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Abstract
Automated shuttles are nawa prototyping phase several research projects. However, thestill a paucity of

knowledgeon the acceptanaaf these shuttles. This paper presents the resfudtsjuestionnaire study among individu-
als (n = 384) who physically experiencadautomated shuttlen an office campusn Berlin-Schéneberg. The findings
indicate that the respondents were positive towards awtdrshtittles and could envision their aséeedergo public
transport systems both urban and rural areas. The respondents warsdéisfied with the effectivenegkthe shuttle

comparedo their existing formof travel, the speedf the shuttle, and the spafoe luggage. A principal component
analysis resulteth the retentiorof three components: 1) intentibtmuse, 2) shuttle and service characteristics, and 3)

shuttle effectiveness comparexdexisting transport. Older respondents expressed a highaiantt use, but found
the shuttle less effective than their existing travé.argue that automated shuttles are a valued conceppdrd and

efficiency haveo improve,in orderfor automated shuttleés become viablen a wide scale. Future research should

use more objective measures and establish long-féeotsen larger, moreepresentative samples.

1. Introduction

1.1. Automated Shuttles

Since the DARPA Challengés 2004-2007 and the initiatiomf Googlés self-drivingcar projectin 2009, automated
driving has seen a marked upsurge (Shladover, 2017). Currentpieeelisin the field of automated drivinganbe
assignedo an evolutionary, revolutionaryor transformatory patlof vehicle automation (Fraedriat al., 2015). The
evolutionary pathis pursueddy various automotive manufacturers, combining driveistence systems suabadaptive
cruise control, automated emergency braking, and autohtsate keeping. Thevolutionary patito vehicle automation,
whichis pursued by severCT companies, targets the deploymefifully automated vehicles, enabling hands-free and
eyes-off-the-road driving under every possible drivang traffic situation. The transformatory path include®smated
shuttles that deliveon-demand transport and may seaslast mile) feederso public transport systems (Fraedrigh
al., 2015).

Automated trams and metros that operate without a daiveady existn various cities worldwide (e.g., Fraszczyk &
Mulley, 2017). The difference between existing automatedgtibhsport and automated shuttle projecteat the latter
aim for operationin a mixed traffic environment without relyiran specialized infrastructure. Shuttles that drive auto-
maticallyin restricted conditiongn specified routesnaybe released within three years (Shladover, 2017). fewb-
lutionary automationpn the other hand, will probably nbe commercialized anytime soon (Kyriakidisal., in press;
Shladover, 2016), and SAE Level£‘evolutionary automatiormay needto overcome human factors challenges asso-

ciated with transitions between manual and auton@iettolin orderto be safe and accepted (Kyriakidital.,in press).

Automated shuttles are nawa prototyping phase various projects around the world (e.g., STIMULATE, 2018v®
Sweden, 2018). Current shuttles mmspecified routeat limited speeds, typically provide spdoe about 8o 10 pas-
sengers, and require some lesEkupervision by a stewaxh board the vehicler by an external control room. The
CityMobill (2006-2011) and CityMobil2 (2012016) projects implemented automated shuitiegban environments
in several European cities with the aimidentify and remove barriet® deployment. More recent projects include
WePodsn the Netherlands (Liangtal., 2016; Van der Wiel, 2017) and Smartshutti®witzerland (Edeetal., 2017).



The EUREF demonstrator projantBerlin-Schoneberg, whicis the topicof the present study, involves automated
shuttle*Olli’ developed by Local Motors, driviran the EUREF office campur Berlin-Schéneberg.

1.2. Previous Studie®n the Acceptanceof Automated Shuttles

The visionof a multimodal mobility system with automated shutis$eederso public transportan only become a
realityif the shuttles are accepted by their target users. Arnargéerof survey studies exigt which people were asked
to imagine and give their opiniamn various types of automated driving concepts (e.g., Batsal 2016; Bazilinskyy
etal., 2015; European Commission, 2015, 2017; Hohenbetgkr 2016; Schoettle & Sivak, 2016). Howewvessum-
marized below, only a few studies have asked responttergftecton automated shuttles after having physically expe-

rienced a ridén the shuttle.

An evaluatiorof user acceptance across six demonstrations (Trondiiemaal.a Rochelle, Daventry, Orta San Guilio,
Castellon)of the CityMobill project showed that the most highly ddatedicator waseaseof useé with anaveragef 3.7
ona scale from 1 (completely dissatisfiédp (completely satisfied), followed by usefulness (3.5), rditgbintegration
with other systems, perceptiaf safety, perceived level of privacy, and perceived tieass (3.4), and comfort (3.3)
(Gorrisetal., 2011).

The resultof interviews with over 1,500 useo$ automated shuttlesf the CityMobil2 project showed general user
acceptance regarding the performaaftthe shuttles, with high ratings comfort and safety. Users were willitmpay

for ticket fares, but the price should comparableo the conventional transport (e.g., bus) (Alessandrini, 2016).

Another CityMobil2 questionnaire study examined user acoeptaith 349 respondents who had uaadutomated
shuttle along a popular tourist rotteLa Rochelle (France), anaksa link between a metro station and key working
sites/campusés the districtin Lausanne, Switzerland (Madigan et al., 2016). The mfearise key constructperfor-
mance expectanty effort expectancy and‘behavioral intentionwere 3.08, 3.89, and 3.59 from 1 (strongly disagree)
to 5 (strongly agree). A consecutive study surveyed 315 passesigerexperienced a CityMobil2 automated shuttie

a dedicated lania the centepf Trikala (Greece) and found that the mefamsperformance expectangyeffort expec-
tancy, and‘behavioral intentionwere 3.62, 3.92, and 3.74. Thus, people found automatéteshuseful, easto use,

and expressedn intentionto use them agaiim the future (Madigaetal., 2017).

Portoulietal. (2017) asked 200 respondents about their satisfactiorauitimated shuttles that rimTrikalaaspartof

the CityMobil2 project. Their results showed thatgeagjers rated the usefulness and conaf®it29 and 0.95 respec-
tively, on a scale from -2 (very pootd 2 (very good). Ratingsf the service qualitin termsof waiting time andn-
board time (0.59) and the integration with other modes (0.58 emmsiderably lower. 182 peoffl%)responded that
permanent operatioof the shuttlan the city wouldbe useful; only 18 respondents (9%) responded that this would not

be useful.

Finally, results from interviews with local residenfsSion (Switzerland) who experiencad automated shuttlaspart
of the SmartShuttle projeat Sior’s Old Town districiof the city, also showed that opinions towards the khuktre
positive overall. However, many participants felt thatghettle slows down other traffic becausetsefow maximum
speed of 20 km/h (Edestal., 2017).



1.3. Objectivesof the Present Study

The surveys reviewed above indicate that substantigk@ss has been maidethe understandingf attitudesof users
towards automated shuttles. However, whether particdantpositive about the shuttlea replacemenrtdf their current
transportis a question that has received relativ@lie attentionsofar. The aimof the present study was investigate
how users rate the shuttle itself, its poterdiah feedeto transport systemia urban and rural areas, and its advantages

in comparisorto respondentsexisting formof travel.

We have included items from the Unified Theory of Acceptaand Use of Technology (UTAUT) construgterfor-
mance expectanty effort expectancy and‘social influencg which have been fountd be predictive of the intention
to use technologies across a variety of domains (Venkatesh, @003). Additionallywe investigated respondents
perceptions with regarid perceived safety, perceived enjoyment, desired levelrdfapand environmental attitudes,
because these variables have been identifigbtentially critical determinantsf the acceptancef automated vehicles
in previous studies (e.g., Gorgtal., 2011, Motdletal., 2017; Nordhofétal., 2018). Finally, the present 68-itaunvey
study includes informatioon respondentsratingsof the acceptancef automated shuttles, using Van der Laaal.’s
(1997)acceptance scalig, additionto other indicatoref acceptance, including respondéritéended frequendp use,

willingnessto pay, and behavioral intentida use shuttleasfeedersn public transport.

A principal component analysis (PCA) was conduorecespondentgatingsto investigate the major sourcafsvariation
in the attitudes towards automated shutflesdate, there has been little exploratimihhow the attitudesf various
demographic groups towards automated shuttles might difierefore, the component scores were correlated with pe

sonal characteristics (e.g., age, gender, employarethie EUREF campud) orderto assess individual differences.

It canbeassumed that the acceptance ratasgseasureth the current study are generalizatodether typesf automated
shuttles, because current shuttle prototypes worldwide dimitar forms and siesand are deployeih similar settings
(e.g., university and office campuses, near public transdrig similarity renders the knowledge obtaiirethis study
relevant beyond the triah Berlin-Schéneberg.

2. Methods

2.1. Shuttle and Route

During the periodf the survey from December 20t®BApril 2017, the automated shuttle drawea 700 m routenthe
EUREF office campui Berlin-Schéneberg. This route took average & 12 minutes per triptanaverage speed of
8 km/h, and a maximum campus spe€&l0 km/h. The shuttle operatedthe basi®f 3 fixed stops along the route from
09:00to 17:00to provide a transport optidior the EUREF campus employees. The stopping and contitmairgve at
the stops was done manually by the steWw@he shuttle was also used by national and internatgpredtsaswell as
interested persons who visited the EUREF canipesperience a ridim the shuttleAt the endbf the shuttle ride, the

steward handed out tablet computers with a questioniogii@ssengers (see Figure 1, I&ft,animageof the shuttle).

The shuttle was fully electric, had a driving rad&0 kmat a speedf 8 km/h.It was chargedt night and during the
lunch break (45 minutegf the stewardto integrate the charging process into the daily operatitimes shuttle operated
on ‘virtual tracks$ using Lidar (Light Detection and Ranging), radar, andpgsitioning technology for localization,
mapping, and navigation.



As the shuttle was stilh a prototype phase, a steward wasboardto supervisats operations antb intervene when
requested by the system (see Figure 1, right). For exampésn that the shuttle only had obstacle detection semsor
the front, obstacles that wewa the pathof the shuttle (e.g., parked cars) liathe passed manually by the steward using
a joystick.As shown by Figure 2, the shuttle shared the road withstrégles and cyclists, and occasional cars and trucks.
It stoppedor road users (e.g., pedestrians, cyclists) that crassedjectory within a distance of about 4 meters. Campus
visitors were informed via a sigrtthe campus entrancé the shuttle operation and that the shuttle has ofgivay and
should nobe overtaken. The sign also stated that road users shiaufdain a distancef 10 meters from the shuttle.

Figure 1. Left: Automated shuttle OBy Local Motorsatthe EUREF campus, Right: Inside view, with passengér an
steward

Figure 2. Left: Parof the route. Right: Vievon shared spacen the EUREF campus and entrata¢he campus

2.2. Respondent Recruitment and Procedure

To bring the researcto the attentiorof potential shuttle users, social media accounts (e.g.tefwiacebook) of the
Innovation Centréor Mobility and Societal Change (InnoZ) were ugeddditionto publishing the projeatn the InnozZ
website.An invitation for a test ride and participation an online study was also setttthe Geography departmeuit
the Humboldt Universityn Berlin. The invitatiorto participatan our questionnaire study was also offetedielegations

or other groups who performed around 2684ll test rides.



A maximumof 12 passengersagaccepted8 seated and 4 standing), wah average occupancy ratéaround 3. The
stewards explained the shutfidunctionality before the ride, by showing users thertelogy behind Olli, including the
locationof the sensors, the Lidar system, and the positidghe touchpad thas used by the stewardis intervene. The
shuttlés functionality was also explained during the ride inlideshuttle while making sure that passengers cadsitd a

experience the ride. The respondents were told thahthtteswas a prototype anla continuous statef development.

Furthermore, the respondents were informed that thefuse shuttleon a semi-public domain, suasthe EUREF
campus, was a first stépthe deploymensdf automated shuttlessfeedergo public transport systenmn public roads.
Taking a riden the shuttle was freef charge, ando financial compensation was offertmt the participatiornn the test

ride and the questionnaire study.

2.3. Questionnaire Content

2.3.1. Demographics and Shuttle and Service Characteristics

The questionnaire askéar personal details, namely whether the respondents ctedphee questionnairfer the first
time (Q1), gender (Q2), age (Q3), whether they worktethe EUREF campus (Q4h which field they worked (Q5),
which transport mode they used the EUREF campus (Q6; multiple responses possible), wihtey have used the
shuttle before (Q7), antiso, how many times (Q8).

The next section asked the respondéntste the service, including the attractivenekghe shuttle service (Q9), its

reliability (Q10), and its usability/comfofor the daily commute (Q11).

Next, questions were presented about the shuttle, itselfiding the attractiveness the automated shuttle (Q12), the
sizeof the shuttle (Q13), the perceived quality of the exterioh@khuttle (Q14), the desighthe exteriomwf the shuttle
(Q15), the speed (Q16), the comfoftentry and exit (Q17), the spaciousnekthe shuttle (Q18), the numbef seats
(Q19), the seating comfort (if having taken a seat) (Q20tineberof standing positions (Q21), the handhdlushe
bus (Q22), the spader luggage (Q23), the brightness (Q24), the quality of the shuttgor (Q25), the desigof the
interior of the shuttle (Q26), the atmosphere (Q27), and the safety (Q28).

2.3.2. Attitudinal Questions

Next, eleven questions (Q29, Q34, QA3&2, Q44, Q45) were presentedassess respondehtsvel of agreement with
items pertainingo the perceived enjoymeattaking a riden the shuttle, perceived usefulness (performance expegtancy
aswell asthe easef use (effort expectancy) of the automated shuttle.

In particular, the respondents were asked how they liketlitheith the automated shuttle (Q29), whether takirrgle
in the shuttle wagin and enjoyable (Q34), and whether the respondentsl the tripn the shuttle boring (Q37

The respondents were asked whether the driverless sbutdeful (Q36), whether they would umeautomated shuttle
for their dayto-day commutingsit is better and more convenient than their existing foftnawel (Q38), whether they
think that the automated shuttle will becoareimportant parbf the existing public transport system (Q39), whether
using the automated shuttkesimilar to using existing public transport systems (e.g., bussess trai trams) (Q41),

and whether thauomated shuttles more efficient/faster than their existing foohtravel (Q44).



The respondents were also asked whether using the aatbshatttlés easieffor them than using their existing forwf
travel (Q40), wheter the automated shuttie easyto understand howo use (Q42), and whetharwould not take long
to learn howto usean automated shuttle (Q45).

Thirteen questions (Q43, Q46, Q%362, Q67) were presented about the respondpatseived levebdf safety and de-
sired levelof controlin an automated shuttle, their environmental attitudassyell astheir relianceon the opinionof

others (social influence).

The respondents were asked whether theyitliteat the driverless shuttle drivasa low speed (Q43), whether they felt
safein the automated shuttle throughout the whole trip (Q46gther they felt comfortabia a vehicle without steering
wheel, gasor brake pedal (Q56), whether people who are impottattiem would likeit if the respondent usexh
automated shuttle (Q57), whether they would prefer thenaated shuttléo drive without a stewardn board (Q58),
whether they would likéo manually steer the automated shuttle when they twef@59), whether they would liki®
have a button inside the automated shuttle which theyesgo stopit (Q60), whether they would lik have their
friendsor family or other important peoplt® them adopt the automated shuttle before they thesssely (Q61), and
whether the automated shutitesafe and reliable under severe weather conditiarth, as snow, heavy raingr fog
(Q62). Question Q67 asked respondémtsovide their levebf agreement wittDriverless vehiclesanoperate without
human supervision. Woulgbu still prefer having some levef supervision?, on a scale ranging fromo human super-

vision, remote supervision from a control rodmsupervision by a stewaah board.

Specifically, the respondents were asked about thedeaggnt with the statement that the proteatifithe environment
is crucialfor the choiceof the automated shuttle (Q53), whether theyilike use a 100% electric automated shuttle from
the train statiorto their final destination (Q54), and whether they would tikehoose the automated shutika more

ecological formof travel evenf it were more expensive (Q55).

2.3.3. Indicator®f Acceptance

Fifteen questions (Q3@33, Q35, Q47Q52, Q63Q66) asked the respondemsindicate their levebf acceptance of
automated shuttles. The respondents were asked hovikibyhe ideaof using automated shuttlés public transport
(Q30), and whether they would use automated shattiesbility offer in the city (Q31) andh rural areas (Q32). Ques-
tion Q33 asked the respondetdsvhat extent the service of automated shuttles fitdiegisailway facilities. Thee-
spondents were further asked whether they would be wiltirghare the shuttle with other travelers having theesam
destination (Q35), whether they disliitehat they might havte share the automated shuttle with unknown passengers
(Q47), whether they would usa electric automated shuttle from the train statbtbosome other public transport stap
their final destinatioror vice versa (Q48), whether they would use the autonsdtetile with another & 8 passengers
having the same destinatiasthemselves (Q49), whether they ptamuse automated shuttles when they are avaitable
the market (Q50), and whether they inténdisean automated shuttléor their daily trips (Q51)pr to replace their
current formof transport withan automated shuttle (Q52). The respondents were asked wiietievould usen auto-
mated shuttl@smobility offerin rural areas (Q63)r in urban areas (Q64), and how often they intenase automated
shuttlkeson their daily trips (Q65). Question Q66 asked the responderdse the usefulness and satisfaction with the

automated shuttle, using Van deaan's usefulness and satisfaction scale (Vanldemn et al., 1997). With the final



question Q68, the respondents were asked how much they beowitling to pay for a 10-minute usa an automated
shuttle.

The respondents indicated their lesélagreementor Q9to Q28on a scale from 1 (very good) 6 (very bad), while
guestions Q340 Q64 were measureth a six-point Likert scale from strongly disagteestrongly agree. Respondes
the response optiont don’t know’ in Q34to Q64 were excluded from the analysis. Responses werergdthetween
December 01, 2016 and April 2017. The gquestionnaire was @ffe@erman and English, dependioigthe preference
of the respondent.

2.4. Analysisof Responses

Responses were included orifiythe survey was completddr the first time (Q1). Descriptive statistics (means, 95%
confidence intervals) were calculated per questionnane. iA principal component analysis (PCA) was conduoted
all questions (excefior the demographic questio@d-Q8)to investigate the major sources of variatiorthe attitudes
towards automated shuttles. Correlations were computegdretthe PCA scores and personal characteristica@e.,
gender, employmeran the EUREF campus). The humlmsrcomponentso beretained was decided basenlthe per-
centage variance explained (scree mstyell asthe interpretability of the components. The loadingewetated using
the Promax rotation procedure with a powe# (Hendrickson & White, 1964). For the PCA, the respondehtshad
20%or more missing items (e.g., dteenot completing the questionnawebecause the questionnaire was extended later,
by adding Q340 Q68) were excluded from the analysis. Missing data wepeted using thenearest neighbbpartic-
ipant on that item (Euclidean distance). Pearson product-mornmn¢lations between respondenpgersonal details
measured b@P2-Q8 and the PCA scores were calculated. All analyses vegrductedn MATLAB 2016a.

3. Results
3.1. Respondents
From the around 1,600 passengers that were transportedDieoember 20160 April 2017, 384 participateth our
guestionnaire study (mean age = 35.5, SD = 14.4; 227 were rBaleiete female, and 22 did not specify their gender).
274 respondents were includadhe PCA (mean age = 34.9, SD = 14.2; 169 were male, 10Xemeate, and 3 did not
specify their gender). Regarding their common nafdeansporbnthe EUREF campus (Q6), 3 reported usinglectric
scooter, @nelectric vehicle, 45 a bike, 16 a conventional vehidte a combustion engine, 202 walk@3,used another
type of transport, ando one used a truck. 211 respondents indicaienbt workat the EUREF campus, 59 did waoak
the EUREF campus, and 4 did not specify whether they daiktbe campus.

3.2. Ratingsof Shuttle and Service Characteristics

As shownin Figure3, the respondents indicated that they liked theittrifne shuttle (Q29), with a mean () 5.170on
the scale from 1 (strongly disagreée) (strongly agree). They found the senaf¢he shuttle (Q9) and the shuttle itself
(Q12) attractive. The shuttle was also regaraigoright (Q24), spacious (Q13, Q18, Q19), and comfortiablermsof
seating (Q20). The respondents also liked the atmosph2i@, (€specially the quality (Q14) and desdafrthe shuttle
exterior (Q15) and interior (Q25, Q26).

The respondents liked the idefusing automated shuttlespublic transport systems (Q30, with a me&s.180on the

scale from 1 (strongly disagre®)6 (strongly agree). They were less satisfied withpitaeticalitiesof the shuttle, such



asthe availability of handhold®22), and standing positions (Q21). The lowest ratings weegnauifor vehicle speed
(Q16; M = 3.38), and spader luggage (Q23, M = 39).

Q16. Vehicle speed | F—F——
Q23. Space for luggage —
Q11. Shuttle usability/comfort —— r
Q22. Grips =
Q10. Shuttle reliability | 1
Q28. Safety 1

Q21. Standing room =
Q19. Number of seats ——
Q25. Interior quality e
Q26. Interior design = -
Q13. Size of bus | — |
Q20. Seating comfort — -
Q18. Spaciousness . : [ | =
Q27. Atmosphere e =
Q33. Fit to railway facilities [ | =
Q15. Exterior design ——
Q31. Envision service in city e | =

Q32. Envision service in rural —— |
Q14. Exterior quality - = -
Q9. Shuttle attractiveness —{ 1 = =
Q17. Entry/exit comfort =
Q12. Vehicle attractiveness o | =
Q29. Like trip | = -
Q30. Like AV in public transport 1 -
Q24. Brightness | = =
T T T T
3 35 4 4.5 5 5.5 6
Rating (1 = Very bad, 6 = Very good)

Figure3. Shuttle and service characteristics, mean and 95%igleace intervals. The items are sorbgdmean rating.

The vertical lineat 3.5 indicates a scone the middleof the range from 1o 6.

3.3. Ratingsof Attitudinal Questions

Figure 4 shows that the respondents gave high ratirggneric questions about the shustlesefulness and importance
and their own affective state. For example, the medpots considered the shutttebe useful (Q36, M = 5.13), and
believed that the shuttle would becoareimportant parof the existing public transport system (Q39, M = L. They
considered taking a ride the automated shuttte be fun and enjoyable (Q34, M = 5.40), and disagreed thatitheas
boring (Q37, M = 2.30).

The respondents liked the idea that a 100% electric desseghuttle will transport them from the train statmtheir
final destination (Q54, M = 5.04), and agreed with thesstaht that the protectiaf the environmenis crucialfor their
choice of transportation (Q53, M = 4.71). They were irclito choose a driverless shutlea more ecological form of
transport, eveif it were more expensive than their current travel (Q55, M = 4102 respondents gave high ratifgs

sharing the shuttle together with&passengers having the same destinasthem (Q49, M = 5.34).

When the respondents were ast@dompare automated shutttegheir current travel, their ratings were Idw.partic-
ular, the respondents did not think that the shuttle wase afficient/faster (Q44)r easieto use (Q40) than their existing

form of travel, with meansf 2.50 and 2.96 respectiveby the six-point scale.

A majority liked the ideaf a button inside the shuttle which they could tasgtopit (Q60, M = 5.23)In termsof vehicle
supervision, the most preferred option was supervisam &n external control room, followed by having a stewand

board, withno human supervision receiving the lowest ratings (51.6%, 33a6%14.9%of respondents, respectively,

Q67).



Q44. More efficient than existing travel - =
Q40. Is easier than my existing travel - =
Q38. Would use for da(%-to-day commuting | [
43. Like low speed - e

Q59. Would like to manually steer shuttle =
Q58. Prefer no steward on board — [
Q52. Replace my current travel with shuttle =H—
Q62. Safe and reliable in severe weather =
Q55. Choose ecological shuttle if expensive - =
Q41. Is similar to public transport =

Q51. Use for daily trips
Q61. Would like others use shuttle before me
Q57. People would like if it | use shuttle

Q45. Would not take long to learn - -
Q56. Feel comfortable without steer&pedals —
Q46. Felt safe I
Q42. |s easy to understand e
Q53. Choose shuttle because of environment | =

Q39. Shuttle will be important |
37, Trip is boring
Q35. Like sharing with passengers
Q54. Like to use from ftrain station

=
Q64. Would use shuttles in city — =
Q63. Would use shuttles in rural area | =i
=
=
=

Q50. Use when available on market |
Q36. Is useful -
Q48. Would use from train station
QB60. Would like stop botton — =
Q49. Would share with 6-8 passengers | =
Q34. Was fun =
T T T T T

1 15 2 25 3 35 4 4.5 5 55
Rating (1 = Disagree strongly, 6 = Agree strongly)

[=2]

Figure4. Attitudes towards the shuttle, mean and 95% confiderteevak. The items are sortday mean rating. The
scoresfor Q37, Q47, and Q61 (as indicatieddarker bars) were reversed because these questionphwasedn a

negative way. The vertical lireg 3.5 indicates a scone the middleof the range from 10 6.

An analysis of the standard deviations per item showedasttzs differences between itenT® illustrate, the lowest
standard deviation (0.80) was obtaifedQ24 (Brightness), with the majorityof the respondents giving positive rat-
ings. The highest standard deviation (1.90) was féon@59 (1 would liketo manually steer the driverless shuttle when
| want this), yielding a seemingly bimodal distribution. The distribongof Q24 and Q59 are shovim Figure 5.

200 Q24. Brightness Q59. | would like to manually steer the driverless shuttle when | want this

~
=}

o
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w
=3

Number of respondents
=
5

Number of respandents
=)
=3
o
3

o
S

=}

e |

L 0 ‘
1. Very bad 2 3 4 5 6. Very good 1. Disagree strongly 2 3

Rating Rating

4 5 6. Agree strongly

Figure 5. Distributiorof the responseé®er the item with the lowest standard deviation (Q24),lehd the item with the
highest standard deviation (Q59, right).

3.4. Results from the Van det.aan Acceptance Questionnaire

Acceptance ratingsf the automated shuttle were obtained using a 9-iteepsance questionnaire (Q66€166-9) (Van
derLaanetal., 1997), measuring aspeofsusefulness (Q66-1, Q66-3, Q66Q66-7, Q66-9), and satisfaction (Q66-2,
Q66-4, Q666, Q66-8). Figure 6 shows that the respondents were ggnacaktpting the shuttlasthey gave positive
ratingsfor usefulness and satisfaction. However, they gave higloeeson the satisfaction scale than the usefulness
scale (see the relatively low ratinigs Q66-5 and Q66-9).
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Figure6. Van derLaanacceptance questionnaire, mean and 95% confidence intdivalborizontal linat 3 indicates

a scordn the middleof the range from 10 5.

3.5. Willingnessto Pay and Intended Frequencyof Use

When the respondents were asked how often they woulduismated shuttlesn their daily trips (Q65), 33%f the
respondents reported the intenttoruseit daily, 33%on 1to 3 days a weekl,8% on 1to 3 days a month, 8% less than
monthly, and 8% never almost never.

29%of the respondents indicated that they wdadailling to pay for al0-minute ride (Q67) upo €0.50, 27% reported
€0.51-1.00, 17% reporte€1.01-1.50, 15% reporte€l.51-2.00,3% reportede2.01-2.50,2% reportede2.51-3.00, and
7% picked the response optiorothing.

3.6. Principal Component and Correlational Analysis

A PCA was performedn the responses from 274 respondem®7 items (i.e.Q9-Q65, Q68, and the Van der Laan
scale Q66-1Q66-9). The Kaiser-Meyer-Olkin (KMO) index of sampling adeyyusas 0.97, which is indicative for the
suitability of the data for factor-analytic purposas.suggested by the scree plot (Fig. 7), three interpretatpatents
were retained, explaining 39.48bthe variance (see the Supplementary Matésiahll component loadings). The three
retained components had eigenvalok$7.8, 5.32, and 3.31, corresponding@6.6%, 7.9%, and 4.9%f the explained
variance. The Cronbach alpfoas the three components was 0.942, 0.906, and @. 8éBcting the 24, 21, and 6 variables

that loaded higher than Oof the components, which represents a common cut-off {Rketerson, 2000).
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Figure.7. Scree plot showing the eigenvalwéghe correlation matrix, and the corresponding pergestaf variance
explained.

The first principal component (PCAZT)ntentionto use, reflects whether the respondents would use automiateites
(Q30-33, Q36, Q39, @1, Q42, Q48Q52, Q54, Q56Q57, Q63Q64,Q66-1, Q66-3, Q66-5-Q66-9. The highest loading
(0.85) was obtainetbr Q48 (1 would usean electric driverless vehicle from the train statmnsome other public
transport stopo my final destinatioror vice versd). The second-highest loading (0.84) was obtafoe@31 (To what

extentcanyou envision the seof automated bussesmobility servicein the city?).

The second principal component (PCA2)uttle and service characteristigglatego the attitudes towards the physical
shuttle itself, represented RB-Q10, Q120Q29 and Q43. The highest PCA2 loading (0.80) occume®26 (Design
of the bus from the interidy, the second-highest (0.78) Q18 (Spaciousnesks

The third principal component (PCA3}ghuttle effectivenesspertainsto the performancef the automated shuttle
comparison with existing travel modes, represented by Q38, @),Q52, Q59, and Q61. The highest loading (0.75)
occurredior Q40 (Using the driverless shuttigeasielfor methan usingny existing formof traver), the second-highest
(0.71) was obtainetbr Q38 (I would use a driverless shuttie my dayto-day commutingasit is better and more
convenient than usingy existing formof traver).

Table 1 shows the correlations between priml@pmponents and selected personal characteristics (agley gemploy-
menton the EUREF)aswell asbetween the components themselves. There m@eseibstantial gender differences be-
tween the three PCA scores. There was a positivelatiorebetween age and PCAL (r = 0.21), with older redpois
expressing a higher intentido use automated shuttles (PCA1). However, the negative atiorebetween PCA3 and
age (r =-0.17) indicates that older respondents rated agistauttiegsless effective compardd their existing form

of travel. The negative correlation between employneenthe EUREF campus and PCA3 (r = -0.19) indicates that
people workingonthe EUREF campus consider the automated shiatbieless effective compared their existingorm

of travel. There werao substantial differences between employees and noneagglaf the EUREF campus concerning
their ratingsof PCA1 and PCA2.
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Furthermorewe found a significant positive correlation between PCAd BEA2 (r = 0.53) and PCA3 (r = 0.245
well asbetween PCA2 and PCA3 (r = 0.28). These positive caoetaindicate that theiis some degreef redundancy
among the three component scoseseachof the three components expresses a positive valencedtotingr shuttle.

Tablel.

Pearson correlation matrix

M SD 1 2 3 4 5
1 Gender(1=male, 2 =female) (Q2) 1.38 0.49
2 Age (years) (Q3) 3490 14.20 -0.06
3 Working on campugq1 = no, 2 = yes) (Q4) 122 041 0.04 0.01
4 PCAL: Intentiorto use 0.00 100 o0.01 0.21 -0.06
5 PCAZ2: Shuttle and service characteristics 0.00 100 0.04 0.08 -0.05 0.53
6 PCA3: Shuttle effectiveness 0.00 100 -0.04 -0.17 -0.19 0.24 0.28

Note. p < 0.09or |r|>0.12, p < 0.0%or |r|> 0.16.

4. Discussion
4.1. Main Findingsat the Iltem Level
This study showed that the respondents accepted autorhatddssand appreciated their potential institure public
transport systems. The respondents reported positive adtitmdards using the systeasa formof transport and were
willing to shareit with fellow travelers. They agreed most strongly witl item that taking a ride the shuttle was fun
and enjoyabléM = 5.400n a scale from 10 6), andsowere even more positive than the respondents who expedien
anautomated shutti@ Trikalaaspartof the CityMobil2 project (M = 3.88n a scale from 10 5; Nordhoffetal., 2017).
More than halbf our respondents (59.4%) were willitgpay upto EUR1 perlO-minute use.

The respondents were not inclinedeplace their current transport mddethe shuttle, whiclmay notbe surprisingas

the shuttle operated under very limited conditiondMadiganetal. (2016), responderitsatingsof performance expec-
tancy (e.g.;l think an ARTS wouldbe more efficient/faster than existing forrofpublic transpor) were relatively low

(M = 3.080n a scale from 10 5), consistent witlour findings (M = 2.50n a scale from 10 5; Q44). Among the shuttle
and service characteristics (Q@¥28), the speedf the shuttle (Q16) received the lowest ratings (M = 888 scale from
1to 6). Previous studies showed that a low shuttle speeg@agitévely perceived because of safety (Bekdtal., 2003;
Rodriguez, 2017), but negatively perceived because of timeetoncerns (Bekhagtal., 2003. These low ratingsay
have important implicationgstravel time and waiting time are critical determirsaftthe use and acceptarafeshared
autonomous vehicles (Kruegetal., 2016). The operatiasf shuttlesat higher speeds, however, necessitates the equip-
mentof shuttles with better sensors and softwasevell asan adjustmenbf legal frameworks anédn adaptationof
infrastructure (Schreurs & Steuwer, 2016). The sparckiggages another shuttle characteristic that received low rat-
ings.
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The supervisiorof the shuttle fronan external control room was preferrexthe supervisiomy a steward ando super-
vision. These findings correspond with findirigghe domairof driverless trains where only few people were comfort-
able without any type of supervision (Fraszczyk & Mulley, 20Why the respondents preferred supervision feom
external control roonto a stewarcn boardis a question that warrants further investigatiibris possible that the re-
spondents prefer ndd encounter a stewardy it is possible that the respondents envisioned a reliabitlesisystem

where interventiotis rarely needed and remote supervision suffices.

4.2. Principal Components

ThePCA resultedn the retentiorof three components (1. intentibmuse 2. shuttle and service characteristics, 3. shuttle
effectiveness compared existing transport), which together accourfteda variancef 39.4%. The first and third com-
ponents resemble the UTAUT construtishavioral intentionand ‘performance/effort expectari¢cyespectively (e.g.,
Venkateshetal., 2003), whereas the second component resemblesrihguct service quality (e.g., Sanchez Péret

al., 2007).

We observed positive correlations between the three coempenThe strong positive relationship between Ehattd
service characteristics (PCA2) and intentioruse (PCAL)s consistent with studies showing that quatifyserviceis
linked to intentionsto use public transport systems (e.g., Lai & Chen, 2011; Sarrérezet al., 2007). The moderate
positive relationship between shuttle effectiveness @Gd intentionto use (PCA1) also correspontisprevious
research. For example, Buckleyal. (2018) found that the intentido use conditionally automated vehicles (SAE Level
3 automation)s associated with perceived usefulness. Similarly, Kautt Rampersad (2018) identified performance

expectancysa significant predictoof the adoptiorof driverless cars.

Note, however, that the occurrenafepositive correlations can also plausibky explainedby a common cause (e.g.,
positively minded people giving higher ratings),method effects sucasitem wording (i.e., items with the same re-
sponse options correlate strongly, and therefore clastéie same component). Further experiments with a cagrtvop
and objective measures (e.g., actual use rather themdied use) are neededunravel the causal determinanfsthe

acceptancef automated shuttles.

4.3. Individual Differences

The standard deviationsf the responses were relatively low regarding physicattlshcharacteristics (e.g., luggage
space, brightness), indicating that the respondents gererallyin agreement with each other. However, our study
showed higher variabilitfor items pertainingo hypothetical situations. For example, there wasdewlistribution re-
garding whether the respondents wartiave the optioto steer the vehicle manually (Fig. 6). This findisgonsistent

with Kyriakidis etal. (2015) who found that some people prefer automatedhgrivihereas others were against it.

Wedid not find substantial gender differences regardiegtincipal component scores. This corresponds with Madiga
etal. (2016) who did not find any gender effemtsndividuals behavioral intention® use automated shuttles. However,
our study did find age effects: Older people expressed a higbationto use the shuttle, but rated the effectiveness of
shuttles compare their existing travehsmore negative. Madigagtal. (2017) also found more negative ratings among
older shuttle useiia Greece, but Madigaet al. (2016)reported more positive ratings among older pergsoRsance and
Switzerland. Madigaet al. (2016) further found that age effesighe acceptancef shuttles dependn whether zero-

order correlations are assess&sin the present studgr whether age effects are assessguhrtof a multiple regression
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analysis. The observed inconsistendaieage effects mage dueto differencedn subcultures (e.g., employees, tourists,
visitors), which makes the generalizability of the obed age effects difficulat the moment.

4.4, Study Strengths & Limitations

A limitation of our studyis thatit may be proneto selection biasasour study could have attracted people who have a
favorable opinion about automated shuttles and wereusugioout testing thefar the first time. This notiois consistent
with the fact that employees the campus rated the shutlemore negative than outside visitors (Table 1). Campus
employeesnay not have had the same lewatlexcitement about the technology anymore, becausenhghave seen
the shuttle many times before. Similarityjs possible that the respondents gave high acceptance rasing®rm of
cognitive dissonance reduction (i.m justify to themselves taking the effdd participate). Although the respondents
may have been more positive compatedepresentative samples, the differences betweenrdsponses (e.g., the fact
that shuttle speed received relatively low ratings) shiogithmuneto selection bias. Furthermore, current shuttles world-
wide operatén similar settings (e.g., officer university campus), which makes our results represeatati early-
adopter scenarios. Therefore, future research shewalthducted using larger samples that are representétive entire
population.

Previous research has used large nationaloss-national samples via interviearsonline questionnaires and asked
them questions about imagined automated vehicles (sebdameter method; European Commission, 2015, 2017;
Nordhoffetal., 2018). Although these studies target broad and paltgmepresentative audiences, their results may be
of limited validity, asrespondents had respond basech their general beliefs (e.@sobtained via the meda Internet
sources). A strengthf our surveyis that respondents physically experienaa@utomated shuttle. For example, the fact
that respondents gave relatively low ratingshe shuttle speed would probably not have been obtaihed the re-
spondents were merely askidimagine a fully automated vehicle. However, socialrdbgity biases still canndbe
ruled out,asindividualsin our studymay have respondeid line with their general beliefs despite having expegenc
the shuttleTo illustrate, respondents showed agreement (M = 4.02) métideaof choosing the automated shutitea
more ecological fornof travelif it were more expensive, while the majority (204/274) indictaida walking (whichis
arguably the most ecological forofitransport possibledn the campudn other wordsit is likely that respondents were
overall positive {yea-saying) without critically reflectingon the meaningf each questiorOn the other handt could
beargued that this particular mismaistsensibleasrespondents who regularly wabk the campus may be travelitg

that campus using the bos car. To circumvent these limitations, future research shael@derformedin naturalistic
rather than trial-based settings. Furthermibiis,recommendetb measure participaritactual usagef the shuttle (e.g.,
frequency of use), rather than self-reported attitudes tsnzging the shuttle.
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