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EXECUTIVE SUMMARY

The present document constitutes deliverable D@2 AD1T OO0 11 OOA O -M@BKbDEcAT AAG
Its main objective is to repodn Task 5.4 user acceptance, which aimed to assess the acceptabiitiie

different Connected and Automated Mobiit (CAM) usecases(hereby referred as user stories The

purpose of thigaskwas 1) to evaluatéhe user acceptability regarding the different user stories and 2) to
understand how 5G connectivity issues (tB&Menabling technologyaddressed by the projegt such as

service interruptions and degradegliality ofservice may impact said acceptability.

Theuser evaluation was focused on the use cases trialled atritesborder corridor (CBQ)etween Spain
and Portugal. These included three advanced driving manoeuyfi§dane merge(2) overtaking and?3)
driving with reliance on a High Definition Ma@,) a passenger shuttle remotely driven through the border
(5) the samepassengeshuttle receiving information from external sensors about the presence of nearby
Vulnerable Road Usef¥RUsyand (6) anultimedia streaming service deployexh along-distancebus.

Each user story was evaluated through one or more of four different methods, depending on the nature of
the CAM user story andappropriateness to context and logistical constrainfehe methods were (a)
controlled trials in which test userg/ereinside the vehicles as passengers and obsgithe behaviour of

the vehicles and the flow of evenfgsed for theusers storieselated withadvanceddrivingmanoeuvres and

the shuttle), (b) real world trialsfor testingthe multimedia streaming, in which the users could experience
the actual service deployesh board ofthe long-distancebus,(c)online interviewsapplied to the advanced
drivingmanoeuvresjn which participants were presentedith simulationsof different scenariof service
performanceand asked to evaluate thernd (d) a online questionnaireused to evaluatéhe advanced
drivingmanoeuvres and the shuttle related user stories, to provide complementary information to the trials.

Overall the user evaluation of the QWA proposals was positive, evensituations hindered by connectivity
issues This was observed for all user stories, across the diffezealuationmethodologies. Participants
stated both quantitatively and qualitatively, thaif availablethey would se the several proposed CAlMer
stories Theyconsidered them to be useful, easy-use reliableand trustable hinting to the added value
of the 5Genabled featuresParticularly strong correlations were found between the acceptability of the
user stores and their perceived usefulness as well as the conveyed feeling of trust.

Regarding the border context, results show that connectivity interruption or general service degradation
may negatively impact acceptability, but that this will depend loow the CAMtechnological proposais
designed to behave in cases of deficient cornety. Concretely, this means that degraded network
conditionsmay, from the user poinbf-view, be regarded as worse thancamplete network interruption,

if the behaviour of the vehicle is somehow perceived as insecure (even if, objectafelty, is ensured).his
means that acceptability may be impacted not just by the failure of connectivity itself, but by the observable
vehicleresponse includingthe fail-safemechanismghat will bein placewhen the connectivity performance
decreases pfailsentirely andif the vehiclesbehavein ways that are perceived as less safe.
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In terms of structure,lte deliverable begins Hyighlighting the adaptations that were necessary both in the
scope and in thenethodological framework initially definedin earlier deliverableslt proceeds with the
descrption of the user evaluation modetonstituted by a set of psychological construckhown to be
relevant for technology acceptability. It thethetails the assessmentnethodsapplied to the different user
stories. Itproceeds by analysing and discussing the results@mtludes by comparing the key KPIs across
methodologies and user stories and providing the main conclusibimally, he deliverablealso provides
somelessons learned regarding the differemethodological approaches.

The deliverable aims to be a reference in #esessment of the acceptability of different CAM proposals. It
also aims to inform future implementations of CAM use cases, patrticularly regarding the automation
behaviourwhen deding with degraded function of enabling technologies such as 5G communications
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1 INTRODUCTION

1.1 5G-MOBIXconcept and approach

5GMOBIX aims to showcase the added value of 5G technology for advaboedected and Automated
Mobility (CAM)use cases and validate the viability of the technology to bring automated driving to the next
level of vehicle automation (SAE L4 and abovE). do this,5GMOBIX demonstrates the potential of
different 5G features o real Europeaifand Asianyoads and highways and creatandappliessustainable
business modeldo develop5G corridors 5GMOBIX will also utilize and upgrade existing key assets
(infrastructure, vehicles, components)

5GMOBIX executed CAM trials alang crossborder (xborder) and urban corridrs using 5G core
technologicalinnovations to qualify the 5G infrastructure and evaluate its benefits inGdA&Icontext. The
Project alsadefined deployment scenarios and idenigfd and respondedto standardisaion and spectrum

gaps.

5GMOBIXfirst defined critical scenarios needing advanced connectivity provided by 5G, and the required
features to enablsomeadvanced CAM use cases. The matchofitheseadvanced CAM use cases and the
expected benefis of 5Gwere tested during trials on 5G corridors in different EU countries as wah as
Turkey,China ancKorea.

The trials alsoallowed 5G-MOBIX to conduct evaluationand impact assessments artd define business
impacts and cost/benefiinalysis uponwhich new business opportuniies for the 5G enaldd CAM and
recommendations anaptions forits deploymentare developed

Through its findings on technical requirements and operational conditie@dVOBIXexpecs to actively
contribute to standardisatiorand spectrum allocation activities.

1.2 Purposeand structure of the deliverable

The purpose of this deliverable is to report on the results of the user acceptance evaluation activities
conducted in the scope of theGMOBIXproject. Thesewere aimed at evaluing the acceptance for the
CAMuse stories proposed. They also intended to investigaten breaks in service continuity, which may
occur during bordercrossing,may impact on the user experience and consequently, on the acceptability
towards the CAM proposalnderstanding how different technologies and 5G configurations impact the
evaluated CAM use cases is one of the core goals of the project. It issleuant toalsounderstand how
different levels of performance may impact ugsrceptionand consequently, acceptability

Previously, D2.51] reported on an initial set of evaluation KPIs and metrics that, in regard to user
acceptance, aimed at defining the relevant dimensions that compose acceptalilityus set ageneral
framework for evaluations and comparisons across UCCs/USs. A subsequent deliverabjg],@8dived
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further detailing of the KPIs ardefined a general evaluation methodology to be followed for data collection
and analysis.

D5.4 follows up the two previous deliveralddy making a reassessment of the KPIs and melthlogy
resulting from lessons learned in the first trials. It then proceeds to report on the procedures followed on the
different evaluation activities and the obtained ressilThe deliverableoncludeswith a general assessment

of the acceptance KPIs and comparison between isderies.

Thedeliverable is structured as follows:

1 Section2, UserEvaluation Methodology, begins by detailing the scope of the evaluation including
changes during the course of the project. It then describes the initial hypethethe methods
applied for the evaluation and theegtelopment of the initial user acceptance model that supported
the evaluation. It finishes with a review of the evaluation KPIs;

i Section 3, Advanced ManoeuvrEs, describes the evaluation, initially by road trials and later by
online interviews of the advancadanoeuvreauser stories;

1 Section 4, Public Transport: HD Media Servicesdetails the evaluation of the user story with the
same name, through real world trials;

1 Section5, Automated Shuttle Driving Across Bordes, describesthe acceptance evaluation of the
user storiesnvolving the automated shuttlethrough road trials

1 Section 6, Global OnlineEvaluation, refers totheAAOAT 1T i AT O AT A @AiGDI 006
survey This wasdntended toprovide complementarydata onthe user storiesevaluated through
controlled trials and interviewgsections 3 and 5)

9 Section7, GeneralDiscussion summarizes the findings of the previofmur sectionsandcompares
the results across user stories

i Section8, Conclusion summarizes the main conclusioasd outcomes of the evaluation.

1.3 Intended audience

The dissemination level of Dbis public (PU). The document is intended primarily for (a) all members of the
5G-MOBIX project consortium, (b) the European Commission (EC) services andgc)ethificcommunity.

This document is intended as a reference for anticipatmg-O O Aadcépiability, in the development of
5Genabled CAM useases, when issues of roaming and handover are at stake. It particularly addresses how
technical (network) implementations as well as particular behaviours of the vehicle may affesptability.
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2 USEREVALUATIONMETHODOLOGY

2.1 Scope of the evaluation

The methodology defined initially for assessment of user acceptance (2p.vas baed on two main
methods: (1) Triabased data collection through selfreports of test subjects taking part on the trials as
passengers of the vehicles and (2) an online user survey that could be answered by populations of interest,
namely, potential uses of the usestories. This survey had the purpose of providing complementary data

to the trialbased evaluation, considering that the trials would always be limited to a reduced number of
participants. Also, becaustrials are prone to unexpected interfeamces (e.g.technical issues with the
technology or unforeseen external conditions) the survey wagay of obtaining measurements that are

more easily comparable across usstories.

SinceAOOAOOET ¢ OEA AAAADOAAEI] -Bdiks independéndy AsEnot llogisticAllk A B O
possible, the evaluatioefforts were focusean theonesdeveloped at the CBCs. Theaeerepresenttive

ofall theb O1 Efi&kefu€e®tdry categoriesind thus offer a thorough representation of several types of that
5G-enabled automated mobility useases. Also, they were the ones implying a physical border croasihg

were thus better suited to provide a most realistic experiencelierusers. Test trials with users werhus

planned for the ESPT (Spainz Portugal)and GRTR(Greecez Turkey)corridors andhe online surveywas

planned to cover the usestoriesof both CBCs

Nonetheless technical and logistic constraints as well as the strong limitations placed by the CGT&ID
pandemic hae substantially hindered this plarparticularly for the GR'R CBC. On thisorridorthe main
population of interest would have beex) border guards and llyiversof the transport vehiclesparticularly
those used to cross thieorder. However, sibstantial logistical hurdleplacedby the hard-borderdcontext

as well as technical constraintprevented the conduction of trials involvintis particular set of users.
Likewise,reaching such a specific population in large enough numbergh®ronline surveyto provide
meaningful resultslso proved to be unfedde.

The focus of the useevaluation was thus placed on the 23 corridor. The population of interest of these
userstories hcludes any person that may use a personal car or digtansport and is thus much wider
than the one of the GRR.

Thus, the usestories directly addressed by the usevaluation and reported on this deliverable are:
1 US#1.1.a Complex Manoeuvres in Cre8®order Settings: Lane Merge for Automated Vehicles
1 US#1.1.b- Complex Manoeuvres in Cre8order Settings: Automated Overtaking

I US#3.1.a Complex Manoeuvres in Cro8®order Settings: HD Maps
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1 US#3.1.b Public Transport: HD Maps
1 US#1.5- Automated Shuttle Driving Across Borders: Cooperative Automated&ys
1 US#4.1- Automated Shuttle Driving Across Borders: Remote Control

9 US#5.1- Public Transport: HD Media Services

2.2 Methods

Overall, the user acceptance evaluation of the-BIBbix projects follows an empirical approach that aimed
to evaluate 1) the accepthility of the user stories proposed and 2) how connectivity and handover issues
relevant in the xborder context may affect the acceptability. It was hypothesized that:

1) Acceptability would in general be positive;
2) Network related technical issues at the lg@r context could negatively impact acceptability.

The triatbased methodology first laid out in D5.1 addressed these hypothasdsarticularly the second

in the sense that it was designed to confront evaluations conducted in local trials (in whimtdler issues

are not at stake) with the ones performed irbrrder trials. By comparing the differences between the two

it aimed to determine in which measure the user evaluation was an actual consequence of the border
context.

However, theempiricalevaluation of theuserstoriesreferring to complexmanoeuvregUS#1.1.a, US#1.1.b
and US#3.l.a)faced technical and logistical complicatiorthat prevented the application of this
methodological approach Concretely, it proved to behallenging to coordiate user evaluation and
technical evaluation within the strict time windows of road closures that were possible to arrange. Thus,
following a first set of unsuccessful tridlgat took place at the border an alternative plan was defined based
on online inerviews. These were supported mdeo-based simulationghat illustrated the userstories
(from the driver pointof-view). Maintaining the focus on understanding hawborder issuesaffect user
perception, three simulation scenarios were developed: B&df) Average(AV)and Worstcase (WO)
These aimed tanimic network conditions BEwould correspond to local trials whikV and WO would be
associated with sborder trials).Importantly, the adjectivedest averageandworstmust be understood as
referring to the network conditions, and not necessarily that the useperience.

While simulationbaseduser assessmentre lessrealisticcompared to realworld testing,research shows
that it can at least provide relative validity of the resyi$, [4], meaning that hey follow a similar pattern
as they would in realvorld studies although magnitudesf resultsmay vary.In the context of the 56
MOBIX project, allowed full control over variables and eventstaod itwaspossible to define experimental
conditions purmsely built to addresghe research questiosand compare the results systematicallyhis
could not have been done in the reabrld trials particularly for the advanced manoeuvres, given the
logistic and technical complexity associated with the trig@émulationalsoallowed testing safetycritical
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situations, without putting participants at riskConcretelyjt was possible to place participants on the driver
perspective of the automated vehicles, while in readrld trialsthey would only be passenger

The difference in methods alsproved to be a interesting opportunity to compare how different
approaches for providing users with a technology experience compare to each other, in terms of their
outcome. This will be discussed in the final part a tteliverable.

The user story Public Transport: HD Media Services (US#5.1) was a second exception to évaldasibn.

It is essentially a streaming media service provided on long duration travels. While poor connectivity at the
border may jeopardize th experience, it would in principle only do so during a few seconds loarly-

long travel. Thus, only the general acceptability hypothesis was evaluated.

Following the several changereported above, thdull evaluation methodologycomprisesfour methods
(Tablel). These are introduced next.

Table 1: Summary of user stories and evaluations methods CrossBorder

Real Global

world online

trials survey
US#1.1.a - Complex Manoeuvres in Cre8order

Settings: Lane Merge for Automated Vehicle v X v
(LaneMergg

US#1.1.b - Complex Manoeuvres in Cro8order

Settings: Automated Overtakingdvertaking)

Online Controlled

Interviews IETS

US#3.1.a - Complex Manoeuvres in Cro8order
Settings: HD MapsHDMapsVehiclg

US#3.1.b - Public Transport: HD Map
(HDMapsPublicTranspoit

US#1.5- Automated Shuttle Driving Across Border
Cooperative Automated SystenCopAuton)
US#4.1- Automated Shuttle Driving Across Border
Remote ControlRCCrossing

US#5.1 - Public Transport: HD Medi&ervices
(MediaPublicTranspor} v

The () marks the methods applied for a user story, while thd (harks user stories where the method w
completed onlyin local scenario in Spabut not in Cross-Border.
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B)
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Controlled trials

This approach waérst laid out in D5.1 and it was aimed at testing the uséories directly with
users, granting them a good approximation to the complete user experidhéalows the twafold
approach ofconfronting evaluations conducted in local trials (in whictbarder isses are not at
stake) with the ones performed inborder trialsand compare the two.

The evaluation was planned to begin before the trials, with participants filling the acceptability
guestionnaire and providing qualitative informatiaregarding their expetations of automated
mobility and the user storythrough focus groups or interviews. In a second phase participants
would take place in local trials after which they would evaluate acceptability filling an acceptability
guestionnaire. This was followedyba third phase in which the same subjects participated-in x
border trials followed by a second pet&st questionnaire and a final interview.

Controlled trials wergartially conducted folLaneMerge Overtaking, and HDMapsVehicl¢section
3.0 andconductedin fullfor the CoopAutomand RCCrossingsectionb).

Realworld trials

For the case of thé/lediaPublicTransporit was possible to perform trials involving reaid-users
Concretely, the usestory was trialled on a commercial routeetween VIGO and the Francisco S&
Carneiro airport operated by the transport compani @A.

Participants were invited to use the system and then provide their evaludiibng an acceptability
guestionnaire through an eletronic form available on the interface of the media service

Online Interviews

This approachaimed to provide quanttative and qualitative insights witlparticipants, in user
stories where realworld trials could not be done namely LaneMerge Overtaking, and
HDMapsVehiclgsection3.2). The evaluation was based on tlieree scenarios developedBest
AverageandWorstcase

Each interview (with a single participant) was divided is&xtions. In the initial one, participants
provided complementary qualitative information regarding theiviews on driving and their
expectations of automated mobilityThis was followed bthe presentationsof video simulation®f

the user stories in each condition. Aftefiewing each simulation, participants filled in the
acceptability questionnaire. In the last section they provided a qualitative overview of the user story.
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D) Global online survey

This is an online questionnaire (no direct contact between respondents and researcheeshg

all the ESPT userstories except US#5.1The goal was to provide respondents with a visual and
textual description of the usestories and to have quantitative evaluation of their acceptance.
Following a similar taonale to the online interviews, the same three saeéns Best Averageand
Worstcase) weraised mimicking to an extent the local andborder contexts.

When filling out the online questionnaire, a&h respondent started by introducing socic
demographic information. They were then randonagsigned one usestory in a specific scenario.
They would be presented with a description of the ust@ry andrespectiveevents and in thend,
fill in the acceptability questionnaire.

2.2.1 The scenarios

The userstory scenariosBE, AV and Withat supporte the online interviews and the global online survey
were developed by considering a set of network KPIs and determihat would be the observable
behaviourof the system for thalifferent values. The four KPIs were:

1 TEKPIL.1: User experienced data ra{&JL / DL)

1 TEKPIL1.3 E2E Latency

1 TEKPI2.3- Mobility Interruption Time

1 TEKPI2.2- Application Level Handover Success Rate

For each of the abovKPIs, he userstory leaders were asked to identifiiresholdvalues and to describe
what wouldbe the obsevablebehaviourbetween them This allowed the useacceptance team to develop
short storylinesreporting the three scenarios fathe usersstories listed irfable1 (summary tables of tis
information can be foundn Annex ). These story lines were illustrated tivigraphic depictions and short
stop-motion clips (sed-igurelfor an examplevideos can be foundere). These materials werdirectly
used in theonline survey anés supporin the other trials The complete set of storylines can be found in
Annex 3.

The technical evaluation showed that, in general, the &eiour of the systems and the user stories flow
(from the user poinof-view) was close to the besiases scenarigdor all network configurations
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Figure 1. Example of graphic depiction of one of the usestories involving the automated shuttle

2.3 User Acceptance for Automated Driving

An important element of the evaluation is the main data collection instrument that took the shape of a
multi-dimensionalpsychometric scale Thisscalenamed User Acceptance for Autorred Driving (UAAD)
includes24 questions covering the most important KPIs and was grounitdethe acceptability model
introduced inD5.1[2]. It wasdevelopedpurposely for the 58viobix project following the steps described in
D5.1 These include:

1) Theoretical procedure- in which the mainpsychological constructs of acceptability were
investigated and a theoretical framework was defined. For eachvegle construct a set of initial
items (questions)vas definedhat was then discussed by expegrd reduced to an initial set.

2) Empirical procedurez in which the scale was administrated to a group to collect a sample of
answers. This is followed by a gtdical analysis aiming tdetermine g the dispersion or variability
of the answers and b) the twofold coherence of this dispersion: regarding the connection of this item
to the other items in a given dimension (internal validity), and regarding its astoa with
behaviours external to the scale but equally associated with the dimensions under evaluation
(generalizability).

3) Analytical procedureg Based on the empirical analysis the final set of questions is selected and
randomized.
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It is important tonote that the constructs of the survey are aligned with the KPIs proposed for User
Acceptance evaluation.

2.3.1 Conceptual definition

The UAAD builds strongly on the Technology Acceptance Model (TAM) introduced by [&mis explain
user acceptance of systems or information technologies. This model postulates thamtémion tousez
«the degree to which a person believes it would use a technalogpn be essentially explained by (1) the
perceivedisefulnesg «the degree b which a person Heeves that using a particular system would enhance
his or her job performance and (2) theperceivedaseof-usez «the degree to which a person believesth
using a particular system would be free of effertThese factors are in turn affected by other external
variables.

TheUAAD modelproposed in this project explores the three construstsTAM, namelyl)intention to use

2) perceived usefulneasd3) perceived easef-use It dso includes others proposed Menkatesh et al[6]

and Venkatesh & Balg7], namely, 4) facilitating conditonsAA ZET AA A0 OEA ET AEOE
organizational and technicahfrastructure are in place to support the syste®subjective norpdefined as

OEA ET AE OE A O A btiiepeoplditipbriapt @ Hin/her i2keve@e/she should use the sys@m
self-efficach AAEET AA A belié énkis/Bet olvi dbifinAt@plifodmia task using the technology
and7)anxiehth AAEET AA A Gppetiedsiorewhdnkiging théthsh. 5 O

Considering that CAM useasesare inheently safday-critical, it is assumed that feelings of trust and safety

will play a major role in modulating acceptance. As such, based on the propoghhof) et al[8], two

additional constructs were include®)trust-x EEAE OA&ZAOO O OEA ET AEOEAODA
operate corectly even in uncertain and vulnerable situatio®3reliabilityzx EEAE OAAZAOO O1 OE
belief that the system will perforntonsistentlyunder differentcircumstancesand 10) perceived safety

AAEET AA AO OEA mding thesksled Aill bz Dee AfASKEA £ OEAO

2.3.2 UAAD scale development

Figure2 details thefour steps taken to develop the UAAD scalée initialonewas theselectionof sixitems
(questions)perconstruct, from thesupportingbibliography[5]z[12]. These were then reviewed by the team
and adapted to the specific CAM usstiories addressed by the projedtrom thisresulted a set of 10 x 6 =
60 items. For an independent analysidhdseitems were then subjected to feedback frothree external
researchersnot involved in the projectwho were asked to seleghe four questions they believed were the
most suited to illustrateeach construct Their analysis was taken toconsensus meetingttended bythe
researchersnvolved in task T5.40uritemsper constructwerefinally selected(seeAnnex 3, resultingin a
total of 40.
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10X 6 10X 4 8x3
Questions Questions Questions
Selectinitial Feedback from Consensus Validation with

questions external experts meeting respondents

Adapted from the 3 experts asked to select 4 T5.4 Members *Online questionnaire
relevant bibliography questions per construct *Respondents from
CTAG and Survey

Monkey

Figure 2: Stages of the scale development

The nextand final step of the validation was done through an online surviéywas composed by a
description of the usestory: US#4.1z GAutomated Shuttle Driving Across Borders: Remote Cointrible
best-case scenariofollowed by the fortyitems, presented in randomrder. Answers to each item &re

given by a Gtem Likert scalé (1=totally disagree; 5=totally agreéjocuson a single usestory and scenario

for the validation was intended to increase statistical power of the analysis, by ensuring that all answers
would address the same technological concept.

2.3.3 UAAD validation

563 answers were collected from the validation survey. 129 were collected initially between CTAG
collaborators from October to November 2020. 48#re answers were later collected using tbeline
service SurveyMonkey + MTurk from January to February 2021. After cleaning the das&tving
incomplete answerand clearly random responsgghe sample was reduced tosample 0f396 answers
(Table2).

Table 2: Demographic data (Gender and age) of the participants taking part otne validation online survey

396
Female 118
Male 269
Prefer not to say/No 9
answer
1830 Years 190
3140 Years 144
41-50 Years 48
51-60 Years 9
61-70 Years 5

! psychometric scale in which respondents state their degree of agreement or disagreement with one or more
statements.
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Respondents answered to a cluster of 40 items (8eaex 3. Data wasanalysedusing RStudio (version
2022.02.02+485).

Confirmatory Factor Analysi(CFAJ13]was used to verify the psychometric structure of the UAAD scale,
which was formed byhe 10 factoranentioned above namely (1)ntention to use(2)perceived easef-use

(3) perceivedisefulness(4)trust, () reliability, (6) perceived safety(7)facilitating condition¢8), subjective
norm, (9)selfefficacyand (10anxiety. The technique allowdto assess how well data observations fit to a
theoretical model defined priori Robust maximuntikelihood was used to estimate the model parameters.
The total sample was divided randomly in two paréscalibration sample andvalidation sampleand CFA
was applied to both.

The calibration sample was composed of 200 responddastimated parametes weresignificant.? (695)
=12®.96, p< 0.001However, he Comparative Fit IndefCF) wasnot acceptablesince itsvaluewasunder
0.90 (CFI=0.729) whilethe Root Mean Square Error of ApproximatidRMSEAhad a value 00.082. The
Standardized Root Mean Square Residi&RMRwas0.106.Given these indicators the model fibuld not
be accepted anthe factor structurecould notbe confirmed. This motivated a second step of the analysis
as reported next.

Figure32- Annex Jpresensthe diagram with the relatios between item and factors arttle standardized
estimates of the factor loadings faachitem. High-value(results greater tha®.60)and significantoadings
are presented in boldAfter a reliability analysis to assess the internal consisteaayecision was made
eliminate the factors and items withon-significant loadings (se€able50- Annex 3andchange thefactor
structure.Thefollowing changes were made

Maintainthe 4 items forintention to usg

Maintain the 4 items foperceived usefulness

Maintain the 4 items foperceivedaseof-use

Eliminate Q18n thetrust;

Maintain the 4 items foreliability,

Eliminatethe factor perceivedsafety;

Maintain the 4 items fosubjectivenorm;

Eliminate factorfacilitatingconditions

= =4 4 -4 -4 -4 A -2 -2

Eliminate Q7in self-efficacy

2The model chisquare (%), CFl, RMSEA are SRMR are measures of model fit. They are used to verify how well a dataset
fits into a prespecified model. For.?a value < 0.05 is considered indicative of significance and thus, acceptable. For
CFl a cubff criterion of CFI > 0.95 is normally agreed. RbMfSEA values < 0.08 are considered good. Regarding SRMR,
values < 0.05 are normally consréd as an indication of a good fit. Sgd]for further details.
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1 Eliminate Q24in anxiety;

Following these changeghe model was refitted withthe calibration sample using the same method.
Obtained parameters were significant (349) = 54.689, p <0.00L In this caseRMSEA0.067) andcSMRS
(0.067)weremore acceptable althouglCF0.893)wasstill not satisfactory. The loadings for each factor are
presented inTable50(Annex 3. As it can be observed, most of them are greater than the previous one.

Taking into consideration the second part of the sample (validation sample) composed by 196 respondents,
this second model watested. Similar results were found in this validation samplgain, parameters were
OECI1 E £E A A 15899 40.0p1bit CRY0.8Hwasstill not satisfactorywhile RMSEAndSRMRvere
acceptable 0.071 both).

To study if the model fitvould be similar for theompleted dataset, a confirmatory factorial analysis of this
second model wasested in the total sampleThus the eight-factor structurewas analysedvith the 396
participants. As it can be pointed out Figure3, all the loadings are higheéhan 0.50, even ove0.70 for
factors asntention to usgetrustor anxiety. CFAwith the total sample provided good fit indexes. Thiewas
significant (2 (349) = 79.047,p <0.001). CFiwas good with a value @.91. MoreoverRMSEA0.056) and
SRMR0.056) wereboth under0.060.

Figure 3: CFA Estimations for second structure model with total sample (Study I)

Based on the results of the analysis, a decision was rtad®intain this second factorial structure. For the
sake of simplicity, the three items with thedher loadings of each factor were selected to integrate the final
instrument The hternal consistency of these items was generally good as indicated by tbd T AAAES O
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(Table3), with only the construcselfefficacyfairing below 70%values betweer0%and70%are normally
considered as questionable, but not unacceptable. Given the novelty of the domain and the not large sample
size, an option was made to maintain teelfefficacyquestiors).

When using the UAAD, for each set of collected answers, a meae whlaach construct is calculated by
averaging the rating given for the three corresponding questions. Thus, for a given participant answering
the questionnairefor a specific usestory, a total of eight values will be calculated.

Table 3: Final structure model detailing the questions of the UAAD.# OT T A A A Eif fdesentedEldE dach

construct
. Cronbach's
Construct Attribute
Alpha
_ If I had such an automated vehicle, | would use it frequently during my 1
Irl';erljtlsc;n If it is available, | plan to use the automated vehicle in the future. 82%
Assuming | have access to an automated vehicle, | intend to use it.
Overall, | could trust the automated vehicle.
| would feel confident using the automated vehicle. 82%
| would trust the automated vehicle while driving.
| would be able to handle whatever happens while using the autom:
vehicle.
Self- | could reach my destination using the automated vehicle even if | ha 62%
Siilezlw/A assistance.
I would feel confident using the automated vehicle because | unders
clearly how to use it.
| believe that an automated vehicle would be free of error.
L | believe that automated vehicles will perform consistently under a var
Reliability i 2%
of circumstances.
| believe that | could rely on automated vehicles.
=== Learning to use the automated vehicle would be easy for me.
=CEENo R | would find the automated vehicle easy to use. 71%
Use I would find it easy to get the automated vehicle to do what | want it to ¢
The automated vehicle is somewhat intimidating to me.
A=A | would hesitate to use the automated vehicle for fear of making mistak 81%
Driving with the automated vehicle would make me feel nervous.
Using the automated vehicle would be useful in meeting my reg
=Eie=\=s s transportation needs. 83%
OEEERESS] | would find the automated vehicle useful in my daily life/work.
Using the automated vehicle would increase my travel comfort.
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People whose opinions are important to me would like the automa
vehicle too.

Subjective

| would be proud to say to people that are close to me that | use 74%

Norm .
automated vehicle.

I would recommend the automated vehicle to my family or friends to us

2.4 ATI scale

Beyond the UAAD scale, several of the evaluations reported here make use Affthigy for Technology
Interaction (ATI) scaleto control for a tendency and/or enthusiasm of participants to engage with
technology, a factor that is known to affect accepthty. Thisis a widely used psychometric scale that
AOAT OA O Ahrfnedessd iDtdrardwdh technologicahrtefacts[14]. It is a nineitem scale, where each
item is answered in a6 scale (¥ completely disagree; § completely agree). The followingems are
part of the questionnaire:

I like to occupy myself in greater detail with technical systems.

| like testing the functions of new technical systems.

| predominantly deal with technical systems because | have to.

. When | have a new technical system in front of me, | try it out intensivel

1
2
3
4
5. | enjoy spending time becoming acquainted with a new technical system.
6. ) 0O EO AT T OCE & O i A OEAO A OAAET EAAIT OUOOAI «xI
7. |try to understand how a technical system exactly works.

8. Itis enough for me to know the badimctions of a technical system.

9. | try to make full use of the capabilities of a technical system.

The final rating of the scale is obtained by inverting the answer to negatively worded items (3,6,8) and then
computing a global mean.

2.5 KPIs for user evaluabn

Following the validation and considering the several constraints experienced during the trials the KPIs
initially proposed in deliverable D2[%] and D5.12] had to be reviewedwith a few being discarded able
4 summarizes and explains the changes
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Trust on the

System
metrics

UA-M1.2

UA-M1.3

UA-M1.4

UA-M 1.5

UA-M2.1

UA-M2.2

UA-M2.3

UA-M3.1

UA-M3.2

UA-M3.3

UA-M3.4

Table4: Summary of user acceptance KPIs

Description

Acceptance Intention
(statement of interest)

Perceived Technology
Usefulness

Perceived Technology
Easeof-use

Affinity for
Technologyinteraction

Acceptability difference
between prior and post
contact with technology

Perceived Safety

Perceived Trust

PerceivedReliability

Generalusability metric

Effectiveness
Efficiency

Satisfaction

Notes

Corresponds to theintention to useconstruct of
UAAD, Collected for all usestories.

Corresponds to th@erceived usefulnessnstruct of
UAAD, Collected for alliserstories.

Corresponds to theperceived easef-useconstruct
of UAAD, Collected for all usestories.

Collected through an additional survey, for tt
participants that took part on therials and the
online interviews

Calculated for the participants that took part in th
trials;

Discarded giventhat no relevant difference wa
found to the perceived trust, during validation;

Corresponds to thetrust construct of UAAD;
Collected for all usestories

Corresponds to theerceived reliabilitgonstruct of
UAAD; Collected for all usestories

KPI not collected, because the participants haal
opportunity to interact directly with the technology
(they were merely observersPerceived easef-use
can be considered as the closest approximation
the initial purpose of the KPI,ub based on self
reporting of the participant.

KPIs not collected, since they were based
objective metrics measured from the interactiol
The patrticipants had no opportunity to interact wit
the system.
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Perceivedeliabilitycan be considered as the close
approximation to the initial purpose of the KPI, b
based on seffeporting of the participant.

UA-M4.2 Error dealing efficiency

Yellow cells correspond to KPIs not collected directly tait can be replaced by others. Red cells are KPIs not collected and that
cannot be replaced.

2.6 Conclusion

The nextsections(3 z 6) describe in detail how the methods presented were applied to the several user
stories and theesults of the evaluatiorSection7 provides a general summary and discussion of the results
of the different sections
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3 ADVANCEDMANOEUVRES

This chapter is dividethto two sections. The first3(1) refers to the first attempt to do evaluation of the
advancedmanoeuvresuserstories by conducting trials in which test partiaits took partin reatworld

tests. Only the local trials involving participants at ES were conductadtechnical and logistical issues
prevented the remaining one from being completdebllowing the impossibility of successfuttpmpleting

this reatworld based assessment, a second methodology was developed based on online interviews. This is

described in sectior3(2).

3.1 Real world evaluation

AEA Ci Al

I £# OEEO AOAI OAOQOETI

xAO OI

AOGOAOGO OEA AAC

OA AT A O Edtofyand BavAtiey are affected by theborder context. To do so, participants were
expected to take part on (1) local tria¥gith no network handover (no border handover) and inxXporder
trials, where handover was expected. In both situations an assessment of their expenas@xpected to

be provided The goal was to compare the assessments and verify (1) their generatagitigptowards the
userstory (first evaluation) and (2) how the border affects the acceptability (second evaluation in

comparison with the first).

Theevaluationwas planned to be composed of three phases (Sgeare4):

Afew days
before the trial

'n‘1o PT

e

Local trial (PT)

Pre-test
Questionnaire
+
Focus Group /
Interview

ln'm ES

Local trial (ES)

Pre-test
Questionnaire
+
Focus Group /
Interview

Immediately
after trial

15t Post-test
Questionnaire
+
Interview
i

Cross-border
trial

1t Post-test
Questionnaire
+
Interview

Pre-
evaluation

Phase A

Figure4: Diagram of the reatworld evaluation

Phase B

Immediately
after trial

Interview

W1o PT+10ES
e

24 Post-test
Questionnaire
and interview
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Pre-evaluation: During this phase participants &l the UAADand ok part either on a focus group or in
anindividual interview(depending oravailability), both of which were aimed at presenting the ustories
and explore their expectations regarding Autonomous driving technology and the concretestst

Phase A:Thiswasthe first phase of the evaluath. Participants ook part in the local trial and afterwards
filedin the UAADand answer a set of open questions.

Phase BThiswas the second phase of the evaluation. Participantaid take part in thex-bordertrial and
afterwards fill in theUAAD and answer another set of open questioss mentioned in sectio2.2, this
phase was not conducted.

3.1.1Methodology

3.1.1.1 Technical implementation

Local trials were done ia closed road in Spain. No handover occurdéchm the technical poirbf-view,

trials were successful, with the technical KPI measurements reaching their target values (with the exception
of throughput, which was lower, due to the low requirements plabgdETSI messages (see deliverable
O0$ Z8RAET EAAT %OAI OA gi5). DiservatileOehigbaddobirdvasinfaéedrdahc®with
the planned user story flow (corresponding to the besise scenario described in sectidr).

3.1.1.2 Participants

Spanish participants were selected by internal recruitment from the CTAG workkrs to insurance
policies) Selection requirements to be fulfilled were: no previous knowledge of the project and a valid
driving license in the moment of taking part in theals. A total of 24 participants took part in one of the 3
different local trials for testingovertaking, LaneMergeandHDMaps/ehicleconditions.Table5summarizes

the main characteristics for the profile of the sample for the three Spanish local trials.

Table 5: Demographic data of the participants taking part on the advanced AT T A Ot6a3A O 8

Lane . HD
Overall Merge Overtaking Map
24 7 10 7
Gender Female 4 3 0 1
Male 20 4 10 6
1830 Years 11 5 2 4
3140 Years 12 2 7 3
41-60 Years 1 0 1 0
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I_dont have a driving 0 0 0 0
license
BIoNel RV ERVE 61Tl B Yes, and | drive often 24 7 10 7
license?

Yesl, bu_t tarely drive/ 0 0 0 0

don't drive
less than 5 years 3 1 0 2
5-14 years 9 4 3 2

How long has driving license?

g g 15- 24 years 5 2 0 3
more than 24 years 7 0 7 0
Have you ever tried an No 14 5 8 1
autonomous vehicle? Yes 10 2 2 6
Have you ever driven an No 7 2 2 3
automatic gear vehicle? Yes 17 5 8 4

Figure5 showsthe mean values of the answers for the ATI scale for all the sample using a radar chart.
Generally, the scores were high, with most answers around 5 (scores are between 1 iadicéing high
propensity to interact with technologyThe item with the lowest valueas O) DB OAAT | ET AT 01 U
OAAET EAAT OUOOAIT O A A AretddviualATI EchrésAor tOd thiree usstorids (an8 Q @ (8
merge, overtaking and HiMaps)canbe foundindividually inAnnex 4
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ATl | User-story

I like to occupy myself in greater detail
with techrgcsl systems.

I try to make full use of the capabilities g like testing the functions of new
)

E

of a technical systemn. 4.9 / % technical systems.
r 4

/s

Itis enough for me to know the basic / 2 | predominantly deal with technical
functions of a technical system. g i ) 43 systems because | have to.
I'try to understand how a technical4.Q 1\\ 5 Xf\fhen | have a new technical systemin

systemn exactly works. ™, ' front of me, | try it out intensively.

| enjoy spending time becoming
a&quainted with a new technical
5,
system.

Itis enough for me that a technical 5/0
system works; | don‘t care how or why.

=—0==| ane Merge Overtaking HDMapsVehicle

Figure5: Radar chart for ATl answers (Spain Local Trials)

3.1.1.3 Procedure for bcus groups andhterviews

Before participating in the study aparticipants signed theinformed consent anddoubts about their
participation wereansweredbefore joining. As it was indicated in the previous diagram of the-veald
evaluation Figure4), apre-evaluationwas conducted beforthe participants could test the functions in real
settings. In thigre-evaluation participants fidd in a questionnaire t@rovidedata for geating the profile

of the sampleTheywerethen selectedaccording to their conveniende participate ineithera focus group
session or an individual interview to know their expectations and opinions about autonomous vehicles, and
to get feedback on th different use cases. Both activities, focus groups and interviews dame online.

Thus in eachuser storythere were participants that took part in théocus group interviews or both
activities. For the postest, only online interviewsvere conductedThe next table summarizgthe number

of interviews and focus group for each user story.
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Table 6: Summary of Interviews & Focus Group by Usestory

User Story PRETEST POSITEST
INTERVIEWS 7 Participants INTERVIEWS 8 Participants
Lane Merge
FOCUS GROUP - FOCUS GROUP | --
INTERVIEWS 1 Participant INTERVIEWS 9 Participants
FOCUS GROUP 6 Participants FOCUS GROUP | --
INTERVIEWS 4 Participant INTERVIEWS 7 Participants
Overtaking
FOCUS GROUP 6 Participants FOCUS GROUP | --

3.1.1.4 Procedure fordcal trials

All the Spanish local trials took place at night due to the need to close thesrmadegular traffic A
professional driver was in charge of the autonomous vehicle, mainly in case, it was necessary to take over
control, as participants were not allowed to drive.

Local trials with participants were performed in thalowing dates:LaneMergeLocal trialsin November
2021 (w44)Overtaking in September 2021 (W39) and October 2021 (W43) ldbdlapsVehicldrials in
September 2021 (w39).

All participants waited athe CTAG facilities until the scenario and the US¢ory was ready tde trialled.
Participants vere divided into groups of three/four peopM/henthe testing setupwasready,each group
was transported to the trial area amplit betweentwo cars. Two participants went in the autonomous
vehicle to have the experienogf beinginside andto be able b seethe information displayed onthe
instrument clusterthat was available to thautonomous vehicle driver (passengers changed their position
in the rear seats from right to left and viesersa between trial3. The other two participants (or oriethe
case of 3 participants group) travelledthre other car which ook part of the user story scenarto have a
different view of the situation The order by which participants were assigned to the camsas
counterbalanced All participants experience 6 wads of the trial (left rear seat [2x]; right rear seat [2X];
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other car [2x]). Aftethe testthe participants filedin the posttest questionnaire and Fdha post interview
in the next daysFigure6 shows picture®f the real road world testwith particpants.

Figure6: Pictures of real road where local trials were performed
































































































































































































































































































































































































































































































