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EXECUTIVE SUMMARY 

The present document constitutes deliverable D5.4 ɀ Ȱ2ÅÐÏÒÔ ÏÎ ÕÓÅÒ ÁÃÃÅÐÔÁÎÃÅȱ ÏÆ ÔÈÅ Ϋ'-MOBIX project. 

Its main objective is to report on Task 5.4 ɀ user acceptance, which aimed to assess the acceptability of the 

different Connected and Automated Mobility (CAM) use-cases (hereby referred as user stories). The 

purpose of this task was 1) to evaluate the user acceptability regarding the different user stories and 2) to 

understand how 5G connectivity issues (the CAM enabling technology addressed by the project), such as 

service interruptions and degraded quality of service may impact said acceptability. 

The user evaluation was focused on the use cases trialled at the cross-border corridor (CBC) between Spain 

and Portugal. These included three advanced driving manoeuvres: (1) lane merge, (2) overtaking and (3) 

driving with reliance on a High Definition Map, (4) a passenger shuttle remotely driven through the border, 

(5) the same passenger shuttle receiving information from external sensors about the presence of nearby 

Vulnerable Road Users (VRUs) and (6) a multimedia streaming service deployed on a long-distance bus.  

Each user story was evaluated through one or more of four different methods, depending on the nature of 

the CAM user story and appropriateness to context and logistical constraints. The methods were (a) 

controlled trials in which test users were inside the vehicles as passengers and observed the behaviour of 

the vehicles and the flow of events (used for the users stories related with advanced driving manoeuvres and 

the shuttle), (b) real world trials, for testing the multimedia streaming, in which the users could experience 

the actual service deployed on board of the long-distance bus,(c) online interviews, applied to the advanced 

driving manoeuvres, in which participants were presented with simulations of different scenarios of service 

performance and asked to evaluate them and (d) an online questionnaire, used to evaluate the advanced 

driving manoeuvres and the shuttle related user stories, to provide complementary information to the trials. 

Overall, the user evaluation of the CAM proposals was positive, even in situations hindered by connectivity 

issues. This was observed for all user stories, across the different evaluation methodologies. Participants 

stated both quantitatively and qualitatively, that, if available, they would use the several proposed CAM user 

stories. They considered them to be useful, easy-to-use, reliable and trustable, hinting to the added value 

of the 5G-enabled features. Particularly strong correlations were found between the acceptability of the 

user stories 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 on how the CAM technological proposal is 

designed to behave in cases of deficient connectivity. Concretely, this means that degraded network 

conditions may, from the user point-of-view, be regarded as worse than a complete network interruption, 

if the behaviour of the vehicle is somehow perceived as insecure (even if, objectively, safety is ensured). This 

means that acceptability may be impacted not just by the failure of connectivity itself, but by the observable 

vehicle response, including the fail-safe mechanisms that will be in place when the connectivity performance 

decreases or fails entirely and if the vehicles behave in ways that are perceived as less safe. 
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In terms of structure, the deliverable begins by highlighting the adaptations that were necessary both in the 

scope and in the methodological framework initially defined in earlier deliverables. It proceeds with the 

description of the user evaluation model constituted by a set of psychological constructs, known to be 

relevant for technology acceptability. It then details the assessment methods applied to the different user 

stories. It proceeds by analysing and discussing the results and concludes by comparing the key KPIs across 

methodologies and user stories and providing the main conclusions. Finally, the deliverable also provides 

some lessons learned regarding the different methodological approaches. 

The deliverable aims to be a reference in the assessment of the acceptability of different CAM proposals. It 

also aims to inform future implementations of CAM use cases, particularly regarding the automation 

behaviour when dealing with degraded function of enabling technologies such as 5G communications. 
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1 INTRODUCTION 

1.1 5G-MOBIX concept and approach 

5G-MOBIX aims to showcase the added value of 5G technology for advanced Connected 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). To do this, 5G-MOBIX demonstrates the potential of 

different 5G features on real European (and Asian) roads and highways and creates and applies sustainable 

business models to develop 5G corridors. 5G-MOBIX will also utilize and upgrade existing key assets 

(infrastructure, vehicles, components).  

5G-MOBIX executed CAM trials along cross-border (x-border) and urban corridors using 5G core 

technological innovations to qualify the 5G infrastructure and evaluate its benefits in the CAM context. The 

Project also defined deployment scenarios and identified and responded to standardisation and spectrum 

gaps.  

5G-MOBIX first defined critical scenarios needing advanced connectivity provided by 5G, and the required 

features to enable some advanced CAM use cases. The matching of these advanced CAM use cases and the 

expected benefits of 5G were tested during trials on 5G corridors in different EU countries as well as in 

Turkey, China and Korea.  

The trials also allowed 5G-MOBIX to conduct evaluations and impact assessments and to define business 

impacts and cost/benefit analysis, upon which new business opportunities for the 5G enabled CAM and 

recommendations and options for its deployment are developed. 

Through its findings on technical requirements and operational conditions 5G-MOBIX expects to actively 

contribute to standardisation and spectrum allocation activities. 

1.2 Purpose and 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 the 5G-MOBIX project. These were aimed at evaluating the acceptance for the 

CAM user stories proposed. They also intended to investigate how breaks in service continuity, which may 

occur during border-crossing, may impact on the user experience and consequently, on the acceptability 

towards the CAM proposal. Understanding how different technologies and 5G configurations impact the 

evaluated CAM use cases is one of the core goals of the project. It is thus relevant to also understand how 

different levels of performance may impact user perception and consequently, acceptability.  

Previously, D2.5 [1] reported on an initial set of evaluation KPIs and metrics that, in regard to user 

acceptance, aimed at defining the relevant dimensions that compose acceptability. It thus set a general 

framework for evaluations and comparisons across UCCs/USs. A subsequent deliverable, D5.1 [2], allowed 
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further detailing of the KPIs and defined a general evaluation methodology to be followed for data collection 

and analysis.  

D5.4 follows up the two previous deliverables by making a reassessment of the KPIs and methodology 

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 results. The deliverable concludes with a general assessment 

of the acceptance KPIs and comparison between user-stories. 

The deliverable is structured as follows: 

¶ Section 2, User Evaluation Methodology , begins by detailing the scope of the evaluation including 

changes during the course of the project. It then describes the initial hypotheses, the methods 

applied for the evaluation and the development of the initial user acceptance model that supported 

the evaluation. It finishes with a review of the evaluation KPIs; 

¶ Section 3, Advanced ManoeuvrEs, describes the evaluation, initially by road trials and later by 

online interviews of the advanced manoeuvres user stories; 

¶ Section 4, Public Transport: HD Media Services, details the evaluation of the user story with the 

same name, through real world trials; 

¶ Section 5,  Automated Shuttle Driving Across Borders, describes the acceptance evaluation of the 

user stories involving the automated shuttle, through road trials; 

¶ Section 6, Global Online Evaluation, refers to the ÄÅÖÅÌÏÐÍÅÎÔ ÁÎÄ ÒÅÓÕÌÔÓȭ ÁÎÁÌÙÓÉÓ ÏÆ ÁÎ online 

survey. This was intended to provide complementary data on the user stories evaluated through 

controlled trials and interviews (sections 3 and 5); 

¶ Section 7, General Discussion, summarizes the findings of the previous four sections and compares 

the results across user stories; 

¶ Section 8, Conclusion, summarizes the main conclusions and outcomes of the evaluation. 

1.3 Intended audience 

The dissemination level of D5.4 is public (PU). The document is intended primarily for (a) all members of the 

5G-MOBIX project consortium, (b) the European Commission (EC) services and (c) the scientific community. 

This document is intended as a reference for anticipating end-ÕÓÅÒÓȭ acceptability, in the development of 

5G-enabled CAM use cases, 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 affect acceptability. 
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2 USER EVALUATION METHODOLOGY 

2.1 Scope of the evaluation 

The methodology defined initially for assessment of user acceptance (D5.1 [2]) was based on two main 

methods: (1) Trial-based data collection - through self-reports 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 users of the user stories. This survey had the purpose of providing complementary data 

to the trial-based evaluation, considering that the trials would always be limited to a reduced number of 

participants. Also, because trials are prone to unexpected interferences (e.g., technical issues with the 

technology or unforeseen external conditions) the survey was a way of obtaining measurements that are 

more easily comparable across user-stories. 

Since ÁÓÓÅÓÓÉÎÇ ÔÈÅ ÁÃÃÅÐÔÁÂÉÌÉÔÙ ÏÆ ÅÁÃÈ ÏÆ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÕÓÅÒ-stories independently is not logistically 

possible, the evaluation efforts were focused on the ones developed at the CBCs. These are representative 

of all the ÐÒÏÊÅÃÔÓȭ five user story categories and thus offer a thorough representation of several types of that 

5G-enabled automated mobility use-cases. Also, they were the ones implying a physical border crossing and 

were thus better suited to provide a most realistic experience for the users. Test trials with users were thus 

planned for the ES-PT (Spain ɀ Portugal) and GR-TR (Greece ɀ Turkey) corridors and the online survey was 

planned to cover the user-stories of both CBCs.  

Nonetheless, technical and logistic constraints as well as the strong limitations placed by the COVID-19 

pandemic have substantially hindered this plan, particularly for the GR-TR CBC. On this corridor the main 

population of interest would have been a) border guards and b) drivers of the transport vehicles, particularly 

those used to cross the border. However, substantial logistical hurdles placed by the Ȱhard-borderȱ context 

as well as technical constraints, prevented the conduction of trials involving this particular set of users. 

Likewise, reaching such a specific population in large enough numbers for the online survey to provide 

meaningful results also proved to be unfeasible.  

The focus of the user-evaluation was thus placed on the ES-PT corridor. The population of interest of these 

user-stories includes any person that may use a personal car or a public transport and is thus much wider 

than the one of the GR-TR. 

Thus, the user-stories directly addressed by the user-evaluation and reported on this deliverable are: 

¶ US#1.1.a - Complex Manoeuvres in Cross-Border Settings: Lane Merge for Automated Vehicles  

¶ US#1.1.b - Complex Manoeuvres in Cross-Border Settings: Automated Overtaking 

¶ US#3.1.a - Complex Manoeuvres in Cross-Border Settings: HD Maps 
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¶ US#3.1.b - Public Transport: HD Maps 

¶ US#1.5 - Automated Shuttle Driving Across Borders: Cooperative Automated System 

¶ US#4.1 - Automated Shuttle Driving Across Borders: Remote Control 

¶ US#5.1 - Public Transport: HD Media Services 

2.2 Methods 

Overall, the user acceptance evaluation of the 5G-Mobix projects follows an empirical approach that aimed 

to evaluate: 1) the acceptability of the user stories proposed and 2) how connectivity and handover issues 

relevant in the x-border context may affect the acceptability. It was hypothesized that: 

1) Acceptability would in general be positive; 

2) Network related technical issues at the border context could negatively impact acceptability. 

The trial-based methodology first laid out in D5.1 addressed these hypotheses and particularly the second, 

in the sense that it was designed to confront evaluations conducted in local trials (in which x-border issues 

are not at stake) with the ones performed in x-border 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, the empirical evaluation of the user stories referring to complex manoeuvres (US#1.1.a, US#1.1.b 

and US#3.1.a) faced technical and logistical complications that prevented the application of this 

methodological approach. Concretely, it proved to be challenging to coordinate 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 trials that took place at the border an alternative plan was defined based 

on online interviews. These were supported by video-based simulations that illustrated the user stories 

(from the driver point-of-view). Maintaining the focus on understanding how x-border issues affect user 

perception, three simulation scenarios were developed: Best (BE), Average (AV) and Worst-case (WO). 

These aimed to mimic network conditions (BE would correspond to local trials while AV and WO would be 

associated with x-border trials). Importantly, the adjectives best, average and worst must be understood as 

referring to the network conditions, and not necessarily that the user-experience.  

While simulation-based user assessments are less realistic compared to real-world testing, research shows 

that it can at least provide relative validity of the results [3], [4], meaning that they follow a similar pattern 

as they would in real-world studies although magnitudes of results may vary. In the context of the 5G-

MOBIX project, allowed full control over variables and events and thus it was possible to define experimental 

conditions purposely built to address the research questions and compare the results systematically. This 

could not have been done in the real-world trials, particularly for the advanced manoeuvres, given the 

logistic and technical complexity associated with the trials. Simulation also allowed testing safety-critical 
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situations, without putting participants at risk. Concretely, it was possible to place participants on the driver 

perspective of the automated vehicles, while in real-world trials they would only be passengers.  

The difference in methods also proved to be an 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 of the deliverable. 

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

It is essentially a streaming media service provided on long duration travels. While poor connectivity at the 

border may jeopardize the experience, it would in principle only do so during a few seconds in an hourly-

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

Following the several changes reported above, the full evaluation methodology comprises four methods 

(Table 1). These are introduced next. 

Table 1: Summary of user stories and evaluations methods in Cross-Border 

US 
Online 

Interviews 
Controlled 

trials 

Real 
world 
trials 

Global 
online 
survey 

US#1.1.a - Complex Manoeuvres in Cross-Border 

Settings: Lane Merge for Automated Vehicles 

(LaneMerge) 
  

 
 

US#1.1.b - Complex Manoeuvres in Cross-Border 

Settings: Automated Overtaking (Overtaking)   
 

 

US#3.1.a - Complex Manoeuvres in Cross-Border 

Settings: HD Maps (HDMapsVehicle ) 
  

 
 

US#3.1.b - Public Transport: HD Maps 

(HDMapsPublicTransport) 

US#1.5 - Automated Shuttle Driving Across Borders: 

Cooperative Automated System (CoopAutom) 
 

 
 

 

US#4.1 - Automated Shuttle Driving Across Borders: 

Remote Control (RCCrossing) 
 

 
 

 

US#5.1 - Public Transport: HD Media Services 

(MediaPublicTransport) 
  

 

 

The ( ) marks the methods applied for a user story, while the () marks user stories where the method was 

completed only in local scenario in Spain but not in Cross-Border. 
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A) Controlled trials 

This approach was first laid out in D5.1 and it was aimed at testing the user-stories directly with 

users, granting them a good approximation to the complete user experience. It follows the two-fold 

approach of confronting evaluations conducted in local trials (in which x-border issues are not at 

stake) with the ones performed in x-border trials and compare the two. 

The evaluation was planned to begin before the trials, with participants filling the acceptability 

questionnaire and providing qualitative information regarding their expectations of automated 

mobility and the user story, through focus groups or interviews. In a second phase participants 

would take place in local trials after which they would evaluate acceptability filling an acceptability 

questionnaire. This was followed by a third phase in which the same subjects participated in x-

border trials followed by a second post-test questionnaire and a final interview.  

Controlled trials were partially conducted for LaneMerge, Overtaking, and HDMapsVehicle (section 

3.1) and conducted in full for the CoopAutom and RCCrossing (section 5).  

B) Real-world trials 

For the case of the MediaPublicTransport it was possible to perform trials involving real end-users. 

Concretely, the user-story was trialled on a commercial route between VIGO and the Francisco Sá 

Carneiro airport operated by the transport company ALSA.  

Participants were invited to use the system and then provide their evaluation, filling an acceptability 

questionnaire, through an electronic form available on the interface of the media service.  

C) Online Interviews 

This approach aimed to provide quantitative and qualitative insights with participants, in user-

stories where real-world trials could not be done, namely LaneMerge, Overtaking, and 

HDMapsVehicle (section 3.2). The evaluation was based on the three scenarios developed: Best, 

Average and Worst-case. 

Each interview (with a single participant) was divided into sections. In the initial one, participants 

provided complementary qualitative information regarding their views on driving and their 

expectations of automated mobility. This was followed by the presentations of video simulations of 

the user stories in each condition. After viewing 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 researchers) covering 

all the ES-PT user-stories except US#5.1. The goal was to provide respondents with a visual and 

textual description of the user-stories and to have quantitative evaluation of their acceptance. 

Following a similar rationale to the online interviews, the same three scenarios (Best, Average and 

Worst-case) were used, mimicking to an extent the local and x-border contexts. 

When filling out the online questionnaire, each respondent started by introducing socio-

demographic information. They were then randomly assigned one user-story in a specific scenario. 

They would be presented with a description of the user-story and respective events and in the end, 

fill in the acceptability questionnaire. 

2.2.1 The scenarios 

The user-story scenarios (BE, AV and WO) that supported the online interviews and the global online survey 

were developed by considering a set of network KPIs and determine what would be the observable 

behaviour of the system for the different values. The four KPIs were: 

¶ TE-KPI1.1 - User experienced data rate (UL / DL) 

¶ TE-KPI1.3 - E2E Latency 

¶ TE-KPI2.3 - Mobility Interruption Time 

¶ TE-KPI2.2 - Application Level Handover Success Rate 

For each of the above KPIs, the user-story leaders were asked to identify threshold values and to describe 

what would be the observable behaviour between them. This allowed the user-acceptance team to develop 

short storylines reporting the three scenarios for the users-stories listed in Table 1 (summary tables of this 

information can be found in Annex 1). These story lines were illustrated with graphic depictions and short 

stop-motion clips (see Figure 1 for an example; videos can be found here). These materials were directly 

used in the online survey and as support in the other trials. The complete set of storylines can be found in 

Annex 2). 

The technical evaluation showed that, in general, the behaviour of the systems and the user stories flow 

(from the user point-of-view) was close to the best-cases scenarios, for all network configurations. 

https://erticobe.sharepoint.com/:f:/r/sites/5G-MOBIX/Deliverables%20%20Working%20Documents/Draft%20Version%20(Working%20directory)/D5.4%20-%20Report%20on%20user%20acceptance/Working%20versions/Videos/Online%20Survey?csf=1&web=1&e=euRMn0
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Figure 1: Example of graphic depiction of one of the user-stories 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-dimensional psychometric scale. This scale named User Acceptance for Automated Driving (UAAD) 

includes 24 questions covering the most important KPIs and was grounded in the acceptability model 

introduced in D5.1 [2]. It was developed purposely for the 5G-Mobix project following the steps described in 

D5.1. These include: 

1) Theoretical procedure - in which the main psychological constructs of acceptability were 

investigated and a theoretical framework was defined. For each relevant construct a set of initial 

items (questions) was defined that was then discussed by experts and reduced to an initial set. 

2) Empirical procedure ɀ in which the scale was administrated to a group to collect a sample of 

answers. This is followed by a statistical analysis aiming to determine a) 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 association with 

behaviours external to the scale but equally associated with the dimensions under evaluation 

(generalizability). 

3) Analytical procedures ɀ Based on the empirical analysis the final set of questions is selected and 

randomized. 
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It is important to note 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 Davis [5] to explain 

user acceptance of systems or information technologies. This model postulates that the intention to use ɀ 

« the degree to which a person believes it would use a technology » can be essentially explained by (1) the 

perceived usefulness ɀ « the degree to which a person believes that using a particular system would enhance 

his or her job performance » and (2) the perceived ease-of-use ɀ « the degree to which a person believes that 

using a particular system would be free of effort ». These factors are in turn affected by other external 

variables.  

The UAAD model proposed in this project explores the three constructs of TAM, namely 1) intention to use, 

2) perceived usefulness and 3) perceived ease-of-use. It also includes others proposed by Venkatesh et al., [6] 

and Venkatesh & Bala [7], namely, 4) facilitating conditions ÄÅÆÉÎÅÄ ÁÓ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ ÂÅÌÉÅÆ ÔÈÁÔ 

organizational and technical infrastructure are in place to support the system, 5) subjective norm, defined as 

ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ ÐÅÒÃÅÐÔÉÏÎ ÔÈÁÔ other people important to him/her believe he/she should use the system, 6) 

self-efficacyȟ ÄÅÆÉÎÅÄ ÁÓ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ belief on his/her own ability to perform a task using the technology 

and 7) anxietyȟ ÄÅÆÉÎÅÄ ÁÓ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ apprehension when using the system. 

Considering that CAM use-cases are inherently safety-critical, it is assumed that feelings of trust and safety 

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

additional constructs were included: 8) trust - ×ÈÉÃÈ ÒÅÆÅÒÓ ÔÏ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ ÂÅÌÉÅÆ ÔÈÁÔ ÔÈÅ ÓÙÓÔÅÍ ×ÉÌÌ 

operate correctly even in uncertain and vulnerable situations, 9) reliability ɀ ×ÈÉÃÈ ÒÅÆÅÒÓ ÔÏ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ 

belief that the system will perform consistently under different circumstances and 10) perceived safety - 

ÄÅÆÉÎÅÄ ÁÓ ÔÈÅ ÉÎÄÉÖÉÄÕÁÌȭÓ ÂÅÌÉÅÆ ÔÈÁÔ using the system will be free of risk. 

2.3.2 UAAD scale development 

Figure 2 details the four steps taken to develop the UAAD scale. The initial one was the selection of six items 

(questions) per construct, from the supporting bibliography [5]ɀ[12]. These were then reviewed by the team 

and adapted to the specific CAM user-stories addressed by the project. From this resulted a set of 10 x 6 = 

60 items. For an independent analysis, these items were then subjected to feedback from three external 

researchers, not involved in the project, who were asked to select, the four questions they believed were the 

most suited to illustrate each construct. Their analysis was taken to a consensus meeting attended by the 

researchers involved in task T5.4. Four items per construct were finally selected (see Annex 3), resulting in a 

total of 40. 
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Figure 2: Stages of the scale development 

The next and final step of the validation was done through an online survey. It was composed by a 

description of the user-story: US#4.1 ɀ ȰAutomated Shuttle Driving Across Borders: Remote Controlȱ in the 

best-case scenario, followed by the forty items, presented in random order. Answers to each item were 

given by a 5-item Likert scale1 (1=totally disagree; 5=totally agree). Focus on a single user story 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. 434 more answers were later collected using the online 

service SurveyMonkey + MTurk from January to February 2021. After cleaning the dataset (removing 

incomplete answers and clearly random responses), the sample was reduced to a sample of 396 answers 

(Table 2).  

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

   Overall  

    396 

Gender  

Female  118 

Male  269 

Prefer not to say/No 

answer 
9 

Age 

18-30 Years  190 

31-40 Years  144 

41-50 Years 48 

51-60 Years 9 

61-70 Years  5 

 
1 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 (see Annex 3). Data was analysed using RStudio (version 

2022.02.02+485). 

Confirmatory Factor Analysis (CFA) [13] was used to verify the psychometric structure of the UAAD scale, 

which was formed by the 10 factors mentioned above, namely (1) intention to use, (2) perceived ease-of-use, 

(3) perceived usefulness, (4) trust, (5) reliability, (6) perceived safety, (7) facilitating conditions (8), subjective 

norm, (9) self-efficacy and (10) anxiety. The technique allowed to assess how well data observations fit to a 

theoretical model defined a priori. Robust maximum likelihood was used to estimate the model parameters. 

The total sample was divided randomly in two parts: a calibration sample and a validation sample and CFA 

was applied to both.  

The calibration sample was composed of 200 respondents. Estimated parameters were significant ̝ 2 (695) 

= 1206.96, p < 0.001. However, the Comparative Fit Index (CFI) was not acceptable since its value was under 

0.90 (CFI = 0.729) while the Root Mean Square Error of Approximation (RMSEA) had a value of 0.082. The 

Standardized Root Mean Square Residual (SRMR) was 0.106. Given these indicators the model fit could not 

be accepted and the factor structure could not be confirmed2. This motivated a second step of the analysis 

as reported next. 

Figure 32 - Annex 3 presents the diagram with the relations between item and factors and the standardized 

estimates of the factor loadings for each item. High-value (results greater than 0.60) and significant loadings 

are presented in bold. After a reliability analysis to assess the internal consistency, a decision was made to 

eliminate the factors and items with non-significant loadings (see Table 50 - Annex 3) and change the factor 

structure. The following changes were made: 

¶ Maintain the 4 items for intention to use; 

¶ Maintain the 4 items for perceived usefulness; 

¶ Maintain the 4 items for perceived ease-of-use; 

¶ Eliminate Q18 in the trust; 

¶ Maintain the 4 items for reliability; 

¶ Eliminate the factor perceived safety; 

¶ Maintain the 4 items for subjective norm; 

¶ Eliminate factor facilitating conditions; 

¶ Eliminate Q7. in self-efficacy; 

 
2 The model chi-square (̝2), CFI, RMSEA are SRMR are measures of model fit. They are used to verify how well a dataset 
fits into a pre-specified model. For ̝2 a value < 0.05 is considered indicative of significance and thus, acceptable. For 
CFI a cut-off criterion of CFI > 0.95 is normally agreed. For RMSEA, values < 0.08 are considered good. Regarding SRMR, 
values < 0.05 are normally considered as an indication of a good fit. See [31] for further details. 
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¶ Eliminate Q24 in anxiety; 

Following these changes, the model was refitted with the calibration sample using the same method. 

Obtained parameters were significant ˔2 (349) = 541.689, p < 0.001. In this case, RMSEA (0.067) and SMRS 

(0.067) were more acceptable although CFI (0.893) was still not satisfactory. The loadings for each factor are 

presented in Table 50 (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 was tested. Similar results were found in this validation sample. Again, parameters were 

ÓÉÇÎÉÆÉÃÁÎÔ ʔΨ ɉΩΪίɊ Ђ άΦ5.599, p < 0.001, but CFI (0.81) was still not satisfactory while RMSEA and SRMR were 

acceptable (0.071 both). 

To study if the model fit would be similar for the completed dataset, a confirmatory factorial analysis of this 

second model was tested in the total sample. Thus, the eight-factor structure was analysed with the 396 

participants. As it can be pointed out in Figure 3, all the loadings are higher than 0.50, even over 0.70 for 

factors as intention to use, trust or anxiety. CFA with the total sample provided good fit indexes. The ˔2 was 

significant (̝ 2 (349) = 793.047, p < 0.001). CFI was good with a value of 0.91. Moreover, RMSEA (0.056) and 

SRMR (0.056) were both under 0.060. 

 

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

Based on the results of the analysis, a decision was made to maintain this second factorial structure. For the 

sake of simplicity, the three items with the higher loadings of each factor were selected to integrate the final 

instrument. The internal consistency of these items was generally good as indicated by the #ÒÏÎÂÁÃÈȭÓ !ÌÐÈÁ 
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(Table 3), with only the construct self-efficacy fairing below 70% (values between 60% and 70% 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 the self-efficacy questions).  

When using the UAAD, for each set of collected answers, a mean value of each construct is calculated by 

averaging the rating given for the three corresponding questions. Thus, for a given participant answering 

the questionnaire for a specific user-story, a total of eight values will be calculated. 

 Table 3: Final structure model detailing the questions of the UAAD. #ÒÏÎÂÁÃÈȭÓ !ÌÐÈÁ is presented for each 
construct 

Construct  Attribute   
Cronbach's 

Alpha  

Intention 

to Use  

If I had such an automated vehicle, I would use it frequently during my trips.  

82%  If it is available, I plan to use the automated vehicle in the future.  

Assuming I have access to an automated vehicle, I intend to use it.  

Trust  

Overall, I could trust the automated vehicle.  

82%  I would feel confident using the automated vehicle.  

I would trust the automated vehicle while driving.  

Self-

efficacy  

I would be able to handle whatever happens while using the automated 

vehicle.  

62%  
I could reach my destination using the automated vehicle even if I had no 

assistance.  

I would feel confident using the automated vehicle because I understand 

clearly how to use it.  

Reliability  

I believe that an automated vehicle would be free of error.  

72%  
I believe that automated vehicles will perform consistently under a variety 

of circumstances.  

I believe that I could rely on automated vehicles.  

Perceived 

Ease of 

Use  

Learning to use the automated vehicle would be easy for me.  

71%  I would find the automated vehicle easy to use.  

I would find it easy to get the automated vehicle to do what I want it to do.  

Anxiety   

The automated vehicle is somewhat intimidating to me.  

81%  I would hesitate to use the automated vehicle for fear of making mistakes.  

Driving with the automated vehicle would make me feel nervous.  

Perceived 

Usefulness  

Using the automated vehicle would be useful in meeting my regular 

transportation needs.  
83%  

I would find the automated vehicle useful in my daily life/work.  

Using the automated vehicle would increase my travel comfort.  



   

 

28 

 

Subjective 

Norm  

People whose opinions are important to me would like the automated 

vehicle too.  

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

automated vehicle.  

I would recommend the automated vehicle to my family or friends to use.  

 

2.4 ATI scale 

Beyond the UAAD scale, several of the evaluations reported here make use of the Affinity for Technology 

Interaction (ATI) scale to control for a tendency and/or enthusiasm of participants to engage with 

technology, a factor that is known to affect acceptability. This is a widely used psychometric scale that 

ÅÖÁÌÕÁÔÅÓ Á ÕÓÅÒȭÓ proneness to interact with technological artefacts [14]. It is a nine-item scale, where each 

item is answered in a 1 ɀ 6 scale (1 ɀ completely disagree; 6 ɀ completely agree). The following items are 

part of the questionnaire: 

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

2. I like testing the functions of new technical systems. 

3. I predominantly deal with technical systems because I have to. 

4. When I have a new technical system in front of me, I try it out intensively. 

5. I enjoy spending time becoming acquainted with a new technical system. 

6. )Ô ÉÓ ÅÎÏÕÇÈ ÆÏÒ ÍÅ ÔÈÁÔ Á ÔÅÃÈÎÉÃÁÌ ÓÙÓÔÅÍ ×ÏÒËÓȠ ) ÄÏÎȭÔ ÃÁÒÅ ÈÏ× ÏÒ ×ÈÙȢ 

7. I try to understand how a technical system exactly works. 

8. It is enough for me to know the basic functions of a technical system. 

9. I 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 evaluation 

Following the validation and considering the several constraints experienced during the trials the KPIs 
initially proposed in deliverable D2.5 [1] and D5.1 [2] had to be reviewed, with a few being discarded. Table 
4 summarizes and explains the changes. 
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Table 4: Summary of user acceptance KPIs 

Class ID Description Notes 

General 

Technology 

Acceptability 

metrics 

UA-M1.1 
Acceptance Intention 

(statement of interest) 

Corresponds to the intention to use construct of 

UAAD; Collected for all user-stories. 

UA-M1.2 
Perceived Technology 

Usefulness 

Corresponds to the perceived usefulness construct of 

UAAD; Collected for all user-stories. 

UA-M1.3 
Perceived Technology 

Ease-of-use 

Corresponds to the perceived ease-of-use construct 

of UAAD; Collected for all user-stories. 

UA-M1.4 
Affinity for 

Technology Interaction 

Collected through an additional survey, for the 

participants that took part on the trials and the 

online interviews 

UA-M 1.5 

Acceptability difference 

between prior and post-

contact with technology 

Calculated for the participants that took part in the 

trials;   

Trust on the 

System 

metrics 

UA-M2.1 Perceived Safety 
Discarded given that no relevant difference was 

found to the perceived trust, during validation; 

UA-M2.2 Perceived Trust 
Corresponds to the trust construct of UAAD; 

Collected for all user-stories 

UA-M2.3 Perceived Reliability 
Corresponds to the perceived reliability construct of 

UAAD; Collected for all user-stories 

Systems 

Usability 

metrics 
UA-M3.1 General usability metric 

KPI not collected, because the participants had no 

opportunity to interact directly with the technology 

(they were merely observers). Perceived ease-of-use 

can be considered as the closest approximation to 

the initial purpose of the KPI, but based on self-

reporting of the participant. 

UA-M3.2 Effectiveness KPIs not collected, since they were based on 

objective metrics measured from the interaction. 

The participants had no opportunity to interact with 

the system. 

UA-M3.3 Efficiency 

UA-M3.4 Satisfaction 
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Perceived reliability can be considered as the closest 

approximation to the initial purpose of the KPI, but 

based on self-reporting of the participant. 

Error 

tolerance 

metrics 

UA-M4.1 
Error dealing 

effectiveness KPIs not collected. The participants had no 

opportunity to interact with the system and to make 

errors. 
UA-M4.2 Error dealing efficiency 

UA-M4.3 Error dealing satisfaction 

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

cannot be replaced. 

2.6 Conclusion 

The next sections (3 ɀ 6) describe in detail how the methods presented were applied to the several user-

stories and the results of the evaluation. Section 7 provides a general summary and discussion of the results 

of the different sections. 
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3 ADVANCED MANOEUVRES 

This chapter is divided into two sections. The first (3.1) refers to the first attempt to do evaluation of the 

advanced manoeuvres user-stories by conducting trials in which test participants took part in real-world 

tests. Only the local trials involving participants at ES were conducted, as technical and logistical issues 

prevented the remaining one from being completed. Following the impossibility of successfully completing 

this real-world based assessment, a second methodology was developed based on online interviews. This is 

described in section (3.2). 

3.1 Real world evaluation 

4ÈÅ ÇÏÁÌ ÏÆ ÔÈÉÓ ÅÖÁÌÕÁÔÉÏÎ ×ÁÓ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÄÅÇÒÅÅ ÏÆ ÕÓÅÒ ÁÃÃÅÐÔÁÂÉÌÉÔÙ ÒÅÇÁÒÄÉÎÇ ÔÈÅ Ȱ)ÎÔÅÒÕÒÂÁÎ ÃÏÍÐÌÅØ 

ÓÃÅÎÁÒÉÏÓȱ ÕÓÅÒ-story and how they are affected by the x-border context. To do so, participants were 

expected to take part on (1) local trials, with no network handover (no border handover) and in (2) x-border 

trials, where handover was expected. In both situations an assessment of their experience was expected to 

be provided. The goal was to compare the assessments and verify (1) their general acceptability towards the 

user-story (first evaluation) and (2) how the border affects the acceptability (second evaluation in 

comparison with the first).  

The evaluation was planned to be composed of three phases (see Figure 4):  

 

Figure 4: Diagram of the real-world evaluation 
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Pre-evaluation: During this phase participants filled the UAAD and took part either on a focus group or in 

an individual interview (depending on availability), both of which were aimed at presenting the user-stories 

and explore their expectations regarding Autonomous driving technology and the concrete user-story.  

Phase A: This was the first phase of the evaluation. Participants took part in the local trial and afterwards 

filled in the UAAD and answer a set of open questions.  

Phase B: This was the second phase of the evaluation. Participants would take part in the x-border trial and 

afterwards fill in the UAAD and answer another set of open questions. As mentioned in section 2.2, this 

phase was not conducted. 

3.1.1 Methodology  

3.1.1.1 Technical implementation 

Local trials were done in a closed road in Spain. No handover occurred. From the technical point-of-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 placed by ETSI messages (see deliverable 

Ȱ$ΫȢΨ ɀ 4ÅÃÈÎÉÃÁÌ %ÖÁÌÕÁÔÉÏÎȱ ÆÏÒ ÆÕÒÔÈÅÒ ÄÅÔÁÉÌÓ [15]). Observable vehicle behaviour was in accordance with 

the planned user story flow (corresponding to the best-case scenario described in section 2.2). 

3.1.1.2 Participants 

Spanish participants were selected by internal recruitment from the CTAG workers (due 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 the trials. A total of 24 participants took part in one of the 3 

different local trials for testing Overtaking, LaneMerge and HDMapsVehicle conditions. Table 5 summarizes 

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 ÍÁÎÏÅÕÖÒÅÓȭ trials 

  
Overall 

Lane 
Merge 

Overtaking 
HD 
Map 

  24  7  10  7 

Gender 
Female 4  3 0 1 

Male 20  4 10 6 

Age 

18-30 Years 11  5 2 4 

31-40 Years 12  2 7 3 

41-60 Years  1 0 1 0 
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Do you have a valid driving 
license? 

I don't have a driving 
license 

 0 0 0 0 

Yes, and I drive often  24 7 10 7 

Yes, but I rarely drive/ 
don't drive 

 0 0 0 0 

How long has driving license? 

less than 5 years  3 1 0 2 

5 -14 years  9 4 3 2 

15 - 24 years  5 2 0 3 

more than 24 years  7 0 7  0 

Have you ever tried an 
autonomous vehicle? 

No  14 5 8 1 

Yes  10 2 2 6 

Have you ever driven an 
automatic gear vehicle? 

No  7 2 2 3 

Yes  17 5 8 4 

 

Figure 5 shows the 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 and 6), indicating high 

propensity to interact with technology. The item with the lowest value was: Ȱ) ÐÒÅÄÏÍÉÎÁÎÔÌÙ ÄÅÁÌ ×ÉÔÈ 

ÔÅÃÈÎÉÃÁÌ ÓÙÓÔÅÍÓ ÂÅÃÁÕÓÅ ) ÈÁÖÅ ÔÏȱ ɉ- Ђ ΪȢΩΦɊȢ The individual ATI scores for the three user-stories (lane 

merge, overtaking and HD-Maps) can be found individually in Annex 4.  
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Figure 5: Radar chart for ATI answers (Spain Local Trials) 

3.1.1.3 Procedure for focus groups and interviews 

Before participating in the study all participants signed the informed consent and doubts about their 

participation were answered before joining. As it was indicated in the previous diagram of the real-world 

evaluation (Figure 4), a pre-evaluation was conducted before the participants could test the functions in real 

settings. In this pre-evaluation participants filled in a questionnaire to provide data for creating the profile 

of the sample. They were then selected according to their convenience to participate in either a focus group 

session or an individual interview to know their expectations and opinions about autonomous vehicles, and 

to get feedback on the different use cases. Both activities, focus groups and interviews were done online. 

Thus, in each user story there were participants that took part in the focus group, interviews or both 

activities. For the post-test, only online interviews were conducted. The next table summarizes the number 

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

User Story PRE-TEST POST-TEST 

Lane Merge 

INTERVIEWS 7 Participants INTERVIEWS 8 Participants 

FOCUS GROUP -- FOCUS GROUP -- 

HD-Maps 

INTERVIEWS 1 Participant INTERVIEWS 9 Participants 

FOCUS GROUP 6 Participants FOCUS GROUP -- 

Overtaking 

INTERVIEWS 4 Participant INTERVIEWS 7 Participants 

FOCUS GROUP 6 Participants FOCUS GROUP -- 

 

3.1.1.4 Procedure for local trials 

All the Spanish local trials took place at night due to the need to close the roads to regular 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 the following dates: LaneMerge Local trials in November 

2021 (w44), Overtaking in September 2021 (W39) and October 2021 (W43) and HDMapsVehicle trials in 

September 2021 (w39). 

All participants waited at the CTAG facilities until the scenario and the User Story was ready to be trialled. 

Participants were divided into groups of three/four people. When the testing setup was ready, each group 

was transported to the trial area and split between two cars. Two participants went in the autonomous 

vehicle to have the experience of being inside and to be able to see the information displayed on the 

instrument cluster that was available to the autonomous vehicle driver (passengers changed their position 

in the rear seats from right to left and vice-versa, between trials).  The other two participants (or one in the 

case of 3 participants group) travelled in the other car which took part of the user story scenario to have a 

different view of the situation. The order by which participants were assigned to the cars was 

counterbalanced. All participants experience 6 rounds of the trial (left rear seat [2x]; right rear seat [2x]; 
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other car [2x]). After the test the participants filled in the post-test questionnaire and had a post interview 

in the next days. Figure 6 shows pictures of the real road world tests with participants.  

  

  

  

Figure 6: Pictures of real road where local trials were performed 

  
































































































































































































































































































































