an emotional effectThisdesire
influences usage otransportation modePractical factos are not the mast important factor
influencing car ownershifsymbolicand enotional aspect are underlyindgactors
influencing car usage. Which matke car a popular transportation modQualityof life
increases whethe car isat disposal Therefore the carownershipis preferred ovepublic
transportationusage Policiesandregulationsare not always effective, becauskese only
focuson the practical aspects dhe car. Symbolic and emotional factors should be
integratedin policiesto applysuccessful policigsSteg, 2005)

Furthermore two types of attitidescanbe distingushed to explain travel behavicspecific

and general attitudes. The general attitudes are exogenous and have low influence on travel
behavior. Whereas specific attitudes are endogenoustane directinfluence travel

behavior Travelbehaviorhas influence omspecific attitudesa well Specific attitudes refer

to the interestin and adoption of certain transportation mode. General attitudeter, for
example to political attitudesand arenot related toactualtravel behaviorKroese &

Caspar, 2018)

Anable (2005) attempted to segment the population according tartttansportation
behavior andattitudes.t S2 L)t SQa G NI @St 0 S klbrdekt@dehté K 2 dzf R
policies promotingsustainabé transportation and discouragirggr usageThefundamental
factorsinfluencing traveling behaviare practical, contextual, symbolic and emotional
factors.Thepopulation canbe divided into four car usesegmentsand two noncar users
segments All these segments have unique characterssand atitudes. The first segment
contains malcontented motoristsh€se 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 andre noteager touse alternativaransportationmodes Aspiring
environmentalists decreasdtieir car usage for sustainabilitpasons butthink they needa
car. dDie hardé drivers are the most stubborsegment and arenly willing to use thear.

The ca#ess crusades db not use the car and use alternative modesenvironmental
reasons. The reluctant riders cannot afford a car or are not able to.draaple from his
segmentmostly use public transportation. The segmesi®wthat people with different
reasoningnakethe same transportatioomodedecisions On the other hand peoplewith

the same attitudes make different transportation mode decisiPhnable, 2005)
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2.4.1 Shoriterm, midterm and longterm mobility behavior

Decisions peple make on a daily basis or for a longer period of time are part of the travel
behavior of individualsShortterm mobility decisions refer to daily mobility decisions. These
mobility decisions are influenced by letgym and midterm decisions. Mid¢erm and long
GSNY Y2o0AfAGe RSOAaAAZ2YE | NB Y2NB O2 Yewst SE
and longterm mobility involve their residential, eduttanal and employment locations. The
decsions also depend amanges ofesidentail, educational andheploymentlocations.The
possession of mobility tools aedsopart of midterm and longterm mobility decisions. &
ownership and public transportation membership are examples of mobility tools. An
adjustment in one of these aspects often results in asofother areas as well. These
adjustments can bseenwithin 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, espelyiadar ownership. If people use one specific
mobility tool for a longperiod of time, thex 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 Wi change the mobility sector. The developmeate autonomous

vehicles and shared mobilithutonomous vehicleand shared mobility servicgsovide

new opportunities for citizens.ifst and lasimile issues can beked with both

developments. Wers can spend time in the vehicle more efficiemthyen using an AV

because the vehicles do not need a driver. The popularity of AVs teadodals shifts. &
ownership will decrease, and public transportation will haveuad job competing with

shared autonomouservices. 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 biggddey, disabled people, and adolescents will

be able to use a car.

AVs arébeneficial on individual leveHowever 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 ard shared AVs increase the number of zero occupancy kilometers, bestzarsel

AVs need to reposition themselvddigh penetration rates of shared vehicles and a high
number of occupant@ one single vehiclean 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 AVsiependson the potential customersAcceptance of AVs plays an important
role inthe adoption of AVsAdoption of AVs startaith a small share and in tintaore

people start using AVPifferent studies investigatd acceptance, adoptioand usagef
AVs.f the study investigates the currently used transportation mode as alternative, then
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most people prefer using a manual transpation mode.The owned AV is preferred over
adoption of shared AMa the majority of the studiethat invegigate alternatives likeAV
ownership and shared AVs. Only few studies compared single occupancy with multiple
occupancy shared autonomous ridé4ost respondent in these studies prefer the single
occupancy shared autonomous rides.

Attitudes and personality are important factors determining adoptié@a @ertain
NI yaL}2 NI I G A 2lghgtaid 88 midters @ tidiossdsainfluence daily
mobility decisions.

38



3.Stated (adaptation) choice experiment designs

This chapter starts with an introduction abastated choice experimeni8.1) Thechapter
continues with the explanation thgetated choice experimer{section 3.2), thenthe stated
adaptation choice experimenSACHSs exphined in more detail (section 3.3 ater the
experimentaldesign is dscribed (section 3.4) h& questionmire is presented in section 3.5
The chapter ends with a conclusion (section 3.6)

3.1 Introduction

Multipft S YSGK2R& I NB dzaSR G2 Aydd&c behadiori S LIS2 LX S
Revealed preference azhoice methodincorporates choice alternative3he choice

alternativesare real world examplesHypothetical alternatives are investigatefiring

stated nodeling approaches, either with a stated preference or stated choice experiment.

Stated preference experimesiaskrespondents to provide their preference for attributes or
alternatives on a certain scal€he respondent chooses alternative during atated choice
experiment.In such experimenthe respondentmakesa tradeoff between the alternatives
andchooseghe most interesting alternativé€Kemperman, 20005tated choice

experiments are widely used approachegpresentchoice alternatives to a panéRoseX

Bliemer, 2004)

Twostatedchoice experiments ardesigned andised in this researclhrully autonomous
vehicles (which are the focus of this study) are ywitavailable on the market.
Consequently e alternativeare considered hypotheticatherefore the revealed
preferencethoice experiment would not fitSated preference experiments related to
autonomous transportation modes are often used in previous research. Stated choice
experiments ardess often usedDuring a stated choice experiment people madeactual
tradeoff, sothe actual choiceof the responders are investigatedVhichmakesprediction
of future behavioreasiet

The respondents need to choose multiple times during a stated choice experintent.

respondens evaluatezach alternative and corresponding attriies. Afterwards, the

respondents choosthe best alternative (Rose & Bliemer, 2004lternatives in a choice
experimentcanbe labeledor unlabeled.Unlabeled alternatives by definition ieaot be

linked to any familiar alternativg/i 0 KS NBALR YRSy (GaQ &adz2NNRdzyRAY 3
ensurelower correlations among alternativedue to the similarities of the alternatives

from the perspective of respondentslowever labeled alternativegrovide more context

to the experimentand make the alternativemorerealistic. The usage of labeled or
unlabeledalternatives in atated choice experimerdependson the research goal itself

(Hensher et al., 2015)

Each alternative isepresented by &rious attributes. The influence of each attribute on the
alternatives is an important outcome of the stated choice experinjRuse & Bliemer,
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2009 Defining attributes and their levels is a complex t&3koosing the ranges the
attribute levels iomplex, as too wide rangewould lead alternatives that are not really
competitive. On the other hand, a narrow range would not only limit the evaluation of
attributes importance, butllso make alternatives similar. Tleiect makeshe trade-off
between aternatives hard. fie attributes shouldlso have realistic levelshd@ levels should
not be too high or too lowRose & Bliemer, 2009).

After determining alternatives, attributes and attribute levels, an experimental design

should begenerated The expemental 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 accura®frious methodsxiststo achievethese

goak. Each methodhas advantages and disadvantagésst, he full factorial design creates

a design with all possible choice s@®ose & Bliemer, 2009 full factorial design is often

too big to employ among reasonable number of respondggitgen limited financial

resource for data collectiorA fractional factorial design uses only a fraction of all possible
combinations. Before generating the fractional factorial deslige,researcherisould

consider using blocking aradiding interactions.

The main effect is thdirect independent effect of attributes on the alternatives. The
interaction effect is included, when reasemist to believe that certain combinations of
attributes would significantly affect the attractiveness of alternativsinteractions can be
estimated independentl with a full factorial designré&ctiond factorial designs only allow
modeling ofa limited numberof interactions or none at alAnother aspect worthwhile
consideringwhile making an experiment desigis blocking. Blocking a&ldedto 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 choiceexperiment the respondent onlgnswersthe choice tasksf one block(Hensher

et al., 2015)

The two most often used methods generate a fractional factorial desigine orthogonal
designs and efficient desig(idensher et al., 2015Yhe orthogonal method is the

traditional method to make experimental dgsis. The attributes are orthogonalpthe
attributes are statistically independent. The method assures an independent estimation of
the influence of each attribute on choices of alternati(®ose & Bliemer, 200%fficient
designs are suggestedhen thefinancial resources for data collection is limitsd,

significant parameter estimations cannot be realized given the sample size. Prior values of
parameters are needetb generateefficient designs. Aefficient design is typically
recommended when pregus researclon the topic is available, becautes prior value has
effect on the final desigriurthermore the modeling method needs to be known

apriori. Consequentlyf the researcher wants to estimate various models (like multinomial
logit model, miXogit modd, regret modd), than anefficient design cannot be usesince
chosenmodd would affect the design. Efficient designs need smaller sample sizes and the
standard error can be decreased, due to the requirements of efficient defitprssher et

al., 2015)
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Stated (adaptation) choice experiment designs

3.2 Stated choice experimegtbuying or sharing

I &ailFGSR OK2A0S SELISNAYSy(d Aa dzate Bxpslimenth y @S &
investigates adoptionfoAV ownership versuasdoption ofshared autonomoumobility.

Only fully autonenous transportation modes are considered as alternatifémse vehicke

have level five of automation. A¥an drive by themselves and do not need a human driver.

The detailed conceptual framework related tetlSCE is displayed in figure.Sbcie

demogaphics, travel characteristics, attitudes and attributes influence the decisions made

in the SCBBefore answering thehoice tasks in the statechoice experiments, a short

video is shown to the respondents. This video explains the concept of levalfimeomous

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 BneJS NA YSy (i Q&
focuswill only be on autonomous transportation modé=urthermoreKS £ G SNy I G A @S
is not considered in the choice experimeriiairing the implementation face of Adsaly a

few people will adopt to AVs. Once AVs become more attractive, slightly moreepstapt

adopting AVs. Within yeamutonomous vehicles will gain high market share AM$ are

adopted in greater number. Once this happens people need to choose betviéerent

autonomoustransportation modeonly.

Travel characteristics
Driving license

Socio-demographics Attitudes

Gender

Age

Education

Income

Occupation

Living environment
Household composition

Attributes
Purchase price
Depreciation costs
Monthly costs
Membership fee
Price per km
Waiting time
Reliability

Attitude towards car ownership

Willingness to use shared mobility
Willingness to travel with strangers

Attitude towards sustainability

Midterm:
Owning an AV

= s @}

Shared AV mobility

Car ownership
Lease car

Price current car
Price new car

PT membership
Car need for work

Usage of different

transportation modes:

Car as driver

Car as passenger
Train
Bus/tram/metro
Bike

Scooter

Walking

Shared mobility

Figure3.1: Sketch of framework for the experiment 1: adopting an owned or shared AV

Owning or sharing, a private ride or a shared ride
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3.2.1 Alternatives and attributes of the SCE

The alternatives of th&CEre purchasing amutonomous vehicle or adoption of shared
autonomousmobility. Before introducing attributes and their levels, a short note regarding
the definition ofshared autonomous mobilitwould seems inevitable. A membership fee
per month is envisaged, although with levels ranging from zero (no fee) to 60 euro.
Moreover, carsharing 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 sysifettme vehicleknows the
required time to be available agaifiheAV can either park and wait for the customer or
provide services to other passenge@nsequently, the service could run similar to the
conventional car sharing or ride hailing concept.

The attributes connected t8Vownershipare: purchase price, depreciation and monthly
cods. Membership fee, price per kilometaewaiting time and reliability are the attributes
associated vth shared autonomoumobility. The attributes and the attribute levels are
displayed in tabl&.1. The explanation of each attribute aride reasoning behind choosing
the levels are dasibed belav. The number of attributes and attribute levels are important
for the experimental design. Two and four attribute levels per attribute are used. Thislwou
lead to a smaller number of required profilesthe fractional factorial design, which is the
adopted design method.

Table3.1: Attributes and attribute levels the SCE

Purchase price (of currer] c 90% / 100% / 110% / 120% i

or future car)

DepreC|at|0r_1 costs (of the c ko sHs%/10% i

purchase price)

Monthly costs (of the % -35% /-20% /-5% / +10% i

current car)

Membership fee EKYZ2Y- 0/20/40/60

Price per kilometer EK1Y |- 0,1/0,2/0,3/0,4

Waiting time Minutes | - 1/4/7/10

Reliability 1 - 80% and 20% / 60% and 40%
2 min too early and 2 min late

Reliability 2 - / on time and 4 minutes too
late

Purchase price:

The urchase price of AV is often used as attribute in literatimgestigaing what people
are willing to pay for an AV. In this researttte purchase price din AV is presented to the
respondents witha personalized value. The presented purchase price depends on the
answer of the responderdn a previously asked question:
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1 If therespondentownsa car, then the respondenis askedo indicate how much
he/she is willing to pay for a (new) car, once the current car needs to be replaced.
1 If the respondent does not own a ¢dhen the respondenis askedo indicate for
what pricehe/shewould buy a (new) carwhena 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 attribuels.
The details of this questioare further elaborated irsection 3.5 Thevalueof purchase price
isconstructed by multiplying the percentag (90%, 100%, 110% and 120%ydlyes
reported by the respondents.

Depreciation costs:

The attributedepreciation cost of an A\fs notatypically used attributen previous studies.
However,the attribute mighthave impact on the decision to buy an AV. Depreciationscost
refers to the annual diminishing value of tA&. The attribute levels of deprecianh costs

have been set to 5% and 10% after consultation with relevant literature (chapter 2). 10%
depreciationcostscould resemble the depreciation costs of ndWsand 5% depreciation
costs cammresemble the deprecation costs Alsthat are a few yearsld. The depreciation
costs are presemd to the respondent as a value. The value of the attribute purchase price
is multiplied by one of the attribute levets depreciation cost§5% or 10%)

Monthly costs:

Monthly costs refer to expenses such as iaswe, fuel, tax and maintenance. Howeyiers
assumedhat many people do not know what they exactly pay per month to sustain their
cars. Gardner & Abrahar@{07) confirm this assumption. &y of their respondents do not
know or consider all costs inveldwith car ownership. Therefore a perceggis shown to
the respondents. fie percentage of monthly casts compared tathe monthly cost of
manual car ownershigOperation costs, fuel cosiand insuranceosts of an AV are lower
compared toownership ofa manual cgraccording to previous workh& maintenance costs
will possibly remain the same (Bosch et al. (2018). For this retisee attribute levels
indicate lower monthly costs35%,-20% and5%) and one attribute indicates higher
monthly costs ¢10%).

Membership fee:

The nembership fee is the first attributeelated to shared autonomous mobilityhd@ feeis

the pricepeople need to pay to use shardd¥/s each monthThe attribute levels of the
membershipfeeK I S 6SSy O2y FAIdzNBR (2 06S nX e€eHwHnI en
literature (chapter 2)

Price per kilometer:

Price per kilometer is the price people pay per kiloamathen traveling with shared
autonomousmobility. The attribute levelthe attribute are determined according to the
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attribute levels used in relevant literature. The attribute levels vary between®m LIS NJ
1Af 2YS{i3perkighBtere n @

Average waiting time:

The attribute average waiting time is the average time the user needsiiofor the shared
autonomous vehicle. Although one can argue that it is difficult to determine waiting time
without having a specific trip and contexth& counterargument would be that for a
potential user of such service,igimportant to have an ida of average waiting time before
making any commitment by payirgnembership fee. Four attribute levels aused:1
minute, 4 minutes, 7 minutes and 10 minutd@is attribute also appears in the stated
adaptation choice experiment.

Reliability:
Lastly reliability is usedlifferently than in previougesearch The attribute reliability in this
study refers to the redibility of the waiting time. The reliabilitgfers to the chance the
vehicle arrives on time or not. Reliability itself is made of a doatlon 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 comkations of reliability 1 and 2 are possible:
1 80% chance the vehicle arrives 2 minutes earlier, 20% chance the vehicle arrives 2
minutes later.
1 80% change the vehicle arrives on time, 20% change the vehicle arrives 4 minutes
later.
1 60% chance the vehiclerares 2 minutes earlier, 40% chance the vehicle arrives 2
minutes later.
1 60% change the vehicle arrives on time, 40% change the vehicle arrives 4 minutes
later.

3.3 Stated adaptation choice experimenbAV, SAR vs. APT

The main focus of thstated adapion experimentsto understandpotential interestof
usageof shared autonomous transportation moddgespondentshat are willing to use
shared mobility will execute thsecondchoiceexperiment.Before the SACE is tested, the
respondentss askedvhether they are current userof shared mobility onave any
intention to use shared mobility in the futurén Addition, the system tracks their answer
on the SCE, inspectinghie respondenichoseat least once shared autonomoumobility. If
one of these aswers is positive, then the respondegmoceedswith the SACEOtherwise
the respondent continuous with the statement questions.

Thestated adaptation choice experimeintvestigates the shotterm decisions of the
respondents Thesealecisions are relatkto one single tripThe following alternatives are
investigated: a ride shared with strangers, a single occupancy shared AV and autonomous
public transportation. The detailed conceptidedmework is shown in figure 3.50cie
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Stated (adaptation) choice experiment designs

demographics, travel charaaristics, attitudes, attributes and reference trips impact the
decisions madenithe SACE. While the figure 3&mgo have overlap with figure 3,1he

core difference between the figures lies in the fact that the SACE is designed and presented
to the respondents around their reference tripbhe choices of the respondents depend on
their reference trips. Furthermoreosne of the attribute levels willd pivoted for each
respondent. Wiile pivoting attributes is more complex in nature, it guarantees ttaisdc

nature of the choice tasks.

Socio-demographics Attitudes Travel characteristics

Gender : : Driving license
Age Attitude towards car ownership Car ownership

Education o R Lease car
Income Willingness to use shared mobility Price current car

S8 [ Willingness to travel with strangers P

Living environment PT membership
Household composition Attitude towards sustainability Car need for work

Usage of different

transportation modes:
Car as driver

Reference trips
Transportation mode

T.ravel purpose Car as passenger
Time pressure Short - term: Train

Travel companion Bus/tram/metro
Travel distance VS. Vs. :
: Bike
Travel time
. Scooter
Shared autonomous vehicle Walking
Shared autonomous ride Shared mobility

Attributes Autonomous public transportation

Travel costs

Travel time
Waiting time
Seating comfort
Number of people

Figure3.2: 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 adaw to the reference trips of the respondent.

Each respondent answers questions abfmur trips he/she took by casr public

OGN yaLR2NIOFGA2Y Rdz2NAYy3I WikKAa 6SS1 2N fthad ¢SS
detailed overviewof each refeence trip Section 3.%rovides an elaboration of the

guestions asked about the reference trips. The reason for targeting only trips conducted by

car or public transportation is to guarantee that the distances travelsethe respondent

make sense for usg AVsEach respondent fills in four choice tasks and each reference trip

is connected to one choice taske respondentsasked howhe/shewould travel along to

the same route (reference trip), but then with one of the alternatives of the SACE.

3.3.1Alternatives 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 @sshdred
Owning or sharing, a private ride or a shared ride
45
































































































































































































































































































































































































































































































