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Executive Summary 
The main objective of task A5.8 is to consolidate the results of the pilots carried out within the framework of 
each of the three phases in which the Drive2theFuture project piloting activities are structured. This analysis is 
carried out from 3 different perspectives: 

1. Analysis of the efficiency, safety and environmental impact of the inclusion of autonomous vehicles in 
the means of transport. For this purpose, the pilots carried out within the framework of Phase I of the 
project have been analysed.   

2. Study of different HMI models from the perspective of different users of autonomous vehicles, 
professional or non-professional. This study has been carried out based on the pilots executed during 
phase II of the project.   

3. Evaluation of the training programmes in which users of autonomous vehicles participate, which have 
been implemented during phase III of the project. 

This consolidation work begins based on the analysis of the results obtained in each of the pilots. Thus, this 
deliverable collects the results and analysis of the outputs carried out in each of the pilots. Subsequently, for 
each of the 3 objectives previously introduced, a joint and comprehensive analysis of the pilots of each of the 
phases is carried out. Thus, Sections 6.1, 6.2 and 6.3 collect this synthesis work from which the main conclusions 
of this deliverable are drawn.  Finally, Section 8 brings together the main conclusions drawn from all the pilots 
carried out throughout the Drive2theFuture project 
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1. Introduction 

1.1. Purpose of the Document 
One of the main outputs of the Drive2theFuture project is to model the acceptance and the behaviour of 
automated vehicles as well as to assess their impacts on various areas, such as traffic, public transportation, 
safety and environment through traffic simulations. This objective is addressed through a set of pilots, which 
are structured in 3 phases of development: Phase I – setting the scene; Phase II- Iterative development, 
verification and optimization, initial demonstrations; Phase III – wide-scale demonstrations and training pilots 
across Europe. The purpose of this report is to present the results of the pilots carried out during these phases, 
in order to obtain conclusions about: 

1. Assessing the impact of autonomous vehicles on efficiency, safety and environment. This objective is 
worked out through the simulations carried out during the Phase I pilots developed in WP2, and 
activity A5.2 and A5.3 

2. Evaluating the HMI concepts for different modes and user clusters, through the pilots defined in Phase 
II and developed in WP3 and activity A5.4, A5.5 and A5.6 

3. Evaluating the training programmes and schemes per mode and cluster, deriving from the pilots 
framed at Phase III and carried out during WP4.    

4. Collecting data and results generated during pilots, demonstrations, workshops and other activities 
developed throughout the project, mainly during phase III of the pilots and activity A5.7 
 

1.2. Intended audience 
The deliverable is public and therefore intended audience includes all those interested in knowing the impact of 
the autonomous vehicle from the point of view of user awareness and acceptance for autonomous vehicles 

1.3. Interrelations 
This deliverable is part of WP5 entitled “Pilot tests” and includes inputs from different activities within WP5. 
More specifically, results of activities A5.2, A5.3, A5.4, A5.5, A5.6 and A5.7 are presented and described. Also, 
this deliverable includes outputs from WP2, WP3 and WP4. Concerning WP2, results of simulations carried out 
during Phase I to assess the impact of autonomous vehicles (AV) on efficiency and safety are presented. In 
respect to WP3 and within Phase II of the pilots, HMI concepts are evaluated for different modes and user 
clusters. Finally, deriving from Phase III and developed within WP4, training programs evaluation and schemes 
per mode and cluster are included in this report.  

Additionally, outputs included in this document will provide input to WP6 activities for the impact assessment 
of the project findings. At the same time, this information also will contribute to the definition of the automation 
user acceptance creation path roadmap during activity A8.6 

All pilots whose results are described in this document, are detailed at section 3.1 “Overview of each pilot” in 
Deliverable 5.4. 
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2.  Methodology 
Main objective of the pilots carried out during the project is to address demonstrations based on different sets 
of tools, such as driving simulators, test-beds on controlled scenarios and in real environments, and Virtual 
and/or Augmented platforms to evaluate the impact of HMI concepts and training schemes of automated 
vehicles to different kind of users. 

In order to achieve this objective, 12 different pilot scenarios have been conducted throughout the project. 
These pilots are described and detailed in deliverable D5.1 within the framework of activity A5.1. In order to 
satisfactorily achieve the objectives of tasks A5.1 and A5.8, a parallel planning of both activities has been carried 
out. To this end, at the same time as the definition of the objectives to be met in each of the pilot phases of the 
project, the tools necessary to collect the results of each of the pilots were completed. 

In the choice of any data collection instrument, the potential and limitations of such instruments must be 
weighed against each other. All instruments have aspects that are best suited to one type of scenario and 
deficient in another. What is important is the selection of instruments that best fit the type of information to be 
collected. Such advantages and difficulties should also be related to the objectives, resources and population 
under investigation. For these reasons, the following criteria were taken into account when determining the 
best tools to use for the collection of information in the project: 

• The degree of adaptation to the characteristics of the object of study of our research. research. 
• The level of rigour and quality. 
• The capacity of the staff involved in the research. 
• Access to the necessary sources of information. 
• The time available for the collection of information. 
• The resources available 
• Potential associated costs 
• Ethical and privacy aspects of the information collected. 

In piloting scenarios where different types of users participate, and the objective is to collect their impressions 
regarding the different concepts to be evaluated during the tests, two main methodologies are used: interviews 
and questionnaires.    

Alongside observation and content analysis, the interview is certainly one of the main instruments of qualitative 
research. Understanding, conceptualising and practicing qualitative interviews requires a review of the 
paradigmatic perspectives of qualitative research. Its main objective is to collect information from a participant 
about a given object of study based on his or her interpretation of reality. Thus, an interview involves an 
interactive dynamic in which, basically, the interviewer asks and the interviewee answers, allowing for a certain 
degree of "readjustment" (clarification and exploration) in the questions and answers, either face-to-face or 
remotely. Therefore, its purpose is not to contrast ideas, beliefs or assumptions, but to approach and understand 
the ideas, beliefs and assumptions of the interviewee. 

This technique of data collection can lead to the following limitations: 

• Unlike other techniques, interviews are time-consuming, both in their development and in the 
subsequent processing of the data. 

• They provide indirect information, filtered from the perspective of the interviewees. 
• They provide information in a designated place rather than in the natural context. 
• The presence of the researcher may bias responses. 
• Not all people express themselves in the same way and are equally perceptive. 
• Compared to focus groups, the interview does not produce the information resulting from the 

synergies and snowball effect of the group. 
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A questionnaire, on the other hand, is the standardised instrument used for data collection during fieldwork in 
some quantitative research, mainly those carried out with survey methodologies. In short, it could be said that 
it is the tool that allows the scientist to pose a set of questions to collect structured information about a sample 
of people, using the quantitative and aggregate treatment of the answers to describe the population to which 
they belong or to statistically contrast some relationships between variables of interest. 

Based on this definition, a questionnaire is not just a set of more or less organised questions to be filled in, but 
it represents a particular case in which, taking into account the requirements mentioned in the previous point, 
it is intended to be filled in: 

• producing quantitative data for statistical processing and analysis, 
• by asking a given set of people in a structured way, 
• representing a given population 

In short, by formulating the right questions, a survey methodology based on questionnaires allows researchers 
to investigate phenomena such as knowledge, attitudes or behaviour, where the participants are the best 
informants, either because they are direct observers or because there is no independent observation of the 
judgement of the people involved, or it is not available to us.  

The use of questionnaires is therefore the methodology best suited to the objective of collecting and analysing 
the behaviour, needs, wants and expectations of the users of self-driving vehicles. The fundamental reason why 
questionnaires are used to collect data from the pilots is because it is wanted to obtain valid and reliable 
quantitative measures, meeting the requirements of the scientific method. A reliable measure is, by definition, 
one that is obtained accurately, without bias, i.e., it is consistent. In relation to the assumption of attribution of 
variability, a reliable measure is one in which we can be sure, with a certain level of confidence, that the variation 
observed in the data is, in fact, a direct reflection of the variability of the phenomena we intend to analyse. That 
is, it is not the spurious product of error during the measurement process itself. On the other hand, having 
reliable measurements does not guarantee, or at least is not sufficient, that they are also valid. Thus, a valid 
measurement is one in which it can be guaranteed, with a certain level of confidence, that it is being measured 
what it is actually intended to measure.  

Therefore, questionnaires and interviews respond to two clearly different research paradigms, which does not 
prevent both instruments from being used together in the same research. For this reason, interviews have also 
been carried out in certain pilots, for example during workshops, in order to allow for qualitative analyses. Then, 
in deliverable D5.1, the evaluation methods and KPIs that are subject to analysis in each of the pilots have been 
detailed. Surveys and questionnaires created to collect information from pilots are described at Deliverable 5.1 

2.1. Demonstrations development 
In order to present the results of the project to the general public, a series of demonstrators have been defined 
and carried out throughout WP5 task A5.2.  The focus in this activity was to integrate and realize the HMI and 
training content in the different pilots to prepare demonstrations, mainly for the WP5 activities to take place, 
but also to create demonstrations for dissemination purposes. In addition to the real road and simulation pilots, 
WP3 also developed three VR demos for HMI concepts, that were also used to create training content in WP4. 

Given the COVID-19 crisis and the cancellation of many public events, the focus of the activity for preparing 
dissemination demonstrators shifted to creating demonstrations that can be shared in a virtual format, such as 
videos and photo shows. A template (see Figure 1) was created which facilitates describing the demonstrator 
and the medium for demonstration for each pilot. 
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In the following table (Table 1), the demonstrations developed in A5.2 are listed. The videos and slide shows 
were used or created for the focus groups sessions, user testings, expert sessions, trainings and live 
demonstrations conducted within the project. The pictures below present three examples of developed 
demonstrations that can be used for dissemination purposes. 

  

Figure 1: Template for demonstration description 
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Table 1 Demonstrations developed during activity A5.2 

Demonstration description Adressed user group 

RO-1: AV-shuttle drive on Oslo route(s) with eHMI 
concept (video from life demonstration; see Figure 4) 

VRUs, car drivers 

RO-2: VR demo to interact with AVs in VR (life demo and 
training) 

Pedestrians 

RO-3B: Driver reactions in obstacle avoidance (pictures 
from test track study and videos) 

Drivers 

RO-4: Drive reactions and understanding of HMI when 
driving in automated car on real road (video from real  
life demonstration in Poland 

Drivers, passengers 

RO-5: AV-shuttle on road in Vienna (video from real life 
demonstration) 

Driver, passenger, authorities 

RO-6: Local motor shuttles for hospital patients and 
visitors in Gent (slide show and video from user study) 

Passengers 

RO-7: Training programme on future CCAM technologies 
(slideshow, videos, practical part) 

TMC operators 

RO-8: VR-scenario of HMI concepts for an automated bus 
approaching a bus stop from both the driver’s and the 
passenger’s perspective (video for training purposes) 

Driver, passenger 

RA1: Train driver thinking aloud for specific operations 
(video for training purposes) 

Train drivers, train dispatchers 

RA2: HMI concept for remote driving of trains (slideshow 
and description 

Train drivers, train signalers 

MA1: HMI concept for maritime autonomous 
applications (slideshow and description) 

Maritime operators 

AV-1: HMI concept for drone’s pilots and operators 
(slideshow and description) 

Drone pilots and operators 

VR HMI demo 1: Driving an automated car on the 
highway with a new HMI concept (video and VR demo) 

Drivers, passenger 

VR HMI demo 2: Riding in a driverless shuttle bus with a 
passenger HMI (video and VR demo) 

Passengers 

VR HMI demo 3: HMI for basic drone operations (video 
and VR demo) 

Drone pilots 

 

Figure 2: Slide show demonstration of HMI concept in RA-2 
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Figure 3: Demonstration of RO-4 (video available on Youtube)) 

 

 

Figure 4: Demonstration of RO-1 (video) 
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3. Phase I. Analysis of the impact of autonomous vehicles on 
efficiency, safety and environment 

3.1. Pilot RO1 
The RO1 Pilot is a real traffic Pilot carried out in Oslo, Norway, with TØI as the responsible partner. Its objective 
is to investigate how road users interact with automated shuttles and to identify frequent safety critical 
situations and scenarios along the route. Furthermore, an HMI/training combination to resolve a selected critical 
scenario is developed and tested. 

Since 2019, a public transport operator, RUTER, has been trialling automated shuttles Navya Arma as an 
integrated part of the Oslo region's public transport services. These trials have been carried out under real traffic 
conditions. According to RUTER webpage, more than 29 000 passengers used the shuttles and the shuttles drove 
more than 33 000 km in total in all the trials (status in December 2020). RO1 Pilot examined two of these trials 
– one in Oslo centre and another one on Ormøya. In both trials, the shuttle was Navya Arma vehicle, operating 
in level 3 automation (according to SAE standards), with maximum speed of 18 km/h. 

 
Figure 5: Navya Arma in Oslo (left) and the locations of the two trials examined in pilot RO1 (right) 

The trial in Oslo centre (shuttle line nr. 35) consisted of two routes – Akershusstranda route (1,2 km long) where 
the shuttle was in operation during summer and autumn 2019, and Kongengsgate route (1,4 km long), where 
the shuttle was in operation during summer 2020. On both these routes, the public transport operator was 
exploring how automated shuttles can interact with existing road infrastructure (particularly with traffic signals) 
and with other road users in complex traffic environment. Both routes shared a 250m long section along 
Akershusstranda – see Figure 6.  
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Figure 6: Akershusstranda and Kongensgate routes 

Akershusstranda route consisted of different traffic environments. The beginning of the route (north-west), by 
the town hall, is a pedestrian zone allowing for cycling but not for normal motor vehicle transport. Further on, 
the shuttle travels through a typical shared space area where all types of vehicles are allowed, but traffic is 
dominated by cyclists and pedestrians. Further south on the route the shuttle drives in an ordinary two-way 
street with cycle lanes and pavements/foot paths. The level of motorized traffic is low, but there are many 
touristic buses there as the route passes the cruise terminal in Oslo. The shuttle was in operation from May 20th 
to November 1st 2019 and it ran from 8:00 AM to 8:00 PM every day of the week. Due to numerous arrangements 
and construction work along the routes, the routes were sometimes shortened and not continuously operating. 

Kongensgate route started on Christiania Torv square, which is a shared space type of environment, and 
continued through two signalized intersections (combination of one-way and two-way narrow streets equipped 
with bicycle lanes, with bicycle, e-scooter, pedestrian and motorized traffic) towards Akershusstranda, where it 
shared the last 250m with Akershusstranda route to reach Vippetangen. On the way back to Christiania Torv, 
the shuttle drove through another signalized intersection (Kirkegata x Rådhusgata). The shuttle was in operation 
from June to September 2020. It ran every week from Thursday to Sunday, from 9:30 AM till 8:30 PM. The shuttle 
was scheduled every 30 minutes, however due to operational and/or external factors (such as road maintenance 
work), its daily numbers varied. 

The second trial was on Ormøya island (open road with mixed traffic in suburban neighbourhood with 30km/h 
speed limit), where the shuttle (line 85B) was driving during the whole year 2020 on 1,3 km long route. Here, 
the public transport provider investigated how increasing the frequency of public transport by automated 
shuttles can improve day-to-day logistics in a suburban neighbourhood.  
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Figure 7: Ormøya route 

In Phase I of RO1, several analyses were conducted in order to classify safety critical situations and identify a 
suitable situation along the shuttle route in Oslo centre.   

First, roadside survey among cyclists was carried out along the stretch of Akershusstranda route that is part of 
one of the busiest cycling commuting routes to the city centre. At four different periods in time, cyclists were 
stopped and asked to answer a brief questionnaire about the shuttles. The aim was to understand which 
incidents with the shuttles are experienced by cyclists as particular unsafe.  

Second, the video recordings were made in the period May – November 2019 on five sites along 
Akershusstranda route (Figure 8). These sites differ in road infrastructure characteristics, e.g., markings on the 
road, cycling facilities, etc. The aim was to provide an overview about the situations that occur between the 
shuttles and other road users along the route and select one particular location for a follow-up in-depth video 
analysis. 
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Figure 8: Observed locations along Akershusstranda 

Third, the in-depth video-analysis was carried out at one location, that was identified from previous video 
analyses. On this location, on its way from the Christiania square towards Vippetangen, the shuttle was turning 
right at a T-intersection, from Akershusstranda into Vippetangkaia. The recording took place in summer 2020, 
when the location was part of Kongensgate route (Figure 9). There was a change of speed limit from 30km/h to 
40km/h on Akershusstranda, indicated by a traffic sign placed about 20 meters before the intersection. There 
was also a raised pedestrian zebra crossing on the approach (Akershusstranda) and a level zebra crossing with a 
traffic island on the exit (Vippetangkaia), as well as one-directional bicycle lanes (red surface; 2.1m wide) along 
both sides of Akershusstranda. According to the traffic rules, the right-turning vehicles must yield to cyclists/e-
scooters who are riding straight ahead in the bicycle lane (along the right/inner side of the vehicle). During the 
observation period, the number of turning buses varied daily from 8 to 24 with the mean value of 16 (SD = 5.5). 
They mostly operated between 10:00 AM – 3:00 PM. 
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Figure 9: The observed intersection and the camera position 

Methodology of in-depth video analyses 

A portable camera unit was installed on a lighting pole and the site was recorded for 20 days during August and 
September 2020. The recording was conducted from 6m height, the video has a resolution of 720x480 pixels 
and speed 30 fps. The angle of the camera was slightly adjusted after several days in order to capture a longer 
section of the bus’s approaching manoeuvre (see the difference on Figure 10). 

 
Figure 10: A portable unit installed on the lighting pole (left), original angle of the video recording (upper right) and 

adjusted angle (bottom right) 

The video recordings were processed in semi-automatic way. To detect the shuttle, a presence detector created 
in RUBA software was placed in the video recordings in such a position and with such benevolent parameters 
that it detected all right-turning road users. RUBA provided a print screen of every detection and those 
containing the shuttle were manually selected in a photo-viewer. Based on the time shown on these print 
screens, the relevant sequences from the video recordings were manually checked in a video player. The 
sequences that contained an encounter between the shuttle and another road user were cut into separate video 
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clips (using Windows Picture app). The numerical analysis of the encounters (such as measuring the speeds and 
accelerations, mutual positions, stopping positions, trajectories) were conducted in T-Analyst software. To 
account for the distortion of the camera, the recordings were calibrated in T-calibration software by connecting 
points in the camera view to the real-world points, using aerial image with known scale from www.finn.no. In 
addition to the numerical analysis, the following data were manually collected when watching the video clips: 

 The type and number of involved road users (if there were several encounters between one shuttle and 
other road users observed, these were distinguished on primary and secondary encounters) 

 Compliance with the traffic rules 
 The context of the encounter/situation (simple = predictable behaviour, mostly just one road user; less 

simple = several road users moving in different directions in the proximity of the shuttle and/or a road 
user behaving in unexpected manner) 

 A brief description of what happened in the encounter 

Using the above-mentioned data, a categorisation and a safety evaluation of the encounters were conducted. 
In the description of the results, the terms self-driving bus, Autonomous Vehicle-shuttle (AV-Shuttle) and self-
driving shuttle are used interchangeably as synonyms to avoid constant repetition of the same words. 

3.1.1. Pilot RO1 results 
This section contains two parts: 

- Results from roadside survey among cyclists 
- Results from video analyses 

3.1.1.1. Survey among cyclists  
In total 407 cyclists responded to the questionnaire. Results are presented in the following. Figure 11 shows the 
sample distributed by gender and age groups.  

 
Figure 11:  Cyclist sample distributed by gender and age groups. N=407, N(women)=123, N(men)=284. 

 

The sample consists of 70 % men and 30 % women, reflecting the fact that men in general cycle more than 
women in Norway. The age distribution is also somewhat different between men and women. As can be seen in 
Figure 11, the men in the sample are older than the women. Among men, one in four is over 60 years. Among 
women more than one in four is younger than 40 years. The majority of respondents are between 40 and 60 
years of age, both among men and women.   
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The cyclists were asked about how safe it was to cycle in Oslo in general, and at Akershusstranda. They were 
also asked if particular types of road users were challenging to interact with, and the AV shuttle was one of the 
types they could answer. The results are presented in Figure 12 and Figure 13.   

 

Figure 12:  Cyclists’ perception of how safe it is to travel in Oslo and at Akershusstranda (Percent, N=407) 
 

It is evident that cyclists feel it is much safer to cycle along Akershusstranda than it is in Oslo in general. Three 
out of four cyclist answer on the “safe” side of the scale at Akershusstranda, compared to less than three in ten 
in Oslo in general. This is not surprising since Akershusstranda is characterized by low volumes of motor traffic.  

 

Figure 13:  Cyclists’ perception of which road user groups that are challenging to interact with. Respondents could 
identify several road user types. Only respondents who felt interaction could be challenging were asked to identify the 

challenging road user type(s). (Percent, N=291).  

 
The results reflect very much the traffic characteristics at Akershusstranda. As said, there are many touristic 
buses driving there since the Oslo Cruise terminal is located here. Apart from that there is not much motor 
traffic. It is interesting to note that one in three think other cyclists are challenging. Very few think the AV shuttle 
is challenging (8 %), which may partly reflect that cyclists do not meet the AV shuttle very often, but also that 
they do not perceive it difficult to interact with AV shuttles when they meet.   

In Figure 14 answers to three statements about self-driving shuttles are presented. The statements are similar 
to the ones used by Nordhoff et al. (2018).  
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Figure 14:  Cyclists’ opinions about AV shuttles in Oslo 2019. (Percent, N=407). 

 

On the most general statements about self-driving shuttles becoming an important part of the transport system 
people tend to agree; nearly six out of ten more or less agree (with scores 5, 6, 7). The more specific and personal 
the statement is, the less people agree. Respondents are evenly distributed on the scale when asked if self-
driving shuttles will be more efficient/faster than existing forms of public transport, with a large proportion that 
do not have any clear opinion (score 4). A clear majority thinks self-driving shuttles will not be better and more 
convenient than the forms of travel they use today. 

The questionnaire contained similar by slightly adjusted questions from Van der Laan et al. (1997), where 
respondents were asked to indicate on a five-point rating scale their opinions about different aspects of the self-
driving shuttle. The scale runs from positive to negative and contains the following items: Useful-Useless, 
Comfortable-Uncomfortable, Effective-Ineffective, Safe-Unsafe. Results are presented in Figure 15.  

 

Figure 15:  Cyclists’ opinions about self-driving buses (AV shuttles) in Oslo 2019. (Percent, N=407). 

 
Nearly half of the respondents do not have any clear opinion about the self-driving shuttle being comfortable or 
not. Very few respondents had tried to ride with the self-driving bus, so this is not surprising. In general, answers 
are quite evenly distributed over the scales, but leaning towards the positive side on all items. 

To have an indication about how positive respondents in general were to new technology, they were asked to 
respond to the statement: When it comes to trying out new technology I am generally: 1) Among the first, 2) In 
the middle, 3) Among the last. Results are given in Figure 16.  
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Figure 16:  Cyclists’ opinions about trying out new technology. Per cent, N=407. 

 

In June and September, the cyclists were presented some more detailed questions about their interactions with 
the self-driving shuttle to those cyclists having experienced interactions with the shuttle. Answers about how 
often they had met the bus is given in Figure 17.  

 

Figure 17:  Cyclists’ responses about how often the meet the self-driving bus (AV shuttle) in Oslo 2019. Per cent, N=155.  

 
The cyclists having met the self-driving shuttle at least 1-3 times per month were asked about interactions with 
the self-driving shuttle. Again, questions were presented as statements that respondents should indicate their 
agreement with on a scale from 1 “Disagree completely” to 7 “Agree completely”. They could also answer 8 
“Don’t know/not relevant”. Results are presented in Figure 18.  
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Figure 18:  Cyclists’ responses about interacting with the self-driving shuttles in Oslo 2019. (Percent, N=126).  

 
There are some distinctive tendencies in how cyclists answer about interacting with the self-driving shuttle. First, 
more than half agree completely with the statement “I think one should give the bus the right of way and not 
forcing it to stop”. Another clear fining is that cyclists in general are quite certain that the self-driving shuttle will 
stop for cyclists if necessary. Another distinctive feature is that one in two don’t know if they wait to cross the 
street until after the self-driving shuttle has passed. The interactions with the shuttle at Akershusstranda were 
predominantly that the shuttle and the cyclists travel side by side, i.e. they seldom cross each other’s 
trajectories. Hence the question is probably irrelevant for quite a number of cyclists.  

An interesting result is that almost one in three say they cross the road before the shuttle since they know the 
shuttle will stop. This seems to be somewhat in conflict with the finding that more than half of the cyclists say 
that one should not force the shuttle to stop. There might be different subgroups of cyclists behaving very 
differently towards the shuttle giving this result. Indeed, there is a very clear negative correlation (Pearson’s R=-
.362, p=.001) between these two variables (omitting those saying “don’t know”).  

3.1.1.1. Video analyses 
The video analyses were conducted in 2019 on five locations along Akershusstranda revealed that cars and 
cyclists were frequently overtaking the shuttle along the route. This was due to the slow and defensive style of 
shuttles’ driving. In some situations, the shuttle reacted to overtaking road user and stopped, probably because 
the road user was too close to the shuttle. Furthermore, on one specific location, where the shuttle was turning 
right over the bicycle lane (Akershusstranda x Vippetangkaia T-intersection), the situations when the shuttle was 
not yielding to cyclists were observed (together with illegal overtaking of the shuttle by other road users). 
Therefore, this location was selected for follow-up in-depth analyses. In total 220 hours of video were collected 
during 20 days of recording. From these, 318 unique manoeuvres, when the shuttle was turning right, were 
detected. Sixty-five of them included at least one encounter with another traffic participant. There were in total 
83 encounters identified in 65 video clips. Most of the encounters (n=67) occurred between the shuttle and a 
vulnerable road user (VRU). Sixteen encounters were between the shuttle and a motorised vehicle (14 passenger 
cars, 1 truck, 1 motorcycle). Three categories of encounters were recognised:  
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 a cyclist or e-scooterist riding in the bicycle lane (n=60) and  
 a pedestrian on the zebra crossing (n=4). 

 
From these categories, we selected “a road user overtaking the shuttle” encounter for further analyses.   
 
A road user overtaking the shuttle  

On this location, to perform the overtaking manoeuvre, the road users had to cross the solid centre lane, drive 
in the opposite traffic lane and overtake the shuttle over the raised pedestrian crossing. Such a manoeuvre is 
not allowed according to the traffic rules. We observed in total 116 situations where a motorised vehicle was 
placed behind the shuttle and there was simultaneously no on-coming traffic in the opposite traffic lane and no 
pedestrian near the crossing. Such a situation presents an opportunity to overtake the shuttle, and we observed 
that. Sixteen vehicles (13.8 %) overtook the shuttle in this scenario. Most were passenger cars (n=14), one was 
a truck and one was a motorcycle. In most encounters, the shuttle was driving with its typical speed of 10 km/h, 
only in three overtakings the shuttle had already stopped as result of another encounter. The shuttle did not 
react to most of the overtaking vehicles, probably because it was already performing right-turning manoeuvre 
when being overtaken and the overtaking cars were not too close to its pre-defined route. However, when the 
overtaking occurred further before the intersection, the shuttle was reacting to the cars (slowing down) – this 
was observed twice. Furthermore, there were two cyclists and one e-scooterist observed to overtake the shuttle. 
Both cyclists were sport cyclists riding fast (ca 25.0 km/h). In one case, the shuttle reacted to the overtaking 
cyclist and stopped hard (Figure 20). This overtaking encounter occurred further from the intersection.  

 
Figure 19: The example of overtaking manoeuvre of a personal car 
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Figure 20: The example of overtaking manoeuvre of a cyclist that trigger a hard stop of the shuttle 

 

3.1.2. Pilot RO1 analysis and conclusions  
Phase I focused on safety aspects only. The roadside survey among cyclists provided data about their 
interactions with the shuttles. These are site specific, as at Akershusstranda the shuttle and the cyclists 
predominantly travel side by side, i.e., they seldom cross each other’s trajectories.  An interesting result is that 
almost one in three cyclists say they cross the road before the shuttle since they know the shuttle will stop. This 
seems to be somewhat in conflict with the finding that more than half of the cyclists say that one should not 
force the shuttle to stop. There might be different subgroups of cyclists behaving very differently towards the 
shuttle giving this result.  

The video analyses revealed that the shuttles often stop hard, particularly when another road user is too near 
to their route. These hard and unexpected stops are risky for other road users (increased risk of rear-end 
accidents, that have been identified in several studies as a common accident type for AVs) and for passengers 
inside the shuttle as well (movements characterized by uncontrolled loss of balance of passengers inside the 
shuttle as a result of hard stops were observed). The in-depth video analyses showed that when drivers of a 
following motorised vehicle had the opportunity to overtake the shuttle (i.e., no traffic in the oncoming direction 
and no pedestrian near the zebra crossing), almost 14% of drivers decided to overtake, despite that such a 
manoeuvre is not legal on the studied location. This willingness to break the traffic rule and “escape” from the 
proximity of the shuttle could be explained as an effort to avoid a potential delay caused by the speed difference 
between the passenger cars and the shuttle. The reason for overtaking might also be to reduce the exposure to 
defensive and sometimes unpredictable behaviour by the shuttle. Such overtaking can be a risk factor for 
oncoming traffic and VRU that might be crossing on the road. Furthermore, if the overtaking road user is too 
close to the shuttle, the shuttle interprets it as an object within its pre-defined route and reacts, mostly by hard 
stop. The hard stops were not frequent during overtaking on the studied location, however were reported as 
frequent issue along the shuttle’s routes, both in Oslo and Ormøya. Cars were the most frequent overtaking 
road users, however situations when a cyclist was overtaking were observed as well. From visual evaluation, 
these cyclists are probably sport-cyclists.  

To summarise, following types of risk were recognised in the overtaking encounters: 
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1. Internal risk to the shuttle passengers as the result of unexpected and exaggerated reaction of the 
shuttle (i.e., risk of falls etc. inside the shuttle). 

2. External risk to the other road users (particularly motorised vehicles) that are driving closely behind the 
shuttle at the moment of an unexpected and exaggerated stop of the shuttle (i.e. risk of rear-end 
accidents). 

3. External risks to other traffic participants because of motorized vehicles overtaking the shuttle: both to 
pedestrians on a zebra crossing and to oncoming traffic. 

 
Therefore, based on the findings of video analyses, we decided to focus in Phases II and III on how to eliminate 
the hard stops of the shuttles in overtaking encounters.  

3.2. Pilot RO2 
The RO2 pilot took place in Karlsruhe, Germany and the setting is part of the Test Area Autonomous Driving 
Baden-Wuerttemberg. The Test Area includes tracks of all relevant road types from mixed vehicle, bicycle and 
pedestrian traffic in urban areas, to intra-urban 30 km/h and 50 km/h zones, municipal car parks, residential 
areas, state roads and federal highways, up to motorway sections. In Drive2theFuture, a digitalized Pilot site 
(“digital twin”) of the Test Area has been used and enhanced, providing immersion via Mixed Reality for car 
passengers and pedestrians. The digital twin is based on open source software and provides the road network 
and static environment from the Test Area. Agent-based vehicle and pedestrian models were used to create 
dynamic behaviour in the digital test area and sensor and communication models simulate the digital 
infrastructure. Therefore, the digital infrastructure provides the same output as the processing units of the real-
world Test Area. 

In Drive2theFuture tests, vehicles are used to interact with pedestrians with different kinds of automated vehicle 
behaviours: human-controlled vehicle vs. automated vehicle (AV) behaviour. Therefore, vehicles and VRUs are 
observed and analysed in defined traffic scenarios for their behaviour as well as their interactions. The individual 
traffic participants are tracked over time and trajectory data is saved and stored. Based on the recorded 
trajectory data, models are created to predict future behaviour and interactions of traffic participants. The goal 
for the derived interaction models is to incorporate them directly into the AV’s control system to increase a 
VRU’s acceptance towards the AV’s behaviour.  

In phase 1, the digital twin of the Test Area Autonomous Driving Baden-Wuerttemberg was set up and improved. 
This included the acquisition of a new VR kit, consisting of an HTC Vive Pro Eye including four SteamVR base 
stations and a wireless adapter as well as a suitable computer platform for running and rendering the simulation. 
We set up the VR kit in our lab as shown in Figure 21, which covers a trackable area of at least 5x5 square meters.  

The different phases of the pilot are structured as follows: Phase I includes the setup and improvement of the 
digital twin, the setup of defined traffic scenarios and infrastructure and the build-up of analysis tools for spatio-
temporal behaviour analysis and ML-based modelling. Additionally, it includes a first acquisition of ground truth 
data on interactions between pedestrians, automated and non-automated vehicles. In Phase II, a behaviour 
model is created and applied in order to generate non-automated vehicle behaviour for automated vehicles. 
Initial tests will be performed with immersed and real pedestrians. The new behaviour model will then be used 
for training pedestrians and for evaluation purposes in the VR-supported digital and real test area in Phase III. 
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Figure 21: VR setup consisting of four SteamVR base stations on a traverse system and a wireless HTC Vive Pro Eye 

The use case for this phase is Use Case 3: AV conspicuity HMI & strategies for interaction of automated road 
vehicles with non-equipped other road users. In Phase I, the interaction of automated and non-automated road 
vehicles with pedestrians was investigated by setting up the environment for recording their trajectories. 

3.2.1. Pilot RO2 results 
The aim of Phase I was to setup and improve a digital twin of the Test Area Autonomous Driving Baden-
Wuerttemberg with focus on VR support. For a first acquisition of ground truth data on interactions between 
pedestrians, automated & non-automated vehicles, the scope of data, the data format as well as a toolchain for 
collecting the data from the simulation and converting it to the right format had to be defined. 

Our previous VR environment used Gazebo for the simulation of a digital twin of parts of the Test Area including 
a 3D world with the real road networks in Lanelet format.  

In Phase I, we built up a new VR environment based on Unreal Engine and the CARLA simulator. CARLA is an 
open-source simulator for autonomous driving research and provides digital assets and a variety of sensors that 
can be used in a flexible way. Our VR environment supports VR and immersion as both a “driver” of a vehicle 
(either manual driving using a real steering wheel or in automated driving mode) and as a pedestrian. This 
environment is the basis for the data collection in Virtual Reality in Phase II. 

For a first acquisition of interaction data between vehicles and pedestrians, around 10 persons were involved. 
One person was needed to control a vehicle in the simulation using a steering wheel and another person 
immersed into the simulation using the VR headset. We used an HTC Vive Pro Eye including base stations and 
the wireless adapter as well as a computer platform for the setup of our VR environment. Additionally, we used 
a Logitech G25 wheel in order to manually control a vehicle in the VR simulation. 

A short data collection was done in Phase I in order to verify that the VR simulation was setup correctly and that 
the data collection and processing pipeline works. In the simulations, the vehicle was operated in two modes: it 
was either controlled by a participant using the Logitech steering wheel, i.e., in manual mode, or it was 
controlled by a highly automated driving function, i.e., in automated mode. Independent of the vehicle control, 
a pedestrian was controlled by a participant wearing the VR headset. The participant’s position and orientation 
were tracked using the SteamVR tracking sensors within the trackable area in the laboratory.  
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The setup of the experiment in the simulation is shown in Figure 22 from both the driver’s and the pedestrian’s 
view. The user controlling the pedestrian was told to start walking and to cross the street at any time while the 
vehicle, either in manual or in automated mode, had to react to the pedestrian. This scenario was repeated 
multiple times, yielding highly interactive trajectories that were recorded, postprocessed and finally saved to 
comma separated value (CSV) files. 

   

Figure 22: Driver’s and pedestrian’s views in the VR simulations 

Direct observations done in Phase I are vehicle and pedestrian trajectories. As the data collection was done in 
VR simulation, data could easily be obtained from the simulation and includes time-referenced (frame_id, 
timestamp_ms) 2-dimensional positions (x,y) and velocities (vx, vy) of different tracked agents (track_id, 
agent_type), their orientation (psi_rad) and the length and width of their bounding boxes. In combination with 
a high-definition map of the road network in Lanelet format, additional values, i.e., the 2-dimensional 
accelerations (ax, ay), time headway, gap to a vehicle in front, the lateral position/offset to the centre of the 
lane and the distance to side objects outside the lane were calculated. Additionally, the additional values include 
a column to indicate the “mode” of the vehicle, i.e., whether it is manually controlled, simulated or in automated 
driving mode. The basic fields that are recorded are shown in Table 2. In addition, all fields that are calculated 
from the recorded fields are listed in Table 3. The format specified in Table 2 is the same as in the INTERACTION 
and TAF-BW datasets (Zhan et. al., 2018; Zipfl et. al., 2020).  

Table 2 Recorded attributes of traffic participants’ trajectories 
track_id frame_id timestamp_ms agent_type x y vx vy psi_rad length width 
0 314 800 Car 54.13 -22.61 6.88 -2.5 -0.3 5.0 1.8 
… … … … … … … … … … … 

 

Table 3 Calculated attributes of traffic participants’ trajectories 
ax ay time_headway gap lateral_position side_distance mode 
0.1 0.53 8.51 52.51 0.30 2.51 automated 
… … … … … … … 

 

3.2.2. Pilot RO2 analysis and conclusions  
The data collection was delayed due to Covid-19 and limited access to the laboratory. It was done in late 
September and October 2020. The basic trajectories defined by the values in Table 2 were gathered from the 
simulation, whereas the additional ax, ay, time_headway, gap, lateral_position and side_distance from Table 3 
were calculated by additionally using a high-definition map of the road network.  

The collected trajectory data will be used in Phase II in order to create and train an AV behaviour model which 
is closer to human behaviour. 

We developed and enhancement our digital twin of the Test Area in order to immerse as both a driver of a 
vehicle as well as a pedestrian into the simulation. We set up a VR cave with a trackable area of at least 5x5 
square meters. We set up the data collection pipeline in order to retrieve trajectories from the simulation, 
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calculate additional values with the help of high-definition maps and save it in a common CSV format. These 
trajectories will be used as a base for Phase II of the pilot, where an AV behaviour model will be created and 
trained. 

3.3. Pilot RO4  

3.3.1. Pilot RO4 results 
The phase I of the Polish pilot consisted of a full day of test-rides. The test-rides were organised on 20 September 
2020 in Pruszków near Warsaw. The vehicles used in the test-rides were high-end passenger vehicles available 
at the moment on the market with the automation level 2 and 3. The test-rides were open to public and 
promoted by the Mayor of the town as well as in the local newspaper. 

 

Figure 23: Konrad Sipiera, Vice-president of Pruszków tested Volvo systems 

Unfortunately, the interest of the public was smaller than expected. 20 drivers took part in the test-rides. All of 
them were asked to fill in the questionnaires (user profile, user experience, technology acceptance, SHAPE 
automation trust index, system usability scale, HMI) after the experience, however, only 12 filled them in fully. 
Due to the COVID-19 pandemic, both the driver and the instructor had to wear face masks. 

 

Figure 24: Vice-president of Pruszków fills in the questionnaire  

The test group was quite homogenous: most of the test drivers were male, holding at least a Bachelor degree 
and being (self)employed. Operating a passenger vehicle is part of work of all the participants 
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3.3.2. Pilot RO4 analysis and conclusions  
The scales of the User experience questionnaire cover a comprehensive impression of user experience. Both 
classical usability aspects (efficiency, perspicuity, dependability) and user experience aspects (originality, 
stimulation) are measured. From the distribution of answers per item in the given sample it can be concluded 
that the participants found the advanced safety systems in the vehicle valuable and clear, however, not meeting 
expectations and being obstructive. This might be due to the fact that during the test-rides the safety systems 
were not working properly with the infrastructure – for instance, the road markings were not well read by the 
vehicles. 

 

Figure 25: User Experience questionnaire answers  

With regards to different aspects, the L2&3 automation was perceived as attractive, easy to get familiar with 
and stimulating. However, the users felt less in control of the interaction – which in case of driving a car can be 
a big default. 
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Figure 26: User experience about automation L2&3 levels  

An interesting observation can come after connecting the different items with the age group. For instance, when 
it comes to item 12 “good/bad”, the younger participants perceived the safety system as good, while the older 
participants perceived them as bad. 

 

Figure 27: Ages groups  

Trust is very important with the new technologies. In fact, if it is missing, the new technology might not even 
achieve a big uptake. The most worrying score in the SATI – SHAPE Automation Trust Index in Pilot RO-4 was not 
so high level of reliability. Nevertheless, this could be another result of the problems with the environment – 
the infrastructure which was difficult for the vehicle to read. 

 

Figure 28: SHAPE questionnaire results  

The concept of automation in passenger cars is not yet widespread in Poland. Our pilot experienced it while 
encountering difficulties during the search for the venue to conduct the test as well as when the public was 
invited to participate. Further, the infrastructure needs to be accordingly adapted for the vehicles with 
automation levels 2&3 to work properly. Nevertheless, Poles who are exposed to the technology, perceive it 
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attractive so it means that it is worthwhile to organise similar projects to raise the awareness and number of 
experiences in the country 

3.4. Pilot RO5 
The two Navya Arma buses allow 11 passengers and one operator to be on the bus. Allowed maximum speed of 
the buses was 20km/h. On track speed was on average about 12km/h. Throughout the data collection phase 
(from August 12th 2019 to November 18th 2020) the buses performed like a traditional bus line with regular 
intervals connecting the underground station Aspern Seestadt with some nearby living areas (Figure 29). 

 

 

Figure 29: RO-5 bus shuttles and route at test site Seestadt Aspern 

3.4.1. Pilot RO5 results 
The main aim of the pilot in this phase was to investigate experience of users with the existing solutions of public 
buses on RO5 site. The main objectives were as follows:  

• Assess the safety and efficiency of operation 
o 3389 drives were done from 17.06.2019 to 11.01.2021, allowing insights on the usage of 

automated buses in line-service. 
• Investigate the uptake by the population  

o In total there were 7018 people from 17.06.2019 to 11.01.2021 which used the buses.  
• Elicitation of subjective perceptions and expectations 

o Subjective impressions and expectations were collected via an online survey 

During the operational Phase I, the following events where protocolled: 
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Table 4: Events generated during Phase I 

Service-numbers for P75 and P76 
passengers 6966 
Distance driven (km) 9645 
Hours of service 2293,9 
Break of service (days) 89 
Days of no service 106 
operational interference 5830 
accidents 2 
critical situations 3 

 

 

Figure 30: Service parameters of RO-5 Phase I operation 

 

The survey was designed to be roughly comparable with other surveys of automated public vehicles.   

Overall, the survey led to 137 completed data entries. Gender was separated by “female”,” male” and “no 
answer”. 36.5% of users where female 41,61% male and 21,9% preferred not to specify a gender. We separated 
age-groups by three. 43 respondents were younger than 30, 57 users were at an age between 31 and 45 years, 
and 37 users were older than 45. Participant age ranged from 10 to 77 years with a mean-age of 37,73 years. 

102 participants of the survey stated to have completed the questionnaire after experiencing first impressions 
on automated buses, 21 participants already had experiences with an autonomous bus previously, and 14 of the 
participants preferred not to answer on the question “02”, experience already made with autonomous buses. 

On a passenger’s view monitored by a passenger’s survey discussed above in this section 90% of the respondents 
stated of feeling secure, 7% answered the question as neutral and 3% had an unsecure impression of their 
experience with the autonomous bus established in this pilot. 

For 38% of users a higher grade of automation was expected when using the busses, while 14% of users expected 
less automation.  

There is a clear statement for operators on the bus. 43% of users mention that the presence of the operator is 
important or very important to them. For 37% of users the presence of the operator was not important. 

Users felt secure using the automated buses at Seestadt, Vienna.  
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Figure 31: Feedback on the user experience of the shuttles in Vienna. 

The majority of users expects an automated public bus system to present more information and a slight 
majority expects such a system to be more flexible, presenting more individualised services.  

 

Figure 32: 2nd part of Feedback on the user experience of the shuttles in Vienna. 

On an individual perspective most participants like the idea of automated buses personally and thinking of 
others still a majority states that people they know will think positive on that idea too.  

In line with this most of the users (85%) are sure to use this technology if available in public transport systems. 

We applied a multiple linear regression analysis in order to investigate, if the different technology acceptance 
factors (ATT attitude towards technology, SI social influence, PEU perceived ease of use, PU perceived usefulness, 
PS perceived safety) included and operationalized had a deciding impact on behavioural intention (BI) regarding 
making use of automated buses in the future once they become available as part of the standard public transport 
system.  The results indicate that 51% of the variance in behavioural intention could be explained (F (5, 131) = 
29.11, p < .00, R² = .53, R² adjusted = .51). The analysis showed, that although only perceived usefulness (Beta = 
.22, t(136) = 2.27, p < .025)  and safety (Beta = .22, t(136) = 2.32, p = .022) predicted behavioural intention 
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significantly, when the MRA was started only with those 2 factors and others were subsequently added, the 
adjusted R² still rose with each addition which indicated that all factors are of some relevance for behavioural 
intention although perceived usefulness and safety factor most prominently. 

None of the six categories describing the automated buses, attractive, perspicuity, efficient, dependable, and 
novel computed by the answers of the UEQ reaches more than 26 % users preferring the more negative aspects 
(Table 5). This was computed for the mean efficiency. The overall mean negative value is 12,2% contrasted by 
the overall mean positive value of 72,6%. 15,2% of the answers can be seen as neutral.  

Table 5: Mean values for six listed aspects on rating by users for the automated buses in Aspern Vienna.   
Mean 

attractiveness 
Mean 

perspicuity 
Mean 

efficiency 
Mean 

dependability 
Mean 

stimulation 
Mean 

novelty 
neg. aspects 7,2 9,8 26,0 12, 8 9,5 8,3 
pos. aspects 79,2 75,5 54,0 69,8 74,8 82,3 

neutral 13,7 14,8 20,0 17,5 15,8 9,5 
 

Aspects of attractiveness are positive rated (Table 6). The mean attractiveness values are 79,2% positive, 7,2% 
negative and 13,7% neutral (Table 5). The six aspects lead to mean values. A1 to A3 describe the agreement to 
the first word of an aspect, A4 to A7 describe the agreement to the second word. A1 and A7 are the maximum 
rating for one of the adjectives. Values can be read as percentages or absolutes as exactly 100 answers for this 
question were collected. 

Table 6 Values for attractiveness and the adjectives describing the aspects users were asked to rate are printed.   
Attractiveness (item 1, 12, 14, 16, 24, 25 of UEQ (Schrepp et. al 2017)) 
  Mean 

attractiveness 
pleasant | 
unpleasant 

good | 
bad 

attracting 
| repelling 

comfortable | 
uncomfortable 

attractive | 
unattractive 

sympathetic | 
unsympathetic 

(A1) 37,7 45 47 33 34 33 34 
(A2) 24,3 26 21 18 30 24 27 
(A3) 17,2 13 12 22 17 20 19 
(A4) 13,7 8 11 19 11 16 17 
(A5) 1,7 2 2 2 2 2 0 
(A6) 1,7 4 1 2 1 2 0 
(A7) 3,8 2 6 4 5 3 3 

 

Aspects of perspicuity are positive rated (Table 7). The mean perspicuity values are 75,5% positive, 9,8% negative 
and 14,8% neutral (Table 5). Users were asked to rate are printed. Perspicuity describes the ease of adopt or 
learn how to proper use the automated buses. Four aspects lead to mean values. A1 to A3 describe the 
agreement to the first word of an aspect, A4 to A7 describe the agreement to the second word. A1 and A7 are 
the maximum rating for one of the adjectives. Values can be read as percentages or absolutes as exactly 100 
answers for this question were collected. 
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Table 7 : Values for perspicuity and the adjectives describing the aspects users 
Perspicuity (item 2, 4, 13, 21 of UEQ (Schrepp et. al 2017)):  

Mean 
perspicuity 

understandable | 
incomprehensible 

easy to learn | 
difficult to learn 

easy | 
complicated 

clearly organized | 
confusing 

(A1) 34,5 39 37 32 30 
(A2) 25,5 33 24 20 25 
(A3) 15,5 13 15 13 21 
(A4) 14,75 7 17 22 13 
(A5) 3,5 2 2 4 6 
(A6) 2,75 4 1 3 3 
(A7) 3,5 2 4 6 2 

 

This would mainly be the rating of the efficiency to participate in a ride, but aspects of mixed traffic might 
influence. 

Aspects of efficiency are mainly positive rated (Table 8). The mean efficiency values are 54% positive, 26% 
negative and 20% neutral (Table 5). The values “fast and slow” changes the overall rating to more eager 
numbers. The driving speed the buses perform is seen to be slow, this can be found in the ratings. Efficiency 
describes the ability interacting with the automated buses to reach their tasks. Four aspects lead to mean values. 
A1 to A3 describe the agreement to the first word of an aspect, A4 to A7 describe the agreement to the second 
word. A1 and A7 are the maximum rating for one of the adjectives. Values can be read as percentages or 
absolutes as exactly 100 answers for this question were collected. 

Table 8: Values for efficiency and the adjectives describing the aspects users were asked 
Efficiency (9, 20, 22, 23 of UEQ (Schrepp et. al 2017)) 
  Mean efficiency fast | slow efficient | 

inefficient 
pragmatic | 
unpragmatic 

tidy | cluttered 

(A1) 22,0 5 26 21 36 
(A2) 19,3 3 26 24 24 
(A3) 12,8 4 15 15 17 
(A4) 20,0 16 20 28 16 
(A5) 7,8 15 7 5 4 
(A6) 6,5 24 0 2 0 
(A7) 11,8 33 6 5 3 

 

Aspects of dependability are positive rated (Table 9). The mean dependability values are 69,8% positive, 12,8% 
negative and 17,5% neutral (Table 5). 

As in efficiency the values assigned to the aspects of dependability would mainly be the experience rating users 
expect when doing a ride, but aspects of mixed traffic might influence. Dependability sums up aspects which 
describe the ability of users to foresee actions the shuttles will take. The adjectives describing the aspects users 
were asked to assign and rate are printed. Four aspects were collected and computed for mean values. A1 to A3 
describe the agreement to the first word of an aspect, A4 to A7 describe the agreement to the second word. A1 
and A7 are the maximum rating for one of the adjectives. Values can be read as percentages or absolutes as 
exactly 100 answers for this question were collected. 
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Table 9: Values for dependability. 
Dependability (item 8, 11, 17, 19 of UEQ (Schrepp et. al 2017))  

Mean 
dependability 

predictable | 
unpredictable 

supporting | 
disabling 

safe | unsafe in line with 
expectations | not in 

line with expectations 
(A1) 24,5 23 31 27 17 
(A2) 26,25 26 25 32 22 
(A3) 19 24 20 12 20 
(A4) 17,5 17 16 15 22 
(A5) 4,5 4 1 6 7 
(A6) 3 3 2 5 2 
(A7) 5,25 3 5 3 10 

 

The experiences users expect when in contact with the buses are rated stimulating. Therefore, stimulation is 
positive rated (Table 10). The mean values for stimulation are 74,8% positive, 9,5% negative and 15,8% neutral. 
Stimulation sums up motivating and exiting aspects users assign to the automated shuttles. The adjectives 
describing the aspects users were asked to rate are printed. Four aspects were collected and computed for mean 
values. A1 to A3 describe the agreement to the first word of an aspect, A4 to A7 describe the agreement to the 
second word. A1 and A7 are the maximum rating for one of the adjectives. Values can be read as percentages 
or absolutes as exactly 100 answers for this question were collected. 

Table 10: Values for stimulation. 
Stimulation (item 5, 6, 7, 18 of UEQ (Schrepp et. al 2017)) 
  Mean stimulation valuable | inferior exciting | boring interesting | 

uninteresting 
activating | 
soporific 

(A1) 33,5 39 33 47 15 
(A2) 23,25 21 26 32 14 
(A3) 18 17 21 13 21 
(A4) 15,75 18 14 4 27 
(A5) 1,25 0 2 1 2 
(A6) 4,25 1 1 1 14 
(A7) 4 4 3 2 7 

 

Aspects of novelty are positive rated (Table 11). The mean novelty values are 82,3% positive, 8,3% negative and 
9,5% neutral. 

This is in line with the answers which can be found for the experience protocolled in this survey, it is for most of 
the uses the first experience with automated buses. Novelty sums up innovative and creative aspects users 
assign to the automated shuttles. The adjectives describing the aspects users were asked to rate are printed. 
Four aspects were collected and computed for mean values. A1 to A3 describe the agreement to the first word 
of an aspect, A4 to A7 describe the agreement to the second word. A1 and A7 are the maximum rating for one 
of the adjectives. Values can be read as percentages or absolutes as exactly 100 answers for this question were 
collected. 
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Table 11: Values for novelty. 
Novelty (item 3, 10, 15, 26 of UEQ (Schrepp et. al 2017)): 

 Mean novelty creative | 
uninspired 

original | 
conventional 

novelty | 
conventional 

innovative | 
conservative 

(A1) 43 32 29 61 50 
(A2) 25 21 25 25 29 
(A3) 14,25 22 23 6 6 
(A4) 9,5 15 11 5 7 
(A5) 3 3 4 1 4 
(A6) 2,5 4 3 1 2 
(A7) 2,75 3 5 1 2 

 

3.4.2. Pilot RO5 analysis and conclusions  
To assess the safety and efficiency of operation several values were protocolled. These values are analysed on a 
monthly grid (Appendix Phase I, A: Event diaries). Values of increased interest for this dissemination can be seen 
in Table 12. 

Table 12: Values of interest protocolled monitoring the assess of safety and efficiency of operation 

Critical Situations and human interferences during service of the automated buses. 
o Number of critical situations 
o Number of accidents 
o Number of technical interferences by the operator (bus stops) 
o Number of interferences by the operator during bus motion 

 

Operational interferences happened though the whole project including any change in the track like wrong 
parking (Table 12). Between June 2019 and November 2020 also a few critical situations occurred (Figure 33). 
Most important events were two accidents one in July 2019 and one in Mai 2020. Accidents and critical events 
lead to breaks of service and revisions. Overall, critical events per kilometer seem to decline over time of service. 
The first Austrian lockdown even led to a break of service from March 2020 to June 2020.  

Events per Kilometre (grey line at Figure 33) described as operational interferences, operational mode changed 
from automated to manual (e.g., caused by parking offenders). Orange and blue line marks accidents and critical 
situations with lead to emergency action stopping the service for feedback by the Navya operational board. 
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Figure 33: Events per Kilometre, accidents and critical situations during Phase I of operations. 

In the pilot period starting from June 17th 2019 till January 11th of 2021 3389 drives were done. The bus service 
was used by 7018 people. The number of rides as well as the number of tracks done include test drives without 
guests and invited show drives.  

Graphs and columns of the service operation presented in this section of the report are from June 17th 2019 to 
end of December 2020. In this period 6966 passengers used the bus service. For more details, please refer to 
Figure 30 and Table 4, which sums up parameters of service monitored.  

The bus line was in regular service on working days. Breaks of service were done for safety reasons when 
weather conditions went to harsh. Starting peaks of passengers might be influenced by the start of the service, 
its presence in media as well as organised visits. In June and August 2019 there were some critical situations 
leading to breaks of service (see hours of service). From March 2020 to June 2020 the first Corona lockdown 
took place in Austria, leading to a break of service. 

3.5. Pilot RO6 
In Phase 1, the shuttle was driving in a mixed traffic environment with other cars, cyclists, and pedestrians. The 
shuttle service was running on weekdays between 11 a.m. and 3 p.m. A level 4 automated shuttle from Easy 
Mile was performing the service.  

 
Figure 34: Autonomous shuttle at the RO6 pilot site. 

 
The overall aim of Phase I was to investigate the user acceptance and experience of a shared autonomous 
vehicle, more specifically of an autonomous shuttle, for both users and other road users.    

The use cases for this phase are: 
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• Use case 1: training for road transport users. The specific purpose of this use case in pilot RO6 was to 
prepare all users (including VRUs) for the interaction with autonomous vehicles as well as the interaction 
between automated fleet and non-automated drivers.  

• Use case 3: AV conspicuously HMI & strategies for interaction of automated road vehicles with non-
equipped other road users. The specific purpose of this use case in pilot RO6 was to touch upon issues 
that deal with the interaction of automated and non-automated road vehicles with pedestrians and 
other VRUs 

3.5.1. Pilot RO6 results 
A total of 549 passengers have been transported with the shuttle. Passengers made use of the shuttle on a 
voluntary basis. As the shuttle was driving on the private domain of the university campus, the main users were 
students or staff on the campus. The vehicle on site was an Easymile EZ10 vehicle (level 4 automation) with a 
capacity of 12 passengers. The maximum speed of the vehicle is 40km/h. However, the maximum operational 
speed on site was 12km/h.  

The pilot site service was free of charge, which meant that anyone could make use of the service. During the 
ride or operation, the passengers could either sit or stand according to their preference. At the end, all 
passengers were asked whether they wanted to take part in the survey on a voluntary basis. At the same time, 
other road users along the trajectory were addressed by our collaborator as to whether they wanted to partake 
in the survey.  

The survey data was collected through the online survey tool Qualtrics. The survey was either filled out through 
the tablet by the collaborator on site who would ask the questions to the respondents. Also, flyers were 
distributed with a QR code leading to the online survey. As such, the survey could be completed on the device 
of the respondent.  

The event diary data was collected by the collaborator on site. A questionnaire on Qualtrics was developed for 
this purpose as well. The collaborator had to fill out the questionnaire each hour to keep track of the number of 
passengers, number of rides, incidents, weather condition and distance covered.  

The questionnaire for the shuttle passengers contained selected items from the Unified Theory of Acceptance 
and Use of Technology (UTAUT2) questionnaire (Madigan et al., 2017): hedonic motivation, performance 
expectancy, effort expectancy and behavioural intention. Also, questions were added regarding the general 
experience, comfort and safety of the shuttle (Nordhoff et. al, 2019). Lastly, the questionnaire contained 
questions on the socio-demographic characteristics of the passengers.  

Table 13 Survey constructs and item wording. 

Construct (UTAUT2) Item wording 

Hedonic motivation Using autonomous vehicles is fun 

Performance 
expectancy 

Using autonomous vehicles will help me reach my destination in a more 
comfortable way 

Effort expectancy I find autonomous vehicles easy to use 

Behavioural intention I intend to use autonomous vehicles in the future 

 
The questionnaire for the other road users was compiled to gather insights on the opinion regarding the traffic 
flow and a general feeling of safety. Questions were based on a recent study on the opinions of vulnerable 
road users (Penmetsa et al., 2019). 
 
The information was gathered through the online survey tool Qualtrics from August 2019 until October 2019. 
Descriptive statistics of the data were investigated. Furthermore, a correlation analysis was performed as well 
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as a multiple linear regression analysis to investigate the behavioural intention to use autonomous vehicles in 
the future.   
 
A total of 145 respondents completed the survey for the shuttle passengers. As for the socio demographic 
characteristics we note that 57.24% were female. The majority of the respondents (73.10%) were students as 
the trajectory was situated on a university campus. Furthermore, 68.97% was below the age of 25. The main 
mode of transport of the respondents in the Brussels capital region is public transport (58.62%), while 31.03% 
uses a car or motorcycle as their main transport mode and 8.28% travel by bicycle, 4.07% on foot.  

The opinions of the experience with the vehicle were positive ranging from ‘rather good’ to ‘very good’ in terms 
of the general experience, the entry and exit, the comfort and the driving behaviour of the vehicle.  

 

Figure 35: Respondents' opinions on the experience with the autonomous shuttle. 
Furthermore, it was interesting to see that the positive opinions in regards to personnel (safety operator) stand 
out. Over 62% of the respondents rated both the availability as the professionalism of the personnel as ‘very 
good’. Which could illustrate the need of the passengers for a safety operator.   

 

Figure 36: Respondents' opinions on the availability and professionalism of the personnel in the shuttle. 
To investigate the intention to use autonomous vehicles in the future, a multiple linear regression was 
performed with the dependent variable ‘behavioural intention’. First, correlations were investigated with the 
dependent variable. Here, no strong correlations were found. Moderately strong correlations (>0.5) were noted 
between the dependent variable and the items from the UTAUT2 constructs. Other correlations to the 
dependent variable are rather weak (<0.20), see Table 14.  
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Table 14: Correlations of the independent variables to behavioural intention. 

 
A multiple linear regression was performed with forward-backward selection of the variables. In the first step, 4 
variables were found significant. In a second step, more moderating variables were added according to 
recommendations by previous research. The results (see Table 15) show that effort expectancy, hedonic 
motivation and performance expectancy significantly influence the intention to use the vehicle. While gender 
reaches a significance level of 0.1, indicating that men might have a higher intention, no other moderation 
variables are significantly influencing the intention to use autonomous vehicles in the future.  

Table 15: Multiple linear regression with behavioural intention as the dependent variable, p values are indicated as 
follows ‘***’ <0.001, ‘**’ < 0.01, ‘*’ < 0.5, ‘.’ < 0.1.  

 
In total, 75 respondents completed the survey for other road users. Again, a majority of the surveys were filled 
out by women (66.67%). Of the respondents, 48% were pedestrians while 45.33% were driving a car at the time. 
Also, 25.33% of the respondents indicated that they were inconvenienced by the shuttle. Of this 25.33%, 84.21% 
was driving a car.  

In regards to the feeling of safety no significant difference in the feeling of safety was found in comparing the 
new traffic situation with the autonomous shuttle compared to the regular traffic situation. In fact, 81.33% of 
the respondents gave the same ‘feeling of safety’ score for both traffic situations. 

3.5.2. Pilot RO6 analysis and conclusions  
Both passengers as well as other road users are overall optimistic and positive towards autonomous vehicles. 
The intention to use autonomous vehicles in the future is also skewed to the positive side. 

As for safety, an important conclusion is that most passengers and other road users feel safe in a traffic situation 
with autonomous vehicles, or as safe as in a regular traffic situation. Over 90% of the shuttle passengers 
respondents rate the safety of the vehicle from ̀ rather good' to ̀ very good'. Furthermore, the majority of shuttle 
passengers (70.34%) indicated they had no worries in regards to autonomous vehicles. As for the other road 
users, no significant difference in feeling of safety was found by adding the autonomous shuttle to regular 
traffic.  

In general, men are more positive towards autonomous vehicles. This finding stands for both passengers as well 
as other road users. Male shuttle passengers have a higher intention of using autonomous vehicles in the future. 
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Male road users felt like they were less inconvenienced by the shuttle. In the current study, no differences 
regarding behavioural intention were found based on age or education.  

In terms of efficiency, the main objection given to autonomous shuttles in this study as well as in other pilots, is 
the limited speed of the vehicle. This was the main comment recurring in the free text questions of the survey. 
It also seems to be the determining factor for having doubts on the actual deployment of an autonomous shuttle 
in the future in more complex traffic situations. 

To assess the effect of the introduction of autonomous shuttles on the environment, the respondents were 
asked whether the introduction would reduce the necessity of a car. From the respondents, 53% think that 
owning a car will no longer be necessary (see Figure 37). 

 

Figure 37: Respondents' opinions on the necessity of a car after the introduction of autonomous shuttles. 
However, looking at the differences to this answer according to ages, it becomes clear that younger respondents 
(between 15 and 24) are more in agreement with this statement than older respondents. Also, the fact that such 
a high percentage agreed with this statement could be linked to their current transport mode (see Figure 38). 
The majority of the respondents who agree with this statement used public transport. However, note that the 
majority of respondents used public transport as their primary mode of transportation in Brussels.  

 

Figure 38: Respondents' opinions on the necessity of cars after the introduction of autonomous shuttles according to 
the frequency of public transport usage. 

About one-third of the respondents, stated that they took environmental concerns into account in their choice 
of their primary mode of transportation. It can be noted that the environmentally conscious respondents were 
more positive towards the reduction of necessity of cars after the introduction of autonomous shuttles. The 
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environmentally conscious respondents comprised 42.86% of the total portion of respondents who believed 
that cars would be less necessary. 

 

Figure 39: Respondents' opinions on the necessity of cars after the introduction of autonomous shuttles according to 
their motivation of their primary mode of transportation. 

To conclude, where both passengers as well as other road users were positive on the safety of the autonomous 
shuttle, they have more reservations in terms of the efficiency and environmental advantages of the 
autonomous shuttles.  

 

3.6. Pilot MA1 

3.6.1. Pilot MA1 results 
The maritime pilot takes place locally in Faaborg Denmark, where identified Operators and passengers have 
been invited to participate in a live demonstration of the autonomous ProZero pilot boat. 

3.6.1.1. Pictures and photos during demonstrations 
The following pictures are taken during the demonstrations in Faaborg. The pictures illustrate the boat, the 
preparation of the trip with passengers, and actual sailing performed as a part of the MA1 pilot demonstration. 

demonstration. 

 

 
Date of picture: 15/12 2020 
 
Location: Faaborg, Denmark 
 
Happening: Data collection with invited guests from 
Danish Technical University. 
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Date of picture: 15/12 2020 
 
Location: Faaborg, Denmark 
 
Happening: Data collection with invited guests from 
Danish Technical University. 
 
 

 
 

 
Date of picture: 15/12 2020 
 
Location: Faaborg, Denmark 
 
Happening: Data collection with invited guests from 
Danish Technical University. 
 
 

 
 

 

 
Date of picture: 22/6 2020 
 
Location: Faaborg, Denmark 
 
Happening: Night testing for in dark demonstrations 
and testing 
 
  

 

 

 
Date of picture: 22/6 
 
Location: Faaborg, Denmark 
 
Happening: Night testing for in dark demonstrations 
and testing 
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3.6.1.2. Pilot results 
Graphical representation of the results or tables showing outputs of the pilot.  

The following set of tables are the results of the User Profile Questionnaire, distributed to the identified 
Operators and passengers for the MA1 pilot.  

Question 1: 
 

 
Figure 40:  Age results of participants from User profile questionnaire 

Figure 40 indicates that most of the participants are relatively young of age, very few above 45 and as result of 
this, the participants will very likely be using modern technology in their work and private life. 

Question 2 

 
Figure 41:  Results of gender of participants from user profile questionnaire 

Figure 41 shows the distribution of gender among the participants, as the results shows, there are many more 
men than females. 
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Question 3 

 
Figure 42: Country of origin, user profile questionnaire 

Figure 42 shows that the participants are from Denmark, however 2 of the participants have chosen not to give 
an answer, it is unclear why. 

 

Question 4 

 
Figure 43: Educational level user profile questionnaire 

Figure 43, shows the results of the educational level among the participants, the educational level is spread out 
on several levels but with an overrepresentation in technical educated and M.Sc. 

Question 5 

 
Figure 44:  Results of type of employment user profile questionnaire 

Figure 44 shows the results of the employment types among the participants. 
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Question 6 

 

Figure 45: Results of operating an autonomous vehicle at work user profile questionnaire. 

Figure 45 shows that there is a variety in the number of participants who have actively operated an autonomous 
vehicle as a part of their jobs. 

Question 7 

 
 

Figure 46: Results of income among participants, user profile questionnaire. 

Figure 46 shows the results of the income among the participants. 
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Question 8 

 
Figure 47: Results of the mode of transport the participants use for different types of transportation. 

Figure 47 shows the results of the different modes of transport, that the identified participants are using 
differentiated between 5 different scenarios. 

 

Question 9 

 
Figure 48:  Results of the participants opinion of themselves as technology adopters 

Figure 48 shows that the participants consider themselves to be middle to early adopters of new technology. 

Question 10 

 
Figure 49: The results shows that all participants have heard about autonomous vehicles. 

Figure 49 shows that all participants are familiar with or have heard about autonomous vehicles, considering 
the intensive coverage over the recent years it is as expected. 
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Question 11 
 

 

Figure 50: The results shows that over half of the participants have experience with automated vehicles. 

Figure 50 shows that a great amount of the participants have experience with autonomous vehicles, to further 
add to the diagram, specifically the following examples, from the YES group, of which autonomous vehicles they 
have experience with are: 

• Tuco Boat 
• Marine vessel 
• Boat 
• Autonomous ships 
• Shipping 
• Cars / boat 
• Tuco Boat 
• Autonomous systems 
• Boats 
• Ships 

3.6.1.3. System Usability Scale Analysis  
The survey for the System usability scale, are only handed out to the operators involved with the 
pilotdemonstration of MA1.  
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Figure 51: Results shows that most of the partyicipants would be inclined to use the system again 

Figure 51 shows that all of the participants, to some degree are inclined to use the system again 

Question 2 

 

Figure 52: results show a widespread among perceived unnecessary complexity of the system, 

Figure 52 shows a wide range of opinions, regarding the systems complexity and if its unnecessary complex. 

 

Question 3 

 

Figure 53: Results of how easy the system was to use, perceived from the Operators. 

Figure 53, shows that most of the participnats found the system somewhat easy to use. 
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Figure 54: Results show the perceived need for support from technical staff 

Figure 54, shows that in some cases, the need for support from tech might be necessary for the asked 
participants. 

Question 5  

 

Figure 55: Results shows the integration of system functions 

Figure 55 shows that all participants somewhat found the functions well integrated into the system 

Question 6 

 

Figure 56: shows the participants opinion on the system being too inconsistent to use 

Figure 56 indicates that most people agreed on the statement that the system was somewhat too inconsistent. 
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Figure 57: Shows the Operators opinion on if most people would learn the system quickly 

Figure 57 shows that most of the asked participants believe do be able to learn how to use the autonomous 
system relatively quickly. 

 

Question 8 

 

Figure 58: Results of the participants finding the system cumbersome to use 

Figure 58, indicates that the majority of the users found the system cumbersome to use 

Question 9 

 

Figure 59: Shows the results of the participants finding the system confident inspiring to use 

The results indicate an agreement among the partyicipants, that the system was confident inspiring, however 
one person also found the system less confident inspiring 
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Figure 60: It shows the participants opinion on the need to learn new skills in order to operate the system 

Figure 60 shows that the majority of participants found very little need for learning new skills or needing more 
training, to operate the system 

3.6.1.4. SHAPE Automation Trust Index Analysis 
The SATI survey was conducted by asking the passengers of the autonomous vessel during MA1 

 

Figure 61: Results shows that most participants found the system useful most of the time 

Figure 61 shows that the passengers found the system useful 

 

Figure 62: Results of the participants found the system reliable. 

Figure 62 shows that the passengers found the system reliable most of the time 
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Figure 63: Results of the participants found the system accurate 

Figure 63 shows that the passengers found that the system worked accurately most of the time 

 

 

Figure 64: Results of the participant finding the system understandable. 

Figure 64 shows that there was a differentiated opinion of whether or not the system was understandable 

 

 

Figure 65: Results of the participants finding the system robust enough. 

Figure 65 shows that the passengers found the system mostly robust all the time 
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Figure 66: Results of how confident the participants found working with the system. 

Figure 66 shows that all passengers felt confident around the system 

 

3.6.1.5. Social economic  
Total numbers of responders: 7  

Question 1 

 

Figure 67: Results of the participants opinion on the tested autonomous system. 

Figure 67 shows the participants answers regarding their general opinion of the system, all participants was in 
general positive. 
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Figure 68: Results of the participants frequency of using autonomous systems. 

Figure 68 shows the results of how often the participants would use the system, majority of the answers where 
in the middle between never and always, this might be interpreted as occasionally. 

 

Question 3 

 

Figure 69: Results of the participants views upon effects of an autonomous vessel 

Figure 69 shows the participants answers in regards to the effects of an autonomous system, on several areas, 
which mostly was positive, such as a increase in comfort, safety and reduction of stress. 
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Figure 70: Results of the participants answers regarding implementing a autonomous system in their vehicle 

Figure 70 shows that the majority of the participants would like a system like this in their own vessel, with just 
a few participants having second thoughts. 

 

0
1
2
3
4
5
6

Expected change of identified aspects

Decrease Stays the same Increase

0

1

2

3

4

5

Yes No Only if

Would you have the system in your vessel



 

D5.2: Pilot results consolidation 

July 2022 68 
 

Question 5 
Only if:  

• Depends on AI and 
regulations 

• Robust solution 
available 

 

 
Figure 71: Results shows that just half of the participants would buy the system up front 

Figure 71 shows that only 3 of the asked participants was willing to buy the system, the other half said no or had 
a minor only if to add. 

Question 6 

 
Figure 72: Results shows the intention of purchase among the participants. 

Figure 72 shows how several aspects would affect the overall intention among the participants to buy the 
system. 
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Question 7 

 

Figure 73: Results showing how much the participants are willing to pay for the system 

Figure 73 unfortunately showed that only one participant answered with a specific offer for, at what price they 
would buy a similar autonomous system 

3.6.2. Pilot MA1 analysis and conclusions  
During the trials and pilots of phase 1, extra care and attention was placed at safety and environmental. The 
extra attention was needed because of the higher level of uncertainties to the autonomous sailing. Because of 
the higher attention and carefully executed sailing planning and safety procedures, no errors or incidents are 
recorded, in relation to the pilot demonstrations. However, one very influential aspect did change during the 
execution of the pilot demonstrations for MA1. The demonstration safety and environment were changed and 
needed replanning as a result of the covid-19 pandemic. As a result, hereof, masks, distancing and a requirement 
of hand washing and hand sanitizer was a required action before any operators or passengers was allowed on 
the boat, later in the pandemic, the safety was further increased by boarding requiring a negative test.  

However, during the pilot demonstrations, several notes were made, in regard to possible areas which needs to 
be addressed in the future of autonomy in the maritime sector.   

 

3.7. Pilot AV1 
This section reports the results achieved in Phase I of AV1 Pilot, conducted by Deep Blue.  

The pilot concerns the aviation domain and more in particular the innovative domain of drone operations. The 
objectives of Phase I are to describe and evaluate the state-of-the-art of the tools and platforms currently in use 
to plan and execute the drone mission. It aimed at identifying and understanding which are the main strengths 
and weaknesses of the most commonly used drones’ models and tools, adopting a user-centred approach. 

Following the flow of activities that characterises the drone operation, the evaluation focusses on two types of 
user, namely the operators, who take care of the mission strategic planning, and the pilots, who take care of the 
mission execution. 

The drone operator, who is also responsible for the mission, plays a key role and is in charge of all the activities 
of strategic planning of the mission, including: 
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• analysis of mission objectives and requirements  
• mission design and planning 
• detailed analysis of location, working area and risks 
• management of the authorization process (if necessary) 
• strategic planning and tactical re-planning during the mission itself (if possible) 
• management of the workgroup  

The pilot is in charge of all the activities directly connected to the execution of the mission. These include:  

• tactical planning 
• check of mission conditions 
• mission execution, including piloting the drone from take-off to landing, monitoring its state and the 

respect of all the mission parameters, and also terminating the mission (if necessary) 

Although operators and pilots are essentially two different roles, they could coexist in the same person or be 
played by different individuals, depending on a number of factors such as mission complexity and characteristics, 
operational scenario and operator/pilot expertise. In Europe, for the vast majority of missions, the same person 
could do both activities but quite often they prefer to keep the two roles distinct and played by different 
individuals. 

To address these interrelated-but-separated aspects of drones’ operations, two different focus groups were 
conducted by Deep Blue, with the first having a focus on the strategic planning (with “operators”) and the second 
on the mission execution (with “pilots”).  

In addition, for the purposes of the study two different kinds of operational scenarios were taken into account: 
Visual Line of Sight (VLOS) and Beyond Visual Line of Sight (BVOLS). In the first case the drone mission remains 
entirely within the line of sight of the pilot, while in the second one it goes beyond it. The two operational 
conditions reflect directly on the HMI of the drone control station, imposing requirements, in BVLOS scenarios, 
in order to guarantee the pilot the necessary awareness on drone position and eventual obstacles. In VLOS case, 
instead, the operations of control can rely entirely on what the pilot sees from his/her position 

3.7.1. Pilot AV1 results 
4.7.1.1. Procedure 

In order to conduct the focus groups, the first step was to select the candidates that would participate. For doing 
so, a small survey was prepared and disseminated through a list of Deep Blue’s contacts and social media 
channels, receiving a total of 33 responses. Among all, 21 respondents were selected based primarily on role, 
experience, type of operations and availability. Type of activity, models and tools had been also considered but 
given the heterogeneous distribution of these factors among the 21 selected, they played a minor role in the 
final decision. 

Hereafter, all selected respondents were contacted privately to confirm their interests in participating and their 
availability for the chosen date. Both focus groups were set on the same day, May 26th 2020, with a three hours 
session in the morning (Operators) and three hours session in the afternoon (Pilots). All participants were invited 
to send beforehand screenshots of the main interfaces they use with a brief explanation. 

In the initial arrangement, the focus groups were planned to be held in person in Rome at Deep Blue’s premises, 
granting a travel reimbursement to those who would have come from outside the city. Due to COVID-19 
outbreak, however, both sessions had to be moved online to guarantee the safety of all persons involved. 

In order to guarantee the same effectivity as for in-person focus groups, the online platform Miro 
(www.miro.com) was used (together with a videocall platform), which allows simultaneous interactions in a 
digital board, fostering participation and collaboration among the participants in a digital space. Both focus 
groups were held in Italian since the totality of participants were Italians.  

http://www.miro.com/
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Both sessions followed the same structure. At the beginning of the session, Deep Blue’s staff introduced 
themselves and the company, and then briefly presented Drive2theFuture project and the Pilot. After that, all 
participants were asked to introduce themselves and their areas of expertise. Finally, the facilitator explained 
the outline of the activities. 

The aim of the first activity was to understand and define the working process, intended as a sequence of 
objectives and activities, that operators and pilots carry out to plan and execute the mission, respectively. The 
activity was carried out through a group discussion, drawing from the participants experiences and work 
modalities, facilitated by Deep Blue.  

Once the work process was delineated, the group moved to Miro for the second activity, whose aim was to 
identify the main strengths and weaknesses of the tools the participants use for the strategic planning and the 
execution of the mission. After explaining the functioning of the platform and the objective of the activity, the 
participants were left free to work individually for 20 minutes to generate inputs using digital post-its for both 
the positive and negative aspects. Once all inputs were collected, all participants were asked to explain their 
inputs and to collocate them in a table (Figure 74 and Figure 75), through a group discussion, in an existing 
category or in a new one. The table was initially empty and the categories had been created while doing the 
activity, according to the inputs that had been generated. Once all inputs were divided in categories, the 
participants were asked to vote, using a five-points dot voting system, which were the 
advantages/disadvantages that they thought were the most important. 

In the end, a final slot was dedicated to final questions and remarks and a round of greetings. It was also 
reminded the invitation to Phase II to be held in autumn 

 

 

 

 

Figure 74: Strengths and weaknesses of operators' tools on Miro 
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4.7.1.2. Results 

Both focus groups generated a high number of inputs, evenly distributed between strengths and weaknesses 
but heterogeneous for level of detail, topics and models/tools to which they are referred.  

Once all inputs were collected and commented with the participants, they were qualitatively analysed by Deep 
Blue, considering their relevance and applicability for the project. All the non-relevant and non-applicable inputs 
were discarded.  

Relevance was intended as the correspondence between the input and the pilot’s focus. Since the aim of Phase 
I was to evaluate the state-of-the-art of drones’ operations, with a specific focus on the planning and execution 
tools’ interfaces, all those inputs that were not related (even indirectly) to planning and execution tools were 
considered as non-relevant. In other words, the following rule was applied: if such strength/weakness couldn’t 
be integrated/addressed (in form of general requirement, feature or functionality) in a new interface, therefore 
it should not be considered as relevant. Examples of that were all those inputs related to hardware’s 
(in)capabilities (e.g. “VTOL (Vertical Take-Off and Landing) fixed-winged aircraft that allows vertical take-off and 
landing, therefore great endurance and little stress especially in the landing phase that becomes almost 
vertical”), technical (in)capabilities (e.g. “DJIFlightPlanner allows me to import KML files”, “Map Pilot doesn’t 
allow clouding”) and commercial offers (“Updates too frequent”). 

Applicability concerns the adequateness of the level of detail to the purposes of the study. There is high variance 
in the focus of the various inputs, ranging from too generic (e.g. “Advanced and constantly updated planning 
tools”) to too specific to be generalized (i.e. referring to a specific application; e.g. “Optimised for video recording 
activity”). All inputs that carried no usable information were discarded. 

Moreover, a few comments were “misplaced” in terms of focus groups, mainly with input related to planning 
being produced during the execution session. Similar inputs were already mentioned during the previous session 
therefore they were also discarded. 

As a note, it is important to underline that the aim of the activity was not to evaluate the strengths and 
weaknesses of the single models and tools, therefore the models and tools to which the inputs were referred 
were not further considered in the analysis and the inputs were considered as generically applicable to all future 
interfaces. 

Finally, resulting from the analysis, some categories were deleted while other were adapted or renamed to 
include all relevant inputs.  

4.7.1.2.1. Operators 

The inputs received by the operators cover four areas: 

• Features and functionalities of the planning tools 
• Usability/UX of the planning tools 

Figure 75: Strengths and weaknesses of pilots' tools on Miro 
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• Compatibility of the apps with systems and devices 
• Teamwork/Cooperation 

Among these categories, the majority of inputs was related to presence or absence of specific features and 
functionalities in the planning tools taken into account. Without going into the details of every single input, the 
operators stressed the importance of having functionalities that support them during the planning, increasing 
their precision, giving them more information and more freedom in the planning (e.g., non geometrical 
geofencing, high level of control for every WayPoint, etc.). 

During the discussion it was evident that the current variety of available functionalities and models creates a 
fragmented and absolutely not standardized situation, in which operators tend to combine different platforms, 
selecting individual strengths that better suit the specific mission. From an operative side, this habit of planning 
on multiple platforms, although producing a better result, makes at the same time the entire process more 
complicated, longer and more error prone than it would be just relying on a single platform. In some cases, to 
address this issue, operators create their own customisation of the tools and their own scripts that automatize 
what otherwise they would have to do manually. 

Moreover, during the first part of the focus group, it emerged clearly how none of the commercial planning tools 
currently available support them for a very important step in the mission planning: the authorisation requests. 
Requesting the authorization for the mission is a fundamental and complex procedure that all operators have 
to do at the beginning of the planning. The complexity stems from the lack of clarity that characterizes the entire 
process, both from the procedural and bureaucratic point of view, and with regard to the authority of reference. 

In fact, according to the European regulation, especially for missions in forbidden and regulated areas, operators 
have to request the authorisation to the authority under which the specific area is subjected and then they have 
to forward the request also to Civil Aviation Authority. However, there are cases in which the legislation on 
drones’ flights is still not clear and it is “open to subjective interpretations” and the procedure to obtain the 
authorisation is not standardised. Moreover, the authorities and the references change according to the area 
and operators often have difficulties in identifying the right reference.  

Another aspect that emerged from the focus group was the usability of the tools. In this case, inputs were quite 
generic but the operators highlighted the strengths of having interfaces easy to use, compared to interfaces 
which the overall design or some elements complicate the planning activities. Considering that the context of 
drone operations is a highly professional and specialized field and that operators and pilots are highly trained 
both theoretically and practically, usability and user experience are often subordinated respect to technical 
aspects or are directly related to functionalities’ aspects. 

Another category of comments that emerged clearly is the one of compatibility. In this case, inputs were 
referred both to the compatibility of the app with different devices (i.e., tablet, smartphone and PC), with most 
application not having the corresponding version for PC, and with different systems (i.e., Android, iOS and 
CrystalSky), with most app not being available for all systems. In specific cases (e.g., DJI Go), the various versions 
are so different across the systems that the knowledge of one version does not consent the same person to use 
the others effectively. From the operator perspective, this means that the choice of the tool used can be 
dependent on the type of device they own (or vice versa), or that they would need to buy multiple devices and 
interchange them according to the tools they use, especially in case of planning with multiple tools. 

Finally, the last category emerged was the one related to workgroup. Especially for the execution, but also for 
the planning, working in group could be fundamental. In fact, during the discussion on the planning procedure, 
participants agreed on the importance of workgroup management as one of the main points in the planning 
activity. However, only one tool (DJI GS Pro) is reported to give the possibility to share missions with colleagues 
and working together on the same plan. Giving the possibility to share the plan details among colleagues would 
increase the general awareness regarding the mission and, consequently, would help team members to clarify 
their single roles and responsibilities. 

4.7.1.2.2. Pilots 



 

D5.2: Pilot results consolidation 

July 2022 74 
 

Looking at the HMIs currently used by the pilots, a high number and diverse types of inputs were collected. 
Compared to the inputs received from the operators, some categories are consistent while others are new: 

• Situational awareness 
• Usability/UX of the execution tools 
• Compatibility among devices, systems and models 
• Teamwork/Cooperation 
• Customization 
• Others 

The main category that emerged, with a majority of positive comments, is the one regarding situational 
awareness. Most of the inputs highlights the presence of various types of relevant information (e.g., weather 
conditions, battery status, telemetry, etc.) on the interfaces, that help the pilot keeping control of the 
environment and the drone. These results suggest the importance of providing the pilot with all the necessary 
information to maintain the situational awareness during the entire mission. This aspect is also relevant when 
considering different operations in VLOS and BVLOS as during the study it was evident that in most cases the 
pilots prefer to monitor the drone mission from the screen of the working station rather than visually. In essence, 
they prefer using features proper of the VBLOS in VLOS as well because the need of monitoring drone 
parameters in the workstation makes in practice impossible for them to check at the same time the drone 
position visually. They should rely on the observer for this, but in most cases prefer simply using the monitor in 
the drone working station.  

As for the mission planning, pilots also commented on the usability/UX on the execution interfaces. Again, 
inputs are quite generic and mostly refer to the (un-)ease of use of specific tools, without specifying particular 
characteristics of features, except for few comments (e.g., “Bly 3D manages missions very well with more than 
99 waypoints, loading them in succession”). 

Another result that is consistent with what emerged from the previous focus group, although in a lesser extent, 
is the compatibility category. In this case, compatibility is also intended as between tools and drones’ models 
(i.e., “Use limited to only one typology of drones”). 

Comments related to teamwork and cooperation were also made in the pilots focus group. Although limited in 
number, these inputs suggest again that fostering collaboration among colleagues, through new functionalities 
or hardware (out of focus), would improve mission capabilities (i.e., mission range) and pilot’s comfort, as 
previously mentioned. 

Another topic that emerged was customisation, intended as the possibility of personalising various aspects of 
the mission. Customisation is only perceived as positive and, although the inputs don’t specify in detail what 
should be customisable, they underline the advantages of leaving degrees of freedom to pilots (and operators) 
in personalise their tools to better fit their way of working. 

Finally, there were a few “stand alone” inputs that couldn’t be categorized but that are worth considering. Such 
inputs were related to: 

• Flexibility: i.e. “Any changes in the field (just before or during the execution) apply very quickly” and 
“Automatic flights must be well planned because it is difficult to change on the tablet” 

• Safety: i.e., “RTH (Return To Home) missing (during a planned mission). In case of loss of signal, the 
mission cannot be abolished but the drone continues with the planned mission until the end of the battery 
life” 

The last input deserves particular attention because, even if not strictly related to HMI characteristics, safety 
represents a fundamental factor to consider when planning and executing mission, especially in high risk and 
urban areas. Safety could also represent a major factor in influencing public perception on drones’ operations.  
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3.7.2. Pilot AV1 analysis and conclusions  
Both focus groups produced a high number of inputs that have been further analysed and divided in different 
categories. Such inputs, referring to both positive and negative aspects, covered a wide range of topics, tools 
and models, areas of work and activities. The inputs also differed for their level of details. Such diversity 
effectively represents the complexity, the high degree of variance and the lack of standardisation, typical of 
young domains, that characterise drones’ operations. In fact, from the discussion with both operators and pilots 
emerged clearly how professionals do not follow a precise and shared procedure for both planning and 
execution, but they often create “their own way” of doing things, combining different tools, customising their 
own interfaces and adapting their own procedures. This is not due to lack of knowledge or procedures on drone 
management, as all the participants shared common approaches and in-depth knowledge of regulation and 
standard operational methods. More specifically, it depends on the need of making use of and often combining 
functionalities available in different tools that are considered particularly suitable and/or effective for the type 
of mission to be conducted. 

From this, a major issue emerged, consisting in the lack of a platform/tool that can support both operators and 
pilots in all the necessary steps for planning and executing the mission. This is particularly true for operators, for 
whom it is often necessary to combine different tools for achieving their planning objectives, selecting strengths 
and features from various platforms and often creating customized scripts to automatize this process. On this 
regard, a particular and highly shared issue that emerged was the difficulty that they encounter in the 
authorisation requests, for which operators’ tools provide no support at all.  

Moreover, it is worth considering that some of issues related with the operators inevitably reflect into the work 
of the pilots who are in charge of managing the mission at tactical level and executing it as planned. In particular 
during the pre-flight check and briefing the pilot needs to have access to the plan of the mission and to act on it 
(on this regard, special attention should be dedicated to the flexibility with which the tools allow for last minute 
operative modifications). If the operator used multiple platforms at this scope, the pilot shall do the same. This 
also concerns the need of a shared platform where all the concerned actors (operator, pilot, observer) may find 
information about the mission and act on it for the tasks under their competence and responsibility. The 
availability of multiuser platform would also help the pilot in the tactical planning and re-organization of the 
mission that sometimes is necessary due to specific conditions in the working area and/or contingencies. In such 
conditions there is also the possibility that the pilot needs to involve further and different actors who were not 
supposed to be involved in the original planning of the mission (e.g., the case of drone that, due to wind 
conditions, comes close to an airport, thus requiring a coordination with the tower). Having the possibility of 
sharing the mission or part of it with external users would be beneficial in such cases. 

Another relevant need emerged, strictly connected to both multiplatform and multiuser planning, is the one of 
compatibility. At the current stage, in fact, operators and pilots complain about the highly fragmented technical 
context in which they work, with tools and platforms that work only with specific systems (Android, iOS or 
CrystalSky), devices (smartphone, tablet or PC) or drones’ models. Today, this fragmentation adds complexity to 
the already difficult multiplatform planning, both technically and logistically. Moreover, in a (near) future 
perspective, an enhanced compatibility of tools across devices, systems and models will allow an efficient 
multiuser planning since all team members will be able to access the plan and control the mission from a variety 
of devices, without the necessity of owning or buying multiple equipment. 

Moreover, the lack of inputs on safety, both positive and negative, suggests that the presence of safety features 
and solutions is consolidated for (almost) all drones’ models and given for granted by operators and pilots. On 
this regard, when such safety measures are missing (i.e., RTH) it was pointed out. Nevertheless, future tools 
should be paying special attention to safety aspects in order not to impact negatively on public perception. 

Finally, both workshops didn’t provide many results on usability and user experience aspects. Although it 
emerged clearly as category of comments in both focus groups, and therefore the value of a good usability is 
recognized by participants, the content of the inputs doesn’t allow to identify which characteristics make tools 
easy to use, intuitive or the opposite. This could be due to some constraints that the study had to face, such as 
the high variety of tools interfaces and the time limitations, that didn’t allow to delve into the specific usability 
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aspects. However, delving in too much detail of the usability features of the single interfaces was not the aim of 
the study which, on the contrary, was to get a clear picture of the broader state-of-the-art of drones’ operations. 

Finally, the results described above will serve to generate a series of high-level requirements that, together with 
inputs coming from WP3, will be integrated in the new planning and execution interfaces’ prototypes that will 
be evaluated in Phase II.  

In conclusion, the drones’ operations context seems characterized by a high degree of heterogeneity of models, 
tools, interfaces and functions that lead to lack of standardization, presence of various individual good practices, 
work around and customised integration of different tools. If, on one hand, this could create issues on the 
identification of specific requirements for the new tools and platforms, on the other hand it creates the space 
for new solutions to improve operators’ and pilots’ comfort and acceptance of such tools. 
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4. Pilots’ results – Phase II. Evaluation of the HMI concepts for 
different modes and user clusters 

4.1. Pilot RO1 
The aim of Phase II was to develop an eHMI sign that would target the scenario identified in Phase I as a risky 
one (i.e., road users overtaking the shuttles). Furthermore, to confirm the relevance of that scenario, in Phase II 
we analysed videos taken from inside the shuttles on Ormøya route.   

The results of Phase I indicated that slow and defensive driving style of the shuttle was triggering overtaking 
behaviour, even on locations where it is not legal to overtake. Such behaviour presents a risk to others, such as 
to on-coming traffic or to pedestrians crossing a road.  

In addition, in many situations when road users overtook the shuttle, they cut in too closely, so that the shuttle 
automatically braked and stopped, often hard. This presents another risk, both to passengers inside the shuttles 
and road users that are behind the shuttle. This problem is probably not the result of any intention by the 
overtaking road user to obstruct the shuttle, but because other road users are not aware that the shuttle is 
programmed to brake/stop when the sensors identify objects close to the vehicle (within a predefined safety 
zone). 

To confirm Phase I findings and gain additional knowledge about encounters between cars, cyclists and the 
shuttle, we conducted analysis of events collected by inside (dash) cameras on the shuttle's route on Ormøya.  
Consequently, an eHMI sign was designed in collaboration with a professional designer. 

Users included car drivers and cyclists driving/riding behind the shuttle along its route on Ormøya. These are 
mostly residents in the area and attendees to the local school. 

The video recordings taken from cameras inside the shuttle have very low resolution, so recorded road users 
could not be recognized.  

For video recording, dash-cameras mounted in the shuttle looking out through the front and back windshields 
were used. These cameras were BlackVue DR750S-2CH. 

Thee procedure used during the pilot consists of dash-cameras mounted in the shuttles filming continuously 
during the shuttle’s driving. The cameras have an acceleration sensor that enables to detect hard stops (i.e., 
when the measurement from the accelerometer is above a configurable threshold). Every time a hard stop is 
detected, a video clip of the event (capturing a certain time before and after the detection) is stored in a separate 
file. 
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Figure 76: Overtaking manoeuvre captured by the front camera from the shuttle P085 

Video is stored in full HD/mp4 format on the internal SD card in the cameras. A Wi-Fi-router with internet 
connection is placed inside the shuttle garage. When the shuttle is parked in the garage, the cameras connect 
to it over Wi-Fi and start uploading video to a temporary storage in the BlackVue cloud service. The video files 
were then downloaded to TØI for further analysis. 

 

4.1.1. Pilot RO1 Results 
As a first step in analysing the videos from inside cameras, we scrutinized the changes in acceleration marked as 
an “Event” during the observational period (15.08 to 25.08). These are clips in which the shuttle comes to a 
sudden stop. All these 136 video-clips were viewed and evaluated by a road safety researcher and the events 
were categorized. Results are shown below. 

4.1.1.1. Video analyses 

Every event-clip could have multiple categories attached to best describe what happened in them. Of the 136 
categorized events: 

 45% were categorized as random events. These were either cars parking too far into the road, birds 
flying in front of the shuttle, or truly random without a clear cause. 

 42% included a drive-by. 
 25% of events included approaching traffic in the opposite lane. 
 18% had no clear cause. 
 10% included traffic merging in close proximity to the shuttle. 
 4% had a car almost hitting the shuttle from behind. 
 4% had a bird flying right in front of the shuttle. 
 3% of events were classified as ``a bit dangerous”. 
 2% included rightful yielding conducted by the shuttle. 
 1% were classified as” pretty dangerous”. 

Some parts of the analysed route were clearly more problematic than others. This included a sharp turn near a 
school, narrow parts of the route, and a bridge. It was abundantly clear that cars and bicycles overtaking the 
shuttle present a very common cause of hard braking from the shuttles. This confirmed the findings from Phase 
I, where we selected overtaking interactions as the target for the eHMI sign.    

4.1.1.1. eHMI sign 

As preventing the overtaking from happening is not realistic, we rather tried to make the overtaking safer. We 
assumed that informing road users about the need to overtake the shuttle “carefully” and keep larger distances 
from the shuttle could result in larger overtaking (lateral) distances and hence less stops by the shuttle in such 
situations.  

We carried out an internal brainstorming session involving several TØI researchers (such as traffic psychologists 
and road safety experts) in order to find out how to convey the message to the drivers that they should 1) take 
care during overtaking and 2) not come too close to the shuttle when overtaking. As a result of this 
brainstorming, we considered important to combine a textual message with a graphic illustration and suggested 
a first draft of an eHMI sign. We discussed the draft with a professional designer from Oslo public transport 
provider RUTER who then prepared several design alternatives. Finally, we selected the one that to his and our 
expert opinion conveys the intended messages best (see Figure 77).  
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Figure 77: eHMI sign design developed in RO1 

 

 

4.1.2. Pilot RO1 analysis and conclusions with respect to HMI concepts 
It is obvious that the slow, defensive and stereotypical driving style of the shuttles is triggering the road users 
who are driving behind the shuttle to overtake it. In some locations, such overtaking might be risky for other 
road users. Furthermore, if an overtaking car/cyclist is too close to the shuttle during the overtaking manoeuvre, 
the shuttle often stops hard. Such behaviour limits the operation of the shuttles and can be risky for other road 
users and for passengers inside the shuttle as well.  

In Phase II we confirmed that overtaking interactions, as identified in Phase I, present one of the critical risk 
scenarios in interactions between shuttles and other road users. To affect the behaviour of the overtaking road 
users, we developed the eHMI sign. Its efficiency was evaluated in Phase III. 

 

4.2. Pilot RO2 

4.2.1. Pilot RO2 Results 
The aim of Phase II was to collect additional training data. To analyse interactions between pedestrians and non-
automated vehicles, data from the real test area in Karlsruhe is used. Interaction data between pedestrians and 
automated vehicles is generated in the VR environment with the setup developed in Phase I.  

The use case for this phase is Use Case 3: AV conspicuity HMI & strategies for interaction of automated road 
vehicles with non-equipped other road users. In Phase II, data from the VR environment and the real test area 
(TAF) in Karlsruhe was collected. 

At the Test Area Autonomous Driving Baden-Württemberg (TAF), companies and research institutions can test 
future-oriented technologies and services related to connected and automated driving in everyday road traffic. 
More information about TAF can be found at https://taf-bw.de/en. 

The road network of the intersection is described by a high-definition map in Lanelet format. The vehicles and 
other road users are visualized by their bounding boxes. An example scene from the data set is shown in Figure 
78. 

https://taf-bw.de/en/
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Figure 78: Visualization of data set from Test Area Autonomous driving Baden-Württemberg 

For the recording of the interaction data between vehicles and pedestrians in the VR environment, three persons 
were involved. Each recorded track shows the interaction of one pedestrian and a vehicle controlled by the 
highly automated driving function. 

The data of the real test area (Fleck et. Al., 2018) was collected by sensors installed at a selected highly 
frequented intersection in Karlsruhe, which is part of the Test Area Autonomous Driving Baden-Württemberg. 
This  is indicated to the public with signs before entering the area. Due to data protection reasons in the Test 
Area no video data is stored; instead it is inherently processed into abstract object lists so that there is no 
personal reference. Instead, only the trajectories of road users are recorded 

As in Phase I, we used an HTC Vive Pro Eye including base stations and the wireless adapter as well as a computer 
platform for the setup of our VR environment. 

In addition, we recorded trajectories of vehicles, pedestrians and cyclists at the real test area in Karlsruhe 

In the simulations, the vehicle was controlled by a highly automated driving function, i.e., in automated mode. 
A pedestrian was controlled by a participant wearing the VR headset. The participant’s position and orientation 
were tracked using the SteamVR tracking sensors within the trackable area in the laboratory. 

The user controlling the pedestrian was told to start walking and to cross the street at any time while the vehicle 
had to react to the pedestrian. This scenario was repeated multiple times, yielding highly interactive trajectories 
that were recorded, post-processed and finally saved to CSV files.  

For real test area data, we tracked all road users, i.e., pedestrians, cyclists and vehicles, for the duration of about 
one hour. This recorded data was then post-processed in a similar way as the data received from the simulations 
to save the trajectories into CSV files. We reviewed the data and split it into short scenes showing interactions 
of vehicles and pedestrians. 

For the data from the VR environment, as well as the data from the real test area obtained in Phase II we have 
the same direct observations as in Phase I.  

4.2.2. Pilot RO2 analysis and conclusions respect to HMI concepts 
The data collection was done in December 2021. We have collected data using the VR environment and from a 
real test area (TAF). From the simulation we obtained 21 tracks, each with trajectories of a vehicle in automated 
mode and a pedestrian. In seven recordings the vehicle drives straight, while in the other fourteen tracks it turns 
left or right before the pedestrian is crossing the street. 

The data from the real test area was collected in March 2022 during daytime. The view was not affected due to 
weather conditions. There were no outer circumstances that would obviously lead to special behaviour, as 
particular caution. The data of about one hour was split into 25 tracks with interactions of pedestrians and 
vehicles. At the real test area intersection, the traffic is regulated by traffic lights. Interactions between vehicles 
and pedestrians take place when the vehicle turns right, since then both groups are allowed to move. Other 
interactions on the street are usually caused by irregular behaviour. 
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We collected interaction data of vehicles and pedestrians from both the VR environment and the Test Area 
Autonomous Driving Baden-Württemberg. The data generated in the VR environment shows the interaction of 
one pedestrian with an automated vehicle. While in the VR environment we could explicitly record tracks with 
interactions of one pedestrian and one vehicle, the data from the real test area shows all kinds of interactions 
with multiple road users. Interactions between pedestrians and vehicles can be observed when pedestrians 
cross the street and a vehicle turns right. This is due to the fact that the traffic is regulated by traffic lights and 
this is the only situation where pedestrians and vehicles are allowed to move. 

With the recorded data it is possible to analyse the reaction of automated and manually driven vehicles. 
Furthermore, the data can be used as a basis for the development of a behaviour model. 

4.3. Pilot RO3-A 
The RO3-A Pilot is an on-road vehicle pilot carried out in Versailles, France, with VEDECOM (VED) as the 
responsible partner. Its major objective was to investigate how drivers interacted with an automated vehicle 
(AV) of Level 3 (SAE, 2018) under real road circumstances and whether the driver could be reassured about a 
trustworthy automation. In Phase II, different versions of HMI have been developed and tested in real road 
scenarios.  

VED has been working on drivers’ cognitive and emotional experiences in an AV and how HMI impacts this 
experience in driving simulator and in a Wizard of OZ vehicle (WOZ) in closed test track for almost a decade. 
Since 2019, on-road experiments with the WOZ simulating Level 4 automation have been carried out around 
Versailles with a particular focus on the acceptability of AV as part of different projects. With regards to HMI, 
RO3-A builds up on the previous studies which tackled comprehensible and transparent HMI for AV. With 
regards to driver training, the Pilot builds up on one of these previous projects, namely, AutoConduct – funded 
by French National Research Agency (ANR), on the impact of different training protocols on driver performance 
of a safe takeover of control from the AV.  

In a series of three experiments on driving simulator, VED investigated drivers’ experience of Level 4 AV in urban 
environment. Two types of HMI, a basic HMI and an advanced HMI with increased understandability and 
transparency, have been tested in these experiments. The particular interest was whether drivers’ emotional 
reactions, especially negative emotions such as aggression and frustration, induced them to take over control 
from the vehicle in case of an impediment, reducing the safety benefits of AV. For instance, imagine that AV is 
not crossing despite the traffic light turning green because it perceives that there is a blocking point in the 
intersection. Our interest is whether knowing why the AV is not moving influences drivers’ tendency to take over 
control to handle the situation. The basic HMI just informed the driver about the mode of automation and 
change of mode of automation. Hence, in an impediment situation the HMI just informed the driver that the 
vehicle was still in automated driving mode. The advanced HMI informed the driver about the situation with 
short messages of different modality, namely, written and vocal modalities. The results indeed showed a 
tendency to take over less often when the reason behind impediment was explained to the driver (Techer et al., 
2019).  

The RO3-A Pilot aims to take these results further by testing them in an on-road study and by using a more 
symbolic language to replace the oral or vocal messages to assure the driver. The details of the HMI will be 
explained in the Method section.     

Method of Pilot RO3-A. WOZ, route, HMI, training 

The experimental vehicle in the current study is a Wizard of Oz (WOZ) vehicle simulating automated driving. The 
decision to use WOZ lies in control over safety – safety of the participant and the other road users surrounding 
the vehicle.  

A model of Renault Zoe used in the driving schools have been modified for the development of WOZ (Figure 79). 
The car can be controlled by the commands and the steering wheel on the left (by the participant) and by the 
double commands on the right by an expert pilot (longitudinal control). A joystick installed on the door of the 
right side enables the expert pilot both lateral and longitudinal control. The expert pilot mainly uses the joystick 
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for full control from the one source instead of the double pedals. The commands controlled by the participant 
has priority over the joystick, that is, the moment the participant takes over control via steering wheel or pedals, 
the joystick is deactivated. To ensure an ultimate means of control, the brake pedal on the right side (controlled 
by the expert pilot) has priority over all of the control commands in the vehicle. This provides the pilot the 
authority of emergency brake.  

 

 

Figure 79: The interior of the Wizard of Oz vehicle 

 

The joystick is hidden from the participants’ sight. The expert pilot is introduced as a safety precaution, the 
person who would interfere in case of a problem but would otherwise not be involved in the driving task. The 
WOZ vehicle has been used in previous experiments in a closed test track and on public roads with lay 
participants. No participant in any of the previous studies suspected that the vehicle was controlled by the pilot 
during automated driving. Hence, the current design is convincing and reliable for the purposes of the Pilot RO3-
A.       

The vehicle is limited to 50 km/h in automated driving mode for safety purposes, while the speed during manual 
driving is up to the driver (participant). A speed limiter makes sure that 50 km/h is not exceeded during 
automated driving.   

The vehicle is equipped with two interfaces. The central interface is used as HMI. A second interface was added 
just beneath the HMI for a non-driving-related task (NDRT). Finally, there are several cameras recording the 
driver and the driving scene.  

Route and Use cases 

The experimental route was defined in the surroundings of VEDECOM, between Satory and Guyancourt. It 
consisted of urban and peri-urban road sections, with speed limit varying between 30 km/h and 70 km/h. Note 
that the WOZ drives at 50 km/h in automated mode even if the speed limit is above that.  

The route consisted of two parts. The first part was to drive to a parking space where the expert pilot rested and 
the participants filled in some questionnaires. Figure 80 shows the entire route and the locations of the use 
cases. The first part of the route (left side of Figure 80) was approximately 11km long and took between 16-19 
minutes to complete depending on the traffic conditions. The second part of the route (the right side of Figure 
80) was driving back to the institute, approximately 7km long and took around 11-13 minutes to complete.   
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Figure 80: The experimental route and the locations of use cases 

There were in total four use cases (Figure 81):  

1. management of traffic lights,  
2. negotiation of roundabout,  
3. management of a roundabout controlled by traffic light,  
4. negotiation of a sharp curve.  

The four use cases were repeated several times since we were in urban and peri-urban environment. The most 
frequent one was the roundabout. All in all, there were 13 events on the way TO and 7 events on the way FROM.  

 

        

        

Figure 81: The four use cases tested in Pilot RO3-A 

HMI  
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Two versions of HMI have been tested in Polit RO3-A: basic HMI and transparent HMI. In both cases the screen 
was divided into two. The basic HMI presented the driving mode, speed limit, and the activation/deactivation 
button for the automated driving on the left and a GPS on the right (Figure 82, right side).  

The aim of the transparent HMI was to assure the driver about the vehicle’s capacity to perceive and classify its 
surroundings correctly, and to handle external situations safely and appropriately, especially at interaction 
points. Hence, we improved the transparency of the HMI by including a pop-up to the GPS. The pop-up showed 
a photo of the external environment, corresponding to one of the use cases, and highlighted the element 
detected by a green frame (Figure 82, left side). For instance, in a traffic light at a roundabout use case, the road 
scenery was presented with a green frame around the traffic light and the pedestrian crossing. The timing of the 
pop-ups was triggered by GPS coordinates. The image was presented 3-8 seconds before the use case and 
remained between 10-40 meters depending on the use case. 

HMI was a within-group variable, that is, drivers drove once (either the first or the second part of the route) with 
the basic HMI and the second time with the transparent HMI. The order was counterbalanced.   

                

Figure 82: Basic HMI (left) and the Transparent HMI (right) 

 

4.3.1. Pilot RO3-A Results 
In total, 26 drivers participated in the pilot (13 male, 13 female). The mean age was 43 years (range= 27 to 59 
years, sd= 12 years), with an average driving experience of 23 years (range=5 to 40 years, sd=12) and annual 
driving distance of 15800 km (sd=7600 km). Nineteen participants declared having one or another kind of ADAS 
in their current vehicle.  

 

Driver behaviour 

Driver behaviour during the takeover situations was measured with variables such as takeover time. For all 
participants, mean takeover time was 3.86 sec (sd= 1.16 sec) and the analyses revealed no impact of the type of 
HMI (Figure 83). No significant results were found for other indicators of driving performance. 
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Figure 83: Takeover time according to the type of HMI 

Acceptability of AV and Trust in AV 

The acceptability (before use) and acceptance (after use) scale used in the survey had nine items which grouped 
into two dimensions: usefulness of and satisfaction with the AV technology (van der Laan et al., 1996).  The scale 
was administered three times: 1) upon participants’ arrival in the lab (before any experience or information 
about AV), 2) after providing information and training about AV (basic vs. advanced), and 3) after the experience 
of automated driving (AD).  

Drivers’ acceptability of the AV was high already to start with, around 70% of technology acceptability as they 
arrived in the lab. Despite these initially high level of acceptability, public acceptance of the AV increased 
throughout the pilot (Figure 84). Accordingly, while receiving detailed information and training on the AV has 
no effect on the perceived usefulness or satisfaction with the AV, an on-road experience of automated driving 
improved both indicators.    

 

Figure 84: Acceptability and acceptance of AV 

Trust was measured by a single item asking drivers to what extent they would/did trust in an AV on a percentage 
scale. The measurement was taken four times: 1) upon participants’ arrival in the lab (before any experience or 
information about AV), 2) after providing information and training about AV (basic vs. advanced), and 3 & 4) 
after the experience of automated driving (AD) of 1st and 2nd round.  
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Accordingly, trust in the AV increased throughout the time from the arrival in the lab until the post automated 
driving experience, F (3, 75)= 39.28, p< .001, (Figure 85). Level of trust was the same for the basic HMI and the 
transparent HMI, both around 80%. Hence, what reassures the drivers seems to be gaining more information, 
training, and experience with the automated vehicle and automated driving.    

 

Figure 85: Change in trust in automated vehicle 

 

User experience - Evaluation of HMI 

The evaluation of the two types of HMI (basic vs. transparent) was measured by a short version of AttrakDiff 
(Hassenzahl et al., 2003) consisting of 10 items. The items are adjectives in dichotomy (e.g. simple – complex) 
rated on a 7-point scale ranging from -3 to 3. The scale has three subscales measuring whether the interface is 
perceived pragmatic, hedonic, and attractive. 

A direct comparison between a basic HMI and the transparent HMI revealed a difference between the two HMIs 
on the pragmatic dimension, t (1,25)=-2.47, p=.02, but not on the hedonic or attractively dimensions (Figure 86).    

 

Figure 86: Comparison of Basic vs. Transparent HMI  
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A second analysis took into account the order of the type of HMI. Half of the participants drive with the basic 
HMI first and transparent HMI the second. The order was reversed for the other half. Figure 87 represents this 
analysis. The items which differed are in circles. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 87: Comparison of Basic and Transparent HMI as a function of the driving order 

 

Accordingly, when people drove with the basic HMI first, they perceived the transparent HMI more predictable, 
high-end, creative, and more exciting. On the other hand, when they drove first with the transparent HMI, they 
perceived the basic HMI less practical and less creative. Hence, the criterion for an enriching and an 
impoverished HMI may not be the same for users of AV.    

System Usability  

System usability was measured by the System Usability Scale (SUS). There was no effect of the type of HMI on 
the system usability, t (1, 25)= .33, p> .05. The mean value for both types of HMI was around 80/100. Figure 88 
represents the percentile ranking of standardized SUS scores. The dashed lines indicate the 50th percentile and 
the average value for the SUS score, that is, 68/100. Accordingly, the transparent HMI has been evaluated slightly 
more positively.   

BASIC -> TRANSPARENT    TRANSPARENT -> BASIC 

  
     Basic     Transparent   
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Figure 88: SUS on a curve with percentile ranks and grades 

 

Looking at the individual items gives more insight about drivers’ evaluation of the usability. Similar to 
acceptability, trust, and user experience, there was an incremental effect throughout time. We observe an 
increase in all items after the second round. This effect is particularly significant for intention to use an AV, ease 
of use of AV, and building up trust in AV. These remain coherent with the results of acceptability and trust.  

HMI evaluation by interviews  

After automated driving, we asked participants several questions to have a better understanding of their 
evaluation of the two types of HMI they used. The interviews for 24 participants were transcribed and answers 
to each question were grouped in qualitative analysis. Participants were asked 1) which HMI they preferred, 2) 
why, 3) whether and what kind of supplementary information they would like to add to the HMI, 4) whether 
they were tempted to take over control on their own initiative, and 5) which type of HMI was preferred in which 
driving situations.  

Table 16 presents participants’ preference for basic or transparent HMI, as well as their underlying reasons. 
Figure 89 presents a map of the qualitative analysis for four questions. Accordingly, 14 participants preferred 
the transparent HMI, while 10 participants preferred the basic HMI. The basic HMI was preferred mostly during 
highway drive or countryside, where there are not many interactions with the other traffic (15 participants/24). 
The transparent HMI, on the other hand, was preferred mostly for urban drive, where drivers wanted to be 
informed about the traffic environment at interaction points with other road users (e.g., intersection, traffic 
light, roundabout, pedestrian crossing) and in unknown environments (17 participants/24) 

The reasons for preferring the basic HMI were less diverse than those for the transparent HMI. The major 
reasons for drivers to choose the basic HMI were preferring to analyse the driving environment themselves, 
which gave them a feeling of control; the habit of using GPS, which resulted in a familiarity effect, and the 
simplicity of the interface.  

  



 

D5.2: Pilot results consolidation 

July 2022 89 
 

 

 

Figure 89: Qualitative content of the interviews on the evaluation of the HMI 

 

The major reason for drivers to choose the transparent HMI was reassurance and trustworthiness of the 
interface, declared by 11 drivers. In addition to these, 3 participants who choose the basic HMI also declared 
that they considered the transparent version reassuring, summing up to 14 participants. These were followed 
by the positive effect of the transparent HMI on anticipation and the ease of verifying certain strategic elements 
in the vehicle’s environment rather than searching for them. Furthermore, the transparent version gave drivers 
a feeling of safety. They also considered that the transparent HMI would provide a visibility about the 
approaching road conditions, when, for instance the immediate road scenery was obstructed by large vehicles 
or due to weather conditions.      

Table 16: Qualitative analysis of the interviews on the preference for the type of HMI  

 Basic HMI Transparent HMI 
Preference for …. 10 14 
Underlying reasons:  
Prefer to verify info-environment themselves/ remain in control 4  
Habit of using GPS 4  
Simple 4  
Reassuring/Trustworthy 3 11 
Anticipation  6 
Vigilance/Verify information about the environment rather than 
searching 

 6 

Feeling of safety   4 
Provides visibility (in case of an obstacle, e.g. truck, fog)  3 
Clear and informative  2 
Agreeable  2 
Attracts attention  1 
Be informed about the vehicle's behaviour  1 

 

When asked about what kind of supplementary information they would have preferred to add in the HMI, the 
major need was about an auditory HMI modality in order to enhance situation awareness (Table 17). The most 
common answer was an auditory signal either to attract attention to an external situation or to inform them 
about the detection of an external situation. In a similar line, some participants wanted to have vocal messages 
to explain an approaching situation, which could also facilitate the takeover, and an alert in case of 



 

D5.2: Pilot results consolidation 

July 2022 90 
 

drowsiness/sleepiness. Another line of requirement was the need for dynamic information (rather than the 
static photos that were used) especially about the vulnerable road users (VRU). Another recommendation for 
the visual design was the use of icons (e.g. of a traffic light to indicate that a traffic light has been detected and 
will be handled) instead of photos.   

Table 17: Qualitative analysis on the supplementary information for the HMI 

 Nr of participants 
Auditory signal/ vocal message 8 
Real-time dynamic info 5 
Information on road/traffic conditions 4 
Use of icons 3 
Drowsiness alert 1 
Information on how to handle the situation 1 

 

Finally, we wanted to identify situations that were tempting for the drivers to take over control, despite the HMI 
indicating good detection and handling. Note that since this was an on-road experiment, participants 
encountered different situations depending on the day and time of the day. Some participants did not encounter 
any startling events at all.  

The top situation for willingness to take over for 8 people was the presence of vulnerable road users, such as 
pedestrians and cyclists (there was a high school on the route and cycling path all along the route). This was 
followed by traffic density (2 people), overtaking situations (2 people), handling roundabout (2 people), and 
roadworks 91 person).   

4.3.2. Pilot RO3-A analysis and conclusions respect to HMI concepts 
The aim of the Phase II pilot of RO3-A was to test the acceptability of AV and automated driving and their 
evaluation of different HMI types. The two types of HMI that have been tested were a basic HMI and a 
transparent HMI. A basic HMI presented information on the current driving mode, speed limit, and the 
trajectory. Transparent HMI provided additional information on the strategic elements in the driving 
environment (e.g., roundabout, pedestrian crossing, traffic light, certain road signs), highlighted on the photos 
of the road scenery. We will synthesize the results obtained in both quantitative and qualitative analysis.   

Our results showed that both acceptability of and trust in AV increased throughout time, regardless of the type 
of HMI. Hence, experience with the AV and automated driving was the key contributors of the acceptability and 
trust.  

We observed that the attractively dimensions for the basic HMI and the transparent HMI were different. In a 
similar vein, the reasons for preference for a basic or a transparent HMI were also different.  

While basic HMI is preferred mainly for its simplicity and familiarity with the use of GPS, it was considered boring 
and impractical for some participants. 

The major advantage of providing information on the road environment was increasing trustworthiness of the 
AV. Additionally, it was reassuring for the driver and increased the feeling of safety.  

Furthermore, drivers benefit from a transparent HMI as a self-regulatory tool to reduce the mental workload by 
verifying the information provided on the HMI to analyse their environment instead of searching for information 
themselves. 

The information on the driving environment was helpful to maintain a level of anticipation, especially in case of 
a takeover, either as a result of a takeover request or driver’s own initiative. Hence, this kind of information 
could support the maintenance of situation awareness during the automated driving.  

Drivers need a further reassurance about the AV’s behaviour in certain situations, especially when the vulnerable 
road users are involved. Hence, in addition to the use cases tested in RO3-A, additional information about the 
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VRU could be provided to drivers to reassure them so that they do not take over control and let the AV handle 
these situations safely. 

Use icons to represent the elements in road environment could improve the user experience and reduce the 
workload created by the representation of the road scenery.  

Multimodality could also improve the user experience and attract drivers’ attention to the elements in the road 
environment. However, this could be modulable rather than a fix setting to avoid frequent auditory signals in 
complex, urban environments. 

 

4.4. Pilot RO3-B 
The Satory test tracks are in Versailles Satory, where UGE disposes of a laboratory site. There are three tracks 
for approximately 14 km of different road designs, equipped with a connectivity network, road infrastructure 
sensors and equipment and can be used for the testing of new equipment.  

In this pilot, 20 participants get on board of the experimental vehicle at the driver’s seat during an automatic 
path operation. The main objective of the pilot on track is to study the AV “driver” behaviour when facing a 
manoeuvre operated by an automatism. To this end, experiments of this road pilot are carried out on a test 
track 

 

Figure 90: Satory test track circuits 

The scenario consists of an AV operating on the track (no traffic or any road users) without any driver 
intervention.  At the beginning of the experience (see Figure 90), the AV operates automatically and follows the 
track under standard driving conditions. This stage is intended to create confidence on drivers about the AV 
operation.  

The AV operates at a maximum speed of 60 Km/h in a test track circuit that emulates highway condition. 

Secondly, the AV operates two avoidance manoeuvres without any previous warning in order to observe drivers’ 
reactions.  Finally, the AV retrieves a standard driving and stops (see Figure 91). 
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Figure 91: Beginning of the trajectory during experience 

 

The autonomous electric vehicle pilot is equipped with a CAN-bus based distributed control system able to 
execute a predefined trajectory scenario. 

Proprioceptive and exteroceptive data are acquired and time-related to drivers’ monitoring information.   

The participants were informed before the experience that they will be on board an AV at the driver’s seat. 
Before starting, participants were warned to not provide any intervention (actions on steering, brake and 
throttle) during the experience. After, participants answer the questionnaires considering the experience 

In this pilot, there were 22 participants were selected: among them 2 participants cancelled by COVID-19. The 
participants’ balance between female and male was not equilibrated, five females and fifteen males. Regarding 
the age of the participants, 4 of them were in the groupe18-24, 9 in the age group 25-35, 3 in the age group 36-
45, 4 in the age group 46-60 and none in the age group >60. Most of the participants were students (11), the 
remaining participants were full-time employees (6), unemployed (2) and a self-employed (1).    

Sensitive personally identifiable information was collected in this pilot and there was no clear risk that the 
research could harm the participants. The pilot was approved from the UGE Ethical Committee. All participants 
were indemnified for their participation on this pilot. 

Procedure 

Participants were recruited in Saclay in the south-west of Paris. They were informed that their participation was 
involved in a research study about autonomous vehicles. They were also informed and comply an agreement 
concerning data collection under the respect of GDPR (refer to Ethical approval).   

Each participant was instructed about safety concerning the experience, and then invited to occupy the driver’s 
seat of the AV prototype.  

Participants’ feedback was gathered right after the experience through their answers of five questionnaires, 
User Profile Questionnaire (UPQ), User Experience Questionnaire (UEQ), Technology Acceptance Questionnaire 
(VDL), System Usability Scale (SUS) and SHAPE Automation Trust Index (SATI). Additionally, data from AV 
onboard sensors and inside car cabin cameras were recorded.    

Data from questionnaires were analysed and conclusions are drawn considering clear trends of the participants 
experiences. 

4.4.1. Pilot RO3-B Results 
4.4.1.1. Users surveys 

Hereafter, an analysis of the obtained results is provided considering the participants answers of the 
questionnaires. 
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User Profile Questionnaire (UPQ) 

Among the 20 participants, 19 were French citizens and only one was from a Non-EU-State. Most of them were 
qualified with high educational background equivalent to M.Sc. (5) and PhD (15). The majority employment 
status of the participants were students (11) with a minor representation of 6 full-time employees, 2 
unemployed and one self-employed.  

Because participants were recruited in a highly dense urban area, the use of transportation means retrieved 
from questionnaires highlights a very low use of passenger cars. However, alternative means are widely used: 
taxi, bicycle and walking and sharing services. Another clear trend concerns the generalized use of airplane for 
vacation trips as shown in Figure 92. 

 

Figure 92: Means of transport of participants 

Participants have stated a moderate interest for new technologies considering that 14 assessed to a moderate 
technology acceptance and 6 consider having a high interest on them (see Figure 93). Regarding their previous 
experiences, as in Figure 94 illustrates, only four participants have already an experience with autonomous 
vehicles, for 16 among them it was the first one. 
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Figure 93: Heard of selft-driving vehicles 

 

Figure 94: Experience with self-driving vehicles 

 

User Experience Questionnaire (UEQ) 

Based in the participants’ interactions with the AV pilot during the experience, results qualifying their perception 
of the AV pilot are reported in Figure 96. A particular focus has been given to three categories of their answers 
that seems to confirm the fact that the intended experience scenario was correctly achieved during the test in 
terms of vehicle speed (Fast/Slow), a credible critical situation managed by an automatic AV function 
(Predictable/Unpredictable) and their safety perception onboard the AV pilot during the experience (Secure / 
Not secure). Next figures represent users’ opinions using a five-points Likert scale (1 = Not at all, 5 = Absolutely).  

 

Heard of self-driving vehicles

Yes No

Experience with self-driving vehicles

Yes No
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Figure 95: User experience feedback

Technology Acceptance Questionnaire (VDL) 

The experience of this pilot allows us to measure the participants’ acceptance of full-automated driving 
functions onboard a passenger car. Their acceptance level was measured with the Van der Laan scale. Results 
obtained from participants’ answers are reported in Figure 96. It is worth noting that participants’ answers trend 
confirms that AV functions are perceived as a useful tool for assistance. 18 participants clearly stated a desired 
to access to such a kind of solutions. 

 

Figure 96: Technology acceptance

System Usability Scale (SUS) 

Considering that the pilot requires not intervention from participants during the experience, their feedback 
regarding the system usability confirms to be easy to use and desirable as a product as illustrated in Figure 97. 
Participants’ answers remain consistent to the general profile user identified through UPQ questionnaire. 

1 2 3 4 5 6 7

Annoying/Enjoyable
Not understandable/ Understandable

Creative/Dull
Easy to learn/Difficult to learn

Valuable / Inferior
Boring / Exciting

Not interesting / Interesting
Unpredictable / Predictable

Fast / Slow
Inventive / Conventional
Obstructive / Supportive

Good / Bad
Complicated / Easy

Unlikable / Pleasing
Usual / Leading edge

Unpleasant / Pleasant
Secure / Not secure

Motivating / Demotivating
Meets expectations / Does not meet expectations

Inefficient / Efficient
Clear / Confusing

Impractical / Practical
Organized / Cluttered

Attractive / Unattractive
Friendly / Unfriendly

Conservative / Innovative

User Experience Feedback

0 1 2 3 4 5

Useful / Useless
Pleasant / Unpleasant

Good / Bad
Nice / Annoying

Effective / Superflous
Likable / Irritating

Assisting / Worthless
Desirable / Undesirable

Rising alerness / Sleep inducing

Technology acceptance
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Figure 97: System usability

SHAPE Automation Trust Index (SATI) 

Results in this questionnaire highlights and confirms a clear perception of the participants’ trust with respect to 
this pilot. Even if participants were not informed of the autonomous vehicle functioning, they agree to be 
confident on the AV pilot system and they are highly convinced that this tool is useful (please refer to Figure 98). 

 

Figure 98: Automation trust index

4.4.2. Pilot RO3-B analysis and conclusions respect to HMI concepts 
This pilot has confirmed that the AV pilot is perceived as a useful tool even if participants were not aware of the 
functioning state of the vehicle. Fully automation driving also provides an easy-to-use perception of the system. 
Participants remain interested in fully automated driving, and they perceived such a function as a safety feature 
that enhances driving experience. 

 

4.5. Pilot RO3-C 
Univ-EIFFEL has developed a motorbike simulator. The simulator consists in a real motorbike frame installed on 
electrical screw jacks. The simulator has 3 main Degree of Freedoms (roll, pitch, yaw), plus a steering column 
force feedback, plus a pseudo-haptic feature proving the rider with longitudinal acceleration cue. All the organs 
of the motorbike are functional using the real levers / buttons…: throttle, brakes, switches. For the RO3-C pilot 
a dashboard provided by Piaggio was integrated. 

0 1 2 3 4 5 6

Never / Always

Never / Always

SHAPE Automation Trust Index 
I think the system was reliable

I think the system was useful
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The virtual road used for RO3-C pilot consists in a 5 km virtual urban ring with 2 lanes in each direction. The 
simulator software architecture is the Univ-Eiffel ARCHISIM-SIM² where the traffic is simulated by the ARCHISIM 
Multi-agent based simulation, and the visual part rely on the Unity-3D graphical engine. 

For RO3-C pilot three traffic scenarios have been designed and implemented: platooning situation of classical 
vehicles, platooning situation of Autonomous Vehicles (AV), and a situation with low density traffic. 

 

Figure 99: RO3-C motorbike simulator.  

4.5.1. Pilot RO3-C Results 
The objective of RO3-C was twofold: on the one hand to study the interactions between cars and motorbikes in 
traffic-congested situations, on the other hand, to study an innovative dashboard, proposed by Piaggio 
manufacturer, that support Blind Spot Assist function. 

Twenty-four riders have taken part in the experiment, among them 3 woman (the ratio roughly corresponds to 
the M/F ratio of motorcyclists in France).   

Figure 100 and Figure 101 give information on the age and annual mileage of the participants. 

  
Figure 100: Class of participant's ages.  

 

 

Figure 101: Mileage travelled in the last year  

  

Figure 102 provides a view on the type of vehicle used by our participants, while Figure 103 of their usage. 

last year mileage (km)

< 5 000
< 10 000
< 20 000
more
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Figure 102: Type of Powered Two Wheeled 

 

 

 

Figure 103: Type of use of the vehicle  

Each of our participants rode 3 times. The two first times consisted in riding in a heavily congested road section. 
The traffic jam consisted either in “classically” driven vehicles or in fully Autonomous Vehicles (level 5). For the 
last journey, the participant had to ride in a very low-density road section. The Autonomous Vehicles where 
easily identified because of their yellow colour (like Taxis in many countries, but not in France). 

The two first road situations where counterbalanced among the participants. 

In the third ride, and randomly, the rider faced a situation with a faster car approaching in its left in a passing 
position. 

4.5.1.1. Equipment 
The motorbike simulator was the Univ-EIFFEL one, that consists in a real motorbike frame installed on electrical 
screw jacks. The simulator has 3 main Degree of Freedoms (roll, pitch, yaw), plus a steering column force 
feedback, plus a pseudo-haptic feature proving the rider with longitudinal acceleration cue. All the organs of the 
motorbike are functional using the real levers / buttons… : throttle, brakes, switches. An innovative dashboard, 
proposed by Piaggio manufacturer, that support Blind Spot Assist function was integrated on the simulator. 

The visual rendering used the Unity-3D graphical engine. The image was projected on three large TV monitors 
allowing a 120° Field of View. Two virtual rear-mirrors allowed the rider to look at the road section behind him. 
The sound was rendered thanks to a 5.1 stereo system. 

A virtual road consisting in a 5 km virtual urban ring with 2 lanes in each direction was used. The traffic was 
simulated using the Univ-EIFFEL ARCHISIM Multi-agent based simulation 

 

  

Figure 104: Humans'driven jam. 

 

  
Figure 105: AV jam. 
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We simulated a traffic jam constituted with Human-driven vehicles (call “classical”) and a traffic jam constituted 
with unmanned vehicles (AVs). The difference between a traffic jam constituted with Human-driven vehicles 
and a traffic jam constituted with unmanned vehicles (AVs) consists in the distribution of lateral and longitudinal 
positions of the vehicles. In the AV case, the vehicles are aligned on the centre of their lane and the time headway 
is fairly regular. In the “classical” case, the distribution is more variable due to Human behaviour: the lateral 
positions and the time headways are less regular. Moreover, and in countries like France where the practice of 
riding inter-lanes in common, some car drivers have an empathic behaviour consisting in “opening the door” 
(i.e.  tighten themselves to the right / left to enlarge the inter-lanes width). We reproduce in simulation this 
behaviour (see Figure 104 and Figure 105). For both traffic jams the average speed was of 7.2 km/h. 

4.5.1.2. Procedure 
Each participant was welcomed individually. He/she had first to pass an equilibrium test (unipodal posture), to 
give the experimenter the signed information sheet they had receive home one week before their participation, 
and to read and sign a consent form. The experimenter then explained the experiment and answered to any 
question the participant had. 

Then, the participant had a habituation phase with the simulator (5 to 10 mn riding, no traffic). After, the 
participant had to fill in the User Profile Questionnaire (UPQ).  

After this first phase, the participants drove in three situations: 2 times facing traffic jams (VA or "classical"), and 
then in free flow situation where they had to overtake from time to time slower vehicles. For the two first driving 
situations the riders were instructed to ride as usually they do (in Paris ring about 97% of the travel time is driven 
in inter-lane by motorcyclists). In the last driving situation, the riders where instructed to ride strictly following 
the Highway Code (i.e. to keep their right as much as possible). 

Following three virtual journeys the riders had to fill several questionnaires: User Experience Questionnaire 
(UEQ), Technology Acceptance Questionnaire (VDL), SHAPE Automation Trust Index (SATI), plus questionnaires 
purely related to their experience on the simulator: NASA TLX, Presence, and Simulator Sickness Questionnaire 
(SSQ). 

Last, and before leaving the experiment, the participants had to pass an equilibrium test (unipodal posture). The 
participant was not allowed to leave the experiment unless this last test was successful. 

Two kinds of analyses have been performed: on the questionnaires, and on the data recorded during the pilot. 
Note that the results related to Piaggio HMI are not discussed in this report. 

4.5.1.3. Qualitative data analysis 
User Experience Questionnaire - UEQ 

The participant ranked here the concept of VA (Powered Two Wheelers standpoint), and their feeling on the 
interaction with these vehicles in Level 5 operation (taking into account that the VA where well recognisable 
thanks to their yellow colour).  

 

Figure 106: Understandable (1 / 7) 

 

 

Figure 107: Annoying / Enjoyable 
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A large majority of the participants considered that the yellow colour properly allowed them to detect the VA in 
level 5 operation (see Figure 106). A large majority ranked the VA as enjoyable (see Figure 107) 

Due the their yellow colour, and to the given explanations, the VA were considered as easy to learn and clear 
for the majority of the participants (see Figure 108 and Figure 109). They were also considered as secure and 
predictable  (see Figure 110 and Figure 111). 

 

Figure 108: easy / difficult to learn (1 / 7) 

 

 

Figure 109: Clear / confusing (1 / 7)

 

Figure 110: Secure / Not secure (1 / 7) 

 

 

Figure 111:  Unpredictable / Predictable (1 / 7) 

Last, the concept of VA was mainly considered as organized and efficient (see Figure 112 and Figure 113). 
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Figure 112: Organized / Cluttered (1 / 7) 

 

 

 

Figure 113: Inefficient / Efficient (1 / 7)

So, in summary, the motorbikes’ riders consider the AVs safer for them that ”classical” manned vehicles, 
probably because they regularly face unsafe situations due to car, van and truck drivers unawareness. Fairly all 
the participants pointed out the use by theses drivers, during the driving,  of mobile phone for phoning but also 
texting, visiophoning and also watching movies by the drivers. 

The participants had a clear appetence for technology. This is clearly stated by the VDL questionnaire. The 
technology is considered as “good” and “desirable” (see Figure 114 and Figure 115). 

 

Figure 114:  Good / bad (1 / 7) 

 

Figure 115: Desirable / undesirable (1 / 7) 
 

One can consider that there is a bias in the recruitment of our participants as our volunteers came for a test 
using a highly technical system (a motorbike simulator), and thus that they are not representative of the whole 
population. 

This bias can up to some extent reinforce the fairly positive judgements of the AVs by that population (see UEQ 
questionnaire results). 

SHAPE Automation Trust Index – SATI 
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This may also explain the overall good perception of automation, as stated in the SHAPE Automation Trust Index 
questionnaire. 

Automation is considered as useful, reliable (see Figure 116 and Figure 117), robust, and participants fell 
confident with AVs (see Figure 118 and Figure 119) 

 

 

 
Figure 116: Useful (1 / 7) 

  
Figure 117: reliable (1 / 7) 

 

 

Figure 118: robust (1 / 7) 

 

Figure 119: confident when I worked with the system (1 
/ 7)

In summary, the participants trust automation technology. For motorbikes' riders and as explained before, 
unmanned vehicles could be safer than manned ones, this in particular due to the nowadays very high level of 
inattention of car, van and truck drivers. 

4.5.1.4. Quantitative data analysis 
Data have been continuously recorded during the virtual journeys. The longitudinal and lateral position of the 
participant, as well as its speed and longitudinal acceleration was recorded. In addition we on-line calculated 
a time to collision for our rider when relevant (i.e. a car in front of him), and the width of the corridor between 
the vehicles lanes when relevant (i.e. when the rider was in inter-lanes position). 

The difference between a traffic jam constituted with Humans' driven vehicles and a traffic jam constituted 
with unmanned vehicles (AVs) consists in the distribution of lateral and longitudinal positions of the vehicles. 
The inter-lanes corridor for AV jam is not totally regular due to the fact that the traffic is constituted by vehicles 
with different width: small and large cars, small and large vans. The corridor. The inter-lanes corridor for 
Humans' driven vehicles jam is much more variable, this due in the one hand of the variability of the drivers’ 
behaviour, and in the other hand of the variability of the vehicle classes 
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Figure 120: lateral position of the rider praticing the inter-lanes manoeuvre 

We can see the differences in the two kind of jams on the lateral positioning of the participants when they 
practised the inter-lanes: the variation if less important in the AVs case (see Figure 120). After a lateral 
movement to reach the centre of the inter-lanes corridor, the rider oscillates within the inter-lanes corridor. 
In the case of the Human’s driven vehicles, the rider adjusts his/her position due to vehicles that do not tighten 
left (respectively right). The fluctuation are also larger as some drivers “open the door” which increase the 
width of the inter-lanes corridor. 

In average, the practised speed during the inter-lanes filtering is equal for the VAs traffic jam and for the 
Human’s driven vehicle jam (see Figure 121). 

 

Figure 121: for all the participants: speed practised durind the inter-lanes riding 

This result can be due to the fact that participants faced in the one hand (“classical”) an inter-lanes corridor 
“unstable” but wider (due to the “open the door” practised by drivers), and in the other hand “stable” but 
narrow (the VAs does not “open the door for vehicles practising inter-lanes corridor) (see Figure 122).  

As the average speed of the traffic jams was of 7.2 km/h, one can note an average differential speed of 18.4 
km/h for the “classical” case and of 17.7 km/h for the “VA” case. This is on line with the recommendations for 
the practice of safe inter-lanes riding. 
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Figure 122: average width of the inter-lanes corridor faced by the participants 

 

Simulator sickness and feeling of presence 

In order to evaluate the bias of our pilot using a simulator we used 3 questionnaires: NASA Tlx, SSQ and 
Presence.  

The SSQ questionnaire allows evaluating if our participants suffered from simulator sickness, that may 
influence their behaviour and so bias the results. The results show a very low level of discomfort (see Figure 
123). 

 
Figure 123: Simulator sickness: the reported levels of discomfort 

 

The NASA-TLX allows estimating the workload induced by the task, but also the level of success in completing 
their tasks felt by participants and their level of frustration. 

One can see (Figure 124) that the task was achieved without too much demand or effort, but that the 
participants were up to some extent not satisfied by their performance and so frustrated. This point out the 
difficulty of rendering, in simulation, the motorbike riding. The participants succeeded to control the simulator 
and so to achieve the task, but a lack of realism in the various cues feedbacks, notably dynamic ones, has 
induced a poor performance and so a frustration. 
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Figure 124: results of the NASA Tlx normalised (0-100%) 

The presence questionnaire allows evaluating the quality of the immersion in a virtual world. Our participants 
ranked positively their experiences (see Figure 125). 

 

Figure 125: Feeling of Presence (0 - 100%) 

The three questionnaires on simulator sickness et feeling of presence showed that the participants were not 
sick nor suffer too much of discomfort associated to riding simulation. They succeeded to realize the task 
without too much effort, however and despite a relatively high feeling of presence they were not were not 
happy with their own performance. This shows the limit of the use of motorbike riding simulators for a 
complex task as riding using inter-lanes corridor. 

One can consider that the absolute results acquired on speed are probably biased (lower that what we could 
have observed in real life), but this for the two studied situations. 

4.5.2. Pilot RO3-C analysis and conclusions respect to HMI concepts 
RO3C was a pilot study focusing at observing the behaviour of motorbike riders facing platoon of AVs in stop 
and go situation. The experiment took place on a high end motorbike simulator. The AVs (level 5) were easily 
recognizable, thanks at their yellow colour. The experiment has allowed to answer to 3 main questions, the 
answers being of course disputable due to potential bias in one hand in the population observed, on the 
second hand in the methodology and tools used. 
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The first question was related to the validity of the tool (motorbike simulator) we used to observe the 
behaviours. The various questionnaires used to estimate the validity, in the specific case of our experiment, 
show the limits of the motorbike simulator to reproduce the dynamics of the vehicle, which is a well known 
issue with motorbike simulators. However, the participants ranked positively their riding experience, this 
including the realism of the proposed traffic situations. 

The second question was related to the observed behaviours. The participants drove more or less at the same 
speed in the two situations that were observed: inter-lanes corridor constituted of AVs level 5 clearly marked 
as such, and inter-lanes corridor constituted of Human driven vehicles. The fact that AVs behaviour were more 
predictable and so judged more safe compensate the lack of “empathy” (i.e. the fact that Human drivers tend 
to “open the door” by tighting themselves left (respectively right). 

The last question was related to the evaluation by our participants of the specific « marking » of the AVs 
(yellow colour). On this aspect the results are clear, our participants have appreciated the fact that the AVs in 
level 5 were easily distinguishable. As our participants were mostly confident with the technology, the specific 
marking allowed them to anticipate the behaviour of the AVs , and so to accept a narrow inter-lanes corridor 
Qualitative and quantitative analysis. 

The RO3C pilot aimed at observing the behaviours of motorcycles’ riders facing AVs level 5 traffic. The traffic 
situations that have been simulated has consisted in very low speed platooning of cars constituted either of 
Human driven vehicles or of level 5 AVs. 

The results of the RO3C pilot, conducted using a motorbike simulator, show that the motorbikes’ riders 
practising inter-lanes traffic corridor accepted narrow inter-lanes corridor when this corridor is constituted be 
well recognisable level 5 AVs, this because to their expected safe and predictable behaviour. 

These results must be put into perspective, this due to a bias in the participants that were mostly technology 
confident or enthusiast. This bias is inherent at the tool used to perform the experiment: a high end motorbike 
simulator, and participants recruited on a voluntary basis, that lead to the recruitment of technology adepts. 

 

4.6. Pilot RO5 
The study took place at RO5 (Vienna). The aim was to sustainably increase the efficiency and operational safety 
of autonomous vehicles by evaluating the operation of automated buses in an urban area under real life 
conditions, i.e. in mixed traffic. Furthermore, for the first time a functional awareness and intent 
communication prototype should be assessed (under real life conditions).  

Two automated shuttles are on the road since early June 2019 and will continue until summer 2021. The 
automated buses are equipped with 8 LIDAR sensory (2 of which are 3D-LIDAR) as well as GNSS, Odometer 
and an acceleration sensor. In addition, they have cameras installed, which are not influencing operational 
algorithms, but serve for additional experimental purposes, such as the functional display-based awareness 
and intent communication. Even though they drive autonomously, each shuttle contains an operator to 
intervene in case of operational or security issues.  

The project’s pilot site is embedded in an innovative residential area in the Northeast of Vienna – the Seestadt 
- providing an urban environment with a variety of different other road users, yet less complex routes than in 
the city centre. There the autonomous shuttles function as bus lines of the public transport system: they drive 
according to a timetable and bring passengers to specified stops 

4.6.1. Pilot RO5 Results 
The study took place at RO5 (Vienna). The aim was to sustainably increase the efficiency and operational safety 
of autonomous vehicles by evaluating the operation of automated buses in an urban area under real life 
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conditions, i.e. in mixed traffic. Furthermore, for the first time a functional awareness and intent 
communication prototype should be assessed (under real life conditions).  

Two automated shuttles are on the road since early June 2019 and will continue until summer 2021. The 
automated buses are equipped with 8 LIDAR sensory (2 of which are 3D-LIDAR) as well as GNSS, Odometer 
and an acceleration sensor. In addition, they have cameras installed, which are not influencing operational 
algorithms, but serve for additional experimental purposes, such as the functional display-based awareness 
and intent communication. Even though they drive autonomously, each shuttle contains an operator to 
intervene in case of operational or security issues.  

The project’s pilot site is embedded in an innovative residential area in the Northeast of Vienna – the Seestadt 
- providing an urban environment with a variety of different other road users, yet less complex routes than in 
the city centre. There the autonomous shuttles function as bus lines of the public transport system: They drive 
according to a timetable and bring passengers to specified stops.   

The study was run as a field experiment during three weeks in August 2020. We recruited participants using 
contact data from a data base of former study participants of the Austrian Institute of Technology (AIT). 
Participants received 35€ in remuneration. A total of 30 people (16 female, 14 male) aged between 23 – 72 
years (M = 42.50, SD = 15.07) participated. More than two thirds of the participants (21 participants, 70%) 
ranked themselves being in the midfield when trying out new technological products and seven participants 
(23.3%) considered themselves being under the first. All participants have already heard of autonomous 
vehicles. Only one participant lived in the area of the test track, thus already had in depth experience with the 
shuttle bus prior the study. 
Hitherto, there is neither consensus on which design elements should be used for display-based awareness 
and intent communication, nor about their arrangement on the screen. As Fröhlich et al. (2019) proposed in 
their study on autonomous bus’s internal communication with passengers, we also chose the three most 
frequent used screen-based design elements – text and icons for both awareness and intent communication 
and an augmented reality (AR) view only for the former. All three of these design elements show crucial 
strengths and weaknesses with regards to cultural dependability, cognitive workload, and the simplification 
of complex causal relations (Fröhlich et al, 2019). Thus, we tested the determined design elements shown in 
figure 1 under real road conditions in a pre-study. Furthermore, we examined the effect of colour on the 
comprehensibility and visibility of the communication. Thus, we used the common traffic light colours red, 
yellow, and green for the background in a dark shade with the above-mentioned design elements in white and 
in a light shade with black design elements.  
 
 

Iconic Awareness Communication Iconic Awareness and textual 
Intent Communication  

(Bus starts) 

Iconic Awareness and textual 
Intent Communication  

(Bus brakes) 
 

 
 

 

 
 

  
Figure 126: Final external communication design after expert pre-study 

There are two main research questions to be answered during phase II of the pilot. 
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RQ 1:   

What are the overall effects of visual awareness and intent communication on pedestrians in mixed traffic?    

RQ 2:   

Is the communication of the AV’s awareness sufficient to compensate for the lack of the human driver’s explicit 
cues or is also the communication of intent necessary?    

In the scope of this research, we developed a display-based awareness and intent communication for an 
autonomous passenger bus. Furthermore, we examined its effects on especially vulnerable road users – 
pedestrians – after having been confronted with it in various crossing situations on real road with other human 
road users. We collected data through a questionnaire and a recorded semi-structured interview.    

The questionnaire consisted of five parts: In the first part participants were asked to provide demographic 
information, but also assessed their transportation usage and prior experience with autonomous vehicles. In 
the second part participants had to classify the interaction with the autonomous bus between two contrasting 
attributes such as complicated and uncomplicated, easy to learn or difficult to learn and clear or confusing, on 
a seven-point Likert scale. In the third part participants answered questions concerning their ability to predict 
and understand the autonomous bus’s behaviour and their feeling of safety on a seven-point Likert scale 
ranging from “never” to “always”. Participants had to fill out part two and three after each condition. 

Solely after the test condition, participants had to answer the questionnaire’s fourth part, which was based 
on Dehn’s SHAPE Automation Trust index (SATI) (2008). The adjusted SATI questions served for assessing the 
difference of participants’ trust in the two types of external communication. 

Table 18: Dependent variables and their operationalization in the questionnaire 

Dependent variable  Statement  Answer options  

 
1. comprehensibility of 
the bus’s behaviour 

 
I. The interaction with the autonomous bus was…  
 
 
 
 
 
 
 
 
 
 
 
II. I have been able to understand the bus’s behaviour.  

 
a) 0: intuitively learnable  
    … 
    6: difficult to learn  
 
b) 0: complicated 
    … 
    6: uncomplicated  
 
c) 0: clear and unambiguous  
    …  
    6: confusing  
 
0: Never 
… 
6: Always 

2. predictability of the 
bus’s behaviour 

I. I have been able to predict the bus’s behaviour.  0: Never 
… 
6: Always 

3. feeling of safety  I. I felt safe.   
 
II. I felt insecure when being confronted with the 
autonomous bus.  

0: Never  
… 
6: Always 
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4. trust in the 
communication 

I. The autonomous bus’s communication was useful.  
 
II. The autonomous bus’s communication was reliable.  
 
III. The autonomous bus’s communication worked 
accurately and robustly.  
 
IV. The autonomous bus’s communication was 
understandable.  
 

0: Never  
… 
6:Always 

 

Subsequently, audio recordings were transcribed. Afterwards, we performed a qualitative content analysis 
using the software MAXQDA (2021). 

In the first phase of the analysis, we deductively developed an encoding system with six main categories – 
behaviour, sense of safety, comprehensibility and predictability of the bus’s behaviour, necessity, attitude, 
evaluation – resembling the six interview questions. In the second phase of the analysis, two authors encoded 
ten interviews independently and developed subcategories inductively, i.e. in the process of encoding, 
marking exemplary statements for each subcategory. To determine a final encoding system, which is 
illustrated in Figure 127, subcategories and exemplary statements were jointly revised by the two authors, 
grouping together, or splitting identified subcategories, and examining the allocation of participants’ 
statements to these categories. In the third phase of the analysis, each interview was reviewed according to 
the determined encoding system. 
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Figure 127: Final encoding system used for the qualitative content analysis of the interviews.  

 

Participants reported their perceived sense of safety by rating their conformity with two statements (3.I and 
3.II) on a seven-point Likert scale on our questionnaire. Participants who experienced TCA, showed the same 
high conformity with the statement “I felt safe” in both control and test condition. These also showed an 
identical low conformity with the second statement (“I felt insecure when being confronted with the AS”) in 
both conditions. As shown in Table 19, also participants who experienced TCA-I stated identical conformities 
with the two statements in the test and control condition.  
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Table 19: Summary of pairwise comparisons for Wilcoxon signed rank test and Wilcoxon rank-sum test of statements 
concerning the participants’ sense of safety. 

 CC TCA TCA-I TCA compared 
to CC 

TCA-I compared 
to CC 

TCA compared 
to TCA-I 

Statement Mdn IQR Mdn IQR Mdn IQR V p V p W p 

3.I I felt safe.  6 1 6 1 6 1 9 .76 2.5 0.20 105 .74 

3.II I felt insecure 
when being 
confronted with the 
AS. 

1 2 1 2.5 1 2.5 14 1 12 0.79 106 .79 

 
Similarly, participants evaluated their trust in the external communication of the autonomous shuttle by rating 
their conformity with statements 4.I to 4.IV in the questionnaire. The only differences between conditions 
could be found in ratings of statements 4.I and 4.III: Participants of group TCA showed a slightly higher 
conformity with the statement 4.II, whereas these also showed a slightly lower conformity with statement 
4.IV than group TCA-I. Yet, these differences were not statistically significant, as Table 20 shows.  

Table 20: Summary of pairwise comparison for Wilcoxon rank-sum test of statements concerning an evaluation of the 
communication design. 

 
 
 

 

 

 

 

 

No clear tendency emerged in the answers concerning the effect on the sense of safety: Two participants 
experienced a negative change in their sense of safety, fourteen participants reported to have perceived a 
positive one and the same amount, fourteen, reported not having experienced a change at all (Figure 128).   

The reason most often identified for the lack of change was that participants already felt safe due to the low 
speed of the AV and the assumption that it would adhere to the legal rules of conduct in road traffic, thus 
behaving similar to a vehicle that is controlled by a human driver.  

Participants who experienced a negative influence on their sense of safety ascribed this to a perceived 
divergence between the communication and the shuttle’s behaviour: They referred to situations in which the 
display showed “Bus brakes” in TCA-I or the pictogram of the pedestrian in TCA, but the AS appeared to 
maintain or increase its speed, indicating a lack of trust in the communication of the AV as an influencing factor 
in their reduced sense of safety.  

 

 

 

 

 

 TCA TCA-I TCA compared to 
TCA-I 

Statement Mdn IQR Mdn IQR W p 

4.I   The AS’s communication was useful. 5 4 4 1.5 115.5 0.92 

4.II  The AS’s communication was reliable.  5 3 5 3 109 0.90 

4.III The AS’s communication worked 
accurately and robustly. 

5 2.5 6 1.5 84 0.21 

4.IV The AS’s communication was 
understandable.  

5 4 5 2.5 105.5 0.78 
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Overall, nearly half of participants stated that external communication led to an increased sense of safety. 
They explained this positive effect by the improved understanding and anticipation of the shuttle’s behaviour. 
Additionally, several participants stated that the indication on the shuttle’s screen about its awareness of them 
increased their trust in the appropriate reactions to their behaviour. P18 reported, that “[…] it was a good 
feeling that the shuttle perceived me as an active road user, would take me into account, somehow react to 
my behaviour. Thereby, it also increased my sense of safety.”   

 

Comparison between TCA and TCA-I. Even though the majority of participants who experienced TCA reported 
no influence of the communication on their sense of safety, the participants who did so, only reported a 
positive influence, which was mainly due to the sense of being noticed. Seven of nine TCA-participants who 
did not experience a change explained that by having a strong sense of safety already from the beginning.  

More than half of the participants from TCA-I, namely eight of fifteen, reported an influence on their feelings 
of safety.  Five of these eight perceived an increase due to being better able to predict and understand the 
AS’s behaviour through the communication. The other three TCA-I- participants, equally often, namely twice, 
stated that the lack of comprehensibility of the eHMI and the divergence between the vehicle’s behaviour and 
the display justified their decreased sense of safety (Figure 129).    

 

Participant already felt safe: 11

Communication ignored: 4

Communication not perceived: 1

Could predict bus behavior: 7

Feeling of being noticed: 6

Growth in Experience: 1

Missing driver/lack of comprehensibility: 2

Divergence between bus’s action and display: 2
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Did not experience in�luence on feeling of safety: 14

Increased feeling of safety: 14

Decreased feeling of safety: 2

Figure 128: Frequencies of participants' answers to interview question 2: Did the external 
communication influence your sense of safety? Why [not]? 

Figure 129: Sense of safety: Distribution of results according to test condition. (Interview question 2) 
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Comparison between male and female participants. In both male and female participants, the overall 
ambivalent results are represented: Seven of thirteen male and seven of seventeen female participants 
perceived an influence on their sense of safety due to the external communication. This influence was 
perceived to be positive in almost all of these cases, namely by five of seven female and six of seven male 
participants. Five of these female participants explained their increased sense of safety by being better able 
to predict the AV’s behaviour due to the communication. The reason for the increase most often mentioned 
by male participants was that they felt noticed by the AV through the communication.  

Whereas all seven male participants stating not having experienced a change in their sense of safety justified 
that by them already feeling very safe from the beginning, four of nine female participants mentioned apart 
from this reason also that they purposely ignored the communication. These reported to have ignored the 
eHMI, because either they could not comprehend it or did not see an added value in using it.  

Comparison between age groups. As was the case for the previous questions, AG1 was the only age group in 
which more participants stated an influence on their sense of safety than participants who stated to not have 
experienced one. The display-based communication increased the sense of safety in 60% of participants in this 
age group. Less than half of the participants in AG2, namely four of nine, experienced an influence. Only two 
of them reported an increase in their sense of safety, which for them was due to their sense of being noticed. 
In AG3 only one of five participants acknowledged an influence. This participant reported an increase in his 
sense of safety also due to their sense of being noticed. 

In all age groups the reason most often mentioned for not having experienced an influence on the sense of 
safety was that the participants already felt safe.  

Participants reported the perceived predictability of the AS’s behaviour by rating their conformity with the 
statement 2.I, “I was able to predict the AS’s behaviour”, on a seven-point Likert scale in the questionnaire. As 
shown in Table 21, there was no increase of medium conformity with this statement in the test condition 
groups. 

Furthermore participants stated their comprehensibility of the AS’s behaviour by rating their conformity with 
the statements 1.I a-c and 1.II, which are stated in Table 21. Here, there was also no statistically significant 
difference between the control condition and test conditions to be found.  

Table 21: Summary of pairwise comparisons for Wilcoxon signed rank test and Wilcoxon rank-sum test of statements 
concerning perceived predictability and comprehensibility of the AS’s behaviour. 

 

 CC TCA TCA-I TCA compared 
to CC 

TCA-I 
compared to 

CC 

TCA compared 
to TCA-I 

Statement Mdn IQR Mdn IQR Mdn IQR V p V p W p 

1.I   The interaction with the 
AS was … 

            

a) Intuitively 
learnable/difficult to learn 

1 1 0 1 1 1 5 1 15.
5 

.86 95.5 .45 

b) complicated/uncomplicated 6 1 6 1 6 1 15 .37 15 .71 107.7 .83 

c) unambiguous/confusing 1 2 1 2 1 2 12 .41 29 .75 104.5 .74 

1.II I’ve been able to 
understand the AS’s 
behaviour. 

5 2 5 0 5 2 42.5 .54 8 .67 99 .57 

2.I I’ve been able to predict 
the AS’s behaviour. 

6 1 4 1 4 2 34 .44 15 .93 125 .61 
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In the interviews the majority of participants stated that the behaviour of the AS became more 
comprehensible and predictable due to the communication: “The external communication helps me to decide 
whether I can go. [The automated shuttle] is definitely better than a normal car that comes along and I don’t 
know whether it’ll brake for me or not. With the communication, I know that it brakes for me and that I can 
go” [P03]. Participants explained this by having received more information on the shuttle’s behaviour and thus 
some feedback on their subjective impressions and predictions. Furthermore, participants stated, that they 
felt noticed by the shuttle due to the external communication, which made it easier for them to establish the 
connection between the displayed information and their behaviour. Thus, they were able to better assess the 
behaviour of the shuttle. 

Fourteen participants did not recognize a change in the comprehensibility and predictability of the AS’s 
behaviour. For most of them, the shuttle’s behaviour was already predictable and comprehensible due to their 
prior experience in traffic and existing rules of conduct in traffic. Eight of fourteen participants deliberately 
ignored the information on the display because it was not helpful or confusing for them (Figure 130). 

Figure 130: Frequencies of participants' answers to interview question 3: Did the external increase the 
comprehensibility or predictability of the AS’s behaviour? Why [not]? 

 
Regarding comprehensibility, seventeen participants found the external communication to be 
comprehensible, while twelve participants did not. The most problematic aspect in the light of 
comprehensibility was the iconic representation of the autonomous shuttle’s awareness. Participants found it 
particularly difficult to understand the meaning of the sensor bars, which were part of the intent 
communication. These were for example misinterpreted as interactive distance or speed indicators. In 
addition to the iconic representation, the connection between the icons and the statements “Bus brakes” and 
“Bus starts” in TCA-I was also acknowledged as a difficulty by six participants. 

 

Comparison between TCA and TCA-I. Awareness and intent communication in TCA-I tended to be seen as 
helpful by the participants who experienced it, whereas this was not the case for the TCA-participants who 
only received information on awareness: Only six out of fifteen TCA-participants in contrast to ten out fifteen 
TCA-I-participants, perceived the communication as helpful to understand and predict the behaviour of the 
shuttle (Figure 131). For participants from TCA, both the reception of more information and the sense of being 
noticed seemed to be equally responsible for an increase of comprehensibility, participants from TCA-I 
emphasized the former of these two reasons.  

Five of nine participants in TCA who did not find the communication helpful for predicting the AS’s behaviour, 
stated that they purposely ignored the communication due to it not being comprehensible enough or 
confusing them. This was also the reason most often stated by TCA-I-participants, namely by three of five, who 
did not experience a change in comprehensibility of the AS’s behaviour. 
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The number of participants from TCA, who found the communication to be comprehensible and the ones who 
did not, was balanced, namely in both cases seven of fourteen. In contrast, ten of fifteen participants from 
TCA-I found the communication not comprehensible.  

Comparison between male and female participants. In the evaluation of comprehensibility there are 
recognizable differences between the gender groups: Only two of fifteen female participants found the 
communication to be comprehensible, whereas ten of thirteen male participants did so. On the other hand, 
regarding predictability, only six out thirteen male participants perceived the communication as helpful for 
understanding and predicting the behaviour of the AS. The reason for the eHMI not increasing the 
comprehensibility of the shuttle’s behaviour most often mentioned by the male participants (five of seven), 
was that they purposely ignored it, because they did not see an added value in the information provided or it 
confused them. In comparison most of the female participants, namely ten out seventeen, did so. The majority 
of these, namely eight of ten female participants, justified that by the increase of provided information about 
the shuttle.  

Comparison between age groups. Ten of fifteen participants aged between 20 and 39 years (AG1) experienced 
a positive effect on their understanding of the AS’s behaviour. The majority of them, namely seven, explained 
that by the increase in information on the shuttle which was available through the eHMI. In AG2 slightly more 
than half of the participants – five of nine - indicated the communication as helpful for comprehending the 
AS’s behaviour. Three of these five participants stated “more information” as reason. The biggest contrast 
persists in AG3: here only one participant reported a positive effect, which was due to more available 
information on the shuttle’s behaviour. The reason most often stated for the shuttle’s behaviour not becoming 
more comprehensible, namely by three of five AG3-participants, was that they purposely ignored the eHMI. 

Nine of fourteen participants in AG1 and five out of nine in AG2 criticized the communication’s 
comprehensibility. In AG3, half of the participants, namely three, found the communication not to be 
comprehensible.  

In order to better assess the perceived effectiveness of eHMIs, we questioned our participants on whether 
they felt that the external communication influenced their behaviour. In the interviews, fourteen participants 
acknowledged a change in their behaviour due to the external communication, sixteen did not (Figure 132). 
The latter gave four different reasons for the lack of behaviour change, of which the by far most frequently 
mentioned one was that other aspects, such as the speed of the automated shuttle or the distance to it, were 
more important than the external communication for their behavioural decisions.  

 

Figure 131: Comprehensibility and predictability: Distribution of results according to test condition. 
(Interview question 3) 
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Five of the fourteen participants who reported an influence on their behaviour identified a negative change in 
form of an experienced mental overload or an increased reaction time. Nearly twice as many participants, 
namely nine, reported a positive influence on their behaviour. Almost all of them explained this positive 
change like P 02: “With the communication it was notably easier for me to anticipate how the shuttle would 
interact and how I could react”.  

Comparison between TCA and TCA-I. While only three participants from TCA reported to have been influenced 
in their behaviour, ten participants from TCA-I did so (Figure 133). Seven of these TCA-I-participants 
acknowledged a positive influence, such as a decreased reaction time and more adjusted responses to the 
AS’s behaviour. Two of three TCA participants also experienced a positive influence. Ten of twelve TCA-
participants, who reported no influence on their behaviour, justified the lack of influence like P25: “I think I 
primarily paid attention to the speed of the bus. And if I had the feeling that it was slowing down, I crossed. 
[…]. The screen was just like a nice addition.”   

 

Comparison between male and female participants. Only four of thirteen male participants as opposed to 
nine of seventeen female participants experienced an influence of the communication on their behaviour. Yet, 
if a male participant experienced one, it was solely reported as being positive, i.e. either reaction times were 
recognizably decreased, or they were able to adjust their behaviour successfully to the AS’s actions. Thus, no 
male participant experienced a negative influence. In contrast, five of nine female participants reporting an 
influence, considered it to be negative. When male participants stated that they did not experience an 

Figure 133: Experienced behaviour change: Distribution of results according to test condition. 
(Interview question 1) 
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Figure 132: Frequencies of participants' answers to interview question 1: Did the external 
communication of the AS influence your behaviour? How? Why [not]? 
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influence on their behaviour, nine of ten explained it by other aspects being more important. The majority of 
female participants, who did not experience an influence, namely four of seven stated the same reason.  

 

Comparison between age groups. AG1, which entails participants aged between 20 and 39 years, is the only 
age group in which more participants, namely eight of fifteen, reported an influence on their behaviour due 
to the communication than not. Six of these eight reported a positive influence, which was mainly expressed 
by a behaviour that was better adjusted to the shuttle’s actions. 

In AG2, four of nine participants experienced an influence. Similar to AG1, in AG2 the majority of the 
participants who experienced a change in their behaviour, namely three of four, considered it to be positive.  

In contrast to AG1 and AG2, in AG3 only one participant reported an influence and considered it to be negative. 
The other four participants of AG3 stating not having experienced an influence on their behaviour, justified 
that by other aspects being more important. In AG2 and AG1, “other aspects” were also the most frequently 
mentioned reason for the lack of an influence.  

After discussing the perceived behaviour change, we wanted to contrast it with the perceived need for 
external communication in automated vehicles. Interestingly, the vast majority of participants considered any 
form of external communication, be it auditory or visual, as necessary (Figure 134). Most often, namely by 
seven participants, this necessity was justified by the fact that they felt noticed due to the communication and 
received the impression that the shuttle reacted to their behaviour, leading to an increased sense of safety. 
P05 described this experience as follows: “Well, this [the display-based communication in the windshield] 
might even be equivalent to looking a bus driver in the face and he somehow gives the hand signal, you can 
cross or not“. Further, multiple participants argued for the necessity of communication, that facilitates 
additional information about the shuttle’s behaviour, which can then enable traffic participants to take 
informed decisions. 

Most participants who rated the communication to be helpful but not necessary based this judgement on the 
potential of an increased subjective sense of safety, but no actual need for it in mixed traffic.  

Five participants considered external communication to be unnecessary. They argued that the communication 
did not provide a substantial increase in information and that other aspects of the traffic flow, such as the 
distance to or the speed of the vehicles, were more important for the participants’ decision processes.  

Concerning necessity of AV communication for different types of road users, thirteen participants argued 
against gradations in need while the rest made gradations between pedestrians’, bicyclists’ and car drivers’ 
need, indicating the biggest need for external communication of AVs on the pedestrians’ side.  

In addition, twenty-five of thirty participants identified six requirements that external communication of AVs 
has to fulfil in order to meet the road users’ needs:  easy and quick comprehensibility, conspicuousness, good 
recognisability of the display and design, inclusivity via perceptibility through various senses, synchronicity of 
the communication and the AV’s behaviour, uniformity, and the avoidance of disturbing signals. 
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Figure 134: Frequencies of participants' answers to interview question 4: Would you consider external 
communication as being necessary in automated vehicles? Why [not]? What criteria does external communication 

have to fulfil in order to meet the stated need? 

 
Comparison between TCA and TCA-I. Results concerning the perceived necessity of external communication 
are similar in both test condition groups. In both groups the majority of participants (twelve of fifteen in TCA 
and thirteen of fifteen in TCA-I) considers the communication to be necessary or at least helpful (Figure 135). 
An interesting difference could be found in the evaluation of the necessity of communication for different 
types of road users: whereas most participants in TCA did not see different needs according to road user types, 
most of the participants in TCA-I did. Both groups perceived pedestrians as showing the strongest need. In 
both groups also the most mentioned criteria external communication has to fulfil were “comprehensibility” 
and “recognisability/conspicuity”.  

 

Comparison between male and female participants. The vast majority of participants of both genders 
considered external communication as necessary or at least helpful (fourteen of seventeen female participants 
and eleven of thirteen male participants). A slight difference can be found in the justifications for the eHMI’s 
necessity: Five of eight female participants who considered the eHMI to be necessary for AVs, explained this 
by the feeling of being noticed it creates on the side of pedestrians. For four of nine male participants, and 
with that the prevalent reason, the increase in accessible information on the shuttle was the most important 
aspect. Another difference could be found in the evaluation of need of communication for different types of 

Figure 135: Perceived necessity of AV’s eHMI: Distribution of results according to test condition. 
(Interview question 4) 
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road users, as ten of seventeen female and only four of thirteen male participants differentiate in necessity. 
Here again pedestrians were identified in both gender groups as showing the strongest need. Moreover, also 
the criterion most often mentioned in both gender groups was identical, namely the 
recognizability/conspicuity of the eHMI.  

Comparison between age groups. Half of the participants in AG3 saw external communication as necessary 
or at least helpful. The main reason given was a compensation for the lack of audio information due to the 
shuttle being an electric vehicle. In age groups 1 and 2 there was only one person each which did not consider 
external communication to be necessary or at least helpful. In AG2, about 45% of the participants considered 
external communication to be necessary and in AG1 even 79%. Whereas most participants from AG1 explained 
the perceived necessity with the feeling of being noticed, most participants from AG2 referred to the increase 
in information about the AS’s behaviour. Whereas most participants of AG2 and AG3 clearly identified the 
biggest need for communication in pedestrians, statements of participants from AG1 were balanced between 
pedestrians and bicyclist. Furthermore, participants from AG1 emphasized the importance of recognisability 
and comprehensibility similar to participants from AG2. In contrast, no participant of AG3 stated a specific 
criterion the communication has to fulfil. 

Half of the participants reported a more positive attitude towards the AS and automated driving after 
experiencing the shuttle. They explained that the slow speed of the AS, as well as its behaviour in the traffic 
flow and its reactions to the other road users’ actions, increased their feelings of safety and confidence and 
overall exceeded their expectations, as they expected less automated driving (Figure 136). Like P20, who 
described that “[The automated shuttle] actually felt totally normal”, multiple participants reported, that they 
were surprised at how quickly they got used to the AS in the traffic flow and no longer perceived it as "the 
other" vehicle. One third of participants reported an unchanged attitude as they were already familiar with 
the AS from local news or because their expectations concerning the vehicle’s size and explicitly pleasant 
driving style had been met. Only a few participants reported a more negative perception after personally 
experiencing the AS, having expected a significantly higher degree of automation and "smarter" behaviour, 
like less jerky braking and the absence of any human operator.  

Figure 136: Frequencies of participants' answers to interview question 5: “Did your attitude towards the AS or 
automated vehicles generally change due to this experience? Why [not]? How?” 

Comparison between TCA and TCA-I. All ten of fifteen participants from group TCA, who experienced a change 
in attitude, experienced a positive change. Nine of them acknowledged that the shuttle worked more 
accurately than they had expected, thus their trust in this technology increased through the experience. Only 
one participant from TCA observed a partial positive and negative change, as they were disappointed in the 
shuttle’s level of autonomy but was at the same time surprised about how fast they adapted to the new 
technology (Figure 137).  

In the TCA-I-group answers were more balanced: Five of fifteen TCA-I- participants experienced a positive 
change in attitude, four a negative and six of fifteen did not experience a change at all. The reason most often 
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given for the lack of change, namely by five of six TCA-I-participants was that their experience completely met 
their expectations. In contrast, most participants who acknowledged a negative change in attitude did so 
because the shuttle was less automated than they expected.   

 

Comparison between male and female participants. Whereas only four of seventeen female participants 
reported their attitude unchanged, six of thirteen male participants did report it as unchanged. In both groups 
the prevalent reason given by the participants was their expectations being met (Figure 138).  

Furthermore, ten of twelve female participants, recognizing a change in attitude, stated it to be positive. Most 
often, the increase in trust through the experience or the eHMI was pointed out as a reason by these female 
participants. Also, the majority of male participants who experienced an attitude change, reported it to be 
positive, namely six of eight. The two male participants, who acknowledged a negative change in attitude 
explained that they were disappointed as the automated shuttle was not as autonomous as expected. The 
two female participants who also experienced a negative attitude change did so because through the 
interaction with shuttle their insecurities were confirmed and strengthened.  

 

Comparison between age groups. The majority of participants in AG2, about 80% experienced a positive 
change in their attitude towards AVs as a result of the study. The reason mentioned by all of these seven 
participants was that the shuttle exceeded their expectations. Only one person in this age group reported that 
their view had not changed by their experience during the study, and one person reported a negative change.  

In AG1, a larger proportion than in AG2 did not experience a change in attitude, namely one third. Here the 
reason most often stated was, that the participants’ expectations concerning the shuttle’s level of autonomy 
and driving behaviour were met.  Nevertheless, slightly more than half of the participants in this age group - 
eight of fifteen - experienced an exclusively positive change in perspective. Only one of fifteen AG1- 
participants reported an exclusively negative one.  
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Figure 138: Attitude towards the AS and AVs in general: Distribution of results according to gender. 
(Interview question 5) 

Figure 137: Attitude towards the AS and AVs in general: Distribution of results according to test 
condition. (Interview question 5) 
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In AG3 only two of six participants experienced a change of perspective at all. Both participants reported the 
change to have been exclusively negative, as the shuttle operated less autonomously than they expected.  

In the last question of the interview, participants were asked to evaluate the communication design. Besides 
the main aspects mentioned, such as comprehensibility, there were two other aspects repeatedly addressed 
by participants: content and visibility, each discussed by nine participants.  

Regarding visibility, only a few participants reported a positive impression. Seven participants complained 
about the visibility of the display, stating that visibility was bad due to reflection on the glass and its black and 
white design which was not conspicuous enough. Some participants also found the display to be too static, i.e. 
they did not notice any change to it, so they ignored it due to its apparently low informational content.  

As for the displayed information, most participants expressed their satisfaction. Four participants criticized, 
that too much was displayed or that they could not interpret the icons, which confused them.  

Overall, twelve ideas for improvement were mentioned by the participants, of which two were particularly 
prominent: Participants emphasized potential benefits of using traffic light colours and familiar icons, such as 
smileys or Ampelmännchen (i.e. figures on the traffic lights at pedestrians crosswalks in Austria) in order to 
make the information which was displayed easier and faster comprehensible but also more conspicuous.   

Comparison between TCA and TCA-I. Participants from both test conditions evaluated the visibility mainly 
negatively. A slight difference can also be found in the wishes for improvement: the most prevalent ones, 
stated by TCA-participants concern colour and more displayed information on the AS.  TCA-I-participants 
focused their suggestions most often on the improvement of icons.  

Regarding the amount of content, participants from TCA-I tended to evaluate the content as “too much” 
whereas most participants from TCA that considered content, evaluated the amount as “enough” or “good”.  

  

Comparison between male and female participants. The visibility of the eHMI was evaluated most often as 
“not recognizable” by both male and female participants. Furthermore, in both gender groups the content 
evaluation is balanced. With regards to the most frequently mentioned improvement wishes, female and male 
participants again showed differences: Most female participants stated the need for a more colourful design, 
whereas male participants concentrated adjustment suggestions on improvements of the iconic 
representation.  

 
Comparison between age groups. Concerning the evaluation of visibility and content, all three age groups 
show similar tendencies: Within AG1, four of five participants criticized the visibility, but only one of four the 
content displayed. In AG2, three of four criticized the visibility and only one of three the content. Two AG3-
participants found the content to be explicitly too much. None of the AG3-participants evaluated the eHMI’s 
visibility.  

In AG1, all but one participant made suggestions for improvements which most frequently reflected the desire 
for a more colourful display design and improvements of the iconic representation. In AG2, seven participants 
also expressed wishes for improvement. Here, too, the desire for a more colourful display design was most 
frequently mentioned. In addition, this age group also wished for more information about the behaviour of 
the AS, such as the display of the driven speed or the destination. In AG3, all participants provided suggestions 
for improvements, in contrast to the other two. Here, wishes for more information were most common, like 
clearer information on the behaviour of the AS, instructions for other road participants, and information about 
the shuttle’s distance.  
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4.6.1. Pilot RO5 analysis and conclusions respect to HMI concepts 
The results are summarized here (please refer to Forke et al, 2021) for further information. The results of a 
quantitative analysis of the questionnaire data revealed no statistically significant differences between the 
control and test groups. However, the in-depth interviews' qualitative analysis revealed a rich picture of 
subjective experiences and expectations. We discovered that it is critical to go further into participants' 
perceptions of whether they felt influenced and whether that effect was positive or negative. 

The interview results for our first research question (RQ 1), which is on the effects of visual awareness and 
intent communication on pedestrians in mixed traffic, are diverse: On the one hand, just around half of the 
interview replies supported our prediction that external communication had a favourable impact. When asked 
if the eHMI had improved the comprehensibility of the shuttle's behaviour, sixteen of thirty participants said 
yes. Only nine of thirty individuals said they noticed a beneficial impact on their behaviour after fourteen of 
thirty participants reported an increase in their subjective sense of safety. 

Furthermore, 50% of participants stated that our study had influenced their attitudes toward autonomous 
vehicles in a good way, which corresponds to previously reported positive response rates. In contrast, 83 
percent of participants, or twenty-five out of thirty, acknowledged a societal need for autonomous vehicle 
external communication, stating that they felt it important or at least beneficial. The difference between the 
eHMI's mild impacts on participants and the accepted great social need for outward communication of AVs 
appears to have been caused by two factors: our goal to build an intuitively understandable eHMI concept and 
the participants' age. 

First, because our goal was to create an intuitively understandable eHMI idea that could be tested in real-
world scenarios, we left instructions on how to utilize and understand what was transmitted via the display 
out of the briefing that was given at the start of the experiment. We believe that as a result of this approach, 
a third of the participants rated the external communication as "incomprehensible." Participants who stated 
that the communication had no or negative effects on their behaviour, sense of safety, or understanding of 
the shuttle's actions frequently justified their actions by claiming that they deliberately ignored the eHMI due 
to its perceived lack of visibility and comprehensibility. The mounting of screens in the shuttle's interior area, 
which generated reflections on the windscreen, was one clear reason for the poor appraisal of the eHMI's 
visibility. In this case, a trade-off must be made between the operators' safety concerns concerning externally 
placed screens and visibility considerations. Based on these findings, we propose that future research focus 
not only on the design of the eHMI itself, but also on more visible installation and implicit training approaches 
for introducing them to the target users. 

The fact that we aimed for broad distribution across different age groups - namely age group 1 (AG1) between 
20 and 39 years, age group 2 (AG2) between 40 and 59 years, and age group 3 (AG3) older than 59 years - was 
another factor contributing to the heterogeneous responses of our participants' sample. When the results 
were compared between different age groups, it was discovered that participants aged 20 to 39 were more 
positively affected and likely to incorporate information offered via the display in their decision-making 
processes. With the use of the eHMI, the majority of these participants reported an increase in their sense of 
safety and a better understanding of the shuttle's operations. Furthermore, they stated that the 
communication had a good impact on their own conduct. In AG2, also a tendency to positive effects of the 
eHMI is observable. Yet, a smaller proportion of participants in AG2 than in AG1 reported on positive effects 
of the eHMI. Specifically, the AG2-participants’ evaluations of the impact on their feelings of safety and 
comprehensibility emphasized the difference between AG1 and AG2. Five of nine AG2-participants found the 
shuttle’s behaviour to be more comprehensible due to the eHMI. Moreover, only two of nine AG2-participants 
reported an increase in their sense of safety; the same number stated a decrease.   

In contrast to AG1 and AG2, nearly none of the participants in AG3 reported that the external communication 
had any effect on their conduct, perception of safety, or comprehension of the shuttle's behaviour. Only one 
of the six AG3 participants stated that their comprehension had improved. Furthermore, of the six AG3 
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participants, the only one who indicated an impact on their sense of safety had a bad experience. The estimate 
of the social requirement for autonomous vehicle external communication varies between age groups, based 
on variances in observed effects on behaviour, sense of safety, and comprehensibility: Only 50% of AG3 
participants thought external communication was required or at least helpful, whereas 90% of AG1 and AG2 
people thought it was. The different outcomes in the age groups could be explained by their different levels 
of affinity for and reliance on technology. Furthermore, they imply that young and aging eHMI users have 
different needs and practices. Future study should examine the differences in needs among different ages of 
road users in order to produce eHMI design concepts that are suited for a more age-diverse set of road users. 

When we separated the results by gender, we noticed minor differences in overall effects: Male participants 
(30 percent -40 percent) expressed less overall influence on their behaviour and comprehensibility of the AS's 
behaviour than female participants (53 percent -58 percent). Male participants exhibited a more optimistic 
outlook on the identified impacts than female participants, who tended to label them as negative. Around half 
of the participants in both gender categories acknowledged an influence on their sense of safety, which the 
majority rated as good. In the interview's evaluation section, thirteen of fifteen female participants, compared 
to four of fourteen male participants, stated that the eHMI was not adequately understandable. The largely 
unfavorable overall impacts could be explained by the female participants' perception of the eHMI's lack of 
comprehensibility. Future research should look into the potential for differential needs in eHMI design among 
female and male users. 

 
Our findings on the added benefit of using intent cues to extend the transmission of the vehicle's awareness 
reveal that more information presented does not always imply bigger positive effects: The influence of intent 
communication on participants' understanding of the shuttle's conduct has the greatest positive impact. In 
comparison to pure awareness communication, awareness and intent communication helped a larger 
percentage of participants understand the shuttle's conduct. In addition, a higher percentage of participants 
who had experienced the awareness and intent conditions said the eHMI had a favourable effect on their own 
behaviour. However, adding intent cues to vehicle awareness information was also associated with negative 
user experience aspects. Participants in the awareness and intent test condition (TCA-I) reported a lower rate 
of a positive sensation of safety and a change in attitude than those who just received awareness information 
(TCA). 

The ambivalent effects of the increased intent communication in TCA-I could be linked to a potential increase 
in the participants' mental load. Although the increased amount of information on the eHMI contributed to a 
greater comprehension of the autonomous shuttle's behaviour for many participants, processing the 
additional data may have taken more time and effort. Participants were compelled to make quick decisions 
because the study took place in real traffic. We believe that greater cognitive effort combined with time 
pressure caused participants to become more confused, resulting in slower reaction times and a diminished 
perception of safety. We believe that the enhanced value of intent communication should be further validated 
in future studies. More emphasis should be placed on the interrelationships between different forms of 
information and how to improve their interaction. 

4.7. Pilot RO7 
Overview 

The RO7 Pilot focuses on the operators of the TMC and their acceptance of the evolution of the monitoring 
and control solution with the arrival of the autonomous driving. The pilot main aim is to assess the acceptance 
and operation capacity of the Traffic Management operators towards autonomous vehicles and mixed flows, 
while also testing/evaluating the alternative autonomous bus operation principles from the point of view of 
TMC operators. 

Objectives of the pilot carried out during Phase II are: 
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• Connect road infrastructure (traffic lights) with vehicles through the deployment of the TLA APP. 
Connected Driving (C-ITS and V2X) allows vehicles to communicate with each other (V2V, vehicle-to-
vehicle) and with the infrastructure (V2I, vehicle-to-infrastructure), to increase driver awareness 
about the road environment through the means of innovative services related to specific situations 
including dangers on the road, unexpected manoeuvres, or traffic lights status. 

• Configure and deploy of the TLA APP for in-vehicle use on after-market devices 
• Deployment of the service Dashboard for real-time monitoring of the service 
• Extension of the TMC concept to further levels and evaluation of evolutions/ extensions of the Rome 

TMC 
• Assessment of the acceptance & operation capacity of the TMC operators towards autonomous 

vehicle & mixed flows, involving 5 operators 
• Assessment of the acceptance of alternative autonomous bus operation in relation to TMC operations, 

involving 5 operators 

4.7.1. Pilot RO7 Results 
The assessment of the acceptance of the TMC operators considered a training program divided in two parts; 
the first one to introduce an overview of CCAM developments, while the second one to present the evolution 
of traffic management towards a complete integration of CCAM technologies. The evaluation of each topic 
presented was realized simultaneously through interactive tools. 

Use-Case: 

• Cooperative, Connected and Automated Mobility (CCAM) and the expected benefits of their 
implementation 

• Related automated functions between C-ITS systems and automated vehicles 
• Future CCAM technologies 
• Automated functions performed in Drive2TheFuture Project. 

Equipment 

The equipment involved in this phase is formed by following three main elements: 

1. The road infrastructure (roadside and TMC side) for 5 centralized intersections located in Via Appia, 
Rome.  

2. For in-vehicle information an Android APP will be used, implementing the TLA application as 
described below.  
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3. For the service and performance monitoring a real-time Dashboard will be used. 

Figure 139: Real-time Dashboard for TLA 

The tests in this phase will be conducted indoor by using simulations and presentations.  

Results derived from current research suggest that the TLA application has a positive effect on reduction in 
stop time and fuel consumption and can be used as a control channel by the TMC operators 

Procedures used during data collection 

Training program with TMC operators considering power point presentations and system DEMOs of the 
simulated systems: 

• 1st Training Session 23.03.2021 - CCAM Developments (CCAM introduction, Swarco developments, 
Future of CCAM, Drive2TheFuture Project)  

• 2nd Training Session 04.26.2021 - Evolution of Traffic Management towards CCAM (Drive2TheFuture 
pilots, RO-7 pilot, TM services description, Dashboard presentation (operator HMI)) 

Training tools  

The training development integrate YouTube videos integrated in a PowerPoint presentation and an 
interactive tool (Figure 140) to aggregate the responses from every participant in real-time to be further 
discussed after voting; The tool includes live polls, quizzes, word clouds, Q&As 
(https://www.mentimeter.com/).  

https://www.mentimeter.com/


 

D5.2: Pilot results consolidation 

July 2022 126 
 

 

Figure 140: RO7 - Rome Pilot - Training Tools - Mentimeter 

 

Figure 141 shows the dashboard with the performance indicators based on the information received from the 
sensors on Rome. 

 

Figure 141: RO-7 - Real-time Dashboard for TLA 

4.7.1.1. Training program – Session I 
 

The Italian pilot involves the Italian stakeholders (as partners or connected through MoUs): SWARCO Mizar 
(SWM), Roma Servizi per la Mobilità (RSM). Figure 142 presents some of the participants of the training: 
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Figure 142: RO7 - Rome Pilot - Training Participants 

The forthcoming automated vehicle technologies integrated with the C-ITS systems requires the update of 
skills and knowledge of professionals of all levels to support those advancements. In that context, the 
participants of the training express their opinions and expectations regarding the autonomous vehicles 
through the following words: efficient, safe, enjoyable, autonomous, sustainable, systems (See Figure 143). 

 

Figure 143: Training Results - Perception of autonomoues vehicles for TMC operators 
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Regarding the arrive of AV’s at Rome, Figure 144 presents that AV’s are mostly expected by 2036 considering 
TMC operators point of view. 

 

Figure 144: Training Results - TMC operators perception regarding AV's at Rome 

Figure 145 shows how TMC operators have quite knowledge about organizations involved in CCAM 
developments at European level such as ERTICO, Car2Car Communication Consortium, ERTRAC, 5G-
Automotive Alliance. 

 

Figure 145: RO7 - Training Results - How Much TMC Operators Know About CCAM Organization 

The interest in complementary features to improve the capabilities of road infrastructure towards a robust C-
V2I system is expected by TMC operators (Figure 146). 



 

D5.2: Pilot results consolidation 

July 2022 129 
 

 

Figure 146: RO7- Training Results - TMC Operators interest in Infrastructure Features for AV's 

Regarding the AV’s, five impacts were evaluated during the training program in which the top three involve 
economic, environmental, and cultural which are aspects highly sensitive also from the traffic management 
perspective (Figure 147). 

 

Figure 147: RO7-Training Results - TMC Operators on the Impacts of AV's 

Most of the respondents considered that road infrastructure has an important role in the development of 
autonomous driving (Figure 148). 
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Figure 148: RO7-Training Results - TMC Operators Perspectives, the Role of Infrastructure on AV's 

At the core of the benefits presented in Figure 149, the reduction of travel time is perceived for the TMC 
operators as the one that bring most advantages; This predominates above of smooth traffic flow, or a safety 
increment. Comfort improvement and the reduction of carbon footprint were relegated at the last places. 

 

Figure 149: RO7-Training Results - TMC Operators views about Main Benefits of AV's 

Regarding the HMI concepts, the training participants mostly agreed with the tools to supervise and support 
potential operational issues of autonomous buses (Figure 150). In that respect, the assessment of the bus 
status can be developed through an icon, a led strip at the bottom of the operator dashboard, using a sound 
or a 360° camera view, and presenting operation information. The use of both sound and led strip when a 
disruption happens has no relevance according to TMC operators. 
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Figure 150: RO7-Taining Results - TMC Operators perceptions about HMI Elements 

According to TMC operators, the remote operation of autonomous buses is not a task that requires to be 
performed by them. While their opinion about a potential remote operation, they agree about the usage of 
joystick instead of steering wheel due to the easiness. 

 

Figure 151: RO7 - Training Results - TMC Operators about Remote Operation of Automated Buses 

Considering future inconveniences on Autonomous Public Transport (A-PT), participants consider that these 
can be expressed primarily through a phone application suggesting the necessity of a robust system to 
evaluate traffic services and autonomous buses operation through users’ feedback; Simultaneously, press 
buttons inside and in-vehicle screens are still perceived as potential solutions. On the contrary, phone calls 
and push buttons outside of the bus are not options considered for TMC to transmit the concerns even been 
these direct forms of communication (Figure 152). 
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Figure 152: RO7 - Training Results - TMC operators Solutions for A-PT Users Concerns 

4.7.1.2. Training Program – Session II 
The objectives pursued during the 2nd session of training considered the evolution of traffic management 
towards CCAM to achieve the following outcomes: 

• Extend the knowledge regarding future technologies of AV’s and user acceptance considering 
Drive2theFuture Pilots. 

• Acquire an extended vision about the assessment of PT users in Rome regarding CCAM 
• Gain knowledge about the EU C-ITS services strategy 
• Integrate concepts of monitoring and control solution with the arrival of the autonomous driving 
• Consolidate the potential benefits automated-related functions through the TM dashboard on real 

environments. 

Attendants consider virtual reality as a potential tool that can be used to be trained as suggest Figure 153. 

 

Figure 153: TMC operators perspective regarding the use of VR for training 

 

On the other hand, participants sustain that the TMC infrastructure to support autonomous driving could be 
available by 2036 (Figure 154). 
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Figure 154: TMC Operators Expectancies Regarding Autonomous Driving on Rome 

Regarding the acceptance of the automated functions, TMC operators’ point of view established that the 
efforts of the systems should consider mostly those in which is involved the vulnerable road user’s protection, 
followed by an improvement on traffic management services focalized on smart routing. TM services or 
related functions that consider information on fuelling and charging stations, connected and cooperative 
navigation, parking information and management are subordinated to the deployment to the first ones 
according to the participants (Figure 155).  

 

Figure 155: TMC Operators Ranking Regarding C-ITS Day Services 

A dashboard containing several information about the status of the systems as well as the functions deployed 
is considered relevant to the management of future TM Systems (Figure 156).  
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Figure 156: TMC Operators Opinions about the Dashboard 

Figure 157 shows how it is considered that automated buses deployment increases the workload of TMC 
operators; On the contrary, the use of joystick for remote operation of buses in emergency cases is perceived 
as positive. The use of icons or different colours on the dashboard have almost no impact while participants 
agree that monitoring and supervision of automated buses should be an activity of TMC operators. 

 

Figure 157: TMC Operators perspectives regarding the HMI on Autonomous Buses 

 

 

4.7.2. Pilot RO7 analysis and conclusions respect to HMI concepts 
Considering the expectancies of automated functions for traffic management, the assessment of acceptance 
of the TMC operators consider aspects such as the expected impacts and benefits of the AV’s and autonomous 
transportation systems, the relation between automated functions and C-ITS services considering the  
concerns regarding the future Autonomous Public Transportation Systems (A-PT). In such a way, there is a 
contrast between the impacts (a) and the benefits (b), due to with the arrival of AV’s it is expected an 
improvement on safety (third place on b)), however according to the training participants this is not the main 
benefit of the autonomous transportation.  

In addition, during the training session participants were asked why to continue looking for a decrement on 
travel time considering that AV’s are focused on the enhancement on user experience during a trip, by which 
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from their perspective the perception of the travel time would change in function of the activities that can be 
performed while the user is travelling; In other words, on how user can perform other activities (i.e., write, 
read, work, etc.). 

Regarding the future C-ITS automated functions, these are mostly focalized on the protection of VRU’s in which 
the use of the phone to communicate either concerns or information will continue to be a fundamental part 
on the daily activities of the road users. The data produced can be used to strategic traffic strategies of smart 
routing.  

a) Ranking of the expected Impacts of AV’s 

 

b) Ranking of the expected benefits 
Autonomous Transportation Systems 

 
 

c) Ranking of C-ITS Day services  

 
 

d) A-PT Users – communication of 
concerns ranking  

 
 

Figure 158: Results from RO7, phase II 

 

As conclusions, it can be said that the evaluation of the TMC operators of Rome has brought out the following 
outcomes: 

• Road infrastructure is perceived as a fundamental part of the next generation of automated 
transportation considering tools to monitor, analysis and response based on specific situations of 
traffic 

• While in urban transportation projects the reduction of travel time is considered as one of the main 
benefits to pursue, evidence suggest that the industry of AVs is focused on the improvement of the 
travel experience during a trip (i.e., adding wider screens in vehicles for entertainment purposes); 
This suggests a potential change in the future conception of traffic management of public transport 
and AVs due to users could perform additional activities during a trip. So, the question to solve now 
is what would be an acceptable travel time for them which simultaneously satisfies their 
expectations? 

• In emergency cases, the remote operation of automated buses is expected to be performed with 
the use of a joystick instead of a steering wheel.  
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4.8. Pilot RO8  
The overall objective of this pilot carried out during Phase II is to develop and evaluate a co-simulation 
platform where automated shuttles and buses can interact with vulnerable road users in a safe way.  

The specific aim of Phase II is to demonstrate and test alternative internal and vehicle-external HMI options 
for the vehicle-passenger and driver-vehicle interaction at bus transit points in simulated environments. 

The use case connected to this phase II testing was in vehicle HMI and strategies for automated road vehicles. 
The specific scenario was a VR/VR co-simulation where a bus driving in autonomous mode approached a bus 
stop. The scenario was evaluated from both the passenger’s and the bus driver’s perspective. Three different 
HMI solutions were tested, system A, B and C, see Figure 159.  

The different systems provided information on the bus in different ways, informing the driver and passengers 
that it was in an autonomous bus mode. System A provided the information by illuminating blue light around 
the windshield and in the steering wheel. The light in the steering wheel could not be seen from the outside 
the bus. The blue light indicated that the bus was in automated mode, and the green light indicated that the 
bus was driven by the bus driver (manual). System B had only the light in the steering wheel and thus looked 
like a regular bus from outside. System C looked like system A with the light in both the windshield and on the 
steering wheel but it also had a sound activated, like a bell. The sound could be heard outside the bus and the 
frequency increased as it approached the bus stop.   

There were two types of participants; passengers and bus drivers. The task for the bus drivers was to drive the 
bus (manually) between each stop, to hand over the control to the bus when approaching the bus stop and 
take back control from the bus after the stop, and to open and close the doors. The passengers’ task was to 
wait for the bus at each stop and get on the bus and sit down in a seat.  

 

Figure 159: The three different systems, A, B and C. 

 

In total there were 20 participants: 15 passengers and 5 bus drivers. The balance between female and male 
passengers was equal, seven females and eight males. Among the bus drivers, there was one woman and four 
men. The age of the passengers varied, but most of them were in their twenties and the bus drivers were 
between 45-60 years old. Most of the participants were employed full-time and some were students. The bus 
drivers had at least two years of experience in driving buses. 

Figure 160 shows that the most typical transports they all use, regardless being a bus driver or passenger, for 
the different types of trips are with car and public transport.  



 

D5.2: Pilot results consolidation 

July 2022 137 
 

 

Figure 160: Mode of transport the participants typically use for different trips. 

 

Figure 161 shows that almost all participants had heard of autonomous vehicles but less than half had 
experience from it. The ones with the experience got it from the two autonomous shuttles that operated in 
the area of Linköping at the time of the pilot tests. Three of the five bus drivers were involved in that project 
and some of the passengers had been passengers of these shuttles. 

 

Figure 161: Knowledge and experience of autonomous vehicles. 

4.8.1. Pilot RO8 Results 
The questionnaire data were analysed descriptively and compared between systems. 

The bus drivers’ responses regarding system C were omitted from the analyses of VDL, SUS, SATI, ISE, and UEQ 
since they could not hear the sound and the user experiences of system A and C were therefore the same for 
them.  
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All analysis are performed in line with the requirement for each scale used, see D5.3 for further information. 

4.8.1.1. Users Surveys Technology Acceptance Questionnaire (VDL) 
Results on the two subscales of Van Der Laan (VDL); usefulness and satisfying, are presented in Figure 162. 
System C had the highest usefulness scores, whereas system A was perceived as the most satisfying.  

 

Figure 162: The diagram shows the usefulness and satisfying scores of each system. 

 

 

Figure 163: The diagram shows the single results on each question on Van der Lan scale. 

 

4.8.1.2. Users Surveys System Usability Scale (SUS) 
The results for each item of the System Usability Scale (SUS) are presented in Figure 164. The ratings for the 
three systems were similar, but system A and C had better ratings on most items. System C was, however, 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Usefulness Satisfying

Usefulness and satisfying scale

A

B

C

1

1.5

2

2.5

3

3.5

4

4.5

5

VDL

A

B

C



 

D5.2: Pilot results consolidation 

July 2022 139 
 

rated as unnecessarily complex by some participants. The combined SUS score was 77.4 for system A, 73.1 for 
system B, and 81.4 for system C. 

 

Figure 164: System Usability Scale scores for system A, B, and C. 

 

4.8.1.3. Users Surveys SHAPE Automation Trust Index (SATI) 
The SHAPE Automation Trust Index (SATI) was used to measure trust in the three systems. The overall trust 
scores for the systems were: A = 4.9, B = 4.1, and C = 5.1. The breakdown per item is shown in Figure 165. 

 

Figure 165. SATI scores for system A, B, and C 

 

4.8.1.4. Users Surveys Impact and Socio-economic Questionnaire (ISE) 
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The general opinion about the systems is presented in Figure 166. Most participants indicated that their 
opinion about system A was positive (13 positive, 3 neutral and 4 somewhat negative). The overall view of 
system B was neutral. System C had more positive than negative ratings (13 positive and 6 negative) but three 
individuals rated the system as very negative, which indicates that system A had better overall rating. 

 

Figure 166: General opinion about system A, B, and C. 

 

The participants were asked to judge whether various aspects would increase, decrease, or stay the same for 
each system. The results are presented in Figure 11-13. 

 

Figure 167: Factors that increase or decrease with the use of system A 
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Figure 168: Factors that increase or decrease with the use of system B. 

 

 

Figure 169: Factors that increase or decrease with the use of system C. 

The users’ willingness to have the system was investigated using three pilot-specific questions as presented in 
Figure 170 - Figure 172.  
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Figure 170: Willingness to have system A and B among bus drivers. 

Some drivers stated that they would like to have the system only if the lights were turned off between bus 
stops or if the autonomous functions were optional to use. 

 

Figure 171: Willingness to have system A, B, and C as a passenger. 

The users were neutral regarding system B and more positive towards system A and C if riding the bus as a 
passenger. 
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Figure 172: Willingness to ask operator to purchase the system. 

 

4.8.1.5. Surveys User Experience (UEQ) 
The user experiences as measured by the UEQ were quite similar for systems A and C whereas system B was 
rated as less attractive, efficient, stimulating and novel (Figure 173).  

 

Figure 173: Subscale scores of the UEQ. 

 

4.8.1.6. Users Surveys HMI (HMIQ) 
Specific questions regarding the participants’ opinion about the three HMI systems revealed that system C 
was most safe and secure and it was preferred by most participants (Figure 174). 
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Figure 174: Perceived safety, security, and preference of the three HMI systems. 

 

 

Figure 175: Feelings of being seen by the AV bus. 
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Figure 176: Attentiveness among AV bus drivers. 

 

The bus drivers could imagine driving AV buses with the systems in the future and system C had a somewhat 
better rating than system A and B (Figure 177).  

 

Figure 177. Preference for the systems among bus drivers. 
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Figure 178: Preference for the systems among passengers. 

 

Perceived security for travellers inside the bus and people outside the bus was also rated by the participants 
(Figure 179 and Figure 180). System C was perceived as the best system regarding security for those outside 
the bus. 

 

Figure 179: Perceived security inside the bus. 
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Figure 180: Perceived security outside the bus. 

 

4.8.1.7. Interviews 
The interview in the end of the pilot test ensured that the participants had been able to express all their 
opinions about the systems. There were specific questions of their thoughts about the sound in system C and 
the light in the windshield and in the steering wheel. There were also questions about if they had any 
suggestions to the systems or other ideas of how to indicate that the approaching bus is autonomous.   

The participants were generally satisfied and thought that the experiment had gone well and thought it was 
fun. Some experienced that it took some time to learn the VR-technique, but it was generally quite easy to 
learn. Unfortunately, VR did not always work perfectly and sometimes bugs made it difficult to focus on the 
systems and make it realistic. The bugs could also make the participants feel a little dizzy. In most cases, VR 
worked well. 
 

Understanding of the systems: The participants did not have a lot of questions regarding the systems, they 
thought the systems were clear and easy to understand. Some mentioned that it was a bit unclear what the 
purpose of the sound in system C was. No one noticed any false alarms or inconsistencies in the systems, but 
they mentioned the bugs in the VR system and the bus drivers thought that the bus was too slow when 
entering an autonomous mode. 

It was clearly noticed from interviews with the passengers that it was important to them to see that the bus is 
autonomous but the opinions on how this should be displayed was mixed, for example on the bus, in the time 
table or other ways. However, most thought it should be visible on the bus. Another thing that the participants 
thought was important in the meeting with an autonomous bus was the interaction between the passenger 
and bus, that the bus must show that is has control of its surroundings. A sense of security and trust in the bus 
is important. 

 

Modality: light and sound: The perception of the sound was quite divided. More than half of the passengers 
had a positive perception of the sound but almost everyone had a negative remark on the sound. The remarks 
could be that the sound was irritating, stressing, too intense and that it will be disturbing for the surrounding 
environment. The bus drivers agreed that they did not want to hear any sound. One driver mentioned that 
the sound was good from the passenger’s perspective but as a driver you do not need or want to hear the 
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sound all the time. The purpose of the signal was a bit unclear to many of the passengers. The signal made it 
obvious that the bus was coming but it was not clear that it signalled an autonomous bus. Their reaction to 
the sound was that they became more aware and prepared for the arrival of a bus. 

The perception of the light was for the most part positive. Some of the bus drivers remarked that it was too 
much and too strong which could be a problem when it is dark outside. The participants thought that the 
purpose of the light was clear but noticed that an explanation of the different colours could be necessary. 
However, some of thought that you will learn the meaning of the colours fast, but it could be difficult for 
example for tourists to understand the lights without an explanation. One participant felt a little unsure of the 
purpose, if it was to warn or to alert passengers that the bus will be autonomous. Most passengers did not 
react in any particular way, they just noted that it was an autonomous bus. Some passengers felt more 
attentive because they did not fully trust the autonomous bus. 

 

Improvement suggestion: Something that was mentioned several times from the passengers was that the 
light should be stronger so you can see the light from a longer distance and that it should be an explanation 
of the colours. The light in the windshield could be on the bus that would only be visible from outside because 
the drivers don’t constantly need to see the light. Another suggestion was to have the light at the bus stops 
instead of light on the bus itself to make passengers aware that the bus will be autonomous. The colour in the 
windshield can by some be perceived as decoration which means that something more clarifying is needed 
that the bus is autonomous. Another suggestion to clarify that it is autonomous is to use a sign on the bus with 
text or pictures that indicates the mode of the bus. Another passenger thought that the light should not be 
static and that it should be signals indicating that the passenger is too close or that the bus is approaching. 
Another idea was to have intermediate between system A and B. There is too much light in system A but you 
still want to be able to see what kind of bus it is from the outside. 

 

4.8.2. Pilot RO8 analysis and conclusions respect to HMI concepts 
The RO8 phase II test aimed to compare three different HMI systems for indicating that a bus approaching a 
bus stop is driving in autonomous mode. This was done in VR, co-simulating the bus drivers’ and passengers’ 
perspective at the same time.  

System A included light strips on the steering wheel and windshield. System B only had lights on the steering 
wheel that were not visible to the passengers. System C was like system A but also included a sound that could 
be heard outside the bus. Thus, system A and C were the same from the bus drivers’ perspective.  

Both bus drivers and passengers were generally more positive towards system A and C than towards system 
B. The users expressed the need for instructions or training on what the lights and sound meant. The drivers 
thought that it was a good thing that the sound included in system C was not played inside the bus, as this 
would have been disturbing for them.  

The results show that system C was rated as most useful on the VDL scale, it was also rated with highest scores 
on the usability scale (SUS), and C also received the highest trust scores on the SATI scale. However, when it 
came to the general opinion about the system there were no major difference between A and C.  

Looking into the effect of the system the most common reports show that the users thought that the system 
will increase the safety (A:75% and C:90%), but also reduce the number of accidents (A:45% - C:58%). 

From the interviews it was learned that passengers want to know if the bus is in automated mood or not, they 
prefer a light source that is a bit stronger and possible to see from a longer distance. The perception of the 
sound was quite divided. Most negative comments were related to the risk that the sound would be irritating. 
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There was a tendency among participants to focus more on the features of the VR equipment and how to use 
it than on the evaluation of the HMI system. Therefore, it was concluded that a playback scenario showing the 
bus approach and how to get on the bus, without the component of acting out the scenario, would suffice for 
the training in phase III. The co-simulation of passengers’ and drivers’ view of the bus approaching the bus 
stop did not contribute as much as expected to the experience. The interaction between drivers and 
passengers was limited and their experiences of the trial would have been similar without the co-simulation 
component 

4.9. Pilot RA1 
The overall objective of this pilot carried out during Phase II is to develop and evaluate a tool comprising 
pedagogical video clips to be used for training and education of train drivers and train dispatchers (signalmen- 
UK). This tool aims to give an insight into, and increased understanding of, the train driver's reality based on 
some different scenarios. Exercises will give the students and trainees possibility to understand how the train 
traffic and safety management issues will be tackled in a nearly real operational environment using simulation 
tools. The specific aim of Phase II is to test the tool and collect user experiences from both user groups 

A total of 8 video clips were recorded in a simulator environment with a train driver who “think aloud” to 
facilitate the understanding of his actions. There are also discussion questions linked to each video clip and 
the recommendation is to watch the videos in group to be able to discuss them afterwards 

4.9.1. Pilot RA1 Results 
In the survey study, there were 18 participants: 11 train driver students and 7 train dispatcher students. The 
balance between female and male participants was fairly good, seven females and eleven males. One 
participant was in the age group 18-24, 7 in the age group 25-35, 5 in the age group 36-45 and 5 were between 
46 and 60. Most of the participants were employed full-time and one part-time. In this profession, being a 
student means a kind of employment. In the interviews there were 13 respondents, where of 7 also 
participated in the survey study 

4.9.1.1. Users Surveys User Profile Questionnaire (UPQ) 
The nationality of 17 out of 18 participants were Swedish and on one was from a Non-EU-State. The majority 
(11) had an educational background in Primary/secondary school, see Figure 181.  

 

Figure 181: Educational background among the participants  

Most participants (11) have stated that driving a vehicle is a part of their work and the vehicles were all various 
types of trains (Locomotive, Freight train, Regina, RC4, RD2 & RM, T43, Vectron).  
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Regarding the means of transport used most often for different kinds of travel the participants were asked to 
tick all alternatives relevant for them.  The result is displayed in Figure 160 and the most typical means of 
transports are passenger car and bicycle or walking. 

 

Figure 182: Means of transport the participants typically use for different trips. 

 

Regarding using a new technical product, 6 participants consider themselves as being among the first while 12 
thinks of themselves as being among the average.  

Figure 161 shows that almost all participants (17) had heard of autonomous vehicles but almost none (2) had 
experience from them.  

 

 

Figure 183: Knowledge and experience of autonomous vehicles. 
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4.9.1.2. Users Surveys Technology Acceptance Questionnaire (VDL) 
The acceptance of the tool developed for education of train dispatchers and train drivers, comprising video 
clips and discussion questions, was measured with the Van der Laan scale. Results are displayed in Figure 184.  

 

 
Figure 184: Technology acceptance measured with the Van der Laan scale.  

 

4.9.1.3. Users Interviews 
The user interviews are completed and the results from 13 respondents can be summed up as follows. The 
tool was considered useful to understand the reality of the driver and especially rare events. The respondents 
also thought that the tool was easy to use, flexible and pedagogical together with the dedicated discussion 
questions. They also expressed that the exercise can be useful for their future work, especially when it comes 
to communication with the driver in various special cases where misunderstandings hopefully can be avoided. 
Suggestions for improvements that were expressed, were to also hear a counterpart during the video clip, for 
example the train dispatcher that the driver were talking to. A possibility to ask questions and discuss with a 
train driver was also suggested 

4.9.2. Pilot RA1 analysis and conclusions respect to HMI concepts 
The tool is considered flexible, efficient, useful, and to have a good potential to help train dispatchers in the 
future. It can be developed and improved by also including the train dispatchers voice and thoughts, which 
would then give a better and clearer picture of the situation. It would be desirable to also be able to discuss 
the situations together with the other part, to gain an even better understanding of his or her situation. A 
suggestion for future work is to make corresponding film clips from the dispatchers view, for train drivers to 
be able to understand more of their working situation too 
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4.10. Pilot RA2 
The aim of this pilot is to examine different HMI strategies for the remote recovery of an automated train after 
a disruption. The objective of the iterative user testing is to evaluate alternative HMIs in terms of user 
experience and feedback in order to optimize the initial concept. The results of the pilot test will be beneficial 
in identifying the needs and the requirements of future operators. 

Train operation in a high level of automation (GoA3/4) is remotely controlled from an operation centre. In 
case of a disruption and without any railway employees on-board, the train has to be manually controlled 
from the Operations Centre. A workstation with haptic elements, real-time front-view of the track ahead as 
well as other necessary information are provided. The train ride is simulated using an in-house developed 
software. The trial participants are asked to drive the train from the place of disruption to a pre-determined 
location. Each participant conducted the same ride using two different controllers. 

4.10.1. Pilot RA2 Results 
For data collection and analysis, each participant (13 university students of railway operations) filled a user 
profile survey for providing information on demographics and related background of participants. The HMI 
Questionnaire was used in order to evaluate the user experience and feedback on the HMI. The survey 
included sections that are common throughout the pilots of the project as well as pilot specific questions. The 
mental workload was measured using a self-assessment technique called NASA-TLX. 

The raw data was collected and stored in Microsoft Excel files. Data analysis and statistical tests were 
conducted using Microsoft Excel and R programming language 

A remote workstation in the EBuEf (Railway Operations and Experimentations Centre) was used for the tests. 
The train ride was simulated using an in-house developed software. The remote train drivers were provided 
with a driver desk by RailDriver -a fully functional model of an American diesel loco- and the front camera view 
of the tracks on a monitor as well as necessary information such as speed and route map. Additionally, a 
joystick-button controller was used in approx. half of the rides instead of the RailDriver (See Figure 186). The 
Figure 185 below shows the experiment setup. The traction and brake force were displayed on the LED screen 
located on the controllers. The visual warning of the deadman`s switch was also indicated on the same display.  

 

Figure 185: Experiment setup 
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Figure 186: Joystick controller (left) and RailDriver controller (right) 

 

4.10.1.1. Users Surveys User Profile Questionnaire (UPQ) 
 

In total there were 13 participants (male), 46% of the participants were aged between 18-24 and 53% between 
25-35. Participants were asked to select the means of transport used most often for different kinds of travel. 
As can be seen in the diagram, participants use railway transport the most for almost every activity except 
shopping. 

 

 

Figure 187: Preferred transport modes for different trips 

 

All participants had heard of autonomous vehicles but less than half had experiences with such vehicles or 
systems (i.e. driverless metro). 
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Figure 188: Technology adoption (right) and experience with autonomous vehicles (left) 

 

It was also asked whether participants play simulator games and how often they do so, in order to find out 
how experienced they are with simulations. Majority of the participants stated that they do not play train 
driving or flight simulator games.  

 

Figure 189: Use of train driving simulator or flight simulator games 

 

4.10.1.2. Users Surveys HMI Questionnaire (HMIQ) 
The HMIQ included a section for obtaining user experience via UEQ survey by Schrepp 20081. The 
questionnaire does not produce an overall score for the experience, but allows for interpreting six scales and 
26 single items individually. Values between -0,8 and 0,8 represent more or less neutral evaluation of the 
corresponding scale. Although the range of scale is between -3 and +3, it is highly unlikely to get overall values 

                                                           
1 Laugwitz B., Held T., Schrepp M. (2008) Construction and Evaluation of a User Experience Questionnaire. 
In: Holzinger A. (eds) HCI and Usability for Education and Work. USAB 2008. Lecture Notes in Computer 
Science, vol 5298. Springer, Berlin, Heidelberg. 

46%54%

Personal experience with 
autonomous vehicles

Yes No

38%

62%

0%

0% 20% 40% 60% 80%

Among the first

In the middle

Among the last

When it comes to trying a new 
technology product, I am 

generally ...



 

D5.2: Pilot results consolidation 

July 2022 155 
 

above 2 or below -2 in real life applications due to the calculation of means over participants with varying 
opinions and due to the tendency to avoid extreme answer options (Schrepp 2008). 

The graph below illustrates the results of the UEQ for the user groups RD and JS. The results suggest that the 
pragmatic quality (task related) of the HMIs are higher compared to hedonic quality (non-task related) for 
both HMIs. The statistical analysis shows significance only for the JS group at an alfa level of 0,05. There was 
no statistically significant difference between the groups. 

Even though the remote operation of trains is relatively a novel concept, the user experience on novelty mainly 
addresses the particular HMIs, which are developed primarily for examining simplistic solutions rather than a 
cutting-edge one. Lower score in stimulation may point to the issue of low task demand which is often 
observed in partial automation or monotonous tasks. 

 

Figure 190: User Experience survey mean results for the six scales 

 A statistical test is conducted in order to measure the reliability of the scale. The table below shows the 
Lambda2 coefficients of Guttman`s reliability test. The higher Lamda2 generally indicates lower error in 
differentiating between participant`s choices. The reliability test of the scale indicates sufficient levels. 
However, the limitation of the small sample size should be noted.   

Table 22: Guttmans Lambda2 (λ-2) scale relaibilty test 

Guttmans Lambda2 (λ-2) scale relaibilty test 
Dimension λ-2 (JS) λ-2 (RD) 
Attractiveness 0,93 0,93 
Perspicuity 0,76 0,70 
Efficiency 0,68 0,66 
Dependability 0,77 0,78 
Stimulation 0,83 0,85 
Novelty 0,83 0,7 

Another section of the HMIQ included a questionnaire for measuring how persuasive and affective the HMIs 
are. The scale items and corresponding factors are given in the table below. The questionnaire with 7-point 
Likert scale (strongly disagree-strongly agree) is adapted from Thomas et. al, 20192. 

                                                           
2 Thomas, Rosemary J.; Masthoff, Judith; Oren, Nir (2019). “Can I Influence You? Development of a Scale to 
Measure Perceived Persuasiveness and two Studies showing the Use of the Scale,” Frontiers in Artificial 
Intelligence, volume 2 
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Table 23: Persuasive and affective HMI: Questionnaire scale items 

Factors Scale Items 
Effectiveness After viewing this system, I will make changes in my attitude towards automated 

technology.  
Quality This system is trustworthy.  
Capability This system has the potential to influence user behaviour.  

The graph illustrates the mean values for each factor of the scale for both test groups. One-way MANOVA 
showed no significant effect of different HMI systems on the factors. Similar to the results of User Experience, 
there is no significant difference between RD and JS in terms of perceived persuasiveness. 

 

Figure 191: Persuasive and affective HMI: survey results 
 

A non-verbal pictorial assessment technique, called self-assessment manikin (SAM), is used to measure 
pleasure, arousal and dominance associated with pilot users’ affective state during the test. Mean values are 
illustrated on the scale spectrum for each dimension as seen in the Figure 192 below.  

 

Figure 192: Self-Assessment Manikin: Mean values for both experiment groups 
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Individual responses to the self-manikin scale are plotted on a two-dimensional pleasure-arousal graph (see 
Figure 193) based on the model of Russel and Lanius, 1984 3 (Figure 194). This model includes only pleasure 
and arousal, for it regards dominance as a cognitive indicator rather than as indicators of affect.  

                                                           
3 James A. Russell, Ulrich F. Lanius, Adaptation level and the affective appraisal of environments, Journal of 
Environmental Psychology, Volume 4, Issue 2, 1984, Pages 119-135, ISSN 0272-4944, 
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Figure 193: Individual responses to SAM plotted on an arousal-pleasure graph 

 

Figure 194: Model of the affective appraisal of environments (Russel and Lanius, 1984) 
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Individual design elements were rated using a scale of -2 to +2. Optionally, a written answer for additional 
functionality recommendations were obtained. Most frequently mentioned answer was the need for audio 
warnings and audio input from the location of the train. Another frequent answer was the front-view monitor 
as the preferred location of speedometer instead of the led indicator on controllers. Some participants 
recommended to include more operational information on timetables and travel-times such as an electronic 
timetable (EBuLa). 

  

Figure 195: User preference ratings for individual HMI elements 

4.10.2. Pilot RA2 analysis and conclusions respect to HMI concepts 
The phase II tests obtained positive feedbacks on the overall system as a fallback solution. The user experience 
assessment indicated a higher task-related quality (i.e. perspicuity and efficiency) compared to non-task 
related quality (i.e. stimulation and novelty). Both HMIs elicit positive emotions regarding pleasure and 
dominance, but low arousal levels. This finding is parallel with the low subjective workload reported by the 
participants.  Low levels of task demand may have contributed to this outcome.   

An important finding is that the evaluation did not show significant differences between the rides with two 
different controllers in terms of user experience, workload and HMI persuasiveness. The flexibility of hardware 
choice could be an advantage in future implementations. However, the interviews and preference ratings 
suggest participants would prefer to use RailDriver over Joystick controller. Subjects recommend more 
detailed and varied operational information.  

The findings of the experiments were useful in obtaining some of the needs and preferences of users even 
though they were not experienced operators. The findings will be used to further optimize the system based 
on the user feedbacks. Additionally, more functionalities and information sources will be implemented for the 
next phase of iterative tests. The third phase with train drivers and signalers will also aim to assess the impact 
of training on the user experience and performance 

4.11. Pilot MA1 
Goal of MA1 pilot during phase II is to test of alternative  HMI for workboats operators as proposed by WP3  
and through an iterative process to test for alternative HMI. 

The maritime pilot within Drive2theFuture will be performed in the archipelago of Faaborg, in Denmark. For 
the tests, 4 automated ProZero workboats (Level 3-4) will be used. A total of 20 operators and passengers will 

(Error bars: interquartile range) 



 

D5.2: Pilot results consolidation 

July 2022 160 
 

participate in the pilot, whose aim is to assess operator acceptance and cost efficiency of using automated  
workboats for 3D (Dangerous,  Dull or Dirty) tasks,  by  using, testing and evaluating also the related training 
schemes, as derive from WP4 Methods 

This pilots phase 2 involved 2 types of users for the demonstration. The users were split into two categories 
and differentiated between Operators and Passengers. 

• Operators are personnel which actively has a role on board of the boat to ensure proper operational 
function, steering, safety.  

• Passengers are individuals which are on board of a boat merely as a mean of transportation. Therefore, 
they do not have any actual role or function in regards til the actual functionality of the boat. 

 

 

Figure 196: Operators Panel (left); passengers compartment (right) 

 

According to the User profile questionnaire, the age range of the users are from 18 to 60, however most users 
was represented in the age group of 36-45 

Gender of the users was identified as 12 males 3 women and 5 participants who did not want to assign 
themselves to any gender. 

Procedures used during data collection 

• As passenger transport scenarios the focus have been passenger comfort and safety onboard 
including boarding and un- boarding of people and operators, both seen from both operators and 
passengers’ point of view. Passengers boarded the vessel passing the boarding ladders and found 
their seats after instructions of safety and systems. The route was sailed and following the trip, the 
passengers un-boarded the vessel using the boarding ladders.  

• During the Crew transfer scenarios, the focus was the comfort and safety onboard including the 
boarding and un-boarding of the operators and the working crews to be transported. As with crew 
transport the people being transported are being transported as a part of a specific assignment or 
work task, the crew transport scenario focussed further on the preparations for the coming tasks of 
crew being transported. 

• Patrol/Guard tests have been done with the demonstrator close to shore and on-water activities 
such as events, yacht racing and days with high on-water activity to experience the passengers and 
operators approach to being onboard the demonstrator close to such activity and the extended 
security concerns coming from the high level of activity during the Patrol/Guard missions. 
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Survey/sensor tests have been done with the demonstrator to test how the demonstrator vessels and onboard 
crew and operators sees the demonstrator vessel technology in connection with survey and sensor work. 
During survey and sensor work the focus are the data collection from the sensors/survey equipment and 
therefore an extra focus is relevant to anti-collision and ColReg convention rules 

4.11.1. Pilot MA1 Results 
During the data collection, the following procedure was performed: 

• As passenger transport scenarios the focus have been passenger comfort and safety onboard including 
boarding and un- boarding of people and operators, both seen from both operators and passengers’ 
point of view. Passengers boarded the vessel passing the boarding ladders and found their seats after 
instructions of safety and systems. The route was sailed and following the trip, the passengers un-
boarded the vessel using the boarding ladders.  

• During the Crew transfer scenarios, the focus was the comfort and safety onboard including the 
boarding and un-boarding of the operators and the working crews to be transported. As with crew 
transport the people being transported are being transported as a part of a specific assignment or 
work task, the crew transport scenario focussed further on the preparations for the coming tasks of 
crew being transported. 

• Patrol/Guard tests have been done with the demonstrator close to shore and on-water activities such 
as events, yacht racing and days with high on-water activity to experience the passengers and 
operators approach to being onboard the demonstrator close to such activity and the extended 
security concerns coming from the high level of activity during the Patrol/Guard missions. 

• Survey/sensor tests have been done with the demonstrator to test how the demonstrator vessels and 
onboard crew and operators sees the demonstrator vessel technology in connection with survey and 
sensor work. During survey and sensor work the focus are the data collection from the sensors/survey 
equipment and therefore an extra focus is relevant to anti-collision and ColReg convention rules 

The following questionnaires were used for the analysis of results: 

• System usability scale 
• Shape automation trust index 
• Impact and socio-economic Questionnaire 

The surveys were either handed out or e-mailed to a participant. The answers were then collected and noted 
inside an excel document. Afterwards the data was collected in excel where diagrams and an analysis of the 
outcome was the written down using word.  

 

   
Mean 4,00 
Std devia 0,71 
Skewness 0,00 

Mean 2,40 
Std devia 1,14 
Skewness 0,40 

Mean 3,80 
Std devia 0,84 
Skewness 0,51 
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Mean 2,60 
Std devia 0,89 
Skewness 1,26 

Mean 3,80 
Std devia 0,84 
Skewness 0,51 

Mean 2,80 
Std devia 1,10 
Skewness -1,29 

   
Mean 4,00 
Std devia 1,00 
Skewness 0,00 

Mean 3,40 
Std devia 1,52 
Skewness -1,12 

Mean 4,00 
Std devia 1,22 
Skewness -1,36 

 

  

Mean 2,00 
Std devia 0,71 
Skewness 0,00 

  

Figure 197: System useability Scale results – MA1 – Phase II 

Regarding the results shown at Figure 197, the respondents would in Q1 like to use the system frequently. 
They are a little more spread out on whether the system was easy to use. Hence the frequency of rating 3 and 
4 are equal at 40 % on Q3. Also, the respondents are varying about how complex and technically advanced 
the system is. For example, Q2 on the complexity the mean at 2,40 is supplied with a standard deviance at 
1,14 on Q2.  Likewise if the one outlier in Q8 (that is resulting in a big skewness due to small sample numbers) 
is disregarded, then 100 % between 3 and 5 which shows, that the respondents view the system as 
cumbersome. That being said, the respondents in Q9 still feel very confident using the system, (the one outlier 
doesn’t change that measurement significantly) And don´t feel the need to learn thing before using the system 
in Q10 and still think they would learn the system fairly quickly in Q7 (the frequency of value 3 and 4 combined 
is the same as value 5, but the average of 3 and 4 combined is still over 3. 
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Mean 4,00 
Std. Devia. 1,48 
Skewness -0,90 

Mean 4,36 
Std. Devia. 0,67 
Skewness  -0,59 

Mean 4,55 
Std. Devia. 0,82 
Skewness  -0,18 

Figure 198: Shape automation trust index – MA1 – Phase II 

 

 

The survey about SHAPE (Figure 198) shows although standard deviance at 1,13 in Q2 on whether the system 
was reliable, suggest varying views on this question, the mean still shows that a solid majority view the system 
as reliable. Likewise, the low standard deviation and the mean of 4,11 in Q3 on the systems accuracy, and the 
mean at 4,36 and standard deviation of 0,67 on Q5 about the robustness, also shows, that the respondents 
view the system as robust and accurate. 

The survey also showed that the respondents felt confident working with the system in Q6, and that they felt 
the system was understandable. (The skewness indicate, that the measures on valuable 1 and 2 are outliers, 
that can be disregarded) 
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Figure 199: Impact and socio-economic questionnaire responses – MA1 – Phase II 

Regarding Impact and socio-economic questionnaire ( 

Figure 199) on question 1 the survey shows an exceptional positive view on the system. Hence the frequency 
of 100 % for the values “very positive” and “positive” combined. This being said, in Q4 most respondents would 
like to have the system in their vessel, but almost as many would either not have the system, or only if the 
vessel was supervised. When it comes to buying the system in Q5 most respondents will not buy the system, 
or have demands to regulations, if they were to by the system. In continuation hereof Q6 list the aspects that 
affects the respondent’s intention to purchase the system. This list shows that especially the costs, and the 
systems ability to increase the safeties of crew and passengers are the determining factors. Time savings 
comes is the third most aspect. 
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In Q3 The survey shows that the operators (the respondents) think some issues are more important, than 
those of the operator.  Hence the operators view that comfort and safety, are more important issues, than of 
the operator, which is expressed in the increase figure of those valuables. On the other hand, stress, numbers 
of accidents, fatigue and boredom, are factors that operators are concerned about, which is seen in the 
valuables most decreasing. 

 

4.11.2. Pilot MA1 analysis and conclusions respect to HMI concepts 
Concerns regarding HMI was raised during the demonstration. One of the flags that was raised during the 
demonstration was risks concerning cybersecurity and HMI. Therefore, we have worked on an alternative HMI, 
which is focused on shielding the operation module from the passengers.  

The objective in this Phase II internal was both to test the HMI for workboats operators as proposed by WP3 
and through an iterative process to test for alternative HMI. The first objective has been addressed in the 
above-mentioned and the development of the alternative HMI will be addressed in this section. 

We have collected input from Operators regarding an identified challenge of the safety within the HMI. This 
challenge is related to safety issues for Passengers, such as Boarding, man-over board situations, Failure at 
sea, Emergency release of anchors and so forth. Please see an example below for a comment from one of 
our operators 

 

One of the flags that was raised during the demonstration was risks concerning cybersecurity and HMI. 
Therefore, an identification of possible HMI Updates and risks was needed the analysis is performed several 
times within view of several actors within the maritime ecosystem, such as operators, passengers, 
shareholders and stakeholders. Within the technical aspect, subjects such as HMI, safety, economics, 
vandalism and environmental sustainability are among those which currently are identified as areas which 
should be addressed in the task. 

Furthermore, Tuco have identified possible vulnerabilities within digital short comings, during this several 
questions regarding cybersecurity emerged, and these must be discussed as they are a potential and very 
realistic threat toward developing marine autonomy, both in terms of crime and terrorism, but also within 
privacy concerns, surveillance, longevity, and job insecurity. 

During the trials and pilots of phase 1, extra care and attention was placed at safety and environmental. The 
extra attention was needed because of the higher level of uncertainties to the autonomous sailing. Because 
of the higher attention and carefully executed sailing planning and safety procedures, no errors or incidents 
are recorded, in relation to the pilot demonstrations. However, one very influential aspect did change during 
the execution of the pilot demonstrations for MA1. The demonstration safety and environment were changed 
and needed replanning because of the covid-19 pandemic. As a result, hereof, masks, distancing and a 
requirement of hand washing and hand sanitizer was a required action before any operators or passengers 
was allowed on the boat, later in the pandemic, the safety was further increased by boarding requiring a 
negative test.  

However, during the pilot demonstrations, several notes were made, regarding possible areas which needs to 
be addressed in the future of autonomy in the maritime sector. Please see the matrix below for an introduction 
into these notes, presented as a SWOT analysis (Figure 200). 

- "As mentioned in our phone conversation, I agree with the concerns listed in the document. From a 
research/technology development stand-point one of the common issues is the complexity and 
robustness of the solutions, as well as the system’s ability to relay "intentions" to the users/passengers 
to make them understand what the autonomy is doing. I think these concerns are well represented in 
the document" 
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Strength: 
 
 
Passenger: 
- Legislation 
- On demand route support, traffic etc. 
Operator: 
- Decision support  
- Improved Work environment (Physical mental) 
Shareholder: 
- Operational cost performance (decision 

support) 
- Improved working environment 
- Decreased operational cost 
Stakeholder: 
- Increased operation 
- Improved working environment 
 

Weakness: 
 
Passenger: 
- Increased person damage if unsuccessful in 

boarding and outboarding  
Operator: 
- Unplanned anchoring in bad situations 
Shareholder: 
- HSC code, is rigid and decreases activity in 

natura 2000 areas 
- Unplanned anchoring in bad situations 
Stakeholder: 
- HSC code, is rigid and decreases activity in 

natura 2000 areas  
- Unplanned anchoring in bad situations 
-  

Opportunity: 
 
Passenger: 

- Flexibility – On-demand transport 
- Increased operation 
- Increased safety 
- On demand route support, traffic etc. 

Operator: 
- Increased safety 
- Decision support for environmental route 

planning  
- Remote controlled anchor / automatic 

anchor solution 
Shareholder: 

- Increased safety 
- Better environmental decision, lower cost  
- Decreased operational cost  
- Lower repair cost  
- Less damage incidents for mooring 
- Swarm operation possible 

Stakeholder: 
- Better environmental decision, lower cost 
- Nature2000 optimized operations – 

opportunity to decrease environmental 
impact, noise etc,  

- Change legislation for Natura 2000 areas – 
to improve HSC code 

- Lower repair cost 
- “Virtual cable” ferry legislation 
- Less damage incidents for mooring 
- Swarm operation possible 

Threats: 
 
Passenger: 

- Break-down on sea 
Operator: 

- Complex solutions to problems 
- Complex safety procedures 
- Higher training needs 
- Drifting – engine stop 
- Technology shift from marine to something 

else 
- Increased vandalism risk 
- Cybersecurity 

Shareholder: 
- Increased price 
- Increased legal regulation. 
- HSC code, is rigid and decreases activity in 

natura 2000 areas  
- Technology shift from marine to something 

else 
- Increased vandalism 
- Cyber security 

Stakeholder: 
- Legal barriers  
- HSC code, is rigid and decreases activity in 

nature 2000 areas 
- Increased vandalism risk 
- Technology shift from marine to something 

else 
- Cyber security 
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Figure 200: MA1-Phase II SWAT analysis 

Finally, to summary the conclusions raised during this phase: 

1) That even though operators are faced with a cumbersome system, they are still positive about the 
system and feel they can manage and learn the system 

2) That the operators view the system as trustworthy and useful and felt confident about it but need a 
better HMI 

3) That the operators view cost and safety as important in purchasing the system 
4) That operators view comfort and safety, are important to passengers and stress, numbers of 

accidents, fatigue, and boredom, are important to operators 
5) Concerns regarding cybersecurity 
6) Operators identified a decrease in risks, such as accidents  
7) New HMI suggestions are proposed based on feedback from the operators 

 

4.12. Pilot AV1 
The Phase II of the AV1 Pilot consisted in three validation activities, which were held almost in parallel in the 
period between March and June 2021. More specifically, it included: 

a) a test with drone operators, which was intended to validate a new system and the associated HMI 
to support drone operators in performing the risk assessment of their drone operations 

b) a focus group with drone pilots aiming at evaluating the prototype of two new functionalities for 
pilots’ HMI 

c) an online survey having the purpose to investigate the level of acceptance/acceptability of civil 
drones by the general public  

Validation activities a) and b) were based on the results of previous Phase I, both in terms of functionalities 
and systems tested, and of objectives and hypotheses 

4.12.1. Pilot AV1 Results 
4.12.1.1. Test with drone operators 

The test with drone operators was held in the period between March 5th and 10th. As for Phase I, due to COVID-
19 related limitations, the test was carried out online. The aim of Phase II was to evaluate a new online system 
and associated HMI for the risk assessment of drone operations. 

The results of AV1 Pilot Phase I revealed that the execution of the risk assessment is one of the most 
demanding activities that drone operators have to undertake while planning and organising a drone operation. 
Although a risk assessment methodology exists, following it is not always straightforward. There is a certain 
level of uncertainty on specific sub-tasks of the process quite often implies a certain variability in the behaviour 
of the drone operators, as well as in the risk assessment report that they produce. This in turn affects the time 
needed for the evaluation and the approval of the report by the appointed national agencies. During Phase I, 
a system that automatically supports and guides the operators in following the process and allows to produce 
a quite standard report at the end was considered a possible solution to the problem.  

The online system for the risk assessment tested during Phase II was developed by Deep Blue, taking into 
account such considerations and user needs. It is intended to support the operators in the execution of the 
risk assessment, guiding them through the different steps of the process, from the initial phases of definition 
of the concept of operations, till the production of a comprehensive and standard risk assessment report.     
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The screenshots provided in Figure 201 and Figure 202 offer a couple of examples of the system HMI and show 
how it guides the user through the different steps of the risk assessment, here structured in 4 different 
modules of activity, namely: 

• initial evaluation; 
• evaluation and mitigation of ground risk; 
• evaluation and mitigation of air risk; 
• evaluation and mitigation of the risk associated to adjacent airspace.  

The first example (Figure 201) shows the support provided in the initial phase of the operational concept 
definition, while determining the flight conditions and defining whether the drone operation is intended to be 
conducted in VLOS (Visual Line of Sight), BVLOS (Beyond Visual Line of Sight) or EVLOS (Extended Visual Line 
of Sight). The second example (Figure 202) concerns the support provided for the mitigation of the ground 
risk. As evident from the screenshot the support provided is twofold: a guided process allows to check all the 
relevant elements of the operation at the right stage of the process, while additional information, tips and 
reference materials are provided at each step, in order to support not expert users and also speed up more 
expert ones.  

 

Figure 201: System support in determining the flight conditions 
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Figure 202: System support in the mitigation of ground risk 

 

Test scope and organisation 

The evaluation with drone operators was intended to investigate the experts’ opinions on: 

• Perceived usefulness 
• Innovativeness 
• Intention to use 
• Usability 
• Factors that would enhance acceptability 

The test involved six (6) drone operators with a high level of expertise in this role and in risk assessment of 
drone operations. All of them had been previously involved in Phase I. The testing sessions were individual, 
meaning that the operators were involved one by one. Each testing session lasted approximately 2 hours and 
was structured in 4 phases as follows: 

a) familiarisation with the system  
b) test execution 
c) debriefing 
d) questionnaires  

At the beginning of the testing session a familiarization training (a) was provided, explaining the purpose and 
the main functionalities of the system and of its HMI. The familiarization training was complemented by a 
hands-on session, in which the participants could practice with the system and explore it. When the 
participants declared to feel ready, the test (b) started with the presentation of a specific drone operation (the 
same for all the participants), for which a risk assessment had to be performed with the support of the system 
being tested.  

The mission on which the test focused consisted in the transport of swabs for Sars-Cov2 from the collection 
site to the analysis laboratory of the hospital. The pads were planned to be transported inside a container 
whose impact resistance had been previously tested to ensure that in the event of an accident the contained 
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material was not dispersed. Therefore, the activity was not considered the transport of dangerous goods. All 
relevant information to complete the assessment was provided in the description of the drone operation. 

During the test, the participants were requested to autonomously use the system to complete the risk 
assessment, adopting the thinking aloud technique to explain their actions and express their intentions and 
doubts. In the meantime, a human factors specialist from Deep Blue observed their activity in a not intrusive 
way. The results of the observation were then used during the debriefing session (c) to discuss possible positive 
aspects, drawback and errors that emerged while interacting with the system. 

At the end of the testing session the participants were invited to fill in a set of questionnaires (d) that were 
selected as the most suitable ones among those designed and implemented at project level, namely: 

• the Technology Acceptance questionnaire 
• the System Usability Scale (SUS) questionnaire 
• the HMI questionnaire 

Since the questionnaires were filled in on a voluntary basis after the end of the test, not all the participants 
replied to them. In particular, the results collected refer to five (5) participants out of (6). 

4.12.1.2. Pilots 
The Pilots’ focus group was held in a single session on March 10th. As for Phase I, due to COVID-19 related 
limitations, the focus group was carried out online. 

The aim of Phase II for pilots was to evaluate, through expert pilots’ feedback and evaluations, two new 
functionalities concepts for pilots’ HMI. During Phase I, it was investigated and analysed the state-of-the-art 
of tools and interfaces for piloting drones. Drawing from Phase I results and WP3 inputs, two concepts of HMI 
functionalities were developed. Both concepts were not entirely new but they were expanded and further 
developed to meet users’ needs that emerged from Phase I focus group: improving safety of operations in 
order to foster acceptability and improving pilot’s comfort during the mission, especially when, for any reason, 
it has to be conducted with a reduced crew. The HMI functionalities concepts developed by Deep Blue are, 
respectively, the Advanced Return To Home (ARTH) and the Auditory Interface. 

In order to evaluate such concepts, a set of questions were prepared in an interactive presentation on the 
Zeetings platform (www.zeetings.com), on which participant could answer individually and instantly see the 
overall result. The evaluation was intended to investigate experts’ opinions on: 

• Perceived usefulness 
• Innovativeness 
• Intention to use 
• Intention to buy 
• Factors that would enhance acceptability 

After the general introduction, the focus group was divided in two parts, one for each HMI concept. For each 
part, the relative concept and its use cases were described in details with the support of HMI mock ups (see 
figure x and y). After that, the participants moved to Zeetings to answer to the pre-prepared questions and to 
discuss about the results. 

Finally, the last section of the focus group was dedicated to evaluate different alternatives of external HMI for 
drones.  

Advanced Return to Home 

Description of the functionality 

http://www.zeetings.com/
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Return to Home (RTH) is a popular functionality already present in most of the drone’s models available in the 
market. It consists in a safety measure that consent the drone to autonomously return to a pre-defined Home 
point (selected by the pilot), normally near the starting point of the mission. The functionality can be activated 
by the pilot in case of need or it can be activated automatically by the system under certain conditions.  

In the Pilot context, the functionality of RTH was developed further in terms of concept and HMI mock-ups, 
leading to the Advanced Return To Home. The idea of the ARTH is to give the pilot more flexibility when 
activating the RTH, especially in those cases when the original Home point is no longer safe or available, by 
providing alternative safe landing points among which to choose. In particular, three scenarios (plus the 
standard RTH) were provided to the participants. In all scenarios, during the mission, the battery drops under 
the critical level; the pilot activates the RTH but a message informs him/her that the RTH is not available 
(“Return-to-home unavailable. Battery too low”). Consequently, the system provides the pilots with different 
alternatives: 

• Scenario 1a: the system provides three alternatives, pre-selected by the pilot, named Safe Landing 
Point A, B or C (Figure 203). According to the drone’s position, battery level, height, speed and 
weather conditions, the system calculates the probability of success and assign a colour to the various 
alternatives with green, yellow and red representing safety, uncertain and dangerous conditions 
(therefore not available), respectively.  
In this scenario, the pilot selects the “safe” green option (in this case Safe Landing Point A), the system 
asks for confirmation and then provides an estimated time of arrival and, finally, the feedback of 
successful landing. 

• Scenario 1b: like scenario 1a, but this time the pilot selects the yellow option. In this case, the 
system warns the pilot about the risk of failure (“Medium risk of failure in landing. 65% probability of 
successful landing”) and asks for confirmation (Figure 204). As before, the system provides the 
estimated time of arrival and the feedback of successful landing. 

Figure 203: Selection of Safe Landing Point A 
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Figure 204: Selection of Safe Landing Point C 

• Scenario 2: in this scenario, in addition to the alternatives of scenarios 1a and 1b, the system 
provides the possibility of selecting a new landing point in the map that, through the use of colours, 
indicates to the pilot the areas where he/she can successfully land the drone (Figure 205). Once the 
new point has been selected, the system informs the pilot of the successful selection, asks for 
confirmation and provide estimated time of arrival and final feedback. 

 

Figure 205: Selection of a new Safe Landing Point 

Auditory Interface 

Description of the functionality 

During a mission, the pilot generally has to monitor two types of parameters on the HMI: flight parameters 
(battery levels, height, speed, etc.) and mission’s "functional" parameters, which vary according to the type of 
mission. However, especially during VLOS flight, the pilot's main activity is to watch the drone and maintain 
visual contact. Therefore, pilots often need a person that stands next to them and support them by reading 
the parameters of interest. 

To address this need and to support the pilot during the mission execution, a concept of “auditory interface” 
was developed for the Pilot, to be evaluated by expert pilots. 

The term “auditory interface” refers to the possibility of activating auditory messages relative to the status of 
the system and parameters. Such a functionality is not new in in the drones’ domain; however, it is still 
uncommon across piloting interfaces, with only one software (Litchi) including it. The concept developed for 
the Pilot takes the basic features of the existing functionality and develops them further to allow greater 
flexibility for the pilot. 

In details, the “new” functionality consists in auditory messages that inform the pilot about the flight 
parameters and the status of the system (e.g., “Drone’s battery 60%”) and warn him/her when one or more 
parameters exceed the critical threshold (e.g., “Attention! Drone’s battery 25%”). 
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Before starting the flight, from the Auditory interface menu, the pilot can activate/deactivate the functionality 
and can set the time interval in which the messages will be repeated (e.g., every 45 seconds; Figure 206). 

 

Figure 206: Auditory Interface menu 

Then, the pilot can select the parameters of interest from the list (Figure 207). Only the parameters selected 
will be read by the system. The order of the messages follows the order of appearance in the HMI, eventually 
skipping the ones non-selected. 

 

Figure 207: Auditory Interface's parameters 

Finally, for each parameter, the pilot can set a threshold below or above which the system will activate an 
auditory message warning the pilot (Figure 208). 

 

Figure 208: Auditory Interface's thresholds 

During the flight, in case the time interval has been set to zero or the pilot wants activate the function during 
the interval, he/she can press a dedicated button on the control cloche (Figure 209). The button has a wheel 
that can be turned to reach the specific parameter of interest, following the order of appearance on the HMI 
(Figure 209). The number of wheel clicks depends on the number of parameters selected. The pilot does not 
necessarily have to remember by heart the number of clicks required for a specific parameter because the 
entry will give immediate feedback on which parameter it is. 
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During the focus group, the concept was described with the aid of HMI mock-ups (Figure 210) and pre-
registered messages simulating the activation of the functionality through the button on the cloche and the 
warning messages when battery and height passed the thresholds. 

 

Figure 209: Activation button on the control cloche 

 

Figure 210: Auditory HMI mock-ups 

4.12.1.3. Drones’ Acceptance Survey 
In parallel to the focus groups with operators and pilots, it was launched an online survey with the aim of 
investigating the level of acceptance/acceptability of civil drones by the general public.  To do so, four different 
scenarios were selected: 

• Scenario 1: Monitoring and surveillance of crowds and individuals 
• Scenario 2: Environmental monitoring and inspection 
• Scenario 3: Delivering goods 
• Scenario 4: Transport 

Scenarios 1 and 2 represent present scenarios for which it was measured the level of acceptance, intended as 
"users' attitudes following the introduction of a technology"; while scenarios 3 and 4 represent future 
scenarios for which it was measured the level of acceptability, intended as "users' attitudes before a 
technology is introduced". Bearing this difference in mind, from now on it will be used the term “acceptability” 
for all scenarios. Moreover, for scenarios 3 and 4, the objective was also to measure how the level of 
acceptability changes according to the area (urban/rural) where drone operates. 

In Table 24 it can be seen the survey structure. 
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Table 24: Drones' Acceptance Survey structure 

Areas Factors 

Demographics 

• Gender 
• Age 
• Country  
• Area  
• Level of education 
• Occupational status 

Attitude toward drones 
• Data privacy 
• Security 
• Safety 

Scenario 1 
• Perceived usefulness 
• Trust 
• Acceptability 

Scenario 2 
• Perceived usefulness 
• Trust 
• Acceptability 

Scenario 3 
• Perceived usefulness 
• Trust 
• Acceptability 

Scenario 4 
• Perceived usefulness 
• Trust 
• Acceptability 

 

The survey was developed using the online platform Survey Monkey and it was translated in eight languages 
(Dutch, English, French, German, Greek, Polish, Slovenian and Spanish) to facilitate the dissemination across 
Europe and beyond. The data collection lasted from 1st January to 31st March 2021.  

In total, the survey received 494 responses (N=494). The distribution of the sample across the demographic 
variables can be seen in Figure 211. 

It worth noticing that the composition of the sample tends towards a preponderance of the male gender 
(59,7%) compared to females (39,7%) and non-binary persons (0,6%). In addition, it can be noticed that the 
sample is biased towards a preponderant presence of employed and, especially, highly educated respondents. 
This bias can be explained with the fact that the survey was mostly distributed through professional social 
media (LinkedIn, Twitter) and though formal and informal professional networks. 
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Figure 211: Demographics 
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4.12.2. Pilot AV1 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

This section presents the results of the two validation activities conducted in Phase II with drone operators 
and pilots. Two different systems were evaluated in the two tests, with also different levels of maturity of the 
solution proposed. Nevertheless, in both cases the systems were based on the introduction of an increased 
level of automation in support of user activities that in Phase I had emerged as somewhat problematic and 
worth to be further explored. In both cases the criteria adopted to evaluate the impact of the proposed 
solutions were related to acceptance/acceptability and intention to use, which in turn were based on other 
aspects such as for instance the perceived usefulness and usability. In both cases the feedback collected was 
very positive, showing also a general positive attitude towards automation in drone operations 

4.12.2.1. Operators 
The results of the test conducted with drone operators were collected by means of observations, debriefings 
and questionnaires. The three set of results were very consistent and revealed a general positive feedback for 
the system proposed, in relation both to its purpose and usefulness and to the usability of its HMI. Even if 
some minor usability defects were noticed they were not considered significant enough to affect the quality 
of their interaction with the system, which was considered very satisfactory. In general, the system was 
considered very useful in solving the problem that the operators currently have with the risk assessment 
procedure and agreed on associating to this system the potential to make their work easier and quicker, while 
at the same smoothing also the work of those that are appointed to evaluate and approve the risk assessment 
report. In particular, the feature of automatic compilation and download of the report was consider 
particularly noteworthy, and helpful to create a recognised “standard of quality” of the document 

The HMI questionnaire was intended to collect the participants’ opinion regarding the interaction with the 
automated system via its user interface. This includes in particular aspects such as the feedback received from 
the system and the general operation or use of the interface elements.  

The results collected (see Table 25) are very positive and confirm the general positive feedback provided 
during the debriefings. In particular, the system used during the testing was considered innovative, supportive 
and useful for its purposes, trustworthy, clear, pleasant and easy to interact with, fast, predictable and easy 
to learn and to understand. It is worth noticing that while answering to this questionnaire most of the 
participants also agreed on attributing the system the property to be able to potentially change their attitude 
towards automated technologies. This can be easily explained considering that the risk assessment process is 
currently a very complex activity to them. Thanks to the guided process implemented in the system most of 
the participants had the perception of a much easier task, thus attributing this effect to the automation. One 
negative aspect reported in the questionnaire that is worth to report concerns the fact that for some of the 
participants the guided process, accompanied withal the explanations, was sometimes boring and irritating. 
They appreciated the fact that the system is designed in order to support the learning process of non-expert 
uses, however very expert user may prefer a version of the interface or the possibility to customise it. The 
suitability to users with different levels of expertise emerged as one of the relevant topics to be further 
explored in the design and development of the automated system used in the test. 

The system usability scale (SUS) questionnaire (results in Table 26) was designed to evaluate the Human 
Machine Interface of a system. As expected, the output produced essentially confirmed the opinion expressed 
in the HMI questionnaire, depicting a system considered easy to learn and to use, even without external 
support, not invasive in the activity and internally consistent. The questionnaire also collected the will of the 
participants to use the tool frequently, whenever needed.   
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The technology acceptance questionnaire was intended to judge the acceptance/acceptability of the system 
and the factors that influence it. The results (see Table 27) are consistent with those of the other questionnaire 
and show a high level of user acceptance/acceptability thanks to the above-mentioned factors. 

Table 25. Results of the HMI questionnaire 

 
ANNOYING / ENJOYABLE 

 
NOT UNDERSTANDABLE / UNDERSTANDABLE 

  
  

 
CREATIVE / DULL 

 
EASY TO LEARN / DIFFICULT TO LEARN 

  
  
 

BORING / EXCITING 
 

LIKEABLE VS IRRITATING 
 

  
  

 
NOT INTERESTING / INTERESTING 

 
UNPREDICTABLE / PREDICTABLE 

  
  

 
FAST / SLOW 

 
INVENTIVE / CONVENTIONAL 

  
  

 
OBSTRUCTIVE / SUPPORTIVE 

 
GOOD / BAD 
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COMPLICATED / EASY 
 

UNLIKABLE / PLEASING 

 
 

 
 

 
USUAL / LEADING EDGE 

 
UNPLEASANT / PLEASANT 

  
 

 
SECURE / NOT SECURE 

 
MOTIVATING / DEMOTIVATING 

 
 

 

 
MEETS / DOES NOT MEET EXPECTATIONS 

 
INEFFICIENT / EFFICIENT 

 
 

 

 
CLEAR / CONFUSING 

 
IMPRACTICAL / PRACTICAL 

  
 

 
ORGANIZED / CLUTTERED 

 
ATTRACTIVE / UNATTRACTIVE 
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FRIENDLY / UNFRIENDLY 

 
CONSERVATIVE / INNOVATIVE 

  
 

 
 

 

 
 

Table 26: Results of the system usability scale (SUS) questionnaire (1=strongly disagree / 5= strongly agree) 
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Table 27: Results of the Technology Acceptance questionnaire (1=strongly agree / 5= strongly disagree) 

 
USEFUL / USELESS 

 

 
PLEASANT / UNPLEASANT 

 

  
  

 
GOOD / BAD 

 
NICE / ANNOYING 

 

  
  
  



 

D5.2: Pilot results consolidation 

July 2022 183 
 

EFFECTVE / SUPERFLUOUS LIKEABLE / IRRITATING 
 

  
  

 
ASSISTING / WORTHLESS 

 
DESIRABLE / UNDESIRABLE 

 

  
  

RAISING ALERT / SLEEP-INDUCING 
 

 

 

 

  
 

4.12.2.2. Pilots 
Given the difference in terms of functionality and technological maturity, scenarios 1 (a, b) and 2 were 
analysed and evaluated separately. In the results below, responses for scenario 1 will reported in the first row, 
while for scenario 2 in the second row. 

For what concerns the perceived usefulness of ARTH, participants were asked: “How do you evaluate the 
usefulness of the Advanced Return To Home functionality?” in a five-points Likert scale (1 = Not at all useful, 5 
= Absolutely useful).  
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Figure 212: ARTH's Perceived Usefulness 

As can be seen in Figure 212, in both scenarios ARTH is perceived as very useful in supporting the pilot in case 
of emergency and to improve safety of operations. Particularly, the functionality represents a technological 
support to an activity that is already carried out in an informal and unstructured way. Pilots reported that the 
way in which the functionality is represented (e.g., the sequence of steps) is consistent with their mental 
model. In fact, especially in BVLOS missions, some pilots already identify alternative landing points but they 
keep them in mind as a “mental note” and use the help of observers to verify that the area is indeed safe for 
landing. 

On the other hand, selecting a new landing point is still perceived as very useful but there are some concerns 
regarding the technological feasibility and, therefore, also safety. It can be useful in determined conditions 
but pilots should always be aware of possible implications in terms of safety. 

Finally, the functionality was considered especially useful for BVLOS and EVLOS flights where flight distances 
are wider and the pilot doesn’t have visual contact with the drone. In such context, providing alternatives safe 
landing points could significantly improve safety of operations and could represent also a mitigation for the 
mission’s risk assessment. On the other hand, for VLOS flights, where distances are shorter and pilots always 
have direct visual contact with the drone, ARTH is still perceived as useful but the most appropriate choice still 
remains standard RTH. 

Regarding innovativeness, participants were asked: “How innovative do you find the Advanced Return To Home 
function?” in a five-points Likert scale (1 = Not at all innovative, 5 = Absolutely innovative). The results show 
that, despite ARTH is an evolution of an existing (and popular) functionality, it was perceived as innovative for 
both scenarios (Figure 213).  

 

Figure 213: ARTH's Innovativenes 

Moreover, in the most advanced drones there is already a similar functionality call rally point. Where the rally 
point is, the drone reaches the nearest safe place that the pilot has pre-planned. The innovative aspect of this 
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interface is the integration with the cartography that facilitates the use of the rally point functionality, 
integrating also the landing that is not included in the existing rally point. 

When it came to the intention to use such functionality, participants were asked: “If the Advance Return To 
Home functionality was available for your drone, would you use it? in a five-points Likert scale (1 = Absolutely 
no, 5 = Absolutely yes). The participants expressed a moderate-to-strong intention to use the functionality (if 
already available on the drone), with a slight preference for scenario 1 version (Figure 214). 

Figure 214: ARTH's Intention to Use 

For what concerns the intention to buy such functionality, pilots were asked: “Would the presence of the 
Advanced Return To Home function be an advantage when buying a new drone? in a five-points Likert scale (1 
= Absolutely no, 5 = Absolutely yes). Results show that pilots evaluate the presence of ARTH as a moderate 
advantage when buying a new drone, while expressed a neutral opinion for scenario 2 (Figure 215). 

 

Figure 215: ARTH's Intention to buy 

These results suggest that pilots are open to accept such functionality both in terms of intention to use and 
willingness to buy. However, there is a minor difference between the scenarios, with the pilots in the 2nd 
scenario being slightly less willing to use it and not considering it as an advantage (nor a disadvantage) when 
buying a new drone. This can be partly explained with the fact that, at the current stage, the identification of 
a new landing point directly through the system is still not technically feasible and, as emerged before, pilots 
might have some concerns in terms of efficacy and safety. 

Finally, participants were asked which factors could foster the acceptance of ARTH. Results are reported in 
Table 28. 
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Table 28: Factors influencing ARTH's acceptance 

In your opinion, what other factors might foster the acceptance of Advanced Return To Home? 
Very suitable for BVLOS or EVLOS operations, less useful (but still useful) for VLOS 
System robustness proven by numerous tests 
Knowledge and reliability of the technology used. 
Extended availability on vehicles of different ranges. 
Integration with current flight management systems  
Automatic preselection in plan/flight 

 

Across the overall discussion, among the others, two main factors emerged as especially relevant in fostering 
the acceptance: trust on system reliability and robustness and transparency of information. Such factors are 
of course strictly interconnected. Pilots would accept only a technology that has been proven to be reliable 
and robust across numerous tests. Moreover, transparency on information and parameters used by the 
system to make its own evaluation would increase pilots trust on the system. Another important factor is that 
the final decision should always be taken by the pilot. 

In conclusion, pilots were presented with a new concept of functionality called Advanced Return To Home. 
The expert evaluation of the concept was overall positive, with pilots perceiving it as useful and innovative. 
Pilots showed also intention to use such functionality and considered it as a neutral-to-moderate advantaged 
when buying a new drone. A minor difference has been noted between the different scenarios, with the 2nd 
being evaluated slightly less positive than the 1st (a and b). This difference could be explained by some 
concerns regarding the technical feasibility of the system and related potential safety issues. Finally, two main 
factors were identified as influencing future acceptance of such functionality: trust and transparency. 

 

Auditory Interface 

After the description of the functionality and an initial discussion to address questions and doubts, the 
participants were asked about the perceived usefulness of the Auditory Interface (“How do you assess the 
usefulness of the Auditory Interface function?”) using a 5-points Likert scale (1=Not useful at all, 5=Absolutely 
useful). Results show that pilots regarded at the Auditory Interface as highly useful (Figure 216). 

 

Figure 216: Auditory Interface's Perceived Usefulness 

However, during the discussion the participants identified some characteristics of the functionality that make 
it more attractive and useful than the existing version in Litchi. One participant reported that he deactivated 
the function on his Litchi interface because he could only set the functionality by time frequency and it was 
extremely annoying and it didn’t even attract attention because of background noise. On this regard, features 
such as the activation through the button on the cloche and the threshold setting were evaluated very positive 
as they could overcome the major issues of Litchi’s auditory interface. The thresholds in particular was 
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perceived as very useful for avoiding distractions and mental overload due to excessive information. It was 
also highlighted that, for the functionality to be useful, the messages should be clear and loud. 

Finally, as expected, it was considered as more useful for VLOS, when pilots can’t lose visual contact with the 
drone, respect than for BVLOS, when pilots have constant access to such information directly on the HMI. 

For what concerns innovativeness, pilots were asked: “How innovative do you consider the Auditory Interface 
function to be?” in a 5-points Likert scale (1=Not innovative at all, 5=Absolutely innovative). Not surprisingly, 
the functionality was not evaluated as particularly innovative since it is a quite common feature for other 
devices for everyday use, even though not for drones (Figure 217). 

 

Figure 217: Auditory Interface's Innovativeness 

Regarding intention to use, participants were asked: “If the Advance Return To Home functionality was 
available for your drone, would you use it? in a five-points Likert scale (1 = Absolutely no, 5 = Absolutely yes). 
The participants expressed a positive intention to use the functionality (if already available on the drone), 
although moderate (Figure 218). 

 

Figure 218: Auditory Interface's Intention to Use 

For what concerns the intention to buy such functionality, pilots were asked: “Would the presence of the 
Auditory Interface function be an advantage when buying a new drone? in a five-points Likert scale (1 = 
Absolutely no, 5 = Absolutely yes). In this case, pilots evaluated the presence of the Auditory Interface as a 
neutral-to-moderate advantage in buying a new drone (Figure 219). 
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Figure 219: Auditory Interface's Intention to buy 

Such results show a tendency to positively accept the Auditory Interface functionality. 

Finally, participants were asked which factors could foster the acceptance of the Auditory Interface. 
Reponses are reported in Table 29. 

 

Table 29: Factors influencing Auditory Interface's acceptance 

In your opinion, what other factors might foster the acceptance of Auditory Interface? 
The ability to select when and how you want alerts to appear 
The ability to set thresholds. The ability to customise or replace sounds or messages. 
Flexibility in setting different warnings, priorities, type of auditory warning 
The logic with which sound functions are highlighted 

 

As previously discussed, the degree of freedom for the activation of the messages and the thresholds setting 
were considered as important factors increasing the usefulness and therefore fostering the acceptance. In 
general, it seems that a high flexibility and the possibility to customise the functionality are considered 
important, as every pilot might be comfortable with different level of information and types of messages. 

In conclusion, the Auditory Interface concept was evaluated positively by the participants. The usefulness of 
such functionality, and therefore its acceptance, depends on the degree of freedom the pilots have to adapt 
the amount, rate and type of messages according to their personal mental comfort. 

External HMI 

The last part of the focus group was dedicated to evaluate experts’ opinions on drone’s External HMI (eHMI), 
with the objectives of: 

• Understanding which is the current state-of-the-art of the drones’ external communication 
• Investigating what was participants' preferred choice among various modality of eHMIs. 

From the discussion emerged how, at the current stage, drones communicate externally mainly through lights 
and sounds that inform about the drone’s status (e.g., a specific light is turned on when the GPS is activated, 
various sounds informing the battery critical level, etc.). Some drones could also have displays. 
The main lights and sounds are “standard”, consistent across drones. However, the number of specific lights 
and sounds is too high to be remembered even by professionals that rely on the control display to receive the 
messages. 
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Overall, the need of drones’ external communication is considered important but somehow limited by the fact 
that the interaction with “external” actors (i.e., not directly involved in the mission) is rare. This is due to the 
fact that, for safety reasons, the majority of missions are conducted in restricted areas with limited access. 
In the situations where drones could enter in contact with non-professional (such as crowd monitoring or 
aerial shooting of an event), communication is mainly limited to warning and alert sounds that, together with 
other solutions (i.e., parachute), could represent a mitigation strategy in case of drone’s malfunctioning.  
Moreover, it needs to be considered that drones are able to communicate effectively only when they are close 
enough for any kind of message to be clearly received by the other person, that is mostly in the ascent and 
descent phases. 
When asked to rank various modality of external communication, the participants expressed “conservative” 
preferences with lights and sound as the most preferred options. In particular, the movement option has been 
discarded due to safety reasons and technical limitations. 

In details, the overall ranking can be seen in Figure 220. 

 

Figure 220: Ranking of eHMIs 

 

4.12.2.3. Drones’ Acceptance Survey 
Respondents were asked about their attitudes toward drones, in terms of Privacy, Security and Safety 
concerns using a five-points agreement scale (1 Completely disagree – 5 Completely agree). Results in Figure 
221 show that respondents’ concerns for all three factors are positioned around the mid-point. Therefore, 
Privacy (M = 3,359), Security (M = 3,178) and Safety (M = 3,069) don’t seem to represent major concerns with 
respect to drones, nor are completely disregarded. 

After general attitudes, participants were asked about Perceived Usefulness, Trust and Acceptability related 
to four different scenarios: 

• Scenario 1: Monitoring and surveillance of crowds and individuals 
• Scenario 2: Environmental monitoring and inspection 
• Scenario 3: Delivering goods 
• Scenario 4: Transport 
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Figure 221: Means of Privacy, Security and Safety concerns on drones 

For what concerns the Perceived Usefulness, results show that drones’ usefulness perception varies across 
different scenarios (Figure 222). In details, drones are perceived as most useful for environmental monitoring 
and inspections (M = 3,746) and least useful for transport (M = 2,665), with monitoring and surveillance (M = 
3,115) and goods delivery (M = 3,299) in the middle, just above the mid-point.  

 

Figure 222: Perceived Usefulness across scenarios 

Therefore, results suggest the respondents perceive the usage of drones as more useful where there are less 
or more complicate and expensive alternatives (i.e., environmental monitoring and inspections and goods 
delivery) and less useful where there are already various existing alternatives to drones (i.e., transport). This 
tendency seems to be confirmed by results in Figure 223 that show how inside scenario 3 and 4, drones are 
perceived as more useful when used in rural areas, that is where both deliveries and transport are less 
widespread, slower and more expensive. 
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Figure 223: Perceived Usefulness in rural vs. urban areas for scenarios 3 and 4 

For what concerns Trust, results show a general low level of trust across all scenarios (Figure 224), with all 
means below the mid-point (M1 = 2,636, M2 = 2,882, M3 = 2,692, M4 = 2,609). Drones for environmental 
monitoring and inspections seems to be slightly more trusted (even if below mid-point) by the public, probably 
because it is the only scenario where there is no involvement of people, apart from the pilot and the crew. In 
this sense, mistrust on the pilots’ capability and on technical failures are mitigated by the fact that any accident 
will have none or little impact on people’s safety. 

Finally, for what concerns Acceptability, results show a significant variation across scenarios. As can be seen 
in Figure 225, the public seems to strongly accept the usage of drones for environmental monitoring and 
inspection (M = 4,250) while suggesting negative acceptance for monitoring and surveillance (M = 2,892) and 
transport drones (M = 2,721). For goods delivery, results suggest a weak-but-positive tendency towards 
acceptance (M = 3,233). 
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Figure 224: Trust across scenarios 

 

Figure 225: Acceptability across scenarios 

As for Perceived Usefulness, Figure 226 show that people are more willing to accept drones for both deliveries 
and transport when used in rural areas (M3 = 3,500, M4 = 2,864) compared to urban areas (M3 = 2,972, M4 = 
2,466). 
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Figure 226: Acceptability in rural vs. urban areas for scenarios 3 and 4 

 

In conclusion, the results of the survey indicates that the level of acceptability of drones by general public is 
still medium-to-low. More importantly, they clearly indicate that the acceptability is strictly connected to the 
area of application of such technology. In fact, participants are significantly more willing to accept the usage 
of drones for environmental monitoring and inspections compared to the other scenarios. 

Moreover, another important role is played by the area in which the drones are used. Results clearly suggests 
that the general public is more willing to accept the usage of drones in rural area compared to urban areas. As 
a matter of fact, environmental monitoring and inspections are conducted in rural areas for most of the times.  

Thus, these results suggests that drones are more accepted when their interaction with individuals is limited 
or absent. However, results on attitudes toward drones don’t seem to support this hypothesis, with concerns 
over privacy, security and safety reported as non-particularly severe. 

On the other hand, results indicate that the general public still distrust drones, regardless the area of 
application. What seems to be relevant, again, are the consequences of a potential failure. 

Finally, the perceived usefulness of drones depends on the area of application, with more usefulness perceived 
where the other technological or human alternatives are not as effective as drones could be. On this regard, 
usage of drones in rural is again perceived as more useful 

 

4.13. Outputs from WP3: AV acceptance simulation platform and tools  
The results from the user tests and expert sessions performed in Drive2theFuture pilots show different insights 
how the HMI can contribute to support the user's decision when and for what to adopt AV’s in their daily lives. 
For WP3 HMI issues, the phase II pilot test are used to derive optimal HMI elements for the different transport 
modes and user clusters with a focus on affective, persuasive, trusted and personalized HMI for AV 
acceptance. 

Main Results of User Tests and Expert Sessions 

The results support the benefit of applying the design recommendations and best practice examples 
developed within WP3 on HMI Issues to the different transport modes and different types of HMIs (in-vehicle, 
external and remote HMIs). For example, it was shown that in an automated bus an in-vehicle HMI informing 
the passengers about the activated automation function using a LED stripe around the windscreen enhances 
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their user experience. Several user tests focused on applying external HMI on AVs, which can support 
pedestrians or cyclists to understand an AV’s actions and awareness of the surroundings. The results show 
that external displays with icons and text messages help other road users to safely interact with AV’s and aid 
people’s comprehensibility of these vehicles. Thus, these HMI elements can contribute to an enhanced user 
acceptance of AV’s in road traffic.  

Apart from that, expert sessions, e.g. with Traffic Management operators, were used to investigate user’s HMI 
needs. For the introduction of automated busses into traffic and a possible remote supervision and operation 
of these driverless busses, the operators would prefer an icon or LED stripe on the operator dashboard 
regarding the status of the bus. Furthermore, if the remote operation of autonomous busses was possible in 
case of automation failure, a joystick or controller would be preferable over a steering wheel, since the 
participants agreed that this would be easier to operate.  

Most importantly, HMI user tests have shown that for a safe operation and high user acceptance, future users 
require training and information on new HMI elements for automated functions, enabling them to interpret 
and use them correctly. 

 

Personalization as an important factor 

The user tests of phase II also show that personalization of HMIs to different target users is an important factor 
for user acceptance of AVs. The findings reveal that there are differences regarding the age groups and 
different user clusters in the reception of internal and external HMIs. Study participants representing different 
user clusters also showed different preferences in relation to the HMIs of AVs, in order to make the automated 
function comprehensible, easily noticeable, not-disturbing and not causing anxiety among them. Thus, the 
application of a personalised HMI concept which addresses the targeted needs is a key success factor in HMI 
and user acceptance.  

 

Input for the HMI development toolkit 

The optimal interaction concepts for AVs will be used to develop an HMI toolkit in Virtual Reality which 
contains HMI elements for in-vehicle, external as well as remote operation HMIs for AVs for different user 
groups. It shall demonstrate best practice examples developed in the project and provide guidelines that were 
developed within WP3. The tool then allows for rapid prototyping and evaluation of new HMI concepts 
regarding user acceptance since concepts can be demonstrated and experienced by users in Virtual Reality.  
 
Based on phase II results of the Drive2theFuture pilots, key findings on optimal HMI elements for AV functions 
to be considered for the HMI development toolkit are: 

In-vehicle HMI  

• Steering device in accordance with existing good practices for manual operation (e.g. steering wheel, 
joystick controller) 

• Light around the windshield to indicate automation status (e.g. in the bus) 

• Icon showing automation status (e.g. in a car) 

• Current speed and speed limit 

• Environmental information (e.g. for the car, the ego-vehicle and the surrounding area of the vehicle 
with detected object are shown schematically) 
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• Figure 227: HMI concept for driving a Level 4 automated vehicle on the highway  

• System’s planned actions (e.g. for the car, a planned passing manoeuvre shown by an arrow to the left 
of the ego-vehicle) 

• For a fully automated shuttle: Possibility to contact the provider behind the system, e.g. by a support 
hotline in a shuttle bus 

• Provision of correct preliminary information about the system, such as a warning of sudden braking in 
an autonomous shuttle bus 

 

Remote HMI 
 

• Joystick or controller (e.g. raildriver controller) 

• Display with real-time front-view of environment ahead  

• Speedometer on front view display 

• Vehicle information (e.g. for train: brake and traction force; for drone: connection status) 

• Operational information (e.g. for train: timetable information, map with route) 

External HMI 

 
• Awareness and intent cues regarding the autonomous bus 

• Information for other road users to be able to overtake the autonomous bus 

• Sound to inform that bus is automated (when approaching bus stop) 
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First examples of best practice HMI concepts as virtual demonstrators for different transport modes have been 
developed by including these optimal HMI elements and guidelines for a HMI concept riding a highly 
automated car in the highway, riding in a fully autonomous shuttle bus (see Figure 228) and training basic 
drone operations (see Figure 229). 

 
Figure 228: Passenger information display in a fully autonomous shuttle bus  

 

 

 
 
 
 
 
 

  

 

 

 

Figure 229: HMI for basic drone operations  
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5. Pilots results – Phase III. Evaluation of the training programs 
and schemes per mode and cluster 

5.1. Pilot RO1 
The objective of Phase III was to implement the eHMI instruction sign developed in Phase II and evaluate other 
road users’ understanding and learning effect of the sign. The aim of the eHMI sign is to affect /motivate road 
users towards more careful overtaking behaviour and consequently improve the performance of the shuttles. 
Originally, the shuttles that have been used on route 85B (Nedre Bekkelaget – Malmøya) had a text “be careful 
when overtaking” placed on the bottom of the back window glass. In Phase III the additional eHMI sign “Are 
you overtaking? Keep distance!” developed in Phase II was mounted inside the shuttles. See Figure 230 for 
the final combination.  

 
Figure 230: The final combination of messages displayed on the shuttle  

There were in total four shuttles operating on Ormøya (nr. P064, P067, P085 and P112). The eHMI sign was 
installed 22.10.2020 on two shuttles (P067 and P085). 

To evaluate the efficiency of eHMI sign, we applied before-after analyses. In this analyses we compared (1) 
log-data and (2) video-data collected by the shuttles in periods before and after the installation of the eHMI 
sign. The before-period was from 15.08.2020 to 25.08.2020, while the after-period lasted from 10.12.2020 to 
18.12.2020. As we were interested only in the interactions that occurred when the shuttles were in the 
automated mode, the registered events where the shuttles ran in the manual mode were filtered out. Table 
30 shows when each shuttle was in operation during before and after period and its status (with or without 
eHMI sign).  

Table 30: Dates of operation of shuttles in before and after period 

Shuttle 
nr. 

eHMI sign 
Before period – August 2020 

15 16 17 18 19 20 21 22 23 24 25 
P085 no x - x x x x x x x x x 

P112 no x - x x x x x x x x x 

Shuttle 
nr.  

HMI Sign 
After period – December 2020   

10 11 12 13 14 15 16 17 18   

P064 no x x - x x x x x x   

P067 yes x x - - x - - - -   

P085 yes x x x x x x x x x   

P112 no - - - - x - x x -   
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In addition to before-after analyses, a roadside interview study in the after period was conducted to find out 
road users’ understanding of eHMI sign.  

Users included car drivers and cyclists driving/riding behind the shuttle along its route on Ormøya. These are 
mostly residents in the area and attendees to the local school.  

Not relevant for analyses of shuttles log data. The video recordings taken from cameras inside the shuttle were 
very low resolution and road users could not be recognized (see also Phase II). 

The road users of the interview study participated on a voluntary basis, and no person can be identified in the 
survey sample. 

Equipment 

The shuttle Navya Arma operating in Phase III is the same type / version as the shuttles operating in Phase I.   

For video recording, dash-cameras mounted in the shuttle looking out through the front and back windshields 
were used. These cameras were the same as used in Phase II.  

Procedures used during data collection 

5.1.1.1. Roadside interviews  

A small-scale interview study (n=28 respondents) was conducted in December 2020 to explore whether road 
users had seen the sign and comprehended its meaning. The HMI sign on the shuttle had then been 
operational for about 1 month. The interviews took place along the Ormøya route, with road users walking 
along the route or had just parked their car at a parking lot at the beginning of the route. All respondents 
signed for their consent. A brief questionnaire was developed in QuenchTec software; the answers were 
entered using a notebook. The interviewer asked the following questions: 

 How often are you in this area? 
 Do you have a driving licence? 
 Are you aware that the automated shuttle drives here? 
 Have you ever used the shuttle as a passenger? 
 Have you ever overtaken the shuttle (as a driver or a cyclist)? 
 If yes, under what circumstances? 
 Did the bus somehow react to being overtaken by you? 
 Do you know the meaning of this sign? 
 What do you think that this sign means?  

5.1.1.2. Shuttle data 

Two types of shuttle data were collected – 1) video data and 2) log-data. Video data from inside the shuttle 
were collected in the same way as in Phase II. Regarding log data, the shuttles register two types of log-data. 
First type includes operational data collected every second such as the shuttle position, heading and speed. 
The second type are event related data that include several categories of braking and obstacles detected. The 
obstacles detection is based on Lidar data.4 The event data have position and date/time attached. Log-data 
are stored in flat csv files.   

Following log-data relevant were consider as an indicator of eHMI sign efficiency: 

 Intensity of braking events (there were two intensity categories – severe and strong, with severe > 
strong) 

 Obstacles detected  
 Distance (km driven)  

                                                           

4 The bus navigates on virtual track by RTK GPS and Lidar scene matching. The system looks for anomalies in the Lidar 
image when compared to the stored ground truth. 
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The log files were downloaded from the shuttles by the shuttle operator HOLO and transferred to TØI. The 
data from the shuttles without the HMI sign were used as a control in the after-period. 

5.1.2. Pilot RO1 Results 
Roadside interview data were analysed using descriptive statistics. 

Before-after analyses has been conducted as a simple comparison of the means/frequencies of numbers of 
detected objects, strong and severe stops, the factors contributing to the occurrence of these stops and the 
danger levels of the captured situations. There were three categories of “danger level” distinguished: 

 Level 1 – Harmless 
 Level 2 - Slightly dangerous 
 Level 3 - Quite dangerous  

These categories are rather subjective, as they were estimated by a researcher who analysed video data. The 
categorization depended on speed, potential harm and physical proximity. When comparing the 
means/frequencies, we opted not to use any null-hypothesis significance testing. Such tests work under 
certain assumptions, several of which were not met in this dataset. The lack of a control condition in the video-
data also limits the use of statistical inference testing. Therefore, we used the means and frequencies rather 
to investigate effects and patterns.  

5.1.2.1. Roadside interviews 

Results from the interviews show that the vast majority of respondents (sample of 28 people) were familiar 
with the Ormøya area as they indicated to be there every day (n=24, 86%), they were familiar with the shuttle 
(n=26, 93%), and had a driver licence (n=25, 89%). More than a third (n=10, 36%) had been a passenger on the 
shuttle. Most respondents reported that they had overtaken the shuttle after driving behind it as a car driver 
(n=23, 82%), and one had overtaken the shuttle as a cyclist. 
When asked in what situation they had driven / cycled behind the shuttle, 21% (n=5) answered that this was 
while the shuttle was standing still at the shuttle bus stop, 16% (n=4) while the shuttle was driving, and 63% 
(n=15) in both situations. In most cases the shuttle did not react in any special way when they drove / cycled 
past it (14, 73.7%). A few respondents answered that the shuttle stopped (4, 21.1%) or braked (1, 5.3%) when 
they drove / cycled past it.  
Most road users recognized the sign and reported to understand its meaning. When asked “Do you understand 
what this sign means?”, 82.1% (n=23) understood the meaning of the sign, while 10.7% (n=2) did not. Two 
respondents did not know. Furthermore, respondents were then asked to describe in an open text format how 
they interpret the sign, or what they think when they see it.  A variety of answers were provided, and it appears 
that they generally do not describe the exact message that was meant to communicate. Most of the 
respondents did not directly provide an explanation of what the sign means. This is understandable because 
even if most respondents had overtaken the shuttle, only 5 of them had experienced that the bus braked or 
stopped while they were doing so. Thus, even though observations during Phase I and II had shown that hard 
braking or sudden stops of the shuttles were one of the most safety relevant interactions with other road 
users, this had not happened often with those who were interviewed in this small-scale survey.  
Most respondents mentioned more general observations and opinions they associate with the sign, that 
indicate that the respondents are familiar with the fact that it is challenging to overtake the shuttle on this 
particular narrow road. They mention generally that the shuttle drives slowly, is difficult to overtake, that it is 
difficult to plan to overtake, and there is a queue behind the shuttle (“it is difficult to get past the shuttle and 
it is slow”). A few mention that it is “annoying” or “irritating” that the shuttle drives so slow, particularly when 
there is a heavy vehicle on the route as well, whereas others mention the shuttle is “sweet”, “good for old 
people”, and that it is “nice and good”.  
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5.1.2.2. Shuttle data 

In total, the shuttles drove 1357,4 km in before and after period (see Table 31) 

Table 31: Distances driven by the shuttles in before and after period 
 Before 

After 
with eHMI sign without eHMI sign 

Distance 
(km) 

761,8 269,3 326,3 

The results of before-after analyses are described separately for log-data and video data.  

5.1.2.3. Log-data 

The Table 32 shows the sums of events (strong and severe braking, obstacles detected) collected by the 
shuttles, events’ frequencies per km driven and the mean frequency of all events per km driven for before and 
after periods. Furthermore, the after-period differentiates between the shuttles with the sign and the shuttle 
without the sign.   

 

Table 32: Data from the logs in the shuttles 
  

Data SUM Pr. km Mean 

Before 
 

Strong braking 885 1.16 

0.70 
  

Severe braking 190 0.25 
  

Obstacles detected 516 0.68 

After Sign Strong braking 232 0.86 

0.70 
  

Severe braking 75 0.28 
  

Obstacles detect 262 0.97 
 

No-sign Strong braking 391 1.20 

0.61 
  

Severe braking 77 0.24 
  

Obstacles detected 127 0.39 

Based on the results in Table 32, we cannot conclude that the sign has made a significant change in the 
shuttles’ performance. The frequency of "Strong braking" decreased after the installation of the signs, 
nevertheless the change is small. However, there is great variation and uncertainty in the data. This is also 
because one does not know what the shuttles have reacted to when they have identified objects and braked. 

5.1.2.4. Video-data 

Factors contributing to the hard stop 
In total 238 video clips showing a hard stop were collected (136 in before period, 102 in after period). The 
videos were categorized according the factor that contributed to the stop. Note, that several categories were 
possible for each clip. 

In the before period, most factors were categorized as "Diverse". These can be cars for example cars that have 
parked inside the roadway (i.e. inside the shuttle’s safety zone). Being overtaken was the second most 
frequent factor causing an abrupt stop of the shuttles. In the after-period, most factors were categorized as 
"Unknown/Nothing." Most of these stops related to “Unknown/Nothing” were recorded on dark days with a 
lot of rain, which may have disturbed the sensors in the shuttles. Apart from these, "Diverse" and "Overtaking" 
were the most common factors.   
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Table 33 shows the comparison of factors’ frequencies in before and after periods.  

Table 33: Comparison of factors’ frequencies 

Factor % before % after 
Diverse 45% 36% 

Overtaking 42% 25% 

Oncoming traffic 25% 16% 

Unknown/Nothing* 18% 42% 

Close-in in front 10% 7% 

Close-in in back 4% 4% 

A bird 4% 0% 

Right hand rule 2% 1% 

* no indication of anything causing the stop. The bus would drive along and then suddenly hard brake 

We see some changes from before to after. Of particular interest is the fact that the shuttles in after-period 
experienced less abrupt stops due to overtaking and road users who turn in close in front of the shuttle. The 
category "unknown/nothing" has a large increase in the after-situation, which may be due to the fact that the 
after-period was characterized by a lot of rain. 

Danger level of situations 
In the before period, five video clips were categorized as level 2 (slightly dangerous) and two as level 3 (quite 
dangerous see an example on Figure 231). The rest was categorized as category 1 (harmless). The clips 
categorized to be more dangerous contained high speeds and close proximity of road users. Often they would 
also an evasive manoeuvre from the shuttle or other vehicles. In after period, two videos were categorized as 
level 2 (slightly dangerous), the rest was category 1. 

 
Figure 231: Inside camera in the shuttle captured this risky overtaking under low visibility and in the curve 

(categorized as Danger level 3) 

5.1.3. Pilot RO1 analysis and conclusions with respect to training programs 
and schemes per mode and cluster 

Analysis of log files and video clips indicate a positive effect of the eHMI sign on overtaking behaviour. From 
comparison of log data, we see that the frequency of “strong breaking” decreased and number of “obstacles 
detected” (without braking) events increased in the after period for the shuttles with the eHMI sign, while 
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opposite trend was found for the shuttles without the sign. This may mean that the drivers overtook the 
shuttles with the sign more carefully and were just detected as an obstacle, not causing strong braking. Data 
from dash cameras show that the shuttles in after-period experienced less abrupt stops due to overtaking and 
road users who finished overtaking manoeuvre too close in front of the shuttle. Furthermore, we observed 
less dangerous situations in after period.  

The road-side survey shows that the respondents are familiar with the fact that it is challenging to overtake 
the shuttle on this particular narrow road. Most of respondents believed to understand the message displayed 
on eHMI sign, however they generally do not describe the exact message that was meant to communicate. 

Due to the various methodological challenges (e.g. different seasons in before and after periods, lack of good 
experimental control, the exact reasons for the events identified from log-data are unknown, small sample 
size in the survey) it is difficult to make statistically solid conclusions regarding the effects of the eHMI sign. 
Therefore, the results should be interpreted with the utmost care. 

In general, findings from RO1 suggest that there is still a lot of work required before the shuttles can safely 
and smoothly operate in regular complex urban traffic without a human operator on board. On the other 
hand, public transport operators and municipalities are eager to add the automated shuttles into their regular 
public transport services, especially in areas without existing public transport services. The pace of 
technological development is enormous, and the existing technological problems will probably be solved in 
the very near future. Therefore, the safety research must closely follow the rapid development of automated 
shuttles and their deployments into traffic. As for the shuttles, the crucial technological and software 
challenges are the correct detection and interpretation of traffic situations, intensity of braking, and 
communication with other road users. The research must focus not only on the shuttles, but also on how other 
traffic participants perceive them, how they behave when encountering the shuttles, and why they behave in 
such ways 

 

5.2. Pilot RO2 
The aim of Phase III was to train people in the VR environment to interact with automated vehicles. By the use 
of a survey after the training the gained acceptance and trust in automated vehicles was measured. In total 
20 persons were trained in the VR environment with 11 experts in autonomous driving among them. The two 
groups of experts and non-experts filled out the same survey, but were evaluated separately. 

The use case for this phase is Use Case 3: AV conspicuity HMI & strategies for interaction of automated road 
vehicles with non-equipped other road users. In Phase III, people were trained in the VR environment and 
interviewed about their experiences during the training. The training included three scenarios. In all of them 
the trained person acted as a pedestrian and crossed the street while an automated vehicle was approaching. 

        

Figure 232: The different situations the test persons were immersed in as pedestrian during the VR user study 
In the user study 11 experts, all developers and researchers in the field of autonomous driving, were trained 
and interviewed. The experts were aged between 26 and 35 and 9 of 11 experts were male. Furthermore 10 
non-experts without professional background in this field were involved.  The non-experts were aged 23 to 
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45, all of them male. Every test person stated to have a driver license. The test persons were immersed as 
pedestrians in the simulation and their interaction with an automated vehicle was tracked in different 
situations. Later they were asked to fill out a survey. 

In the simulations, the vehicle was controlled by a highly automated driving function, i.e. in automated mode. 
A pedestrian was controlled by a participant wearing the VR headset. The participant’s position and 
orientation were tracked using the SteamVR tracking sensors within the trackable area in the laboratory. 

The user controlling the pedestrian was told to start walking and to cross the street at any time while the 
vehicle had to react to the pedestrian. In some cases, the pedestrian was standing on the street to force the 
vehicle to stop. Each test person ran through two or three different scenarios. The trajectories of all involved 
traffic participants were recorded, postprocessed and finally saved to CSV files.  

After the experiments the test persons were asked to fill out the Training Evaluation questionnaire (TEQ) and 
another questionnaire about their estimation of the criticality of the situation and their behaviour compared 
to the real world’s behaviour. Furthermore, they were asked about their usual behaviour in traffic 

5.2.1. Pilot RO2 Results 
The Training Evaluation questionnaire (TEQ) was used for questioning the persons after the training. We also 
added a specific questionnaire with questions concerning each situation and some personal questions 
regarding the test person’s usual behaviour in traffic. 

For each situation the participants were asked to agree or disagree to the following statements: 

1. My behaviour was similar to my behaviour in the real world. 
2. I walked with my usual speed. 

In addition, we asked the following personal statements: 

1. I have a driver's license. I have a driver's license. 
2. I have experience with the following assistance system: 
3. My age: 
4. I use the following means of transport: 

The data was collected during June in 2022. In the simulations, the vehicle was controlled by a highly 
automated driving function. A pedestrian was controlled by a participant wearing the VR headset. The 
participant’s position and orientation were tracked using the SteamVR tracking sensors within the trackable 
area in the laboratory. After the VR simulation each person was sent an e-mail with links to the questionnaires. 
In total 19 of the 20 participating persons answered it. 

In total about 60% to 70% evaluated the quality of the training positive, while the rest of the test persons 
evaluated it neutral.  
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Figure 233: General opinion about training tool 

Almost every participating person said that the training was easy to understand and that they liked the VR 
environment with its graphical elements. We modelled the real test area very detailed, so that a realistic 
feeling could arise using the VR glasses. 

As expected the topic is more relevant for experts than non-experts. However, non-experts learned more, 
since they had lower foreknowledge and also the increase in trust and acceptance was higher for non-experts. 
Almost 90% of the non-experts said the training increased their trust. From the expert’s group this was only 
said by about 50%. 

In the following charts the answers for each question in the Training Evaluation questionnaire is presented 
separately for experts and non-experts. 
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Figure 234: Training evaluation questionnaire answers 

 

Both groups were curious about the reaction of the automated vehicle, but the experts tried to provoke the 
vehicle more, while the non-experts behaved in a more realistic way. Most test persons said, that their walking 
speed in each scenario was slower than in reality to avoid collisions. Figure 5 and Figure 6 show the answers 
for the relevant questions in combination for all three scenarios.  

Depending on the situation about 90% of non-experts and 60%-70% of experts said they walked slower than 
they would in the real world. Possibly a larger VR cave might lead to a more realistic behaviour. Nevertheless 
about 45% of the non-experts said that their behaviour was similar to their real world’s behaviour. The experts 
interacted more with the automated car, and thus only 20% of them said that their behaviour was equivalent 
to their usual behaviour in traffic. 
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Figure 235: Left: Answers of experts, Right: Answers of non-experts (a) 

 

 

Figure 236: Left: Answers of experts, Right: Answers of non-experts (b) 

 

5.2.2. Pilot RO2 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

We used the VR environment built up in Phase I to let users interact with an automated vehicle. At the 
beginning of the study, a broken graphical card led to stutters during the simulation, that were perceived as 
very annoying by the test persons. However, the simulation itself and the use of the VR glasses were greatly 
appreciated. After the training the users were asked about their experiences. For the survey we used the 
Training Evaluation questionnaire. 

Overall VR appears to be a suitable tool to train future users with automated vehicles and to increase their 
trust and acceptance of the system. By testing the reaction of the automated vehicle in the safe VR 
environment, the pedestrians learn, that the vehicle is aware of them.  We noticed, that the behaviour of the 
pedestrians differed from the real world’s behaviour. This is due to the reduced walking speed of the 
pedestrians, but also because of the possibility to safely explore the reaction of the vehicle, as one wouldn’t 
do in real traffic.  Further improvements of the training could be obtained by demonstrating the reaction of 
the automated vehicle to the user.  For a better understanding of the system a visualization of the car’s view 
and its trajectory planning could lead to further trust and acceptance.
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5.3. Pilot RO3-A 
The objective of Phase III of the RO3-A pilot was to study the effectiveness of a training protocol for drivers of a 
level 3 AV (SAE, 2018).    

VED developed a basic training protocol for drivers of L3 AV presented in three different modalities, namely, 
paper, video, and practical training, as part of a previous project (AutoConduct). The aim of the on-road 
experiment was to familiarize the driver with the functioning of a Level 3 AV, train the driver to handle normative 
(i.e. normal driving in automated driving mode) and non-normative (i.e. takeover request) situations. The 
information provided in the content of the three protocols was identical, and mainly about how to 
activate/deactivate automation and the different modes of HMI. The results showed that the takeover time was 
shorter following a practical training compared to paper and video trainings, while there were no differences 
among the modalities in terms of subjective evaluation, such as trust in automation or acceptability.  

While training on the functioning of AV helps drivers to operate the vehicle under normal circumstances, it does 
not prepare them to handle the situations where knowing the capacities and especially the limitations of the AV 
as well as the driver becomes vital. The RO3-A, thus, builds on this basic training on the functioning of AV by 
complementary module providing information on the human factors issues. The details of the training protocols 
will be explained in the Method section. 

Training protocol 

Two different versions of a training protocol were tested: basic and advanced. The basic training protocol 
consisted of a single module and was the same as the one used in the AutoConduct project. The driver was 
informed about the basic functioning of the vehicle, how to activate/deactivate automated driving, how to take 
over control, and the different modes of HMI.  

The advanced training protocol consisted of two modules. The initial part was same as the basic training. The 
second part was developed following Casner and Hutchins (2019) and consisted of three themes: automation, 
drivers, and the driving task. The module informed the driver about the capacities and limitations of the 
automation, potential automation failures and risk situations, and the effect of automation on the human 
cognitive processes and driver performance.  

The basic training was presented as a video recorded in the vehicle, while the advanced module was a power 
point presentation converted to a video. Training protocol was a between-groups variables, that is, one group 
received the basic training and the other group received the advanced training.   

Evaluation of the training protocol 

The scale for the evaluation of training protocol has been developed by the WP5 of the Drive2theFuture project. 
It consisted of 13 items, one asking for the overall quality of the training and 12 measuring diverse dimensions 
on a 5-point Likert scale. A French translation has been used in the Pilot.  

A semi-structured interview has been at the end of the procedure to understand better drivers’ evaluation of 
the training.  

5.3.1. Pilot RO3-A Results 
Evaluation of the training protocol by questionnaire  

There were two indicators of drivers’ evaluation of the training protocols we presented them. The first one was 
a single item asking for the quality of the training. The second was the mean score of drivers’ answers to the 12 
questions in the questionnaire.  
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Globally, the evaluations were rather high, above 4 out of 5. Overall, the perceived quality of the advanced 
training was perceived higher than the basic training, although the difference was only marginally significant, F 
(1, 24)= 2.97, p< .09.   

With respect to the mean score of the questionnaire (12 questions), there was no effect of the type of the 
training protocol.  

 

 

Figure 237: Evaluation of the training protocols 

 

In order to test whether the experience of driving impacted drivers’ evaluation of the training protocol, we 
carried out further analysis. Accordingly, both the quality of the training and the overall score of the training 
were significantly higher after driving in the AV regardless of the training type, t (25)= -3.64, p< .001 and t (25)= 
-2.07, p< .05, respectively (Figure 237). 

A detailed look into which dimensions were evaluated differently between the basic and the advanced training 
before and after the training revealed interesting insights into data.  

Before driving experience, drivers considered the advanced training protocol more clear and easier to 
understand than the basic training, while they also stated that the advanced training did not increase their trust 
in the system or their willingness to use the system (Figure 238). Hence, learning the capabilities and limitations 
of automation, and the potential impact of automation on the driver was considered useful, but it probably 
induced an awareness of risks of automation, which eventually reduced trust and willingness to use the system.   
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Figure 238: Evaluation of the basic vs advanced training protocol before driving experience 

The comparison after the driving experience, shows that the advanced training was considered still more clear 
than the basic training, but it did not help increase acceptance of AV. Interestingly, on-road experience helped 
drivers in the advanced training group restore trust in the AV, as the increase in trust for this group was larger 
than the increase in the basic training group. This implies that the initial skepticism induced by the awareness 
of the risk of AV was mitigated by actual, on-road experience.      

 

 

Figure 239: Evaluation of the basic vs advanced training protocol after driving experience 

 

Training evaluation by interviews 

We will present the results of the qualitative analysis of the interviews in terms of percentages because we had 
unequal number of participants in two groups, 13 participants in the basic training group and 11 participants in 
the advanced training group.   

We initially asked drivers their opinion the basic training. Table 34 presents an analysis of their answers about 
the basic training module. The content of the basic training was perceived very clear and concise, and it 
corresponded well to what drivers actually experienced during the driving session for both groups of drivers. 
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Furthermore, it was considered easy to understand and sufficient to drive on-board an AV, coherent with the 
results of the questionnaire above.   

Participants in the advanced training group were asked their opinion about the additional information about the 
additional part on the human factors issues. The advanced module was considered useful in terms of reminding 
drivers of the limitations of human capabilities and the impact of automation thereon by 80% of the participants 
in this group. However, it was also considered abstract and difficult to retain. Thirty percent of the participants 
stated that it helped them be cautious about the potential for reduced vigilance during automated driving.    

Table 34: Qualitative analysis of the interviews on the evaluation of the basic training (%) 

 Total  
(n=24) 

Basic training 
group (n=13) 

Advanced 
training group 

(n=11) 
Clear/Concise 67 77 55 
Corresponds to in-vehicle experience/ No 
surprises 58 54 64 
Easy to follow - understand/simple 46 46 45 
Comprehensive/ Sufficient 42 23 64 
Efficient 13 23 0 
Reassuring 13 0 27 
Useful/ Indispensable  8 8 9 
Fun/ Pedagogical  13 16 9 

 

Finally, we asked drivers whether they would like to have a information/training if they were to buy an 
automated vehicle. Driver unanimously stated that they would definitely need both information (e.g. via videos) 
and practical training (e.g. 1-hour training when they buy an AV), especially in terms of how to react in case of a 
problem, an automation failure or unexpected event that cannot be handled by the AV.  

5.3.2. Pilot RO3-A analysis and conclusions respect to training programs and 
schemes per mode and cluster 

The results of the RO-3A pilot on the driver training revealed interesting results for two types of training protocol 
for the drivers of AV: a basic training on the functioning and use of AV versus an advanced training where the 
effects of automation on human factors issues were highlighted.  

A basic training is already considered sufficient to use an AV.  

Complementary information to create awareness on the impact of automation on drivers is considered useful, 
but also evaluated as decreasing trust, willingness to use AV, and acceptance. However, experience of 
automated driving is likely to restore trust.  

Finally, drivers think it is indispensable to have both information and practical training in case they buy an AV.  

Overall, we conclude that drivers appreciate the importance of being reminded of the potential effects of 
automation. The risk aversion induced by such information can be mitigated by practical training to help drivers 
learn how to cope with unexpected situations while automated driving. 

 

5.4. Pilots RO3-B/C 
The Phase III experiment for French pilot has been defined on page 12 of the final proposal as “Demonstration 
of best selected solutions in 300 users through AR simulation toolkit, for awareness, training and acceptance 
raising.” We are not very well aware of the details of this survey. In particular, the issues related to who 
develops/ provides the AR simulation toolkit is unclear. 
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This section presents the work achieved by Univ-EIFFEL and Univ Paris Saclay (RO3 B/C) and covers 2/3 of the 
RO3 phase III survey. 

740 people have opened the questionnaire they received by email. Among them 171 fully filled the 
questionnaire. 

Due to the pandemic, the AR simulation toolkit was not available and the innovative MMI for car designed during 
the project was demonstrated thanks to a set of slides plus a short movie. 

A questionnaire using Lime Survey was designed. The questionnaire was divided in three parts: 

• an introduction to the DriveToTheFuture project: 7 slides 
• a presentation of the car MMI (Man Machine Interface with a “highly automated car”): 7 slides plus a 

1 min movie 
• 4 questionnaires: UPQ (User Profile Questionnaire), UEQ (User Experience Questionnaire), SATI (SHAPE 

Automation Trust Index), and last VDL (Technology Acceptance Questionnaire by Van der Laan). 

All the text has been translated to French. The various elements of the questionnaire have been uploaded in a 
dedicated server hosted by Univ-EIFFEL. 

5.4.1. Pilot RO3-B/C Results 
User Profile Questionnaire (UPQ) analysis 

Figure 240 shows the sample distributed by gender groups.  

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 240: Respondents distributed by gender groups 

Gender was separated by “female,” male,” “other,” and “Prefer not to say.” 44.74% of respondents where 
female 51,75% male 0,88% other and 2,63% preferred not to specify a gender. We can notice that females are 
well represented. 

Figure 241 shows the sample distributed by age groups. 
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Figure 241: Respondents distributed by age groups 

The separated age-groups by five. Participant age ranged from 18 to above 60 years with a mean-age of 46 years.  

Figure 242 shows the results of the educational level among the respondents. The academic level is spread out 
into several groups but with an overrepresentation of high education levels. We can observe that most 
respondents have an education level beyond the " baccalaureate, "which is reasonably representative of the 
general population. In France, the rate of success in baccalaureate is above 80%. We can also notice an 
overrepresentation of Ph.D., and this could be explained by the fact that the survey was mainly distributed 
through our network of universities and research centres 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 242: Respondents distributed by education level group 

 

SHAPE Automation Trust Index (SATI) analysis 

In Figure 243 (a).  On average, the respondents are optimistic (mean is above 3). Nevertheless, if we analyse the 
answers in detail, we can see that the system's confidence and robustness are questionable for a part of the 
population, see Figure 243 (b). These results can be explained by the fact that the subjects did not test the 
system. 
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                                (b) 
Figure 243: Respondents to SHAPE Automation Trust Index questionnaire distribution  

Technology Acceptance Questionnaire by Van der Laan (VDL) analysis 

In that questionnaire, we have to emphasize that the scale runs from positive to negative and contains the 
following items: Useful-Useless, Good-Bad, Cute-Boring, Efficient-Superfluous, Friendly-irritating, Wizard-
worthless, and desirable-undesirable. Results are presented in Figure 244 (a) and (b). In Figure 244 (a), we notice 
that most respondents find the proposed HMI quite good. However, the opinion is less clear on its cute and 
desirable aspects. Figure 244 (b) shows that there is few negative or very negative answers for almost all items. 
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Figure 244: Answers to Technology Acceptance Questionnaire by Van der Laan (VDL) questionnaire distribution  

 

User Experience Questionnaire (UEQ) analysis 

The scales of the User experience questionnaire cover a comprehensive impression of user experience. The data 
analysis was conducted by using the online tool. 

As a whole, from the distribution of answers per item, see Figure 245, it can be concluded that the respondents 
found the HMI: valuable, understandable, interesting, supportive, predictable, valuable, good, secure, motivate, 
supportive, meets expectations, friendly and organized. However, the responders found the tested HMI, 
unpredictable. This might be due to the fact that it is hard to appreciate that item based on the fallback solution 
(seeing a movie). 
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Figure 245: User Experience Questionnaire (UEQ) questionnaire distribution  

 
 

 
UEQ Scales (Mean and Variance) 

Attractiveness 0,482 1,31 

Perspicuity 0,559 1,12 

Efficiency 0,476 0,94 

Dependability 0,268 1,05 

Stimulation 0,303 1,65 

Novelty 0,618 1,39 

 
 
 

Figure 246: UEQ questionnaire results given in terms of mean and standard deviation  

 
Figure 246 shows that the mean values of Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation and 
Novelty are almost the same with small variance for each item. This might be due to a certain homogeneity in 
the studied population. We can also notice that novelty has the highest mean compared to other items. This 
could be expected as Novelty sums up innovative and creative aspects users assign to the HMI related to 
autonomous vehicles.  
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5.4.2. Pilot RO3-B/C analysis and conclusions respect to training programs 
and schemes per mode and cluster 

Univ-EIFFEL and Univ Paris Saclay have conducted jointly the RO3 B/C phase III pilot. Due to the pandemic, the 
AR simulation toolkit we were supposed to be provided with was not available and the innovative MMI for car 
designed during the project was demonstrated thanks to a set of slides plus a short movie. 

The pilot has consisted in a questionnaire divided in three sections: 1) presentation of the Drive2TheFuture 
project, 2) presentation of the innovative HMI for Highly autonomous vehicles conceived during the project (this 
imaged by a short movie), and 3) a set of questionnaires. 740 people have opened the questionnaire they 
received by email. Among them 171 fully filled the questionnaire. 

Results show that the system's confidence and robustness are questionable for a part of the population, these 
results can be explained by the fact that the subjects did not test the system but just look at a demonstration 
movie. 

The analysis of the User Experience Questionnaire shows that the respondents have an overall positive advice 
on the proposed system. However, they qualified it unpredictable. One more time this might be due to the fact 
that it was hard for them to appreciate that item on the base of a demonstration movie.  

5.5. Pilot RO4 

5.5.1. Pilot RO4 Results 
The main goal of RO4 pilot is to test the awareness and acceptance of autonomous cars (level 2, 3 and 4 and the 
related training needs in a country with a very high average vehicle age - 11 years.) During the pilot, 56 users 
participated. Of these, 48% were in the age range between 36 and 45 years, 19% were below this age group and 
33% were over 45 years old. 64.3% were men and 35.7% women, with 100% Poles, with 54% having higher 
education.  

Regarding the use or knowledge about autonomous vehicles, 91.1% have heard of this type of technology, but 
only 62.5% have had any experience with AV. This experience is based on interaction with road vehicles (13%), 
trains (25%), ships (5%) or autonomous drones (50%)  

During the pilot a Vehicle 6 seater, make EasyMile model EZ 10 autonomy level 4+ has been used. The vehicle's 
systems allow for a fully autonomous drive along a programmed route The route has been programmed in two 
modes autonomous and manual. We set up two obstacles along the way. The first chicanery, the obstacle has 
been programmed. Second, the narrow point, the vehicle had to overcome the obstacle automatically. Manual 
mode 15 km/h. Autonomous mode 20 km/h. 

The tests were divided into two parts, training and driving. But the participants were divided into 6 groups. 1 
hour = 1 group of 10 people. The test vehicle arrived for 1 day only. We couldn't afford any delays, no 
shortcomings. Each person was on the track for 2 hours. The first hour of training, then driving. While one group 
was on the track, the other in the conference room. Alternately. At 12 o'clock we changed the order: ride first, 
then training. The tests lasted from 9.00 to 15.00. 

The training is a presentation of the assumptions of the Drive 2 the Future project and a presentation of the 
vehicle model. 

Driving was two tasks. First: driving as a passenger, the driver was the vehicle operator. Second: driving as a 
leader. It is important to note that the vehicle was not equipped with a steering wheel, but with a joystick. It 
turned out that driving the vehicle with the joystick was the biggest challenge. Each participant took part in the 
survey - after the ride, being the results of the survey at Figure 247. 
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Figure 247: HMIQ questionnaire results of RO4 pilot  

 

5.5.2. Pilot RO4 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

The budget for the study was poorly structured. It was assumed in 2019 that Poland has access to autonomous 
cars. It wasn't, it won't be for a long time. After the research from 2020, we knew that the vehicle for the 
autonomy level 4 test must be brought to Poland from a country who has such technology. We found contact 
with institutes in Spain, but a pandemic stood in the way. The pandemic was the second cause of phase III delay. 
The Spanish side were very interested, but no one wanted to pay the cost of 14 days of quarantine for people 
from outside Poland. Renault, which had such a vehicle, was involved in a parallel AV-Poland project, it did not 
want to lend it to us. 

70% of the third phase of the research was looking for a vehicle for research, 20% of waiting for a budget transfer 
to perform the research, 7% for the research itself. 

The price dictated by the technology partner was both the retail price and the price for the lack of such 
technologies in Poland. We do not know if the price of the study would have been lower had it not been for the 
pandemic, but the cost of a one-day study has exceeded 40,000 euros. Gdańsk paid 500,000 euros in October 
2021 for 30 days of testing the same vehicle at the cemetery. This is a cost for the fact that Poland does not 
produce this type of vehicle, or is in the initial phase of building laboratories for the production and testing of 
this type of vehicle. As a country, we are able to build transport vehicles, not passenger cars. This is due to the 
fact that all car factories that existed from 1945 to 1990 were either sold to Western corporations or collapsed 
due to the inability to compete with these corporations. 

Old factories were converted into car assembly plants such as FIAT, Volkswagen, Skoda and Opel, or into 
component factories. However, there are no laboratories, test tracks or design offices there. This is another 
reason why access to autonomous vehicle technology is difficult in Poland. 
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Poland is a tycoon in the construction of buses, trams and trains. Polish factories successfully carry out orders 
for Western European countries, satisfying 70% of orders in Poland. They are capable of producing electric buses 
for cities. 

However, PZM's task was to test a passenger car: 

The technology, even in Volvo (test 2020), is not available to the average road user. The price of the presented 
car in 2020 is EUR 70,000. National average wage = 900 Euro net. The average Kowalski (Kowalski = Smith) would 
have to work for this car for 77 years. The price of the most popular car in Poland - Skoda, is EUR 25,000. In this 
case, Kowalski would have to work a little shorter, i.e. 28 years. The presented model of the vehicle in February 
2022 is a vehicle that Kowalski will not take on vacation or go to work. Firstly, the speed does not suit him, 
secondly, the battery range - the presented vehicle was 100% electric - 8 hours of operation over a distance of 
5 km. 

Polish law allows for the testing of autonomous vehicles in road traffic, it is practically impossible to perform. 
Why? The person performing the research must obtain the consent of all property owners located on the 
research route. One simple "no" is enough for the test to not take place. In 2020, we used a trick: we called the 
tests of the autonomic vehicle "safety days" due to the RoadPol Safety Days. For this reason, Gdańsk decided to 
test the vehicle at the cemetery and the zoo Two tests of autonomous vehicles on Polish highways crashed just 
about this regulation. The Ministry of Infrastructure has been promising to change the regulations for 2 years. 
The ministry has not yet gone through the "thinking phase". 

For the same reason, we decided to move the tests from the street to the track. A vehicle that came to Poland, 
due to its speed, could be a hindrance. It had to be taken into account that 93% of Polish drivers do not respect 
the speed limits, 63% of Polish drivers drive 20 km / h faster than the limit, the rest drive even faster. 80 km / h 
in built-up areas is not unusual. The risk that someone might "hit us on the bottom" was too high. 

The Phase III RO4 study was successful. Of the 60 invited people, 56 came, including members of parliament and 
research institutes. Two press releases describing the study were published in the trade press. We have prepared 
2 films promoting the event: a short film, a long film - the last one includes interviews with the participants of 
the show. 

As a rule, the participants of the study liked the show. People 60+ expressed the opinion that they had a problem 
with controlling the joystick, they prefer the steering wheel. 

Summary of the conclusion: The thesis about a multi-speed Europe is true. Poland is not a producer of 
automotive vehicle technology. The financial base of Polish research institutions is a barrier. It is very expensive 
to bring ready-made technology from Western Europe to Poland. 

For the price of 1 day of research, we could send 100 children from Ukraine on a summer camps for 28 days. 
And it would be money better spent..  

 

5.6. Pilot RO5 
Phase III consists of creating lessons learned and adaptions of Phase II outcomes. The shuttle operation was 
finished as planned at the end of 07/2021. This concludes the operational phase of RO-5 in Drive2TheFuture.  

 

Within Phase III, the following objectives are being addressed:  

• As a follow-up of the experimental evaluation in Phase II, a field study on eHMI communication with 
other traffic participants (using LED strips) was conducted, focusing on crossing trajectories 
(intersections). Research in this phase is conducted in co-operation with the Austrian national research 
projects auto.Bus - Seestadt and DigiBus Austria, pooling data from the RO-5 trial in Vienna with data 
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from a rural trial in the Salzburg region (DigiBus Austria). The detailed results were published in Mirnig 
et al. (2021). Please note that the results of this study have implications for Task 3.3, and therefore the 
results are also referenced in D3.1.    

• Traffic camera related studies / results based on observations we did (historical data of the same test 
site, which was not analysed before). Due to legal issues, we do not use the actual camera 
observations. Within the historical data created in the predecessor project “auto-bus seestadt” with 
the same pilot-vehicles, a camera system to detect, identify and analysed. 

Training related aspects based on surveys on operator training, which were conducted after the operational 
phase of the pilot.  

The use case was again embedded in automated public shuttles in mixed traffic, as described for pilot phases I 
and II (see also D5.4). The use case was not extended nor changed during phase III. 

Users and Operators 

The eHMI study was performed in real traffic, 441 encounters across all locations, situations, and conditions 
over six days of observation.  

For the operator training, the RO-5 pilot at seestadt, Vienna was operated by five selected operators recruited 
out of vehicle technicians and operational services. Training of these operators was laid out by the constructor 
of the shuttle itself NAVYA and was conducted during a three day / 21-hour period. For training purposes, a 
closed range at bus depot Leopoldau was used in this period where all aspects of the pilot were trained in the 
most possible detailed way. After that one-week training-phase the main road activity was started. In the 
beginning also to operators were present in-vehicle, this was planned as additional learning and security phase 
as it provided an instant feedback solution between operators and was not enclosed in official NAVYA-training 
purposes.  

During RO-5s operation at a regular base, the operators were present in the vehicle to support its operation in 
incident situations. In total there were six operators, all of them were long time employees of Wiener Linien, 
the public transport provider in Vienna, who also implemented the shuttle operations. To get data from these 
operators, a survey based on the template in Appendix for Phase III of this document was issued to all of them, 
two operators sent their information back. The other four operators were retired after fulfilling their required 
years in operation 

Regarding Ethics, In the eHMI study, no personal data were collected from users, thus no consent forms were 
filled out.   As regards the operator training, gathering data from the of the operator representatives (employees 
of Wiener Linien) was embedded within the company’s processes. 

Equipment 

eHMI field study:  

In order to equip the shuttles with the eHMI, addressable RGB LEDstrips were adhered on the exterior of the 
shuttles. The light bands were placed below the windshield and above the headlights. Table 35 shows how the 
two designs were implemented. The first design (Red-Green) used a simple traffic light metaphor to signal that 
the shuttle would either decelerate with the intention to yield (green) or accelerate with the intention to take 
precedence (red). The second design (Animation) communicated the same information, but it used animations 
of the LED-bar filling (shuttle accelerates) or emptying (shuttle decelerates) in a neutral light blue colour instead.  
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Table 35: Overview of the two designs used in the study (from Mirnig et al, 2021) 

 

Operator training:  

During the operator of the Pilot RO-5, operator training took place containing the following steps: 

1. Short introduction of vehicle and components 
2. Starting and stopping procedures including configuration steps 
3. Driving and operational processes 
4. Safety information towards public information of passengers 
5. Trouble shooting and supervision targets (event management and daily operations) 
6. Validation and certification 

After this initial process the operational phase was conducted in the beginning with two operators on board of 
the shuttle, the main reason behind was to get initial feedback and deepening the learned approaches on vehicle 
operation. For information processing of passengers flyers and easy capable stickers with fundamental 
information on the shuttle itself and its functions were presented at stops and in-vehicle.  

As the training was mainly focused on operator training, the onboard HMI was not altered during training phases 
and during final operations on-road. 

With the outbreak of the COVID-19 pandemic, additional measures were introduced to provide maximum 
protection for both operator and passengers. On the one hand a physical protection to separate passengers 
from the operator was installed inside the shuttles and the pandemic protocol with masks and reduced 
maximum passengers was executed. During a short time period in April and Mai, the shuttle operations were 
halted due to installation reasons. 

SAFETY CAMERA  Mobility Observation Box 

The Mobility Observation Box (MOB) makes it possible to measure the safety of transport infrastructures 
according to objective criteria and thus make them comparable. Once data collection is done, machine learning 
algorithms automatically recognize different groups of road users (pedestrians, cyclists, cars, trucks, e-scooters, 
etc.), detects them, evaluates their traffic behaviour using surrogate safety measures and provides a basis for 
targeted mitigation measures. Conflict situations can be observed and evaluated objectively and for a desired 
period-of-time. The battery-operated system allows a quick and uncomplicated installation and deinstallation 
of the box, not requiring supplemental power source. Due to its small size, a registration of all traffic participants 
can be realized without distraction or influence. 

The collected video data is the basis of the risk-based evaluation procedure, using machine learning algorithms 
and artificial intelligence. Using a unique video-based surrogate safety technology, the displacements of all road 
users within a traffic scene can be monitored to a high degree of precision, in a repeatable and unobtrusive way. 
Each road user is detected, classified, and tracked. 
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This data is then used to assess and provide metrics on road safety (such as near-collision and over-speeding 
incidents), as well as traffic flow conditions (such as volumes and speeds). A better understanding of these 
collision precursors helps practitioners improve infrastructure without relying solely on historical collision data. 

The aim of the survey with the MOB is to provide objective and comparable evaluations of the effects of various 
infrastructural and traffic engineering measures on the risk of collisions and injuries. 

The MOB is also used network-wide in the planning or retrofitting of traffic infrastructures to determine cost-
effective recommendations for specific traffic safety measures. 

Possible Performance: 

1. Objective evaluation of traffic safety, including calculating traffic volumes for all different road users, 
identifying near-miss interactions and their safety indicators, generating heat maps, illustrating speed 
data, traffic directions and possible high-risk sites 

2. Evaluation of infrastructural measures 
3. Carrying out specific investigations of individual forms of mobility (e.g. pedestrians, cyclists or e-

scooters) 
4. Diagnosing the specific road user movements contributing to the most severe interactions at each site 
5. Selecting appropriate countermeasures by linking observed challenges to treatments available in 

various sources of Crash Modification Factors 

Evaluating the effectiveness of treatments using comparative studies spanning over multiple time periods 
and/or multiple sites 

 

5.6.1. Pilot RO5 Results 
Screenshots of the simulators or another used tools. 

5.6.1.1. User surveys 
eHMI study: No survey was used. The focus was on the direct observation on the other traffic participants.  

Operator training: A survey based on the template in Appendix of Phase III of this document was used 

5.6.1.1. Direct observations 
eHMI study: The shuttle and other road users' behaviour were among the observation metrics for the direct 
observations. The success criteria for each metric were whether or not other road users' behaviour in realistic 
traffic circumstances was consistent with rule-abiding behaviour. This included reacting correctly to the 
shuttle's expected activities and without seeing or treating the shuttle any differently than other road users 
because of its automated nature or the LEDs mounted on the shuttle. The behaviour of the shuttle and the 
road user were both recorded in order to see if problems were handled appropriately (or badly) on both sides, 
with the idea that the road user's behaviour, if impacted by the eHMI, would influence how the shuttle 
handled the scenario (i.e., whether it could depart or had to wait).  

The following are the conditions for situation resolution (and communication) to be successful: In both S1 and 
S2, road users who were actively gazing at the shuttle (yes) were considered successful, whereas those who 
were not gazing at the shuttle (no) were rated failed. For the sake of ease, the behaviour of shuttle and road 
users was recorded separately 

5.6.1.2. Event diaries 
eHMI study: No event diary was used. The focus was on the direct observation on the other traffic participants. 
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Operator training: An event diary for each operator in question was used, but only for the operation part and 
not in training mode 

5.6.1.3. User interviews 
eHMI study: No user interview was used. The focus was on the direct observation on the other traffic 
participants. 

Operator training: No operator interview was conducted during phase I to III. The focus was training as training-
on-the-job implementation 

5.6.1.4. Results analysis 
 

eHMI study: Table 36 shows the results rates for all conditions across all metrics for both of the encounter 
situations (arrival to and departure from an intersection). Statistical comparison across the test conditions did 
not support the expectation that LED bands increased eye contact. However, as regards performance within 
road crossing situations (e.g. adequate taking right of way, etc.), the LED situation was superior.  

Table 36: Results rates (in rounded %) for all conditions across all metrics for both encounter situations. 

 

 

Compared to the control condition (no eHMI support), the eHMIs were able to boost communication success 
and situation resolution potential, but that the baseline success rate in the control condition was already high. 
As a result, the eHMI support's observed improvements were not as significant as plannedless pronounced than 
originally anticipated. We conclude that vehicle position and (estimated) trajectory are the mostat least equally 
important factors in communication between HAVs and vehicles with lesser levels of automation, and that a 
substitute for direct human dialogue isn't as important in situation and conflict resolution as is commonly 
supposed. We also came to the conclusion that the eHMI visualization material mode and design has less of an 
impact on AV communication performance than the presence of an eHMI at all, however more research is 
needed to confirm this. It should also be noted that these results might be influenced by the deployment context 
and especially the shuttles’ low maximum velocity, where a high baseline safety is much more likely than in less 
controlled deployment contexts and at higher vehicle velocities. 

Operator training survey 

In terms of quality of the training both surveys are placed between 3 and 4, where 5 is the maximum and points 
to “Outstanding”. That means, that the overall results for both operator training results is very good. In more 
detail, the following questions are shown in Figure 248 and ranging between 1 (strongly agree) and 5 (strongly 
disagree). The overall picture described beforehand continues, as all answers are set between “Strongly agree” 
and “Neutral”. For both operators the training was successful, although there are deviations in the increasing 
factor of the training towards the new technology, in nearly all terms like “system acceptance”, “trust” and 
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“willingness to use”. This is mainly based on additional comments left by the operators that point towards law 
aspects, that were not covered to a satisfying extent. An additional factor was also some sort of language barrier, 
as the training was held in English, while the operators were German speaking.  

 

 

Figure 248: main results RO-5 operator training survey (n=2) 

5.6.2. Pilot RO5 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

eHMI study: Data analysis was based on counting the success rates in the crossing scenarios (arrival at and 
departure from road crossings) and by statistically comparing these between the different experimental 
conditions (i.e., the Red-Green LED design, the animated LED design, as well as the control condition).  

Operator training study: with two result sheets, the analysis will be conducted towards extreme values in the 
results provided. As the sample and result size is small, a general interpretation of the results will be used as 
analysis method 

As Phase III describes the finalisation of the pilots operations, strong focus was laid on a review of the whole 
pilots process, from training to operation. It was learned, that a survey regarding the pilots training should be 
issued during the training phase and not after finishing the operation of the pilot, as in case of RO-5 the majority 
of operators were not reachable anymore. 

As regards our research on eHMIs, we were only able to observe contacts with motorized vehicles, because of 
the weather and the current pandemic at the time of the study. More research is needed to see if these findings 
apply to interactions with pedestrians or other vulnerable road users. Furthermore, the research concentrated 
on two one-dimensional LED-strip designs. While we expect that differences in visualizations will have a smaller 
impact, this needs to be tested with alternative designs (colours, patterns, etc.). The findings in this article are 
also unlikely to hold true for high-resolution displays in general (depending on the content), as higher complexity 
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is expected to reduce communication success due to increased cognitive burden for the observer. More research 
will be needed to determine the true potential of eHMIs for HAVs. For the time being, it appears that "less is 
more" may also apply in this case. 

In terms of operator training, it was a useful and necessary point during the pilots lifetime, although some 
barriers were identified. Without training the acceptance of the pilot, mainly based on the relatively new 
technology aspect wouldn’t have reached the level it has. Training on new technology should be conducted in 
the local language, as this pilot was used for passenger transport and used in a traffic safety critical environment. 

5.7. Pilot RO6 
In Phase III, the shuttle was driving in a mixed traffic environment on the private terrain of the AZ Maria 
Middelares hospital site with other cars, cyclists, and pedestrians. The shuttle connects. the public transport 
stop with the entrance of the hospital. The shuttle service is running on weekdays between 7.30 a.m. and 5.30 
p.m. A level 4 automated shuttle from Local Motors was performing the service. 

 
Figure 249: Phase III: Local Motors autonomous shuttle at the Gent site. 

 
The report from this pilot phase was composed by VUB and VIAS. VUB was responsible for the data collection 
and analysis of the user surveys. VIAS was responsible for the data collection and analysis of the operator 
interviews.  

The overall aim of the pilot carried during this Phase III was to investigate the user acceptance and experience 
of a shared autonomous vehicle, more specifically of an autonomous shuttle, for both users and operators. 
Passengers made use of the shuttle on a voluntary basis. As the shuttle was driving on the private domain of the 
hospital campus, the main users were patients, visitors or staff on the campus 

The use cases for this phase were: 

• Use case 1: training for road transport users. The specific purpose of this use case in pilot RO6 was to 
prepare all users (including VRUs) for the interaction with autonomous vehicles as well as the 
interaction between automated fleet and non-automated drivers. 

• Use Case 2: Operators-based HMI& strategies for road transport (office-based HMI& strategies for fleet 
operators and TMC operators) 

• Use case 3: AV conspicuity HMI & strategies for interaction of automated road vehicles with non-
equipped other road users. The specific purpose of this use case in pilot RO6 was to touch upon issues 
that deal with the interaction of automated and non-automated road vehicles with pedestrians and 
other VRUs. 
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The pilot site service was free of charge, which meant that anyone could make use of the service. Due to the 
COVID-19 pandemic, the shuttle could not operate at full capacity. During the ride or operation, the passengers 
could either sit or stand according to their preference. At the end, all passengers were asked whether they 
wanted to partake in the survey on a voluntary basis. The survey data was collected through the online survey 
tool Qualtrics. The survey was either filled out on a tablet by a collaborator on site who would ask the questions 
to the respondents, or by the participants themselves as flyers were distributed with a QR code leading to the 
online survey. As such, the survey could be completed on the device of the respondent. The link to the survey 
was also distributed in the hospital newsletter. 

For the shuttle operators, an evaluation was proposed for operators that have worked with the shuttle during a 
limited period to get their first impressions and experiences. Firstly, an online user profile questionnaire 
followed by a SHAPE Automation Trust Index (SATI) is performed. In a second step, a one-to-one interview was 
done via Teams in the native language of the operator (Dutch). 

For the user surveys, the questionnaires as described in D5.3 were used. The questionnaires in the survey were: 
user profile questionnaire (UPQ); user experience questionnaire (UEQ); technology acceptance questionnaire 
(VDL); socio economic impact questionnaire (ISE). 

Regarding the interviews with the operators, as a first step, the operator has to fill in a user profile questionnaire 
and a SHAPE Automation Trust index (SATI). The SATI provides a measure of human trust in automated systems 
(Dehn, 2008). The respondent answers six questions on a seven-point Likert scale ranging from “never” to 
“always”. The operator will also receive a short explanation about the coming individual interview such as aim, 
method, rules, etc. and a consent of compliance. 

The second step is an individual interview by video call with Microsoft Teams of a 30min average duration in 
Dutch (operator’s main language) and can be subdivided into 7 parts listed below. The main objective is to 
explore the autonomous shuttle operator’s experience and how it interacts with road users.  

1) Opening questions 

- How would you describe the safety level of the autonomous shuttle? (Very unsafe, unsafe, safe and very 
safe) or what do you personally think of the autonomous shuttle system? 

- How many times/days you’ve been driving with the shuttle now? 

o Every day  

o Several days per week  

o Every week  

o 2 to 4 times per month 

- How did you experience this period? Is there a big difference with driving a ‘normal bus’? Explain? 
 

2) Shuttle behaviour 

- The actual shuttles we use are probably not always perfect: have you experienced any 
problems/obstacles/errors while operating the shuttle? (Yes/No) – if yes, what kind of errors did you 
experienced with the shuttle? What was the frequency? 

- Have you ever been involved in any (even less severe) autonomous shuttle accident (Yes/No)? – if yes, 
how many times? What was the cause of accident? With what objects/road users?  

- Which kind of situation seems to be difficult for the shuttle? 

- What can we say about the comfort of the passengers during the ride? 
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- What is the difference for you comparing the first weeks of the work with the shuttle and last weeks? 
(in terms of trust, confidence, difficulty, performance, ….)  

3) Shuttle & road users’ behaviour  

- In which way people liked or disliked the shuttle? 

- In which way you had to help people to use the shuttle? 

- Which questions or remarks you get from the passengers, or from other road users? 

- In which way has the traffic environment (other road users) adapted their behaviour in relationship with 
the shuttle? 

- In which way regular passengers have changed their attitude, behaviour concerning their use of the 
shuttle? 

4) Operator personal experience 

- In which way do you like or dislike the role of steward (in comparison with the role of a bus driver)? 

- Explore: boring, distraction, other way to relate with passengers, … 

5) Technical intervention 

- Which are the situations in which you had to intervene in handling the shuttle? 

- In which degree these interventions are predictable? 

- What can you say about these interventions: easy or not, they take more time, … 

6) Training 

- What did you miss during the training? 

- In your opinion, what would be a good training/preparation for ‘driving’ a shuttle? What must be 
learned? 

- In which way you were prepared to handle the shuttle? 

7) Shuttle without an operator 

- Do you foresee that an operator will not be necessary anymore in the future?  

- What do you expect the timeframe would be?  

- Do you feel that the role of the operator is more a ‘service-role’ than a ‘driver-role’ and would you want 
to expand on this? 

5.7.1. Pilot RO6 Results 
5.7.1.1. User surveys 

In this section, the results from the user surveys will be described. They are structured in the next subsections 
according to the different questionnaires. 

1. User profile questionnaire 

A total of 202 respondents filled out the survey. In first instance, we take a deeper look into the socio-
demographic characteristics of the respondents. It appears that the majority (32.7%) of respondents lies in the 
age category 46-60, followed closely by 29.2% of respondents who are > 60. The main users of the service were 
indeed older people, who did not want to walk the distance from the public transport stop to the hospital 
entrance. As for the gender, we see that the sample is slightly overrepresented by women (55.8%). 
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Figure 250: Phase 3 - Distribution of age and gender of the respondents. 

 
The questions on education level and employment were skipped by quite some respondents (31% resp. 20%). 
Among passengers who did respond to this question, the majority have a Bachelor degree as highest degree. It 
is also clear that a high percentage of respondents are Employed full-time. 

 

 
Figure 251: Phase 3 - Education level and employment status of the respondents. 

 
Among the respondents, the passenger car appears to be most popular for all types of travel. For commuting, 
the second most popular type of travel is public transport, for errands and leisure this is the bicycle or walking. 
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Figure 252: Phase 3 - Respondents' usage of modes for different types of trips. 

 

Looking into the adoption of technology, it is clear that the majority of respondents considers themselves to be 
in the middle when it comes to adopting new technology. Only a small percentage of respondents considers 
themselves to be among the first. Most respondents have heard of AVs before this pilot. Lastly, about half of 
the respondents indicated they have had previous experience with AVs. As the service at the Gent Hospital site 
has been operational for quite some time, it is unclear whether this previous experience was with this shuttle 
or somewhere else. Indeed, when passengers were asked with what type of AV they had experience before, 83 
indicated it was with an autonomous shuttle, while 2 responded it was with a autonomous passenger car and 4 
with an autonomous train. 

 
Figure 253: Phase 3 - Respondents' technology adoption and knowledge of AVs. 

 

2. User experience 

For the user experience questionnaire, respondents were required to choose between pairs of contrasting 
attributes that were weighed against each other (e.g. attractive vs. unattractive). They had to indicate 



 

D5.2: Pilot results consolidation 

July 2022 232 
 

agreement with an attribute by ticking the circle that most closely reflected their impression based on a 
spontaneous decision. To avoid speeding, the more ‘negative’ attribute was on the left for some statements and 
on the right for other statements. For the analysis and visualization below, the more negative statement will be 
always indicated on the left side. This means that a response of 1 for the statement ‘Annoying-Enjoyable’ means 
that the respondent selected ‘Annoying’ while 7 means that the respondent indicated ‘Enjoyable’. It was 
possible for the respondents to skip a statement if they had no particular opinion. The most skipped statements 
were “Conservative: Innovative”, “Attractive: Unattractive”, and “Friendly: Unfriendly” which were unanswered 
by resp. 32.67%, 32.18% and 29.70% of the respondents. On the other hand, the statement that was agreed on 
most was, “Fast: Slow”, the speed of the shuttle, where 50.99% of the respondents indicated 4 on a scale of 1 
to 7. Below, the answers to all statements are visualized in box plots. The box plots represent the spread of 
answers on each of the statements. The box itself represents the answers of 50% of the respondents, the left 
and right whiskers represent 25% of the lowest resp. highest answers. The line within the box indicates the 
median, and the dots indicate any outliers. It is clear that the respondents were overall positive towards the 
shuttle experience. For all statements (except for the shuttle speed), 75% of respondents lean towards a more 
positive answer (>4). Some outliers can be noted, meaning that it was rather uncommon that the shuttle scored 
poorly on security, value, creativity, motivation. 

 
Figure 254: Phase 3 - Respondents' opinion on contrasting statements concerning the shuttle. 

3. Technology acceptance 

To assess technology acceptance, the respondents were required to give their opinion on the autonomous 
shuttle. The same as for user experience, they were given opposing statements on a scale from 1 to 5. From the 
table below we see that most respondents agreed upon the statement that has to do to with the usefulness of 
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the shuttle, with 63.73% attributing a score of 1, and 30.57% a score of 2 on usefulness. For the other 
statements, users are generally positive. As to whether the shuttle raises alertness or is sleep-inducing, 86.11% 
of the respondents has a neutral opinion. 

Table 37: Phase 3 - Respondents' opinion on opposing statements regarding the shuttle technology. 

Statement 1 2 3 4 5 
Assisting: Worthless 40.56 10.49 47.55 0.70 0.70 
Desirable: Undesirable 35.37 8.84 54.42 0.68 0.68 
Effective: Superfluous 37.50 18.42 42.11 1.32 0.66 
Good: Bad 43.02 30.73 24.02 1.68 0.56 
Likeable: Irritating 37.33 18.67 42.67 0.67 0.67 
Nice: Annoying 40.74 22.84 33.33 2.47 0.62 
Pleasant: Unpleasant 39.04 25.13 29.41 5.35 1.07 
Raising alertness: Sleep-inducing 2.08 2.78 86.11 3.47 5.56 
Useful: Useless 63.73 30.57 3.11 2.07 0.52 

 

4. Socio-economic impact 

In this last section of the survey, respondents had to give their opinion on the general usage of the shuttle and 
whether they predict they would use it in the future. In general, 22% rated their experience with the shuttle to 
be very positive, 63% found it somewhat positive, whereas only 4% rated it neutral and 3% considered it 
somewhat negative. On a scale of 1 (never) to 5 (always), about 76% of respondents indicate a score higher than 
or equal to 3 on how frequently they would use the shuttle again in the future. Next, respondents were asked 
to indicate how they think several aspects would change when being a driver/operator or passenger of an 
autonomous driving systems. The aspects that respondents expect to stay the same the most are the “Severity 
of the accidents” (77%) and “Happiness” (70%). From the figure below, it is clear that most aspects are expected 
to stay the same, although about 25% expects the “Attention towards the road” to increase. Interesting is also 
to note that rather high discrepancies can be found for the aspects “Safety” and “Feeling of insecurity due to 
fear of a system/ equipment failure or system hacking”. While 8% expects “Safety” to increase, a much higher 
percentage of 27% expects it to decrease. Also, for “Feeling of insecurity due to fear of a system/ equipment 
failure or system hacking”, 21% expects it to increase while only 7% thinks it will decrease.  

 
Figure 255: Phase 3 - Expected changes according to the respondents due to the introduction of AVs. 
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Following the rating of several aspects, respondents needed to give their opinion on how they would spend time 
in the autonomous vehicle and whether they would want an autonomous system in their vehicle. Respondents 
indicated to favor “Leisure” (29.7%) or “Work” (20.3%) activities if they could spend 20 minutes in the tested 
vehicle. As to whether they would like to have the autonomous system in their own vehicle, 36% indicated “yes”, 
while 50% indicated “no”. Similar percentages of respondents indicated “yes” (35%) as to whether they would 
purchase a vehicle with an autonomous system or not (50%). 

Looking at which aspects would influence respondents’ overall intention to purchase an autonomous system, 
the cost appears to be the highest influencing aspect. The figure below shows the spread over the different 
aspects that could play a role in the decision to purchase. A high level of technology seems to be least important 
overall. 

 

Figure 256: Phase 3 - Factors that would influence respondents to purchase an AV. 

To the question on how much they would be willing to pay to have an autonomous driving system, no answers 
were recorded. Respondents were also inquired whether their typical mode of transport would change if 
vehicles with an autonomous system were available today. For all trip reasons, over 50% of respondents do not 
expect a change in their travel behaviour. At the same time, for both leisure/social and commuting activities 
about 40% of respondents does expect a change.  

 
Figure 257: Phase 3 – Respondents expected changes in travel behaviour with the introduction of AVs. 

As a final question, respondents were asked whether they feel a similar vehicle without an autonomous driving 
system is more or less risky since the outbreak of the corona virus. About 53% believes that an autonomous 
vehicle has about the same risk compared to one without an autonomous driving system, 31% thinks it would 
be more and only 8% thinks the risk would be lower. 

To end this section, we investigate whether the socio-demographic variables of the participants are correlated 
with their intention to use the vehicle in the future. From the plot below, it is clear that no strong correlations 
can be found. From the correlation matrix, a weak to moderate inverse relation can be seen between age and 
technology adoption and a relation between the degree level and technology adoption. 
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Figure 258: Phase 3 - Correlation analysis with respondents’ future usage intention. 

 

5.7.1.2. Operator interviews 
The project at the hospital in Gent stopped at the end of 2021, because the provider of the shuttle went 
bankrupt. There was no further possibility to involve the three other operators in this survey. At the same time, 
a public transport company had started a new project in the city of Louvain-la-Neuve. They used a similar shuttle 
(from another company), but in a different setting, namely on the normal public road in a small student city. 
Passengers are mostly in their young ages. Operators were all experienced public bus drivers. This organization 
was willing to participate in our survey by three operators. Until today (May,5th 2020) we could get in contact 
with only two of them. 

 

User profile:  

Overall 5 operators (4 male, 1female)) have been surveyed. They are all full-time employed. They all operate 
with the autonomous shuttle for more than 6 months. The four male participants had already a lot of experience 
with driving a non-automatic bus. The female participant has only experience with the shuttle. 

 
User trust: 
The SATI was used to measure trust of the operator regarding the operation of the autonomous shuttle bus.  
  

0 1 2 3 4 5 6 

Strongly 
Disagree 

Disagree Somewhat 
Disagree 

Neither Agree 
nor Disagree 

Somewhat 
Agree 

Agree  Strongly Agree 

 

- I think the system was useful 
A= 5, B=5, C=4, D=5, E=6; average=5.0 
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- I think the system was reliable 
A=5, B=4, C=4, D=4, E=6; average=4.6 

-  I think the system was accurately 
A=5, B=5, C= 3, D=6, E=4; average=4.6 

-  I think the system was understandable 
A=5, B=5, C=4, D=6, E=4; average=4.8 

-  I think the system was robust (in difficult situations) 
A=4, B=1, C=3, D=2, E=4; average=2.8 

- I was confident when working with the system 
A=5, B=5, C3, D=6, E=6; average=5.0 

 
The overall trust score=4.5 which seems to indicate that operators are relatively confident about the 
autonomous shuttle. However, the weakest point of the system is the capability of the shuttle to operate in 
difficult road situations which reduces the trust index of the operators.  

In terms of shuttle behaviour, it is important to note that no accident occurred since the beginning of the trial. 
However, there is a feeling of frustration regarding hazardous situations because the shuttle reacts differently 
than a driver would do. Where the shuttle sometimes delays reacting, it can also stop early because it needs a 
big distance with other vehicles, and there is no smooth braking. However, as the operator knows the ability of 
the shuttle, he is rather confident. 

The vehicle is designed in such a way that people are facing each other when seated, which increases social 
interactions and people talk more to each other. One of the operators has the feeling to have a role of 
psychologist due to this proximity with passengers and recommended that putting some music on could give 
the impression of being in a ‘normal’ bus. Passengers are feeling comfortable, but the operator has no seat 
which is not really comfortable.  

The operating speed of the shuttle is 15km/h, which is the authorized limit on this road, but as other road users 
don’t respect it, passengers have the feeling that the shuttle is too slow and cars try to pass the shuttle which 
prevents operation. In the pilot in the city centre, where the speed limit was 30 km/h, operators and passengers 
experienced the speed of the shuttle as too slow and thereby not comfortable. Passengers had the feeling of 
losing time.  

The shuttle has a low entry, thus it is convenient for hospital patients to get on the shuttle, which gives it a good 
appreciation in terms of accessibility.  

As for the interaction with road-users, the street is quite narrow which causes the shuttle to experience 
difficulties. For example, if a car is poorly parked, the operator needs to intervene as otherwise the shuttle 
cannot pass (technical intervention of the operator). Other problems arise when a vehicle attempts to pass the 
shuttle or does not keep the required distance to the shuttle. Certainly at the beginning of the trial in the city 
centre, a lot of car drivers were annoyed by the low speed of the shuttle. Cars overtook the shuttle but merged 
quite abruptly in front of the shuttle so that it sometimes came to an emergency break.  

If cyclists and pedestrians have a separated road, there are no specific problems. When a cyclist needed to take 
the same place on the road as the shuttle, it was rather complicated:  they didn’t respect the ‘safety distance’ 
which gives a lot of emergency brakes.   

At the beginning most passengers are surprised, but also scared because they don’t know the possibilities of the 
shuttle and have to be assured that an operator was present and could intervene at any time. A lot of them 
asked for more information and explanation on the technology. Regular passengers seem to be confident and 
have gotten used to the autonomous shuttle. In some sense, they have bonded with the shuttle as they refer to 
it by its name (Olli). 

In terms of personal attitude, it can be stated that the operators are particularly satisfied with the vehicle and 
consider the vehicle safe (too safe sometimes). They can be relaxed because they know that the shuttle will 
react properly to a situation. They refer to the fact that the operator can easily be bored during the shuttle 
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operation. The former bus drivers say that their experience with a normal bus is smoother and says: “as an active 
driver, you can interpret the behaviour of other road users more easily -you can make predictions based on your 
experience. This makes it possible to react in a more adaptive way. The shuttle can’t do that – he can only stop… 
you can say that the shuttle hesitates more than a normal driver.” 

So far, the only technical intervention that was needed had to do with a problem with the battery as when A/C 
is on, the battery range is more limited.  
The general feedback of the training is good. The duration is sufficient, and it helps to be self-confident about 
operating the autonomous shuttle. It is mostly practical and focused on hazard perception.  Apparently, being 
an experienced driver, helps to identify the hazardous situations of the shuttle with other road-users. It seems 
necessary to organize meetings with the different drivers, certainly in the first months, to exchange experiences, 
technical issues and also to motivate each other. 
Lastly, to the question whether the shuttle could perform without an operator, the operators responded 
negatively. They state it is not possible at the moment due to interactions with other road-users, which require 
an intervention of the operator. Moreover, people (especially older ones) would not get in the autonomous 
shuttle without the presence of a steward/operator. It’s only possible in a closed circuit or on a public road with 
a low density of other traffic.  
The public transport company sees only a limited employability of an autonomous shuttle: only possible for the 
‘last mile’. 

5.7.2. Pilot RO6 analysis and conclusions  
Overall, passengers were positive about the autonomous shuttle and a majority of respondents indicates that 
they will use the service again in the future. Some concerns were raised in terms of safety. Also, passengers 
believe that this type of vehicle is not suitable yet for complex traffic situations. 

From the operator interviews 

Passengers can be frustrated regarding the behaviour of the shuttle in some situations, but this is mainly due to 
a lack of knowledge of the operation domain of the autonomous shuttle. This frustration can stress the shuttle 
passengers and thus could reduce the shuttle ridership. The shuttle still requires the intervention of the operator 
due to interaction with other road-users that doesn’t respect the safety guidelines of the shuttle. Therefore, the 
operator has still an important role to play in the day-to-day operation of the shuttle.  

Other road-users sometime doesn’t know or doesn’t recognize that the shuttle is autonomous thus they interact 
in a way that prevent the proper functioning of the shuttle; vehicles come too close to the shuttle, people (car 
drivers, pedestrians and cyclists) giving signs (like you can come closer, I give you the way…).  

The passenger survey was part of the pilot project at the Gent hospital site. However, the autonomous shuttle 
is continuing its service beyond the Drive2theFuture project. The traditional shuttle van has now been 
permanently replaced by the local motors autonomous shuttle. Due to the fact that the shuttle was 
implemented in the context of an already existing service, the usual passengers just transitioned from the 
business as usual to the autonomous shuttle. As such, they rated the usefulness and the necessity of the service 
high. The operational necessity of an autonomous shuttle should not be underestimated. About half of the 
respondents stated that they had previous AV experience, which most likely indicates that they responded to 
the survey after having multiple rides with the shuttle. The user experience is overall rather positive. Passengers 
find the shuttle pleasant and enjoyable. Quite some doubts remain on the safety and security of the technology. 
Interestingly, although the majority of the respondents feels that safety and security remain the same for AVs 
and non-AVs, more respondents expected a decrease rather than an increase in safety and security. There were 
no correlations found between the future intention to use the shuttle and the socio-demographics of the 
respondents. 
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From the operator interviews 

The issue of trust is only concerning the passengers of the autonomous shuttle. Indeed, operators followed 
trainings about the operational domain of the shuttle and its limits thus they are confident on the ability of the 
shuttle and know exactly how it will react to interaction with other road-users. While passengers can be 
frustrated when the shuttle doesn’t react a driver would do: long safe distance, hard braking, … This therefore 
raises the issue of the ‘norms’ (standards) you want to use for some reactions. For ex.: distance between shuttle 
and objects in the front; reaction time. The operator has an important role to improve the trust of the passengers 
to use the shuttle. 

 

5.8. Pilot RO7  
Main objective of this pilot during Phase III is to demonstrate the final chosen operation principles and perform 
training activities to TMC operators, through both laboratory activities and real-life operations, also using the 
relevant training schemes from WP4. 

Evaluated used cases had been: 

• Automated functions enabled by C-ITS technologies towards the automation of public transport  
• C-ITS services implemented through Swarco Dashboard in the city of Rome 
• Demonstration of public transport operation principles considering CAM scenarios 
• Assessment of the expectations of TMC operators regarding the future of autonomous traffic 

management 
• Evaluation of automated functionalities to assist drivers of public transportation buses 
• Analysis of strategies to facilitate the adoption of emerging technologies 

The equipment involved in this phase is formed by following three main elements: 

1. The pilot site is leveraging from the current infrastructure based on OMNIA and UTOPIA SWARCO 
systems, in charge of the creation and exchange of the cooperative messages of all services.  The back 
office of the city (traffic control centre in Rome) and is working closely with OMNIA, which is 
supporting, through the C-ITS backend, all the communication process. 

2. The road infrastructure (roadside and TMC side) for 5 centralized intersections located in Via Appia, 
Rome.  

3. Swarco Real-time Dashboard for TLA 

The performed training program of the phase III considered the presentation and explanation of the collection 
of indicators of the Swarco Dashboard. The information and data collected pursue the analysis of the 
expectations and acceptance of the TMC operators in cases related to future operation of automated public 
transportation systems. Power point presentations, real time system DEMOs and the online mentimeter tool  
were used.  

Evaluation methods 

The evaluation methods considered a detailed explanation of the dashboard in which trainees used to ask 
questions about practical uses in the traffic management centre. The added value of the presented operation 
principles considers maintaining TMCs, passengers and drivers (e.g., buses, private vehicles) informed about 
situations on the road, a detailed traffic monitoring and the improvement of traffic management in overall.  Each 
indicator was explained in detailed as well as its specific use for the specific case of Rome. Afterwards, an 
interactive session was performed to receive feedback from TMC operators including opinions about operation 
principles, C-ITS services, technology on buses to assist drivers, obstacles to implement automation etc.  
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Analysis approach 

The demonstration of the chosen operation principles considered a qualitative analysis through an iterative 
process. The training considered the assessment of the level of acceptance on the topics covered. The analysis 
of the operation principles involved real-time monitoring of well-known intersections and public transportation 
systems for the TMC operators. This contributed with the training program due to the emerging 
variations/improvements that can potentially be develop to the actual systems of the TMC. These included the 
analysis of future implementation of services towards autonomous traffic management & mixed flows, and 
alternative autonomous bus operation principles. 

5.8.1. Pilot RO7 Results 
For the demonstration of the final operation principles, the implementation of the Swarco dashboard with the 
traffic services integrated in the Appia street at Rome (Figure 259) helps to TMC operators to familiarize 
effortlessly with the concepts treated. This due to previously the participants had worked on the improvement 
of the traffic management systems of those intersections and public transport routes. During the training, they 
actively provide inputs regarding traffic, delays, and public transport indicators.  

 

Figure 259: Drive2TheFuture - RO7 Pilot - Phase III - Evaluation of operation principles using the Swarco Dashboard 

Regarding the TMC operation principles, multimodal operation (including a Mobility as a Service approach) was 
chosen by the participants as its main option for future operation of public transport systems. This option was 
supported by the fact that the TMC provides a car-sharing service. Therefore, they can perceive the benefits to 
provide different options of transport. Subsequently, second and third place consider congestion reduction 
policies and the promotion of green transport. These in line with European initiatives addressed to the use 
environmentally friendly modes of transport (i.e., electric buses, incentives for passengers) (Figure 260). The 
remaining options (i.e., integrated info-mobility systems, microscopic traffic management) have been perceived 
to have a minor impact in terms of the improvement of public transport, even if MaaS considers the use of soft 
transport modes, the scores of microscopic traffic management leave it in the last place. 
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Figure 260: RO 7 Pilot - Phase III - Ranking of the TMC Operation Principles 

Participants highlight the importance of the Swarco dashboard considering the connection between the 
information, the accuracy of the systems as well as the C-ITS services presented (e.g., SPaTM) in a single web-
based tool (Figure 261).  

 

Figure 261: RO 7 Pilot - Swarco Dashboard Perception 

The evaluation of the operation principles involved opinions about C-ITS services (Figure 262Figure 262: C-
ROADS - Overview of the C-ITS Services). These divided in five categories (i.e., In-vehicle signage (IVS), hazardous 
locations notification (HLN), road works warning (RWW), signalized intersections (SI)) represent messages, 
warnings, and/or notifications used to increase the comfort of road users, warn them from potential risks and 
improve traffic management operation. The information is sent directly to vehicles resulting on an improvement 
of traffic efficiency as well as to collect data in the case of the prove vehicle data service (PVD).   
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Figure 262: C-ROADS - Overview of the C-ITS Services 

Regarding the C-ITS services, the TMC operators perceived major benefits for the collection of services under  
road works warnings, prove vehicle data and hazardous locations notification. They highlighted the importance 
to collect additional information through PVD (Figure 263) towards the improvement of traffic management. 

 

Figure 263: C-Roads - Opinions about the C-ITS services 

Considering the road infrastructure used for traffic monitoring and management on urban intersections, the 
expectations of participants went to the deployment of Green Light Optimal Speed Advisory (GLOSA) and 
Imminent Signal Violation Warning (ISVW) (Figure 264). These services improve comfort, informing drivers to 
the suggested speed to arrive and surpass an intersection without waiting time as well as safety aspects related 
to risks on intersections and warnings for drivers. 
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Figure 264: Swarco Dashboard - Future Integrations Suggested 

While autonomous public transportation arrives, the transition considers the introduction of automated 
functionalities on buses. These expect to be used by drivers in different situations. In specific, cross traffic alerts, 
blind spot alerts and incident detection alerts were the options selected by the participants. These 
functionalities contribute increasing safety for passengers and road users. 

 

Figure 265: Tecnology on Buses to Assist Drivers 

The expectations of TMC operators regarding strategies to facilitate the adoption of emerging technologies 
(Figure 266) focused mainly on the creation of new technology based on pilots and testing programs, the support 
of trainings and the adoption of standards related to equipment and processes. In terms of the skills or resources 
needed (Figure 267), from the options presented participants continue supporting continuous education as an 
essential aspect. This emphasized on areas of technology, hardware, and systems. The resources required on 
TMCs involved ITS design, traffic engineering as well as additional staff. Information Technology (IT) related skills 
and integrations remain outside of the selected options, possibly due to participants were concentrated on 
practical uses of what they expect to learn, or to the efforts required to learn IT. 
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Figure 266: TMC – Selected Strategies of TMCs to Facilitate the Adoption of new Technologies 

 

Figure 267: Assessment of the Resources/Skills Required by TMCs for Emerging Technologies  

Considering potential obstacles for TMC to implement new technologies and autonomous functionalities or 
services, cybersecurity was perceived as the main one between the presented options (Figure 268).  

 

Figure 268: Obstacles for TMCs Regarding New Technologies 
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The RO 7 pilot finalized with the evaluation six criteria regarding future autonomous public transport (Figure 
269). Based on a scale from 1 to 10, effort and impact were ranked by each one of them. This resulted on the 
improvement of safety for all road users, the one that obtained the highest outcomes and the most difficult to 
achieve according to the participants. While sustainability and comfort received similar scores in terms of impact 
and effort going to the central part of the figure and resulting on an achievable goal, the integration of data and 
multiple modes of transport are perceived as more difficult to reach in comparison with the first ones. The 
evolution of social media altogether with the provision of information seem to require minor effort and impact 
to be implemented.  

 

Figure 269: TMC Operators – Assessment of Impact and Effort for Future Autonomous Public Transport  

 

5.8.2. Pilot RO7 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

Considering different transportation modes, the e-learning platform allows participants to learn about topics 
related to automation. As a result, it has been performed a first presentation to explain how to use it and the 
courses available. The explanation eases the familiarization with the tool for the participants of the traffic 
management centre of Rome (i.e., Roma Servizi per la Mobilita). Then, it has been given a couple of weeks to 
realize a course(s) to their election to finish with the gathering of the opinions about the tool. 

In general terms, TMC operators’ ratings have been positive. Most of the participants agreed about the 
usefulness of the platform in terms of relevancy, understanding, and material; On the contrary, a certain 
scepticism exists about trust, and willingness to use automated systems after an on-line course. (Table 38) 

• In terms of the quality, going from unacceptable to outstanding most of the participants rated with high 
scores the platform.  

• While the E-learning tool is engaging by graphics presented, which participants liked most is the clarity 
and conciseness. 

• Between the aspects to improve, training participants expect in future versions of the platform a 
multilingual support (e.g., Italian, Spanish, etc.) which simultaneously allows other users usufruct of it.  

• The efficacy of the learning tool can be correlated through the positive rating obtained about the new 
knowledge acquired once presented the different courses, and quizzes performed by participants. 

• Whilst there is an improvement of the understanding of the automated systems after a course taken, 
the tool requires a potential upgrade or adaptation to ameliorate aspects related to the trust and the 
willingness to use them.  
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Table 38 summarizes the responses participants (P).  

Table 38: D2F E-Learning Tool - TMC Operators Rating 

Question  Strongly agree Agree Neutral Disagree Strongly 
disagree 

The topics of the 
e-learning tool 
were relevant to 
me. 

P1, P3, P4 P2, P5       

The e-learning 
tool was easy to 
understand. 

P1, P4 P2, P3 P5     

The e-learning 
tool was 
presented in a 
clear way 

P1, P4 P3, P5 P2     

The e-learning 
tool material 
was engaging 

P4 P1, P2, P3, 
P5       

I learned 
something new 
during 
presentation of 
the e-learning 
tool 

P1, P2, P4, P5 P3       

I will be able to 
apply the 
knowledge 
learned 

P4 P1, P2 P3, P5     

The e-learning 
tool met my 
expectations 

  P1, P4, P5 P2, P3     

The e-learning 
tool increased 
my acceptance 
of the 
automated 
transport 
systems. 

  P4 P1, P3 P2, P5   

The e-learning 
tool made me 
better prepared 
to use 

    P1, P2, P3, 
P5 P4   
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automated 
systems 

The e-learning 
tool increased 
my 
understanding 
of the 
automated 
systems 

  P1, P3, P4, 
P5 P2     

The e-learning 
tool increased 
my trust in the 
automated 
system 

    P1, P4 P2, P3, P5   

The e-learning 
tool increased 
my willingness 
to use the 
system 

  P3 P1, P2, P4, 
P5     

 

5.9. Pilot RO8 
The overall objective is to develop and evaluate the effect of training on passengers going with an automated 
bus with and without HMI showing the status of automation activation. A VR platform were used to simulate 
the different scenarios.  

The specific aim of Phase III is to evaluate if a training can increase the understanding and acceptance for an 
autonomous mode on buses docking at a bus stop. The HMI was developed and tested in Phase II where both 
driver and passenger perspective were looked at. The best HMI was selected for this study with the focus on the 
passenger’s view. 

The use case connected to the Phase III testing was in-vehicle HMI (visible also from outside) and strategies 
for automated road vehicles. The specific scenarios were visualized using a VR system. The study focusses on 
the passengers view when a bus is doing an automated docking at the bus stop. An HMI system with a blue 
light in the windshield and on the steering wheel, together with a sound activated (like a bell, was used, see 
Figure 270. The steering wheel light was only possible to see from inside the bus. 

The passengers’ task was to wait for the bus at each stop. Sometimes the bus would arrive with the HMI 
activated and sometimes not. When the bus stopped, the passenger could skip to the next bus stop.  
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Figure 270: The HMI System seen from the outside (passenger view) 

In total there were 20 participants. The balance between female and male passengers was equal, ten females 
and ten males. The age of the passengers varied between 25-60, but most of them were in their thirties and 
forties. Most of the participants were employed full-time and some were students. 

Equipment 

To simulate the scenario virtual reality (VR) technique was used. The participants used a VR-headset from 
HTC; with Tobii eye tracking two motion controllers. The equipment can be seen in Figure 271. The area used 
for this study is 3-by-6 meters which means that the participant could move freely at the virtual bus stop.  

 

 

Figure 271: The pictures show the VR-headset. 
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Considering covid-19, some extra protective equipment was used in terms of gloves and VR-cover. In 
addition, the equipment was disinfected between participants.  

Procedures during data collection  

The recruitment was done as a convenience sampling of people working or studying at the Linköping University 
campus area. When the participants confirmed that they wanted to take part in the study they got at date and 
time to be at VTI and an invitation with written information regarding the study and practical information. 

When the participants arrived to VTI, the test leader gave information regarding the covid-19 safety and the 
objectives and purpose of the study. The test leader showed a figure of the central parts in the study, see Annex 
1. After the participant were informed about the experiment, they signed a consent form. Before moving to the 
VR room half of the participants were shown two instruction films. One from the passengers’ perspective, one 
from the driver’s perspective. These films showed how to keep a distance when the bus was in an autonomous 
mode and why this was useful. At the VR room, the participant started by putting on the protecting covers. 
Thereafter, the functions and use of the motion controllers was displayed and the eye tracking in the VR-headset 
was calibrated. When the participants felt comfortable with the equipment, they practiced using the VR 
equipment and environment. The training was the same as the scenario, waiting for a bus at a bus stop. After 
the training, the participants experienced two different cases where the bus arrived with HMI and without HMI. 
There were in total 9 bus stops in the scenario. The first and the third bus stop was with HMI and the second 
without. HMI at bus stops 4-9 were randomized. The three first bus stops were considered as training and 
excluded from the analysis. 

The last part for the participants was to answer a questionnaire, after driving Questionnaire, see Annex 2-8. 
When the surveys were completed, the test leader ended the data collection with a short interview about the 
HMI. 

Evaluation methods 

To evaluate the participants’ experience and opinions about the HMI system they answered surveys. The first 
survey was the User Profile Questionnaire to know what background they have, see Annex 2. After the 
participants had experienced the VR training and scenario, they participated in a short interview about VR 
scenario. The after-drive questionnaire included the following instruments: VDL, SATI, ISE and UEQ (see Annex 
3 to 7). These are the questionnaires that is pointed at from WP5 and described in detail in “D5.4 Revisions of 
D5.1 Pilot plans”. It also included the HMI evaluation questionnaire (Annex 8) and the ISE including one pilot-
specific question about the desire of the subject to introduce such a system (Annex 5). 

The participants that got the training before experiencing the scenario answered a short questionnaire about 
the training after the VR data collection. 

The interview in the end of the pilot test ensured that the participants had been able to express all their opinions 
about the system, see Annex 9. There were specific questions of their thoughts about the sound and the light in 
the windshield and in the steering wheel. There were also questions about if they had any suggestions to the 
systems or other ideas of how to indicate that the approaching bus is autonomous. 

5.9.1. Pilot RO8 Results 
Screenshots of the simulators or another used tools. 

5.9.1.1. User surveys 
VDL (usability) 

Results on the two subscales of Van Der Laan (VDL); usefulness and satisfying, are presented in Figure 272 
and Figure 273. The system was rated with a high usefulness score and a slightly lower satisfying score for 
both the participants with and without training. Both ratings were positive.  
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Figure 272: Usefulness and satisfying scores of the system – VDL scale. 

 

 

Figure 273: The single results on each question on VDL scale 

 

SATI (trust) 

The SHAPE Automation Trust Index (SATI) was used to measure trust in the system. The overall trust scores 
for the system was: M=4,67. The breakdown per item is shown in Figure 274. 
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Figure 274: SATI scores for the system. 

ISE 

The general opinion about the systems is presented in Figure 275. Most participants indicated that their 
opinion about the system was positive (8 participants rated very positive, 8 somewhat positive and 4 
neutral).The participants who did not get the training were more positive.  

 

 
Figure 275: General opinion about the system (Scale ISE) 
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The participants were asked to judge whether various aspects would increase, decrease, or stay the same for 
each system. The results are presented in Figure 276. 

 

Figure 276: Factors that increase or decrease with the use of the system, with training. (Scale ISE). 

 

 

Figure 277: Factors that increase or decrease with the use of the system, without training (Scale ISE). 
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Figure 278: Willingness to have the system as a passenger (Scale ISE). 

 

The users were positive towards the system and the majority (14 out of 20) would like such a system when 
travelling with an automated bus, see Figure 278. Those that received training were however less positive.  

UEQ 

The user experiences as measured by the UEQ separated into two graphs, with training and without training. 
The results were in general positive with highest scores for perspicuity and efficiency, see Figure 279 and 
Figure 281. 

UEQ 

 
Figure 279: Subscale scores of the UEQ for the group with training. 

 

When comparing the results for the system tested with other standard scales, four out of six ratings for the 
HMI system were slightly below average for the participants that took part in the training, see Figure 280. 
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Figure 280: Benchmark for the UEQ. With training. The black line is the system tested. 

 

The results for the system tested with other standard scales, five out of six ratings for the HMI system were 
below average, see Figure 280. 

UEQ 

 

Figure 281: Subscale scores of the UEQ for the group without training. 

 

When comparing the results for the system tested with other standard scales, four out of six ratings for the 
HMI system were above average for the group not participating in the training, see Figure 282. 

 

Figure 282: Subscale scores of the UEQ for the group without training. 

HMI 

Specific questions regarding the participants’ opinion about the HMI system showed positive scores, see 
Figure 283. Especially valence showed high results. 
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Figure 283: Mean and standard deviation of the scorings on the HMI scale. Blue represents without training and read 
represent with training 

 

The majority (15/20 users) rated that it was the clear that the bus was autonomous when light and sound were 
activated, see Figure 284. 
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Figure 284: Ratings of distinctness for the HMI system 

 

Most of the participants answered that they felt safer, looked more at the bus but stood further from the curb 
with light/ sound was activated, see Figure 285. 

 

Figure 285: Experience of light and sound. 

Most of the participants (11 out of 20) answered that they wanted a system like this, see Figure 286. 

 

 
Figure 286: Tendency to want the system 
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Most participants (13 out of 20 persons) experienced that the security would increase inside the bus with 
such a system, see Figure 287. 
 

 

Figure 287: Perceived security inside the bus. 

Most participants (13 out of 20 persons) experienced that the security would increase outside the bus with 
such a system, see Figure 288. 
 
 

 

Figure 288: Perceived security outside the bus. 

Evaluation of training – TEC 

The 10 participants who took part of the training before experiencing the scenario rated the training generally 
as positive. Especially it was seen as easy to understand, clear and increased their acceptance, see Figure 289. 
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Figure 289: Passenger’s view on the training and its effects (1=unacceptable …. 5=outstanding). 

 

5.9.1.2. User Interviews 
The experiment in general 

The participants were generally satisfied and thought that the experiment had gone well and thought it was 
interesting to participate. Some experienced a mild nausea from the VR equipment, but no one had to 
terminate the experiment. Unfortunately, the VR system did not always work perfectly. The problem was 
that for a few persons the sound was not as planned, and sometimes glitches made it difficult to focus on the 
HMI system. A few participants thought that the quality of the VR scenario could have been more realistic, 
and the VR equipment could have a higher resolution. A few people pointed out that it was hard understand 
where the sound was coming from. One person thought it came from the bus stop and not the bus since it 
did not increase much when the bus got closer. In most cases, VR worked well.  
 

Understanding of the system 

The participants did not have a lot of questions regarding the system, they thought the system were clear and 
easy to understand. No one noticed any false alarms or inconsistencies in the systems, but they mentioned the 
bugs in the VR scenario. Sometimes other vehicles in the scenario moved/ jumpy due to heavy graphics.  Some 
participants that didn’t get the training pointed out that it was weird that the bus had a driver even with the 
autonomous function activated. 

Some thought it would be safer to stand close to the curb when the HMI was activated because they knew that 
the bus was autonomous and thought that it therefore wouldn’t risk hitting them. 

It was clearly noticed from interviews with the passengers that it was important to them to see that the bus is 
autonomous. Almost everyone liked the idea with the sound and light, but some people thought it could be 
designed differently. Some found the noise annoying and thought the light could be more visible. The light 
became visible very late due to the limited resolution in the VR equipment. Some participants pointed out that 
it would be easier to see during could days. The scenario took place in broad daylight. 
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5.9.1.3. Passenger behaviour 
The analysis is based on data about where the passenger is looking (gaze) and the distance a person decides to 
have to the curb while waiting for the bus. 

In general, no significant effects of either Training or HMI were seen on the objectively observed measured 
parameters. In addition, no significant interaction between HMI and Training was seen. There was a significant 
difference between participants for all factors, see Table 39. 

 

Table 39: Anova: F-values, p (0.05) and degrees of freedom 

 

Gaze pattern 

Gaze Front 

No significant effects on Gaze Front were seen on HMI or training, see Figure 290. 

 
 

Figure 290: Gaze pattern - front with and without training and with and without HMI. 

Gaze Front Door 

No significant effects on Gaze Front Door were seen on HMI or training, see Figure 291. 

 

HMI Training HMIxTraining Test person
F p df F p df F p df F p df

Gaze Front 0.1006 0.318 1, 98 1.111 0.306 1, 18 1.942 0.167 1, 97 4.927 <0.001 18, 97
Gaze Front Door 0.775 0.381 1, 97 1.763 0.201 1, 18 1.667 0.2 1, 97 7.313 <0.001 18, 97
Gaze Front Tire 1.494 0.225 1,97 0.074 0.788 1, 18 0.07 0.791 1, 97 5.026 <0.001 18, 97
Gaze Rear Door + Other 0.637 0.427 1, 97 0.746 0.339 1, 18 0.864 3.55 1, 97 12.021 <0.001 18, 97
Distance to curb- at pling 0.028 0.889 1, 97 0.995 0.332 1, 18 0.019 0.889 1, 97 12.446 <0.001 18, 97
Distance to curb- after pling 0.001 0.971 1, 97 1.458 0.243 1, 18 0.231 0.632 1, 96 15.601 <0.001 18, 96
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Figure 291: Gaze Front Door - with and without training and with and without HMI. 

 

Gaze Tires 

No significant effects were seen on Gaze Front Tire for HMI or training, see Figure 292. 

 
Figure 292: Gaze Front Tiers - with and without training and with and without HMI. 

 

Gaze Rear Door + Other 

No significant effects on Gaze Rear Door + Other were seen on HMI or training, see Figure 293.  
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Figure 293: Percentage Gaze Tires, considering HMI and training. Be aware of the size of the scale that differs from the 

others. 
Distance to curb 

At pling 

No significant effects were seen on Distance to curb at pling on HMI or training, see Figure 294. 

 
 

Figure 294: Distance to curb at pling with and without training and HMI. 

After pling 

 No significant effects on Distance to curb after pling were seen on HMI or training, see Figure 295. 
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Figure 295: Mean Distance to curb after pling with and without training and HMI. 
 

5.9.2. Pilot RO8 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

The overall objective of this study was to evaluate the effect of Training of passengers going with an automated 
bus with and without HMI activated, showing the status of automation activation. A simulation VR platform 
were used to simulate the different scenarios.  

The question asked was if a training can increase the understanding and acceptance for an autonomous mode 
on buses docking at a bus stop. The HMI was developed and tested in Phase II where both driver and passenger 
perspective were looked at. In this study the focus was on the passenger’s view. 

No significant effects of Training or HMI were seen on the objectively observed measured parameters (gaze and 
safety distance to the curb). There was however significant difference between participants for all factors. Even 
though no effects on objective data were seen the subjective data on the training were in general very positive, 
but also on the developed system in general. 

For the questionnaires VDL, SATI, ISE and UEQ the group Without Training scored generally higher. The results 
were not significant. The reason for this is unknown. One reason might be that the system was easy to 
understand from the beginning, regardless training or not.  

The group that did get the training had more comments on the system during the debriefing interview. Since 
they knew the purpose of the HMI there would be reason to assume that did analyse the function and the 
potential for improvement. The participants that did not get the training did not have the access to information 
to be able to do this. However, the participants that got the training where optimistic and scored the training 
high on the TEC questionnaire. The lack of significant differences can depend on the small sample size. 

 

 

5.10. Pilot RA1 
The overall objective is to develop and evaluate a tool comprising pedagogical video clips to be used for training 
and education of train drivers and train dispatchers (signalmen- UK). This tool aims to give an insight into, and 
increased understanding of, the train driver's reality based on some different scenarios. Exercises will give the 
students and trainees possibility to understand how the train traffic and safety management issues will be 
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tackled in a nearly real operational environment using simulation tools. The specific aim of Phase III is to evaluate 
the improved tool after feedback from Phase II by collecting user experiences from both user groups. 

In Phase II, a total of 8 video clips were recorded in a simulator environment with a train driver who “think 
aloud” to facilitate the understanding of his actions. There are also discussion questions linked to each video clip 
and the recommendation is to watch the videos in group to be able to discuss them afterwards. In Phase III, one 
of the video clips was further developed by adding the train dispatcher view and voice, so that the 
communication between the driver and dispatcher is clearer.  

The video clips from the train driver perspective were recorded in a train simulator developed by VTI (the 
Swedish Road and Transport Research Institute) and are used by several actors who conduct rail related 
education or rail traffic.  

The simulator emulates, in some cases, the Regina train, which is one of Sweden's most predominant passenger 
trains launched in the late 1990s, and in others, trains with TRAXX locomotives which is a popular locomotive 
found at several large freight operators. For this study, the Regina train displayed in Figure 296 was used.  

 

Figure 296: The simulator used for the video clips 

The video clips, including sound, were recorded with a go-pro camera mounted behind the driver, see Figure 
297. The overall scenario was a train driver working environment with driving controls, Driver Machine Interface 
(DMI) and a cellphone to communicate with the train dispatcher.  
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Figure 297: GO-pro camera used for recording 

There were two types of participants in the study; train driver students and train dispatcher students. Their task 
was to read the questions before watching the clips and discuss the issues together afterwards. Scenario 
description and questions for each videoclip are presented in Table 40.  

Table 40: Scenario descriptions and questions for each video clip  

Video clip Questions 
1. Form 21 "Control the turnouts positions" - Is there any risk if the train dispatcher tries to "help" in the 

control of turnouts positions? 
- Form 21 does not contain trailing turnouts or track obstacles, 
what risks are there? And in bad weather? 

2. Form 21 "The turnouts are correct" - What is the risk of passing block signals with line placement 
function? 
- Is there something that the train dispatcher can do to 
minimize the risk? 

3. Moving the locomotive to the other end of 
the train. 

- Is there anything you should think about when talking to the 
driver before moving the locomotive to the other end of the 
train set? 
- What are the risks of stressing a supervisor when shunting? 

4. Shunting locally - What risks exist when shunting is not what the driver is used 
to do? 
- Is there anything you should think about in your conversation 
with the train driver? 

5. Driving on adjacent tracks - What can you, as a train dispatcher, do to minimize the risk 
that a message to one train driver is misinterpreted by the 
train driver on an adjacent track? 

6. Blocking mode with auxiliary vehicles - Is there anything special you should think about in 
connection with your conversations with the train driver / 
supervisor? 
- Is there anything you should think of regarding signalling for 
the blocking mode? 

7. Person near the track - Is there anything you should consider when talking to the 
train driver? 
- What do you do after the call? 

8. Signal turns unexpectedly to stop - Whose responsibility is that the regulations are followed, 
after an unauthorized stop signal passage? 
- Is there something you should think about in the 
conversation with the driver after an unauthorized stop signal 
passage? 
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5.10.1. Pilot RA1 Results 
In this second evaluation study, 41 participants took part: 33 train driver students and 8 train dispatcher 
students. The distribution between female and male participants was as follows, 11 females and 30 males. Ten 
participants were in the age group 18-24, 20 in the age group 25-35, 6 in the age group 36-45, 4 were between 
46 and 60, and one was over 60. Most of the participants were employed full-time and one part-time. In this 
profession, being a student means a kind of employment.  

In this phase the recruitment of both dispatcher students and train driver students was done in Ängelholm in 
the south of Sweden, where both train dispatchers and train drivers are educated. The data collection was 
conducted at two different occasions, on May 3 for train driver students and May 20 for train dispatcher 
students.  

All participants were informed that taking part was totally voluntarily and that their contribution connected to 
the data collection was completely anonymous. The video clip was presented on a screen in the classroom where 
the groups was seated. The questions were discussed in groups after looking at the video clip.  

To gather user experience and feedback about the education tool, the participants were asked to answer three 
questionnaires, User Profile Questionnaire, Technology Acceptance Questionnaire, and Training Evaluation 
questionnaire, see Annex 1-3. The questionnaire data were analysed descriptively 

5.10.1.1. Users surveys 
1. User Profile Questionnaire (UPQ) 

The nationality of all participants was Swedish. The majority (34) had an educational background in 
Primary/secondary school, see Figure 298.  

 

Figure 298: Educational background among the participants  

 

Among the participants, 17 have stated that driving a vehicle is a part of their work and the vehicles were mainly 
various types of trains (Locomotive, Freight train, Regina, RC4, RD2 & RM, T43, Vectron). Three specified that 
they drive a car professionally and one an airplane.  

Regarding the means of transport used most often for different kinds of travel the participants were asked to 
tick all alternatives relevant for them.  The result is displayed in Figure 299 and the most typical means of 
transports are passenger car, public transport, and bicycle or walking. 

Educational background

Primary/secondary school Bachelor

Higher vocational education Trade/technical training
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Figure 299: Means of transport the participants typically use for different trips. 

 

Regarding using a new technical product, 12 participants consider themselves as being among the first while 29 
thinks of themselves as being among the average. All participants had heard of autonomous vehicles and 13 had 
experience from them. Most common was to have experience from autonomous cars, see Figure 300. 

  
 

Figure 300: Knowledge and experience of autonomous vehicles. 
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2. Technology Acceptance Questionnaire (VDL) 

The acceptance of the tool developed for education of train dispatchers and train drivers, comprising video clips 
and discussion questions, was measured with the Van der Laan scale. The results are generally positive and for 
each row the acceptance is more on the positive side as can be seen in Figure 301.  
 

 
 

Figure 301: Technology acceptance measured with the Van der Laan scale.  

3. Training evaluation questionnaire (TEQ) 

The general opinion about the training method was rated a little bit over average (3.5) on a scale from 
unacceptable (1) to outstanding (5). The questionnaire also included specific questions to capture different 
aspects of the method. These were rated on a scale from strongly disagree (1) to strongly agree (5). As displayed 
in all aspects were above average.  

 

Figure 302: specific aspects of the training method rated from strongly disagree (1) to strongly agree (5). 
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5.10.2. Pilot RA1 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

In phase II we concluded that the tool is considered flexible, efficient, useful, and to have a good potential to 
help train dispatchers in the future. It was suggested to be developed and improved by also including the train 
dispatchers voice and thoughts, which would then give a better and clearer picture of the situation. A suggestion 
for future work was to make corresponding film clips from the dispatchers’ view, for train drivers to be able to 
understand more of their working situation too. 

I phase III the concept with adding the dispatcher view and voice was evaluated by both train dispatcher students 
and train driver students. Although the video clips were rather simple, the acceptance of the tool and the 
education method was high, and the opinions were generally positive. This is promising and positive since more 
advanced video clips would probably be even more acceptance.  

As mentioned already in phase II, it would be desirable to also be able to discuss the situations together with 
the other part, to gain an even better understanding of his or her situation.  

 

5.11. Pilot RA2 
The overall objective of the Pilot-RA2 is to develop and evaluate an HMI concept for remote operation of 
automated trains as a fallback system. Iterative user tests aim to identify the requirements and the preferences 
of future operators. In Phase II of the pilot experiments, different HMI strategies were developed and evaluated. 
In the Phase III, remote driving concept, the optimized HMI and developed training program was evaluated.  

A remote workstation in the EBuEf (Railway Operations Laboratory) was used for the tests. The remote 
workstation that was used in the Phase II was optimized based on the analysis of the iterative user tests as well 
as on the development process of the Phase III. As the train control panel, the controller that received higher 
preference and user experience scores in the Phase II was selected (i.e. commercially available desktop 
controller; RailDriver). Additionally, the workstation was developed to be more interactive, with touchscreens 
and different user interfaces. The train movement was simulated using a commercial simulation software Zusi 
(Siemens ES64U2 electric locomotive). The camera view from the head of the train was provided by 32” UHD 
curved monitor. During the supervision mode this screen displayed the area overview of the responsibility area. 
The area overview includes the tracks, signal and station locations as well as real-time locations of the trains in 
the area. For the electronic timetable and control command display, the interfaces of the simulation software 
were displayed on touchscreens. The mode of the active operation was displayed on a separate monitor. The 
icons and the warning sounds of the three system modes (automated, manual and automation available) were 
developed in coordination with the WP3 of the project. The same monitor also provided the system diagnosis 
as well as instructions for the remote operations during the manual control part. 
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Figure 303: Remote Workstation 

In this third phase of the pilot project, 26 participants took part as three user groups: 7 train drivers, 11 train 
dispatchers or signallers and 8 students or members of the railway department at the TU Berlin. These users are 
indicated in following user groups; train drivers, signallers and others. Four participants were in the age group 
of 18-24, 16 were in the age group of 25-35 and the age groups of 46-45 and 46-60 had three participants each. 
Most of the subjects were employed full-time or part-time 

No sensitive personally identifiable information was collected in this pilot and there was no risk of harm to the 
participants. A self-check provided by the TU Berlin was conducted, therefore, the pilot did not require an 
approval from the ethics committee of the University. 

Procedures used during data collection 

The experiments were conducted at the Railway Operations Laboratory of the TU Berlin. All participants were 
informed that taking part was totally voluntarily and that their contribution connected to the data collection 
was completely anonymous. The first part of the participation included an online training which was conducted 
with the participation of half of the subjects. Participants are randomly assigned to two experiment groups. 
These participants were also instructed to visit the E-Learning Website developed within the D2TF project. This 
group of participants evaluated the training activities with an online questionnaire. The second part of the 
experiments included the driving simulator experiments. Prior to the test, the procedure was explained to the 
participants and a consent form was signed. Each participant received a financial compensation for their 
participation to the user tests.   

The simulator experiment started with the supervision task during which the remote operator could monitor 
the area overview until a system disruption occurred. After around 2-3 minutes of supervision, the main monitor 
and the diagnosis monitor displayed the occurrence of a system failure and the instructions to follow. The 
remote operator then took the manual control of the train using interactive user interfaces, and drove the train 
remotely using the desktop controller and other information interfaces. The ride was conducted on-sight with a 
maximum speed of 40 km/h. The manual task was ended after arriving to a pre-determined station. Each 
participant conducted two supervision phases (2 min. + 2min.) and two manual ride phases (5 km + 10km) in 
one session of total around 45 minutes. At the end of the first ride, the simulator was stopped to ask few 
questions to gather data on the situation awareness of the participant. The remote operator could confirm the 
transfer of control using the interactive interfaces. The switches between the operational modes were designed 
as the Wizard-of-Oz system with an experimenter always present in the same room. The room that experiments 
took place was always aired, and the participants and the experimenter wore masks for the whole duration. 
Before and after each use, the controllers were wiped using a disinfectant for hygiene purposes. The raw data 
was collected via online or pen-paper questionnaire and a soft copy is stored as Microsoft Excel files 
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Evaluation Methods 

To gather user experience and feedback about the remote operation concept and the HMI, the participants were 
asked to answer three questionnaires, User Profile Questionnaire, HMI Evaluation Questionnaire, and NASA-TLX 
Workload Scale, see Annex 1-4. Questionnaires were translated to German. The questionnaire data were 
collected and analysed descriptively with a self-decided user IDs. Additionally, one-on-one discussions were held 
with some of the train drivers and signallers to collect more information and opinion from the perspective of 
railway personnel. Collected data were evaluated and interpreted using statistical analysis. Interviews and 
expert observations were used to supplement the survey data 

5.11.1. Pilot RA2 Results 
5.11.1.1. Users surveys 

User Profile Questionnaire (UPQ) 

The distribution of the educational levels can be seen in the Figure 304 below.  

 

Figure 304: Educational background of the participants 

All participants have heard of autonomous vehicles before, while only around 46% had personal experience with 
autonomous vehicles (Figure 305). These were mainly with driverless urban transport systems such as 
Nuremberg and Paris metro. Only half of the participants had heard of remotely driven trains prior to the pilot 
experiments.   
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Figure 305: Awareness regarding automated vehicles and remote operation 

 

Regarding the technology affinity, around 15% of the participants believe they are early-adapters of new 
technologies while 81% think they come in the middle. Nearly half of the participants never play flight or train 
simulator games (Figure 306).  

 

Figure 306: Technology affinity 

The distribution of user groups is represented in Figure 307 below. Majority of the participants had 0-3 years of 
professional experience. 
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Figure 307: User group distribution and professional work experience 

 

HMI Evaluation Questionnaire (HMIQ) 

The HMIQ includes questions for evaluating the user experience5 (UX) as well as scales for rating the individual 
design elements. Additionally, the persuasiveness and affection of the system was rated via statements and self-
assessment manikins.  
The Figure 308 below illustrates the comparison of scale mean values between the experiment groups who 
received the online training and those who didn`t. The UX questionnaire does not produce an overall score for 
the user experience, but allows for interpreting six scales and 26 single items individually. Mean values between 
-0,8 and 0,8 represent more or less neutral evaluation of the corresponding scale. Although the range of scale is 
between -3 and +3, it is highly unlikely to get overall values above 2 or below -2 in real life applications due to 
the tendency to avoid extreme answer options (Schrepp 2008). While all values in the positive side, the mean 
values for each scale is higher for the group with training. However, this difference failed to reach statistical 
significance at the alfa level of 0,05.  

                                                           
5 Laugwitz B., Held T., Schrepp M. (2008) Construction and Evaluation of a User Experience Questionnaire. In: 
Holzinger A. (eds) HCI and Usability for Education and Work. USAB 2008. Lecture Notes in Computer Science, 
vol 5298. Springer, Berlin, Heidelberg. 
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Figure 308: Mean values of the user experience scales (per training group) 

One of the reasons for the relatively high standard deviation is the difference within user groups. In Figure 309, 
the mean scores for each user group is given. Two sample t-test indicates that the differences between drivers 
and signallers in terms of attractiveness, stimulation and novelty are significant. When evaluating, train drivers 
might tend to compare their experience with their previous experiences with actual trains. UX results suggest 
that train drivers have more conservative views on this technology. Overall it can be interpreted that the 
pragmatic quality (i.e. task-related aspects) of the system was rated highest by train drivers, and hedonic quality 
(i.e. stimulation, originality) falls into neutral area. Relatively low task demand compared to traditional train 
driving may have led to low stimulation ratings by train drivers. The subjects had no active tasks during the 
supervision period while trains were running in automated mode in the experiment. However, the highly varying 
answers within user groups as well as the differences between user groups make it difficult to reliably interpret 
the scales of stimulation and novelty in particular. This difference may have come from the difference in 
understanding of the meaning of scale items. For example, even though the remote operation of trains is 
relatively a novel concept, the user experience on novelty mainly addresses the particular HMIs, which are 
developed primarily for examining simplistic solutions rather than a cutting-edge one.  
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Figure 309: Mean values of the user experience scales (per user group) 

Likert items are used for measuring respondents' attitudes to a particular question or statement. In the 
literature, Likert item data (answers to single items) are often treated as ordinal data whereas Likert scale data 
(means of the results on sets of items) could be used as interval scale. Therefore, mean values alone might not 
be enough as a measure of central tendency for individual Likert items. For this reason, unlike the user 
experience analysis, the main measure for Likert item data were chosen as the distribution of responses (e.g. % 
that agree) rather than mean values alone. The mean values and other descriptive statistics should be 
considered together with the percent or frequency data when interpreting the results. These type of data are 
treated as ordinal and non-parametric statistical tests have been employed to test the hypothesis. 

A non-verbal pictorial assessment technique, called self-assessment manikin (SAM), is used to measure pleasure, 
arousal and dominance associated with pilot users`s affective state during the test. The mean values of the users 
who received an online training and those who didn`t are illustrated on the scale spectrum for each dimension 
as seen in the Figure 310. For both groups, the arousal dimension was rated the lowest. Even though the arousal 
and valence values seemed to be higher for the group who received the training, Kruskal Wallis H test indicated 
that the differences between the training groups are not significant.  
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Figure 310: SAM mean values for different user groups 

 

Due to the limitations of ordinal data mentioned above as well as small sample sizes, the mean values alone may 
not be as representative as it would be for normally distributed continuous data. For this reason, individual 
responses to the self-manikin scale are plotted on a two-dimensional pleasure-arousal graph based on the model 
of Russel and Lanius, 19846 (Figure 311 and Figure 312). This model includes only pleasure and arousal 
dimension, as it regards dominance as a cognitive indicator rather than as indicators of affect. As seen in the 
Figure 311 the data concentrates mainly in the pleasant-low arousal area.  

                                                           
6 James A. Russell, Ulrich F. Lanius, Adaptation level and the affective appraisal of environments, Journal of 
Environmental Psychology, Volume 4, Issue 2, 1984, Pages 119-135, ISSN 0272-4944. 
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Figure 311: Responses to SAM plotted on an arousal-plesure graph (Td: Train driver, Sg: Signaller, Ot: Others) 

 

Figure 312: Model of the affective appraisal of environments (Russel and Lanius, 1984) 

For measuring how persuasive and affective the HMI is, a questionnaire with three items was used. The 
questionnaire with 7-point Likert scale (strongly disagree-strongly agree) was adapted from Thomas et. al, 
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20197. The scale items are given in the Table 41. The items represent the persuasion effectiveness, quality and 
capability of the HMI.  
 

Table 41: Persuasive and affective HMI: Questionnaire scale items 

Factors Scale Items 
Effectiveness After viewing this system, I will make changes in my attitude towards automated 

technology.  
Quality This system is trustworthy.  
Capability This system has the potential to influence user behaviour.  

 
The Figure 313 illustrate the distribution of responses to the persuasiveness scale items. The capability 
dimension has greater positive distribution among all user groups, while the effectiveness has the bigger 
proportion of negative ratings. Kruskal Wallis Test (KW) was employed to test whether the differences were 
statistically significant, with the null hypothesis being the medians of all groups are equal. The KW test and a 
post-hoc Dunn`s test using alfa of 0,05 indicated that the mean ranks of the train driver and signaller groups are 
statistically different for the effectiveness dimension (p=0,041) and the quality dimension (p=0,0409). This data 
can be supplemented with written and oral feedbacks from train drivers which suggest that they have more 
conservative views on railway automation technology regarding train driving tasks.  

                                                           
7 Thomas, Rosemary J.; Masthoff, Judith; Oren, Nir (2019). “Can I Influence You? Development of a Scale to 
Measure Perceived Persuasiveness and two Studies showing the Use of the Scale,” Frontiers in Artificial 
Intelligence, volume 2 
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Figure 313: Persuasive and affective HMI: Response distribution 

In another section of the questionnaire, individual design elements were rated using a scale of -2 to +2. The 
differences between user groups in terms of distribution of answers are similar to the results of the 
persuasiveness scale. While each element was rated positively for signallers and other user groups, operational 
information and the controller interface were rated lower than other elements Figure 314. The Kruskal-Wallis H 
test on controller interface data indicated that there is a significant difference in the dependent variable 
between the different groups, (χ2(2) = 8,27, p = 0,016) with a mean rank score of 7 for drivers, 17 for signallers, 
14,4 for other group. The post-hoc Dunn`s test showed that the difference in the mean rank of train drivers and 
signallers (p=0,0044) were significant, while for the pair of train drivers and others at near significance 
(p=0,0499). For the operational information element, only the driver-signaller pair was statistically significant 
(p=0,04157). 

Additionally, a reason for the rating and additional comments were asked as an optional question. According to 
feedbacks provided by some participants, the remote workstation lacked several operational information (i.e. 
train state indicators) or had inferior control panel compared to a traditional train-cab driver desk. This is partly 
due to the defined use case, which aimed to examine a simplified HMI for identifying most important 
information sources as well as assessing the learning requirements for potential operators that are not train 
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drivers. High-rated hedonic quality in the user experience as well as positive feedbacks on design elements in 
terms of ease of use support this motivation. Obtained feedbacks on the individual elements from the users 
could provide beneficial recommendations for such design concepts. One important addition could be more 
detailed information on the system disruptions that require manual intervention. Besides the reason and the 
location of the disruption, detailed information on what happened just before the disruption (i.e. replay of video 
recording) as well as the status of the previous and next signals could be provided. Having the option of different 
camera angles from the train was also another recommendation from some of the participants. Overall ratings 
as well as comments suggest that a full-blown train-cab replica would not be requisite for the defined use case 
of remote fallback system. 

 

 

Figure 314: Distribution of user preference ratings for individual HMI elements 

 

Mental Workload and Situation Awareness 

Self-assessed mental workload ratings are collected right after the experiments. NASA-TLX8 is used for the 
mental workload assessment, as this is a widely used technique in various research areas. Because of relatively 
small sample size, determining the distribution of the workload variable was important for choosing an 
appropriate statistical method. The Shapiro–Wilk test failed to reject the null hypothesis (p=0,078), which 
indicates that the variable may be normally distributed. One-way ANOVA showed that the differences between 
the user groups are not significant (p=0,398). For all groups, the results indicate low levels of workload, which 
are significant compared to the hypothesised average of 50. As mentioned earlier, the supervision period did 

                                                           
8 Sandra G. Hart, Lowell E. Staveland, Development of NASA-TLX (Task Load Index): Results of Empirical and 
Theoretical Research, Editor(s): Peter A. Hancock, Najmedin Meshkati, Advances in Psychology, North-
Holland, Volume 52, 1988, Pages 139-183, ISSN 0166-4115, ISBN 9780444703880, 
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not include any active task for the subjects. Additionally, the instructed speed of maximum 40 km/h throughout 
the ride may also have contributed to low workload levels.  

Table 42: NASA-TLXworkload  scores of three user groups 

Train driver Signaller Other 
Overall 26,2 Overall 38,1 Overall 26,6 
Diagnostic Subscores Diagnostic Subscores Diagnostic Subscores 
Mental 46,4 Mental 50 Mental 45,7 
Physical 30 Physical 33,9 Physical 12,5 
Temporal 21,5 Temporal 35 Temporal 33 
Performance 24,2 Performance 38,1 Performance 42,9 
Effort 25 Effort 43,5 Effort 32,5 
Frustration 20 Frustration 33,2 Frustration 24,2 

Although train drivers and signallers who received online training reported lower overall workload levels, 
differences between the participants with and without training were statistically not significant. 

Table 43: NASA-TLX workload scores of two training groups 

Train driver Signaller Other 
With 
training 

Without 
training 

With 
training 

Without 
training 

With 
training 

Without 
training 

20 34,4 28,7 43,9 34,6 32,5 

The importance of operator situation awareness (SA) for safety is widely accepted in the literature. This is 
particularly important for remote operation, as drivers lack more information that is otherwise available in 
vehicle. In order to assess whether the amount and quality of information that is provided is sufficient for 
building sufficient situation awareness, two SA measurements techniques were used to cross-check the results. 
First a freeze-probe technique called SAGAT is employed during the experiments. The simulation is stopped at 
the end of first ride and subjects were queried as to their perception of the situation. In total 7 queries 
correspond to the three levels of SA (perception, comprehension and projection). Even though it provides a 
global testing of SA, it is subject to memory decay as well. It should also be noted that the queries are made only 
once during the experiments. This approach minimizes the possible bias of attention for queries in advance, but 
also reduces the sensitivity of the measurement. In order to cross-check the SAGAT data, perceived situation 
awareness was collected post-trial using a subjective assessment technique. A self-rating measure of SA was 
adapted to this pilot study9. Three items were developed to represent each of the three levels of situation 
awareness. The items presented as statements, and a 7-point Likert scale was given for the ratings. Likert-ratings 
were converted to percentages in order to compare both measurements. Mean scores of correct responses in 
SAGAT, and mean ratings for the self-assessed SA items are given in the Figure 315 below. Overall the subjective 
assessment indicates high SA levels with the ratings of all groups over 70%. The scores of the stage 1 and 2 for 
train drivers in both measurement methods are consistent. It should be noted that the stage-3 of the Sagat only 
included one question, whose result has a very high bias.  

                                                           
9 Per Øivind Braarud,Investigating the validity of subjective workload rating (NASA TLX) and subjective situation 
awareness rating (SART) for cognitively complex human–machine work, International Journal of Industrial 
Ergonomics, Volume 86, 2021, 103233, ISSN 0169-8141 
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Figure 315: Objective (SAGAT) and subjective (SA-items) situation awareness (Error bars:SD) 

An additionally question was asked to assess how immersive the simulator felt to the subjects. As the 
experiments included a generic representation of the driver-cab interface, lower ratings on the reality of the 
environment was expected. The statement given in Figure 316 below received positive rating from signallers, 
but neutral rating from drivers and others. 

 

Figure 316: Distribution of responses to the statement on reality and immersion 

Training evaluation questionnaire (TEQ) 

The general opinion about the training method was rated 3,5 on a scale from unacceptable (1) to outstanding 
(5). This score was statistically significant compared to the hypotheses mean of 2,5 (Figure 317).  

 

Figure 317: Mean rating for the quality of the training 

The questionnaire also included specific questions to capture different aspects of the method. These were rated 
on a scale from strongly disagree (1) to strongly agree (5). Ease of learning and using as well as increase 
awareness and understanding of the system were rated high by the majority (Figure 318). However, trust and 
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willingness to use had large distribution of neutral ratings. It is possible that the content of the online training 
related to the technological challenges of remote operation and their impact on operator performance have 
caused ambiguous opinions on applicability and willingness to use. 

 

Figure 318: Response distribution of users who received online training 

The training content as well as the method of asking quiz questions at the end received positive feedbacks. 
Additional recommendations include more detailed information on train driving techniques and training on risk 
management skills with regard to personnel and passenger management in cases of emergencies 

 

5.11.2. Pilot RA1 analysis and conclusions respect to training programs and 
schemes per mode and cluster 

The Phase III experiments obtained positive feedbacks on the overall system as a fallback solution. The user 
experience assessment indicated a higher task-related quality (i.e. perspicuity and efficiency) compared to non-
task related quality (i.e. stimulation and novelty). HMIs elicit positive emotions regarding pleasure and 
dominance, but low arousal levels. This finding is parallel with the low subjective workload reported by the 
participants. However, in real world applications, the remote operator would have higher variety of tasks and 
responsibilities, which would consequently increase the task demand of the operators. 

The training activities achieved increased awareness and understanding of the system for future operators. It 
also provided useful feedbacks for development of training programs to different user groups. Ideally, the 
remote operator training to be provided could be adjusted based on the knowledge and experiences of different 
user groups.  

The findings of the user experiments were useful in obtaining some of the needs and preferences of different 
user groups. While improved control panel and enhanced information sources would increase the acceptance 
and trust to the HMI, the simplified solution for the fallback operations received positive ratings.  

The comparison with the previous pilot phase, as well as an impact assessment with regard to the KPIs will follow 
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5.12. Pilot MA1 
The objective of this pilot during Phase III has been to perform training activities to workboat operators, 
following the training schemes from WP4 and to access the respondents view on this training scheme  

Hence the Phase I internal report showed how important the understandability of the system was to both the 
view on security and the view on motivation for the system. The training system hence becomes a key factor in 
the spread of autonomous systems as a mean of transportation. This includes the operators, who are the key 
targets in this training exercise. 

The maritime pilot within Drive2theFuture was performed in the archipelago of Faaborg, in Denmark. For the 
tests, 4 automated ProZero workboats (Level 3-4) were used. A total of 20 operators and passengers participated 
in the pilot. The aim was to assess operator acceptance and cost efficiency of using automated workboats for 
3D (Dangerous, Dull or Dirty) tasks, by using, testing and evaluating the related training schemes, as derived 
from WP4 

According to the User profile questionnaire, the age range of the users are from 18 to 60, however most users 
was represented in the age group of 36-45 

Gender of the users was identified as 12 males 3 women and 5 participants who did not want to assign 
themselves to any gender 

The analysis of the training scheme involved operators who can be defined as personnel with the responsibility 
of ensuring a proper operational function, steering and safety of the vessel. 

Procedures used during data collection 

• The objective of the training course was to give the participants knowledge about the current status 
of autonomous-unmanned vessels, its structures, technologies and operations; the legal issues and 
risks, as well as the general skills that stakeholders should gain in order to ensure safety and security 
of operations. Hence the participants should have gained specific knowledge regarding different 
levels of autonomous vessels and related technologies (LO1), the autonomous vessel in the maritime 
environment (shipping company, classification society, pilots) (LO2), risks of cybercrime (LO3), 
legislation (LO4). 

• The focus has been on passenger and operator comfort and safety onboard including boarding and 
un- boarding of people and operators, seen from the operator’s point of view. 

• Survey tests have been done on-line by operators after they have done the on-line training to identify 
the training needs and to identify proper safety procedures 

5.12.1. Pilot MA1 Results 
The survey was answered on-line by the respondents via an internet-link, that was sent to a long range of 
different stakeholders. The answers were then collected and noted inside an excel document. Afterwards the 
data was collected in excel where diagrams and an analysis of the outcome was the written down using word.  

6 respondents have finished the training program. With this low number of respondents, it makes little sense to 
make any correlation analysis, all though I will attempt to assess the data on a more overall perspective Graphical 
representation of the results or tables showing outputs of the pilot.  
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Figure 319: MA1-Phase III training results 

The survey results from the survey will be assed from the perspective of obtaining the objectives of the training 
course, which was to give the participants knowledge about the status of autonomous-unmanned vessels, its 
structures, technologies, and operations; the legal issues and risks, as well as the general skills that stakeholders 
should gain to ensure safety and security of operations. This follows the impact hypothesis for the maritime 
transport mode, where the hypothesis is, 1) “Training to boat operators will improve their understanding and 
perceptions of system usefulness, safety and ease of use thus to increasing the trust and acceptance in the 
system” 

In this light the training course must 1) be easy and engaging. And it must 2) supply the respondents with 
relevant information, that 3) increases the respondent’s acceptance of the system, their trust in the system, and 
the willingness to use the system. 

Part analysis of easiness and engaging  

In Q2 2 the survey show, with an average of 2,17 and std. deviation at 0,41 that respondents view the training 
course as easy to understand.  With a mean of 2,33 and a skewness of -0,86 the Q2 14 shows, that respondents 
to a certain degree view the graphical elements as clear. In Q2 3 the mean of 1,83 respondents view that the 
training was presented in a clear way. With a standard deviation at 0,98 to the average the average of 2,17 and 
a frequency of 50 % neutral and 50 % agree and strongly agree combined in Q2 4 the survey shows, a varying 
opinion to whether the material was engaging.  

The conclusion is that the respondents viewed the training course as clear and easy to understand. But they 
were varying on whether the course was engaging. 

Part analysis of the relevance of the training course 

With an average of 2,33 in Q2 1 the survey shows that the training course had topics, that respondents felt were 
relevant for their training. But in Q2 5 a mean of 3,00 the respondents also felt that they only in some degree 
learned something new during the training course. And a mean of 2,5 and std. deviation of 0,55 showed in Q2 6 
that they only in some degrees were able to apply the knowledge they have learned. All though the respondents 
only to a certain degree feel, that they have learned something new from the training course, an average of 2,17 
and a std. deviation at 0,41 the survey also showed, that the training increased the respondents understanding 
of the system. And in Q2 9 a mean of 2,33 and an std. deviation of 0,52 the respondent feels the course made 
them better prepared to use the system.  

The conclusion is that that although the respondents felt the topics were relevant, the still felt, that they only to 
a certain degree learnt something new but obtained a better understanding of the system.  

Part analysis of the courses ability to increase the respondent’s acceptance, trust, and willingness to use the 
system 

In Q2 8 a mean of 2,33, std. deviation at 0,82 and skewness at -0,86 the survey shows that the training in some 
degree increased the respondent’s acceptance of the system. This is underlined by frequency were 50 % were 
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neutral and 50 % agree or str. Agree combined. In Q2 12 a mean of 2,00 and std. deviation of 0,63 shows that 
the training increased respondents’ willingness to use the system. But a mean of 2,5 and a std. deviation of 0,55 
also shows, that the training only to some degree increases the respondents trust in the system. 

The conclusion is that the training has not affected the trust in the system, as much as it has affected the 
acceptance of the system and willingness to use it. This means, the respondents might get to know, how the 
system works, but this not necessarily means that they trust the system. 

About the suggestions for at better training course 

No respondents have stated any ideas to how to improve the training course 

Conclusion it can be difficult for the respondents to suggest how to improve the training course  

About the thing the respondents felt particularly pleasant about the system 

We have learned that especially the graphics and the visualizations in the training course were pleasing to the 
respondents. This in in good comparison to the survey, that shows a strong tendency toward a clear and 
understandable training course 

5.12.2. Pilot MA1 analysis and conclusions respect to Training programs and 
schemes per mode and cluster 

In summary, the main conclusions reached during this phase were as follows:  

• That respondents might see the training course as clear and easy to understand, it has to be 
presented in a way, that makes the course engaging 

• That respondents might feel that the topics are relevant, and they might get a better understanding 
of the system, but the course must be on a level, higher than the basic seaman ship, to bring extra 
knowledge to the participants.  

• That training not necessarily increases the trust in the system, as much as it increases the 
acceptance of the system and willingness to use it. 

The conclusion is that the training course overall, contributes positively to the respondent knowledge, 
acceptance. This way we see no subject where the respondents answer either disagree or strongly disagree, to 
the question that concerns the education of the respondents. The conclusion more specifically is that the 
training course was seen as both relevant and easy to understand. But at the same time the conclusion is that 
the course only to some degree increases the respondents trust in the system. 

 

5.13. Pilot AV1 
The Phase III of the AV1 Pilot consisted in the delivery and validation of two different sets of training courses.  

Training course for drone operators 

A training course for drone operators focussed on the online system for the risk assessment of drone operations 
that we tested in Phase II of the AV1 Pilot. The activity was held in the period between November and December 
2021 and involved the drone operators who had been previously involved in AV1 Phases I and II. The course was 
asynchronous and consisted of 6 video lessons focussed on how to perform a risk assessment compliant with 
the SORA methodology using the online system proposed. In particular, the 6 training modules covered the 
following topics:  

● Course introduction 
● Module 1 - context of risk assessment for drone operations and how to access the system 
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● Module 2 - general details of drone operations and basic functionalities of the online system 
● Module 3 - ground risks for drone operations 
● Module 5 - air risks for drone operations 
● Module 6 - SAILs and OSOs identification and how to complete the risk assessment report 

The course structure and contexts were defined based on the results of Phase II. 

The average duration of each module was 20 minutes, excluding the introduction that was shorter. Each trainee 
was required to provide his/her personal feedback about the course just after completing it, by means of the 
training evaluation questionnaire produced for all the Pilots of the project. 

E-learning courses 

In addition to the training course above, that was specifically related to the topic of the pilot studies, two general 
training courses are designed and delivered through the Drive2thefuture e-learning platform. The focus of these 
two additional training courses was respectively on “how to fly a drone” and “introduction to drone operations”. 
An open call was launched to run the free training course and 3 people  followed them and replied to the 
following evaluation questionnaire.   

5.13.1. Pilot AV1 Results 
Training course for drone operators 

Phase III involved 5 drone operators, who accepted to participate on a voluntary basis in the asynchronous 
training course and to provide their feedback about it.  

In the following a couple of screenshots from the video lessons which constituted the course, that were 
extracted respectively from module 1 and module 2.  

  
  

The audience, that was not new to the risk assessment methodology and to the online system, provided a 
positive feedback about the course.  

As evident from the following chart, as general opinion, the majority of the sample tended to consider the quality 
of the training course very high, while one of them considered it outstanding.  
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Figure 320: Users’ opinion about quality of training 

Entering more in detail in the results obtained from the questionnaire, most of the participants considered the 
topic relevant to them, presented in a clear way and easy to understand. With reference to this latter aspect, it 
is worth noticing that the only neutral answer collected was related to the choice of delivering the course 
exclusively in English and to the possible impact of this on non-English speakers.  

In general, the training material was considered engaging and directly applicable in order to support the risk 
assessment work of drone operators. Surprisingly, even if most of the participants knew already the risk 
assessment methodology and the system, all of them declared that the course allowed them to learn something 
new, that they did not know before.   

  

  
 

Figure 321: Answers about the training 

It also emerges that the participants were happy about the course and thought that the contents provided were 
in line with their expectations. Moreover, in their opinion the course helped them to be better understand the 
system and t be better prepared to use it, thus also contributing to increase their acceptance of the system, 
their level of trust in it and their willingness to use it.  

E-learning courses 

The e-learning courses were followed online by 3 participants, who accepted to participate on a voluntary basis.  
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In the following a couple of screenshots from the video lessons which constituted the e-learning courses, that 
were extracted respectively from course and course 2. 

  

 Figure 322: access to e-learning platform during AV1 

As evident from the following chart, as general opinion, the majority of the sample tended to consider the quality 
of the training course quite good, even if not outstanding. I general, the comment received was that the course 
was interesting as a very initial introduction to the topics, but additional modules would have been necessary 
to get a better understanding. 

 

Figure 323: Quality of e-learning platform during AV1 

The results highlighted above are confirmed by the answers to the other questions, that were more specific, 
whose results are represented in the following chart. 
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Figure 324: Evaluation of  e-learning platform during AV1 

 

5.13.2. Pilot AV1 analysis and conclusions respect to Training programs and 
schemes per mode and cluster 

As already mentioned, the training course delivered and tested in Phase III was very specific and targeted to 
support drone operators in using the system proposed to perform the risk assessment of drone operations, 
according to the international methodology SORA (Specific Operations Risk Assessment) produced by EASA.  

The audience that attended the course was already skilled about both the methodology and the system 
proposed. Nevertheless, the reaction was very positive, and the participants fond the course interesting, clear, 
well-structured and, most importantly, useful for the professionals it was targeted to. According to the 
participants, the choice of making the course asynchronous and structured in short videos increased their 
willingness to follow it and largely contributed to their positive feedback. They appreciated the possibility of 
following the course when most suitable to them and to be able to watch again the videos if needed. 

A few suggestions were also provided to improve and expand the training course in order to even better fit with 
the needs of the audience. They concern the following aspects: 

• the need for additional video tutorials, that could be introduced in the training course, as additional 
video lessons dedicated to show specific examples of application of the risk assessment methodology 

• the addition of quizzes at the end of the each module to test the understanding of the contents 
provided and make sure that the main messages were correctly absorbed  

• the possibility of enlarging the audience, by delivering the course in multiple languages, instead of just 
in English, as this would make it generally more attractive and understandable 

• the need to improve the accessibility of the course and in particular the readability of the current 
materials from mobile devices. 

Regarding the e-learning course, the audience appreciated the courses and the platform used to deliver them. 
Nevertheless the contents was deemed quite too high level and additional modules would have appreciated to 
get a better knowledge of the topic 

5.14. Outputs from WP4: AV training programs 
Throughout WP4, the needs of users regarding learning and training programs regarding the use and interaction 
with an autonomous vehicle have been discussed. As a result of the work carried out in this work package as 
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well as in WP1, introductory training programs were developed by user group and each mode of transport. These 
training courses have aimed to provide a general understanding to relevant user groups, focusing on relevant 
and specific aspects, such as how autonomous vehicles should interact with pedestrians or how drones should 
be operated. 

At the same time, training programs have been carried out to identify which learning tools are the best according 
to the needs of the users, being the chosen ones, e-learning platforms, PowerPoint slides, questionnaires, VR 
and AR environments and short videos. This interactive and immersive training model has aimed to transfer to 
users the most important aspects to take into account in an autonomous driving scenario. These situations and 
scenarios aim to place learners in a semi-real-world environment, maximizing the learners' ability to supervise 
and act accordingly. 

Respect to carried out the sentiment analysis, it is important to note that in most situations users have a positive 
attitude towards autonomous transport systems, but always showing concern for aspects related to safety, such 
as the use of drones with military objectives. As a result of these analyses, it is concluded that it is necessary to 
involve all types of users, professional and non-professional, as well as the public administration bodies 
concerned, so that public transport systems can be comfortably integrated into society. 

Also as a result of this work package, whose details are included in the D4.2 deliverable, the need for 
collaboration between the different managers of autonomous transport systems, manufacturers, 
administrations and other stakeholders is concluded with the aim of sharing information and knowledge given 
the wide points of union they share.  
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6. Results Consolidation 

6.1. Analysis about efficiency, safety and environment 

6.1.1. Evaluation of pilots results 
Based on the results obtained during the pilots carried out in real road scenarios during Phase I of the project, 
involving autonomous vehicles (mainly urban buses), as well as through the simulation results obtained 
throughout activity A5.3 of the project (and collected in section 6.1.2), the following general conclusions can be 
drawn: 

1. According with results obtained during RO1, acceptance of the technology depends on the age of 
the users, being easier to involve users under 50 years of age in its use, and even easier if they are 
young people who are more accustomed to being daily users of public transport. Thus, during RO1, 
with 55% of women between 30 and 50 years old and 88% of men between 30 and 50 years old, 
95% of the participants would be willing to use or interact with AV at an early stage, and in RO4, 
58% of the users felt motivated to use AV and 66% thought it was an interesting technology. On the 
other hand, 72% of the participants in RO5 were under 45 years of age, and 74.8% felt positively 
stimulated to use autonomous public transport again, since 82.3% also have a positive perception 
of the novelty of this technology. Finally, in RO6, with 68.97% of the participants under 25 years of 
age, 78% thought that it was a comfortable means of transport, and 67% also agreed that the driving 
behaviour was good or very good. 

2. With the data obtained during these pilots, no clear conclusions can be drawn regarding the gender 
perspective. In RO1 the participation was 70% male 30% female, in RO4 the 12 participants were 
mostly male, in RO5 36.5% of users where female 41.61% male and 21.9% preferred not to specify 
a gender, and only in RO6 more women than men participated (57.24% women versus 42.76% men). 
It can be observed that the opinions collected from men and women in some pilots are not 
proportional (with more male than female participation), or the final results do not clearly indicate 
a substantial difference between the acceptance of this technology by men or women.  

3. Regarding the perception of safety, based on the results obtained, it can be concluded that the 
perception on the part of the users is that the inclusion of AV in public transport systems is a safe 
alternative. Thus, in RO1 50% of the respondents indicate that the Akershusstranda route is safe or 
very safe, compared to only 3% of the route in Oslo, with a total of 58% of them having a clear 
perception of safety in their interaction with the AV. This may be mainly due to the route taken 
through the interior of Oslo, in addition to the presence of the AV other conventional motor vehicles. 
Regarding the interaction with the city bus, only 8% have indicated that this poses a risk. In RO5, in 
general the passengers' experience while riding the autonomous bus has been correct, with 90% of 
them feeling safe during the trip. In RO6, 70.34% of the users have felt safe during the trip being. 
However, in these pilots the participants were passengers, not users/controllers/"drivers" as in RO4 
where the participants were "behind the wheel" of the autonomous vehicle. In this scenario, only 
41% felt fully safe, and indicated that they felt a lack of interaction mechanisms with the 
autonomous vehicle. 

4. Thus, in relation to safety, it is also important to note that in some of the pilots the participants were 
not aware of interacting with an autonomous vehicle (RO1) or the presence of an operator perhaps 
detracted from the perception of being in a fully autonomous transport. Thus, 91% of the users 
participating in RO6 stressed the importance of having a human reference. It should be also 
highlighted that no significant accidents were recorded during the pilots carried out. 

5. The participants noted that their feeling of safety could also be derived from the fact that the 
autonomous vehicles were traveling at very low speed, which increases this feeling, as indicated by 
55.47% of the participants in RO5, for whom this would also mean that they would experience less 
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jolts. This low mobility means that other non-autonomous vehicles or cyclists do not see the 
autonomous bus as a danger and even perform overtaking or interaction manoeuvres with the 
autonomous vehicle, although when they have an intersection with it, they prefer to yield to it rather 
than wait for it to stop automatically. It is for this reason that 30% of respondents in RO1 did not 
trust the bus to stop on its own. Hence perhaps that response of 62% of them indicating that it is 
better to yield to the AV, a dangerous situation for the 20% who indicate that they are not sure that 
the bus would stop autonomously. Still, with time and use, for 29% of users, confidence can be 
gained in using and interacting with the autonomous vehicle.. 

6. It should also be pointed out that the perception of the users is that it is a conservative and/or 
cautious transport from the point of view of safety. That is why in several of the pilots the 
autonomous vehicles carried out abrupt or sudden braking when faced with possible dangerous 
situations, as was the case in RO1, RO5 and RO6. Even so, in RO1, 17% of the 52% surveyed gave 
way to the bus; in RO4, 58% had the perception that the behaviour of the AV was predictable, as 
was the case for 73% of the participants in RO5. 

7. In parallel, in the simulated/virtual environment in which the interaction of autonomous vehicles 
with pedestrians when they intend to cross the road has been analysed, they have served not so 
much to obtain information about the behaviour of both agents, but to obtain information about 
the trajectories that each one will follow in this scenario and to obtain information about what 
should be the behaviour of the autonomous vehicle. 

8. Regarding situations in which it is the user who can have control over the autonomous vehicle, as 
has happened in RO5 in which the participants have been "drivers", for 66% of the users it is a driving 
system that is easy to learn to understand its operation and that presents a friendly and pleasant 
environment. 

9. In terms of comparing the efficiency of AV with conventional vehicles, users do not see a clear 
difference. In RO1, 39% consider them to be effective transportation, but only 19% thought they 
were more effective than conventional buses. At the same time, only 5% have the perception that 
the use of these buses will benefit them in the way they move around the city. However, 31% of 
respondents do have the perception that they will soon become an important part of the public 
transport system. In RO5, 54% of the responses in this regard are positive. In RO6, in the free 
comments of the participants, several comments have been received indicating that to be more 
efficient, the AV should run at a higher speed. 

10. However, it is curious that although the system is automated as in RO5, there is a divided opinion 
regarding the expectation that the system will be more flexible by offering personalized routes or 
transport on demand (50.36% think so), with only 36.5% thinking that the autonomous system will 
be more flexible than the conventional system. Thus, 31% of the participants in RO1 do have the 
perception that in a short time they will become an important part of the public transport system 
and 53% of those surveyed in RO6 are clear that in the future it will not be necessary to have a 
vehicle to move around, whether autonomous or not. 

11. Nevertheless, if this efficiency is analysed in a simulated environment, and measured in terms of 
travel times and average speeds, in a scenario in which autonomous vehicles and conventional 
vehicles coexist, as observed in the work carried out in the project throughout activity A5.3, it can 
be observed that, in a simulation scenario, when there is a ratio of between 20-40% of autonomous 
vehicles, a substantial reduction in the times required to cover a predefined route is achieved. 

12. Regarding the environmental impact of the use of autonomous vehicles, it cannot be confirmed that 
they could have a direct impact. In RO6, 42.86% are concerned about the environmental impact of 
vehicle use. It is also true that the inclusion of AV in public transport systems will not have a direct 
impact on the increase in their use compared to the private car, although current users of public 
transport will continue to use them in the same way. Similarly, as reflected in the simulation work 
carried out in A5.3, if the type of motorization of autonomous and conventional vehicles is the same, 
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the energy consumed and emissions will be similar. However, by acting on the driving style, emission 
levels could be reduced. 

In relation to the results obtained in the autonomous vehicle piloting in a marine environment (MA1), the 
following conclusions can be drawn. It is necessary to take into account the low user participation mainly due to 
the restrictions experienced during the covid-19 pandemic: 

1. First of all, it is important to highlight that automatic pilot in the marine environment has been 
established for many years, being not as new as the presence of AVs on the roads. That is why during 
the piloting, 12 of the 4 participants had previous experience in the use of AVs, even 9 out of 15 
have already operated autonomous vehicles during their work and all of them had already heard 
about this type of vehicles.  

2. As a consequence of this previous experience, it can also be derived that 93% of them would not be 
reluctant to be users of this technology at an early or intermediate stage. 

3. Regarding the safety of the system, practically all of them show a predisposition to be users of the 
system again and have found that it is a relatively simple technology to use, that it is quick to learn 
how it works and in which the autonomous driving functions are well integrated. However, there 
may be occasional moments during use when the support of technical personnel may be required.  

4. Regarding safety and confidence in the automated driving system, 81% of the participants consider 
it to be a useful system and 72% consider it to be a reliable system. This feeling of security is mainly 
due to the fact that 81% consider it to be an accurate system and 90% consider it to be a robust 
system. These are indispensable qualities that give reliability in this type of technology. As a result, 
90% of the participants in the pilot felt confident in the operation of the system. Thus, 71% consider 
that the adoption of this type of autonomous driving in the maritime sector may lead to an increase 
in safety, as 57% believe that the number of accidents will also decrease, although they do not 
consider that the severity of accidents may decrease due to the fact that it is an autonomous vehicle.  

5. In relation to efficiency, 57% have the perception that this type of vehicle can contribute to reduce 
stress, which has repercussions in that trips can also be longer, being therefore a technology to be 
adapted in 66% of the participants' boats.  

6. In summary, 100% of the participants consider their experience during the piloting as positive or 
very positive. 

Finally, during this Phase I, autonomous driving has also been performed in the field of aviation (AV1), more 
specifically in the analysis of drone operations. Like other pilots, the scope has been reduced by the covid-19 
pandemic situation. For the evaluation of the results, the two roles necessary for interacting with a drone were 
taken into account, which are the operators (in charge of flight planning) and the pilots (in charge of execution). 

From the point of view of the operators, the characteristics and functionalities of the flight planning tools were 
analysed, as well as their usability and the compatibility of the applications with the drone systems and devices. 
With the pilots, the usability of the flight execution tools was analysed, as well as the compatibility of the 
applications with systems and devices, and the possibilities of customization. With both groups we also analysed 
how team tasks and collaboration are executed. 

One of the first conclusions drawn from the data obtained during this pilot is the lack of standardization during 
drone operations, so that both the planning and execution phases are not carried out following a predefined 
protocol. In these situations, professionals often use their own tools or even adapt them according to their own 
preferences. In short, there is no common way of proceeding for drone handling and the way in which one 
interacts with them depends to a great extent on the people involved and the scenario in which the flight is 
executed. Thus, one of the biggest problems faced by operators is that, due to the lack of standardization, there 
are no common flight authorization protocols compatible with the planning tools they use.  

Taking into account the different actors involved in the control of a drone, it is necessary to have a multi-user 
platform where the different tools shared by all of them can be combined. Derived from this need is the 
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compatibility between systems. The lack of compatibility leads to greater complexity in flight execution and 
planning tasks.  

In relation to safety, during this first phase of piloting, no positive or negative aspects were found, so that the 
functionalities derived from this feature seem to be well established from the point of view of operators and 
pilots.  

The set of results obtained during this first phase have served to define solutions for the operator and pilot 
interfaces to be used during phase II of piloting. 

6.1.2. Evaluation of simulation platforms 
This section presents the findings of this experimental setup demonstrating different aspects of the AVs 
penetration rates in mixed traffic. Several scenarios including demand cases (i.e., base demand, -20% demand 
and +20 demand) for two different vehicle types (conventional vehicles and AVs) as well as conventional vehicles 
and AVs driving behaviours (aggressive, normal and cautions) are considered. The following main impact 
assessments are concluded in this section: 

• Impacts of AVs penetration rates on network mean travel time, speed, and mean flow.  
• Impacts on overall network total travel time.  

Effects of AVs penetration rates on total number of conflicts in the network under constant conditions 

6.1.2.1. Impacts on Traffic Efficiency 
To study the influence of different AV penetration scenarios on Munich city centre network, travel time is 
selected as the main performance indicator. In addition to that, total network travel time and the mean speed 
are also presented. The result of the simulation runs for three demand cases and ten different penetration rates 
show that the high travel time reduction occurs in around 20-40 % penetration rates. This reduction process 
continuous until 50% penetration rates, however, the mean travel time slightly increase after 60% penetration 
rate as shown in Figure 325. 

 

Figure 325: Mean travel time for different AV penetration rates and under three demand cases 
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Meanwhile, total travel time of the network corresponds to the mean travel time and both have same trend as 
depicted in Figure 326.  

 

Figure 326: Network travel time for different AV penetration rates and under three demand cases 

 

Moreover, to evaluate the network performance, the change in average harmonic speed is also investigated. As 
shown in Figure 327, by increasing the penetration rates, the average harmonic speed decreases and when 
penetration rate is 50%, it shows the lowest speed. This negative impact is mainly due to the risk aversiveness 
of AVs driving behaviour when interacting with conventional vehicles. However, by increasing the AVs 
penetration rates, the average harmonic speed increases.  

 

Figure 327: Network travel time for different AV penetration rates and under three demand cases 
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Figure 328 shows the mean flow in the network for different demand scales, which indicates the almost the 
same traffic flow under all penetration scenarios within a demand case 

 

Figure 328: Mean network traffic flow 

6.1.2.2. Impacts on Air Emissions 
Accurate estimation of the AVs impact of air emission is not straight forward. The reasons is that there are many 
variables which play vital role in future transportation systems. Most probably there will be more variables which 
are not decisive today. The change in vehicle technology, travel demand, transport supply and more will be 
decisive indicators for air emission estimation. However, if it’s assumed that AVs are similar to conventional 
vehicles in terms of energy consumption and air emission factors, the change in driving behaviour of AVs than 
conventional vehicles will change the amount of air emission.  As shown in Figure 329, the mean NOx emission 
increases by increasing the penetration rates to 40%, however, it reduces after 40% penetration rates.  

 

Figure 329: Mean NOx emission in g/km/h 
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Similarly, the changes of mean CO emission are depicted in Figure 330.  

 

Figure 330: Mean CO emission in g/km/h 

6.1.2.3. Impacts on Safety 
Surrogate safety measure approach is used to evaluate the effects of AVs in the network in terms of total number 
of conflicts. As depicted in the Figure 331, for more similar driving behaviour, the total number of conflicts are 
lower than the mixed condition.  

 

Figure 331: Total number of conflicts under different penetration rates 
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6.1.3. AV acceptance simulation platform and tools  
Since automated vehicles can record and transmit a big amount of various types of data through their sensors, 
it is necessary to develop appropriate methods for their collection and processing. Within the framework of 
WP2, an extensive literature review was carried out on data collection and information extraction methods and 
equipment along with size and frequency of the collected data for all transportation sectors (road, rail, maritime, 
aviation). The analysis revealed characteristics of the identified methods and presented their positive and 
negative aspects. Additionally, techniques for achieving efficient design of experiments with automated vehicles 
were also reviewed as well as methods for their evaluation such as the goodness or efficiency. According to the 
findings, some of the basic factors in an experimental design for automation impacts are the vehicle type, the 
penetration rate and the network characteristics. In the era of autonomous vehicles and big data, properly 
handling the data provided is essential. Two frameworks for data analytics and fusion where formulated and 
their intermediate steps were defined and explained for assisting researchers in collecting, handling and 
analysing efficiently the huge amount of data collected by automated vehicles and for combining the different 
datasets more efficiently and appropriately so that more precise, reliable and accurate information and 
knowledge can be extracted. The literature review revealed that there are various techniques for data analysis 
and fusion, each one with their advantages and disadvantages such as machine learning, Bayesian networks, 
data driven methods, etc.  

Within the framework of WP2, two models were developed for describing the interaction between automated 
vehicles and other road users. More specifically, the interaction between vehicles was modelled based on 
reinforcement learning algorithm using high resolution data collected from drones. The data was collected in 
the centre of the city of Athens during peak hour and consist of human driving real time trajectories. The analysis 
revealed safe profiles in terms of the distances the subject vehicle keeps from its surrounding traffic, i.e. its 
preceding and following vehicle as well as the vehicle(s) on its right and left side. For defining whether the 
longitudinal distances are safe the TTC criterion was applied and the upper threshold was set to 3.9s based on 
the literature findings. The threshold for the side distances were defined based on the distribution of all lateral 
distances of the combinations observed in the data. The interaction between an automated vehicle and 
vulnerable road users (in this case pedestrians) was also investigated within WP2. Data collected from the RO2 
pilot (lead by FZI) were used to analyse the behaviour of such vehicles when a pedestrian appears and aims to 
cross the road. The analysis was based on the principles of inverse reinforcement learning and the parameters 
used where the vehicle speed, the spatial distance between the two road users and their vehicle difference.  

Finally, one of the main outputs was the development of a complete simulation platform along with their tools 
showing the connections and the different components from data collection to impact assessment. For this 
purpose, a UML Class Diagram (Figure 332) was produced showing in further detail the individual steps . This 
UML Class Diagram illustrates the different internal and external elements of a simulation platform as well as 
their interactions and interconnections. The diagram depicts the process followed from data collection to impact 
assessment and various classes and their contents were defined and specified respectively. This process can be 
followed for all purposes, transportation sectors, modes and simulation goals. By quantifying and determining 
each individual element of the Class Diagram based on the project and research study requirements many 
different applications can be achieved.  Optimization strategies of the platform as well as large scale simulation 
scaleup and extendibility potentialities are also identified. All the above outputs of WP2 are further explained 
and escribed in D2.4 entitled “Revision of D2.1 “AV acceptance simulation platform and tools” “.  
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Figure 332: The UML Class Diagram 

 

 

6.2. Analysis about HMI concepts for different modes and user clusters 

6.2.1. Evaluation of pilots’ results 
After completing project’s Phase II and the analysis of the results provided by the coordinators of the pilots 
participating in this phase, as well as activities A5.4 and A5.5, the following conclusions can be obtained in 
relation to the integration of autonomous vehicles in road mobility: 

1. From the point of view of the interaction of users / citizens with AVs (being mainly urban buses or 
shuttles), it can be indicated that during RO1, RO5 and RO8 pilots, they are perceived as conservative 
vehicles. It has been stated that their low speed and conservative character can also be the origin of 
dangerous situations, such as wanting to overtake them in places not allowed. Thus, one way to reduce 
these situations is to add a specific HMI that identifies the AVs. This makes interaction with them safer, 
thus reducing the likelihood of emergency braking or dangerous situations. 

2. In general, during both RO1 and RO5 users showed a high level of sense of safe and clearly indicated 
that they did not perceive levels of insecurity in their interaction with the autonomous bus/shuttle. It is 
important to note that the levels of confidence in the autonomous transport system is high on the part 
of the different groups of users surveyed in both pilots, but again taking into account that these 
perceptions of safety and confidence are also due to the low speed of the AV and that they are managed 
by the current traffic regulations,  so their behaviour should be the same as manual vehicles. 

3. In relation to the system used to identify the AV, the users participating in RO5 reported that its 
acceptance is also high, indicating that the HMI system used is useful, reliable, works correctly and is 
understandable. The only discrepancy indicated has occurred when showing the information related to 
"Bus brakes", a situation in which perhaps the bus reduced its speed and did not perform a sudden 
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braking. There are situations in which the information provided by the AV sensors must be processed 
optimally to avoid dangerous situations or that produce information that can be misinterpreted by 
passengers or citizens. An example of this type of situation has occurred as when the cyclists 
participating in RO1 overtake too close to the AV which causes their sensors to detect the VRU near 
them and a sudden braking occurs. 

4. In this way, combining the experiences of both RO1 and RO5 pilots, it can be indicated that having an 
external signage on the autonomous bus offers them a greater sense of security and confidence since it 
allows them to anticipate the behaviour of the vehicle. Thus, 7 out of 9 of the users of the TCA system 
(awareness communication display) in RO5 indicated that they had a great sense of security from the 
beginning of the tests. However, 8 of the 15 TCA-I users (awareness intent communication display), did 
indicate a perception of greater security thanks to the communication system used, while 3/15 indicated 
divergences in the information shown by the HMI which reduced their sense of security. 

5. The identification of the AV in a singular way is something that has also proven its usefulness during 
simulation test. Thus, during the RO3-C pilot, during the tests carried out, users perfectly recognized 
autonomous vehicles, being identified with a yellow colour. This clear identification of the autonomous 
vehicle allows users to easily learn to distinguish it and to have a sense of security and prediction since 
they do not expect unusual behaviour from AVs. That is why they also consider this type of technology 
good and desirable. 

6. If it is analysed the need for identification of the AV by professionals, as could be verified during the 
RO7, traffic operators suggest the identification of autonomous buses by means of an icon so that they 
are distinguished from the rest of the vehicles, although they consider that their work should be limited 
to the supervision and not to the remote control of this type of vehicle 

7. However, it is important to indicate that it is not only enough to provide an identifying HMI to the 
autonomous vehicle, but it is necessary to inform users of the purpose and objective of this HMI. If this 
information is not given, as it happened during the RO5 pilot, users ignore it because they do not realize 
its presence or because they do not understand it. It also influences the place where the HMI is placed, 
and must be placed in a place that is easily visible 

8. Once users learn to interact with the AV, their level of acceptance increases. As it has been observed in 
RO3-C, users consider that it is a robust technological advance and therefore feel confident in their 
interaction with this type of vehicle, since they testify that they do not present risks present in traditional 
vehicles, such as the lack of attention on the part of drivers. This feeling is corroborated if the execution 
of the AVs and manual vehicles is analysed during the tests, since the latter present more erratic 
movements than the AVs, which are able to maintain a more stable direction of movement. At the same 
time, the satisfactory results obtained during the virtual reality tests carried out during the RO2 pilot, 
offer the possibility to test different HMI systems using this type of scenarios. 

9. Similarly, for 50% of the participants in the RO5 pilot, the performance of these tests has improved their 
positive perception of the AVs. Thus, 83% indicated that they consider it necessary and that it brings 
benefits to have a signage/label that allows to identify the AV. This perception improves the simpler and 
more intuitive the HMI used 

10. If we analyse the perception of the professionals during their interaction with the HMI systems of the 
autonomous vehicle, during the RO8, the AV drivers indicated that having an HMI that makes warnings 
through sounds is not useful since it was difficult to audible, being the most useful option for them being 
the one in which they are warned by lights on the windshield and on the steering wheel of the 
autonomous driving mode. This option is for professionals the one that offers them greater security, 
easy to understand and learn to use 

11. Regarding the confidence in the different tested systems, the professionals participating in RO8, also 
reported that those HMIs that duplicate the information (light on the steering wheel and on the 
windshield) make them feel safer, due to their robustness, reliability during the tests and precision 
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12. From the point of view of traffic managers (RO7), it was found that the arrival of this type of mixed traffic 
is close and that it is therefore necessary to carry out adaptations of the mobility infrastructures to carry 
out a management of the new AV+ traditional traffic model in a sustainable way,  safe and efficient. This 
is fundamental due to the important role that infrastructure plays for autonomous mobility. 

13. Professionals also suggest that users of this type of autonomous urban transport should have 
mechanisms to report incidents, being a mobile application or the possibility of having buttons inside 
the buses as possible solutions. They also indicate that from the operator's point of view, there should 
be a way to control the AV remotely in case of emergency, which also means an increase in their 
workload. 

14. As previously it has been indicated, as the knowledge about the AV increases, its acceptance is greater 
by all types of users. Therefore, there is a need to offer training systems that allow them to familiarize 
users with AVs. Thus, as it has been done during RO3-C pilot, a virtual simulated environment can be a 
good scenario, since the results indicate that users have felt comfortable during the experience and it 
has not been a tough work to adapt to the virtual environment. However, it is notable to indicate that 
users have not been satisfied with their performance during the tests, perhaps because, in spite of the 
feeling of satisfactory immersion, they denote a certain lack of realism in some of the signals used to 
offer feedback. 

15. In all the pilots in which AV bus users or citizens who interact with AVs have participated, they have 
reported that those systems that offer more information make them improve their perspective of safety 
and comfort during the trip in an AV. In the case of the RO8 pilot, users clearly opt for a solution in which 
they have information about the driving mode at all times. Thus, if the HMI system in addition to lights 
provides audible information, the feeling of security increases for passengers. At the same time, 
passengers have the feeling that drivers of an autonomous bus are more attentive to/worry about the 
passengers during stops. 

16. If the results of the pilots in which the users are the ones who drive the AV (RO3-A and RO3-B) are 
contrasted, it is obtained that the drivers prefer an HMI system that offers them contextualized 
information through short messages. It is an important conclusion, if it is added to the results of analysis 
of reaction times carried out in the RO3-A, where it has been concluded that if the user receives more 
detailed information it has no effect on his reaction time, the levels of utility and acceptance of the VA 
by the users if they were increased after the pilots carried out. 

17. As with users who play the role of passengers of an AV, users who participate as drivers have more 
confidence in the AV as it is provided with more information and training, perception that increases as 
they gain experience with the vehicle and autonomous driving. 

18. However, as it can be seen after the results of the RO5 pilot, a greater amount of information in the HMI 
can contribute to a greater understanding of the behaviour of the AV many participants, but also require 
more time and effort to analyse this information, which forces to make quick decisions in a real situation 
and errors can occur in the decisions made. 

19. According to the results obtained in RO3-A in which two types of HMI have been compared (with more 
or less information shown to the user), it can be indicated that the HMI should be able to be adaptable 
to the environment by showing more or less information according to the context through which the 
vehicle moves. Thus, in an urban environment, where there is more information from the infrastructure 
than in an interurban scenario, it is necessary to have an HMI that can offer this information in a 
synthesized way to the user. 

20. The adaptation of the HMI to the needs of the user is one of the main conclusions that can be drawn 
from this phase II of the project. In the study carried out in the RO5 pilot according to the ages of the 
participants, different results were obtained regarding the level of understanding and usefulness of the 
HMIs analysed. The different outcomes in the age groups could be explained by their different levels of 
affinity and dependence on technology. In addition, they imply that young and old users have different 
needs and practices. Thus, in future developments HMIs should be adapted according to the different 
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needs between the age groups of road users in order to produce eHMI design concepts that best suit 
their needs. Such adaptation of the HMI may also be necessary depending on the sex of the participants. 
The adaptation of the HMI to the needs of the user is one of the main conclusions that can be drawn 
from this phase II of the project. In the study carried out in the RO5 pilot according to the ages of the 
participants, different results were obtained regarding the level of understanding and usefulness of the 
HMIs analysed. The different outcomes in the age groups could be explained by their different levels of 
affinity and dependence on technology. In addition, they imply that young and old users have different 
needs and practices. Thus, in future developments HMIs should be adapted according to the different 
needs between the age groups of road users in order to produce eHMI design concepts that best suit 
their needs. Such adaptation of the HMI may also be necessary depending on the sex of the participants. 

In the field of autonomous vehicles in the railway sector, two types of training have been carried out. In the RA1 
pilot the professionals have received training through a series of didactic videos, while in the RA2 pilot, they 
have used two different HMIs, one based on a RailDriver system and another based on Joystick 

Regarding the training system used based on videos (RA1), participants indicated that in general it is an 
acceptable and usable system, although perhaps not too effective and immersive. The tool is considered to be 
flexible, effective and useful, and it has good potential to help train shippers in the future. It would also be 
desirable to be able to discuss situations with other participants, to gain an even better understanding of your 
situation. A suggestion for future work is to make the corresponding film clips from the dispatchers' point of 
view, so that train drivers can understand more of their work situation as well. 

The results in terms of satisfaction and acceptance have been higher in the RA2 pilot, perhaps mainly because 
users could interact with the two HMI systems evaluated. Thus, when evaluating the different HMIs used, they 
clearly prefer the use of an interaction system directly related to the task to be performed (RailDriver). In terms 
of effectiveness and quality, users consider the levels to be acceptable, both using the RailDriver system and a 
Joystick-based system. 

User experience assessment indicated higher task-related quality (i.e., perspicuity and efficiency) compared to 
non-task-related quality (i.e., stimulation and novelty). Both HMIs elicit positive emotions in relation to pleasure 
and mastery, but low levels of arousal. This finding parallels the low subjective workload that participants 
reported.  Low levels of task demand may have contributed to this outcome. 

An important finding is that the evaluation showed no significant differences between rides with two different 
controllers in terms of user experience, workload, and HMI persuasion. Flexibility in the choice of hardware 
could be an advantage in future deployments. However, interviews and preference ratings suggest that 
participants would prefer to use RailDriver over the Joystick controller. Participants recommend more detailed 
and varied operational information. 

The results of the experiments were useful in obtaining some of the needs and preferences of the users, even if 
they were not experienced operators. The results will be used to further optimize the system based on user 
feedback. In addition, more functionalities and information sources will be implemented for the next phase of 
iterative testing.  

In the field of autonomous vehicles in the marine environment, the impact of the HMI on users during the MA1 
pilot has also been analysed. During the tests carried out, professional drivers and passengers participated, the 
objective being to analyse how their interaction with the AV is during the specific tasks described in the pilot. 
The conclusions that can be drawn from the results obtained are: 

1. Like users/professionals in the road environment, users have learned in an effective and simple way to 
interact with AVs. In addition, as in the rest of the scenarios analysed during the project, they feel safe 
during the interaction with the AV. 

2. Being a simple to use system that does not present inconsistencies, users have the perception of being 
a robust and reliable system. It is therefore necessary that future HMI systems continue to be developed 
under these parameters, so that the trust of users (professionals or passengers) is not compromised.  
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3. Thus, overall satisfaction is high, being considered a very positive transport system, and that also 
provides high levels of safety. Users indicate that an AV in the marine environment can reduce the 
number of accidents as well as their severity, thus improving their experience/comfort.  

4. Regarding the adoption of an AV system in the marine environment, it must be taken into account that 
autonomous systems have been implemented for years. That is why from the point of view of 
professionals their acceptance is high, while on the part of passengers, they continue to indicate that 
the presence of human supervision is recommended.  

5. Finally, it is important to take into account the concern of professionals regarding possible security 
attacks that HMI systems or AVs in general may suffer. This is a general concern that in one way or 
another has appeared in the pilots carried out over the course of the project. 

Finally, during this Phase II, tests in the aviation environment have continued within the framework of the AV1 
pilot. Maintaining the structure of phase I, the results were analysed from the point of view of the operators 
and pilots of the drones. Thus, from the point of view of the operators, the following conclusions can be drawn 
from the HMI system analysed.: 

1. It is important to highlight the consistency of the results, which indicate a general positive assessment 
of the proposed system, both in relation to its purpose and usefulness and the usability of its HMI.  

2. It was felt that the system was very useful and that it could help to facilitate and expedite its work, while 
also improving the work of those responsible for assessing and approving the risk assessment report. In 
particular, the report's automatic compilation and download function was considered especially 
noteworthy, and useful for creating a recognized "quality standard" of the document. 

3. They indicated that since the learning process was guided, most of the participants had the perception 
of a much easier task, however, for some of them, the learning process can be boring and irritating. 
Although all this depends on the level of knowledge of the users, being necessary therefore an 
adaptation of the HMI interface depending on their level of experience. In general, users indicated that 
the system is simple to use even without external help and that it is therefore an acceptable 
technological improvement in view of the results of the surveys carried out..  

From the point of view of the pilots, the most important aspects to consider are: 

1. The Advanced Return To Home (ARTH) system analysed is considered very useful mainly in emergency 
scenarios and safety improvement, and above all since this task was carried out in an unstructured and 
informal way.  They therefore consider that this functionality presents a high level of innovation.  

2. Regarding the usefulness of selecting different landing points, the acceptance by the pilots depends on 
the scenarios analysed. This is because identifying a new landing point directly through the system is 
not yet technically feasible. This raises some concerns for pilots in terms of efficacy and safety. 
Therefore, like the rest of the pilots carried out in the project, the supervision of autonomous tasks by 
professional operators is considered necessary.  

In general, systems based on autonomous drones are considered useful for specific tasks such as environmental 
monitoring and control and less interesting from the point of view of transport. Tasks such as surveillance and 
participation in logistical tasks could have acceptance among users, although their impact is not clear. It is also 
clear that its impact may depend on the scope of application, having more acceptance, for example, in rural 
environments, where parcel deliveries are currently slower and more expensive due to lack of infrastructure. 

As for trust in these systems, users indicate a higher level of acceptance when drones operate in areas where 
there is no public. At the same time, the use of autonomous drones have high levels of acceptance where there 
are no people, having a negative acceptance in the case of being used for surveillance tasks. In summary, 
regarding autonomous drones, their level of acceptance is medium-low, being their acceptance dependent on 
the scope of application of this technology. 
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6.2.2. Conclusions and outputs from A5.4 
Activity A5.4 Simulator pilots focused on evaluation of different HMI solutions for communicating internally with 
the driver/operator or externally with other road users interacting with an automated vehicle. The simulators 
offer the advantage of allowing testing of solutions that are not yet available or difficult to implement in real 
vehicles as well as the possibility to perform tests in different environments and under conditions that are too 
risky or unsafe to try in real world trials. The simulator tests were performed iteratively. The initial HMI testing 
focusing on gathering and exploiting users’ experience and reactions belonged to Phase II testing and was 
aligned with WP3 activities. Based on the Phase II testing, the HMIs were refined and implemented in the 
simulator scenarios. The final assessment of the optimized HMIs was performed during Phase III testing. The 
pilots involved in this activity were RO3-C, RO8, RA1, and RA2. Detailed results from each pilot can be found 
above. Here, general conclusions of all four pilots are presented.  

The results of the RO3C pilot, conducted using a motorbike simulator, show that the motorbike riders practicing 
inter-lanes traffic corridor riding in a traffic jam accepted narrow inter-lane corridors when this corridor was 
constituted of well recognizable level 5 AVs. This was mainly because AVs were expected to have safe and 
anticipable behaviour. A large majority of the participants considered that the yellow colour used to indicate 
automation level properly allowed them to detect the level 5 AVs.  

RO8 used VR co-simulation to demonstrate and test alternative internal and vehicle-external HMI options for 
the vehicle-passenger and driver-vehicle interaction at bus transit points when the vehicle is in automated 
mode. Three different HMI solutions were tested and two of them were preferred by the participants. One HMI 
was chosen for further development and implementation for Phase III testing.  

In RA1, a rail simulator was used to develop a tool for education of train dispatchers and train drivers, comprising 
video clips and discussion questions. Phase II focused on evaluating and improving the training tool. The tool 
was considered flexible, efficient, useful, and to have a good potential to help train dispatchers in the future. A 
number of improvements, especially the dispatchers view, were suggested and implemented for Phase III 
testing. 

RA2 examined different HMI strategies for the remote recovery of an automated train after a disruption using a 
train simulator. The phase II tests obtained positive feedbacks on the overall system as a fallback solution. No 
significant differences were found between two different controllers (RailDriver and Joystick) in terms of user 
experience, workload and HMI persuasiveness. 

A general conclusion from all four pilots was that simulators were found useful to evaluate HMI solutions for 
AVs and to study interactions between AVs and other road users 

 

6.2.3. Conclusions and outputs from A5.5 
The objectives of Activity A5.5 “test track and real traffic pilots” were the benchmarking of existing AV principles 
and HMI, the iterative testing of relevant principles and their demonstration in real life environments and on 
test tracks. Test tracks were used for safety critical or difficult to penetrate scenarios.  

The activity involved many of the pilots of the project. Due to their broadness, their results are not summarized 
again here. For more information on their individual results, please refer to chapters 3 (Phase I), 4 (Phase II) and 
5 (Phase III). 
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6.3. Analysis about AV training programs 

6.3.1. Evaluation of pilots’ results 
After completing the pilots carried out throughout Phase III of the project, in which different training platforms 
have been tested for both users, operators and professional drivers, the following conclusions can be drawn. 
The results obtained in the pilots developed in the field of the road are analysed first: 

1. One of the conclusions that can be reached in a generalized way is that users, after learning sessions 
about how the interaction with the AV is or how it is handled (in the case of operators or drivers), 
increases their sense of security and their confidence in these transport systems. It should be noted that 
although the level of acceptance of the augmented reality environment used during the RO8 was high, 
certain inconsistencies or false messages contribute to reducing confidence in this type of training 
systems. 

2. Regarding the training received, satisfaction is general in all the pilots analysed. Thus, during the RO3A 
pilot, in which two types of training (basic and advanced) have been given, users indicated that advanced 
training allows them to have more information about how to interact with the AV and its different 
systems, although it does not increase their degree of confidence in it (possibly by having a high 
perception of it). It is important to highlight that advanced training modules, by emphasizing the 
capabilities and limitations of AVs, can have a reverse effect on users, by showing the weak points of 
the same and perhaps detracting from some confidence and / or willingness to be used. Analysing the 
results of the RO4 pilot, it can be observed that the users' experience driving an autonomous vehicle is 
generally satisfactory. Thus, 53% of the participants consider that it is a simple system to understand 
and therefore easy to learn to use (only 2% consider it complicated to understand its operation). 

3. It is important to note that thanks to the training received by users, they become more aware of the 
limitations of technology, as obtained from the results of RO3A. Thus, this knowledge makes them more 
cautious and not reduce their attention during interaction with AVs. 

4. In general, users, both AV passengers, drivers or operators, see the need for training prior to the 
interaction or use of this type of vehicle. This need for training becomes especially relevant when it is 
necessary to learn how to react in case of a problem, an automation failure or an unexpected event that 
cannot be handled by the AV. Thus, in RO6, operators indicate that the weakest point of the system is 
the ability of the shuttle to operate in difficult road situations, which reduces the confidence index of 
operators. 

5. When learning to identify the different HMIs used to display information about the vehicle, in the 
scenarios tested during RO1, RO5 and RO8 it has been shown that it is necessary to train users so that 
they know how to correctly interpret the displayed messages. Thus in RO1, most respondents believed 
they understood the message that appeared in the eHMI signal, although they generally did not describe 
the exact message that was intended to be communicated. In RO5, it has been concluded that the mode 
and design of the display material used in the eHMI have less impact on the communication 
performance of the AVs than the presence of an eHMI, although more extensive tests would be 
necessary to confirm this, something that due to the pandemic situation and restrictions imposed has 
not been able to fully develop during the project. Thus, the 10 users who participated in the learning 
programme carried out in RO8 before experiencing the scenario rated the training in general as positive. 
In particular, they considered it easy to understand, clear and that contributes to increasing their degree 
of acceptance of VA. 

6. It is confirmed again, as during the pilots carried out during phases I and II, that the low speed of the 
vehicles can generate problems when interpreting the messages and information sent to users. Thus, 
during RO1 in situations where the HMI indicated that the bus was slowing down, of the 23 participants, 
only 5 were aware of this type of message. Again, it is noted the need to train and inform users about 
the messages shown since as concluded from the RO1 pilot, it cannot be concluded that the signage 
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used has meant a significant change in the performance of the shuttles. Similarly, 37% of the participants 
in the RO4 pilot also consider the speed of the AV as low. 

7. A similar conclusion is reached after the RO5 pilot, where no major improvements were observed due 
to the support of the eHMI. This may have been due to the fact that the position of the vehicle and the 
(estimated) trajectory are the most or less important factors in the communication between AVs and 
vehicles with lower levels of automation. 

8. During the training sessions conducted in a virtual environment such as the one implemented in the 
RO2 pilot, the opinions gathered by the participants have also been satisfactory. Thus, 90% of the 
participants who do not consider themselves experts in this type of technologies have considered that 
the training sessions have helped them to increase their confidence in the AVs. This ratio decreases in 
the expert user participants, but this is mainly due to the previous experience they had with the system 
and their previous level of confidence. Thus, in general, participants indicated that the VR environment 
on which the training was run was simple to understand, engaging, and provided them with information 
about the AVs that they were not previously aware of. This combination of features leads participants 
to become more aware of these types of technologies, increase their acceptance and therefore their 
desire to want to use an AV in a real environment, or at least be more skilled and prepared for their use.  

9. At the same time, during the training sessions conducted during the RO3B/C pilots it is not clear 
whether the augmented reality systems are sufficiently robust and trusted by the participants, 
although the response may be biased as they did not interact with the system but watched a series of 
videos on how the system works. When asked about the HMI system on which the training session 
was based, users did indicate a high level of satisfaction. 

10. From the training carried out during the RO5 and RO7 pilots it can also be concluded that an excess of 
information offered either to non-professional users such as drivers or operators, can carry a high 
cognitive load that can lead to a longer reaction time, and therefore, to an increase in the reaction times 
of the users. This should be an important aspect to take into account in future developments. 

11. Common to RO1, RO5 and RO6 pilots is that AVs are perceived as very conservative. This is good for the 
cyclists with whom they interact try to overtake in non-authorized areas (RO1, results and opinions of 
previous phases are repeated, so its consistency is denoted); or that the performance of the system is 
not as high as a professional operator would, as extracted from the results of RO6, being able to adjust 
the speed / braking in a more acceptable way according to the context. A low speed even offers the 
perception of poor performance during mobility and even of loss of time on the part of users. 

12. As for the professional-oriented training sessions, both in RO5 and RO7, the level of acceptance has 
been high. Thus, from the results of RO5 it can be extracted that this considers the learning phase as a 
useful and necessary point during the life of the pilots, although some barriers were identified. Without 
the training, the acceptance of the pilot, based mainly on the aspect of relatively new technology, would 
not have reached the level it has. Similarly, the traffic controllers participating in the training carried out 
during ro7 indicated that they continue to support continuous training as an essential aspect, due to the 
need to acquire knowledge about new technologies and functionalities in the field not only of the 
autonomous vehicle but also of the connected vehicle through C-ITS applications. 

13. However, it should be noted that most of the participants in the training carried out in RO7 agreed with 
the usefulness of the platform in terms of relevance, understanding and material; on the contrary, there 
is some scepticism about trust and willingness to use automated systems after taking only one online 
course. 

14. Also, as a conclusion obtained in a generalized way in all the pilots, the HMI systems on which training 
has been carried out, are simple to use, intuitive and allow to increase the safety and confidence of 
users and professionals in the AVs. Even when users take control of the autonomous vehicle (RO4), only 
5% have reported feeling some sense of insecurity performing AV driving tasks. Their simplicity also 
contributes to their being easily understood by users and that in some situations, the specific training is 
not accurate, although this need often depends on the age group of the users. Thus, in older user groups, 
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training will be more necessary than in those younger user groups who are closer and more accustomed 
to interacting with technology. In this way, as can be seen in the RO8 pilot, the users participating in the 
training are more optimistic after its completion and more willing to be a user or adopt the AV as a 
means of daily transport. However, as pointed out in RO7, although there is an improvement in the 
understanding of automated systems after the completion of a course, the tool requires a possible 
update or adaptation to improve aspects related to confidence and predisposition to use it. 

15. From the point of view of traffic managers, the training sessions carried out within the framework of the 
RO7 pilot indicate the importance of having an integral system from which to make any type of 
information generated and necessary for traffic management, both with autonomous vehicles and in a 
mixed driving scenario. These services improve comfort, informing drivers of the suggested speed to 
reach and overcome an intersection with no waiting time, as well as safety aspects related to risks at 
intersections and warnings for drivers. Being perhaps the most professional user group participating in 
the pilots of the project, it is important to highlight their perception of the problem of cyber-attacks that 
traffic management systems can be subject to and the need to put barriers and means to avoid them. 

If we now analyse the two pilots carried out in the context of the railway, RA1 and RA2, in both two different 
training systems have been analysed. RA1 has involved 41 people (33 students of machinist and 8 of machinist) 
and has used a system of pedagogical video clips accompanied by exercises that aim to give students and 
apprentices the possibility of understanding how rail traffic management and safety problems are addressed in 
an almost real operating environment using simulation tools. RA2 involved 7 train drivers, 11 train dispatchers 
or signallers and 8 students or members of the railway department of the Technical University of Berlin, who 
have been trained using the remote workstation that was used in Phase II and optimized based on the analysis 
of iterative user tests, as well as in the Phase III development process 

Regarding the acceptance of the training system used in RA1, the tool developed for the training of train 
dispatchers and train drivers, which includes video clips and discussion questions, has been positive, being 
considered an easily usable tool that allows to acquire the necessary knowledge.  Thus, the general opinion 
about the training method although the videos were quite simple, the acceptance of the tool and the 
educational method was high, and the opinions were generally positive. It is considered flexible, efficient, useful 
and with good potential to help train dispatchers in the future. It was suggested that it be developed and 
improved by also including the voice and thoughts of train shippers, which would give a better and clearer 
picture of the situation. 

The study carried out in RA2 has been broader, being able to obtain greater conclusions about the training 
system used, being the main conclusions. To a large extent the participants knew or had experience with 
autonomous driving systems, although only half of the participants had heard of the drones before the pilot 
experiments. Thus, only 81% are halfway through their process of adapting to new technologies.  Regarding the 
user experience, there is a substantial improvement among those participants who received online training 
compared to those who did not, with the user experience being superior for the signallers than for the rest of 
the participating users. 

In relation to the automation of technology in the railway field, drivers have a more conservative opinion on the 
tasks of autonomous driving trains.  

Individual elements of the HMI design were also evaluated. While signallers and other user groups rated each 
element positively, the operational information and controller interface received a lower rating than other 
elements. This may be because the remote workstation lacked various operational information (e.g. train status 
indicators) or had a control panel with less information than a traditional driving desk. It should be noted that a 
simplified HMI was used to identify the most important sources of information, as well as assess learning 
requirements for potential operators who are not train drivers. Overall ratings and reviews suggest that a full 
replica of the train cab would not be necessary for the defined use case of the remote booking system. 

As in RA1, the general opinion on the training method was satisfactory.  In this way, the ease of learning and 
use, as well as the increase in awareness and understanding of the system, were highly valued by most of the 
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participants. In parallel during phase III of the AV1 pilot, training sessions were also carried out based on an 
online platform. The acceptance by the operators of drones l was very positive, and the participants, who had 
previous experience, considered the course interesting, clear, well-structured and, above all, useful for the 
professionals to whom it was addressed. According to the participants, the choice to do the course asynchronous 
and structured in short videos increased their willingness to follow it and contributed greatly to their positive 
reaction. They appreciated the possibility of following the course when it suited them and being able to re-watch 
the videos if they needed to. 

However, it is important to note that during the RA1 pilot users indicated that when using an online training, 
the assessment of confidence and willingness to use obtained a neutral rating. It is possible that this type of 
training in a technologically challenging environment has provoked ambiguous opinions about applicability and 
willingness to use. 

Being a profile of users similar to being professional operators, if we compare these results with those obtained 
during the training in maritime environments carried out in the MA1 pilot (20 participants), it can be seen that 
it has also received a high level of acceptance, mainly because they consider that the training course is clear and 
easy to understand, having been presented in an attractive way. It is important to note that professionals have 
indicated that although the training course is important, its level must be in accordance with that of the 
professionals (not being a course for amateurs) and must provide extra knowledge. This will improve the 
acceptance of the system and the willingness to use it. 

Thus, as we have been able to witness among road and rail professionals, this type of training contributes 
positively to the knowledge of the participants and improve their perception of autonomous vehicles, 
considering this type of courses relevant to their performance and easy to understand. 

To summarise, it can be concluded that training activities allow to increase awareness and understanding of AV 
system systems for future operators, regardless of the means of transport used. They also provide useful 
information for the development of training programs for different groups of users, being ideal that the training 
provided online should be adjusted according to the knowledge and experiences of the different groups of users. 
Extracted from the different pilots analysed, the following annotations can be extracted for future formations: 

• The training must be adapted to the profiles of the participants, distinguishing between non-
professional users, professionals with experience in VA and professionals without experience 

• In online training, it must be ensured to cover all possible use cases and situations that can be 
contemplated in the real operation of an AV. For this, it is suggested to include video tutorials as well as 
the dialogue with experienced professionals that allow to solve the doubts that may appear. 

• This dialogue can be carried out through forums in which participants can share questions and resolve 
any doubts that may arise. 

• Add a self-assessment system at the end of each training module to check the understanding of the 
contents taught and ensure that the main messages have been assimilated correctly 

• Make a multilingual platform that adapts to the multiple nationalities that can be users of the final 
platform. 

• Augmented reality tools, where users can have an immersive experience interacting with an 
autonomous vehicle, can be good learning environments. However, haptic systems need to be 
improved so that the vehicle's reactions are better conveyed to the user and therefore the 
resemblance to the real environment is greater. They can therefore be learning systems prior to 
experiences in real environments.  
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7. Demonstration events 
Apart from the demonstrations performed within the framework of the project pilots, further activities to 
broaden the visibility of the project demonstrators were planned within the A5.7 Demos at events. This concept 
includes selected demos of the HMI and training products to be demonstrated in a variety of instances, e.g. 
project workshops, concertation actions and Conferences, mainly during the final year of the project when they 
would have been finalised. The aim is to broadly demonstrate the findings of the project, while gaining input 
and capturing reactions of key representatives from the research and industry community, as well as major 
practitioners in the area.  

To perform this task, an initial selection of related events (apart from the project own events) was performed 
even at the proposal stage, with the plan to regularly update and enrich it. However, the starting month of this 
Activity coincided with the beginning of the COVID-19 crisis and the repeated quarantines which have, for a long 
time, cancelled any type of physical event where demonstrations could be planned for. Moreover, due to the 
restrictions applied, the pilots’ realization was in many cases seriously delayed which, in turn, delayed the 
finalization of the demonstrators.  

To overcome this barrier, it was decided to prepare videos of the demonstrators (coming from WP3 and WP4, 
as well as WP5) and of pilot activities, so that they could be used in online events, while, later on when physical 
events would again be possible, actual demonstrations would be organized.  

In the following sections short information is provided on the demonstrations performed and foreseen until the 
end of the project (October 2022) 

7.1. Performed demos 

7.1.1. Demo in International Symposium on partially and highly automated 
driving” in Aachen (November 2019) 

Drive2theFuture project was exhibited with a VR simulation of automated driving at the International 
Symposium of intuitive highly and partly automated driving on Nov. 27th. in Aachen. Fraunhofer IAO and 
University of Stuttgart discussed the mission of Drive2theFuture with experts of intuitive automated driving.  

 

Figure 333: Demo in International Symposium on partially and highly automated driving” in Aachen 

7.1.2. Drive2theFuture 2nd Workshop (March 2021) 
The second Drive2theFuture workshop took place in March 2021 online (due to COVID restrictions). During the 
meeting a special session was dedicated to Demos and testing in Drive2theFuture, presented by Lesley-Ann 
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Mathis (FhG/IAO) and Anna Anund (VTI). In this session, the demos of the project and its pilots were briefly 
presented, also with the use of photos and videos of their activities. 

 

Figure 334: Drive2theFuture 2nd Workshop March 2021 

7.1.3. 2021 EUCAD Conference (April 2021) 
Drive2theFuture was invited to be presented in the 2021 EUCAD conference, on Connected and Automated 
driving. In the course of the Conference, which was organised online, apart from presenting the project, there 
also was a ”virtual exhibition” where Drive2theFuture had a virtual stand with 5 videos on its demonstrators and 
pilots, namely: 1) Real road testing of automated cars in Poland, 2) Safety around self-driving buses in Linköping, 
Sweden, 3) Interaction between passengers and automated buses at bus transit points, 4) Interaction between 
bus drivers and automated buses at bus transit points and 5) Interaction with a highly automated car on the 
highway in Virtual Reality 

7.1.4. Video demos presented during HUMANIST Conference (October 2021) 
In October 2021, the HUMANIST Conference took place in Rhodes, Greece. In the course of the Conference, and 
during the coffee break sessions, videos of Drive2theFuture pilots and demos were presented to the 
participants, who showed great interest in the project and its activities. CERTH was there, explaining the 
different video contents and providing interested participants with more information on Drive2theFuture and 
how to stay tuned with the project. 
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Figure 335:Video demos presented during HUMANIST Conference 

 

7.1.5. Demo in Virtual tour of the driving simulator: laboratory worlds as a 
360° experience in FhG premises (December 2021) 

About the event: The Fraunhofer IAO research team offers interested parties a virtual tour of the institute's own 
driving simulator. The virtual tour provides insights into what exactly the researchers are investigating in the 
driving simulator and makes it possible to experience the future of driving. The event is aimed at Interested 
citizens, SMEs and R&D departments  

Description: The Human-Machine Interface (HMI) plays an important role for the acceptance of automated 
vehicles. We demonstrated the “Drive2theFuture HMI development toolkit” during the event “Virtual tour of 
the driving simulator” at Fraunhofer IAO. The HMI development toolkit allows to rapidly develop and experience 
HMIs in 2D or Virtual Reality for different automated transport modes. It is further developed to include project 
results on optimal HMI elements, HMI recommendations and adaptation and personalization rules.” 
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Figure 336: Virtual tour of the driving simulator: laboratory worlds as a 360° experience 

 

7.1.6.   Go Mobility Expo in Irun, Spain (April 2022) 
During the Go Mobility submit held in Irun (Spain) on April 27-28, the University of Deusto team had the 
opportunity to share with the attendees the main results of the project. At the stand set up for this purpose, the 
main conclusions obtained during the pilots were shared with professionals from the sector, many of them from 
companies related to autonomous vehicles. 
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Figure 337: Drive2theFuture stand at Go Mobility Submit 

7.1.7. Lab demo day at FhG premises (June 2022) 
During a lab demo day at Fraunhofer IAO on 22 June 2022, the Drive2theFuture project was presented and 
discussed with representatives from industry, SMEs and researchers in the human technology interaction area. 
A demo of the Drive2theFuture HMI development toolkit with the Virtual Reality environment took place in the 
institute’s Human Factors lab as part of several demos that presented IAO’s project results and lab environments 
on researching future Human-Machine Interface concepts for automated mobility solutions, especially 
addressing methods of data collection for Artificial Intelligence based applications for user state monitoring. The 
Drive2theFuture toolkit was presented as part of the methodological toolchain of Fraunhofer IAO, ranging from 
prototyping HMI concepts in Virtual Reality by using mixed reality elements and best practices from the HMI 
development performed in the Drive2theFuture project and then developing and evaluating the prototyped 
concepts further in the immersive driving simulator or in a real-road study with a Wizard-of-Oz vehicle to test 
HMI concepts during different levels of driving automation. 

 

Figure 338: Drive2theFuture Lab demo day @FhG 

7.1.8. Connecting Europe Days in Lyon, France (June 2022) 
Drive2theFuture participated in the Connecting Europe Days Conference, organised by the European 
Commission in Lyon, 28-30 June 2022. In the project exhibition booth two demos were presented live to the 
audience, the HMI development toolkit and the e-learning tool, while project videos were constantly displayed 
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on a screen throughout the three days of the Conference. Moreover, Drive2theFuture was one of the projects 
that were included in the CINEA Twitter videos, live from the Conference.  

 

 

Figure 339: Drive2theFuture at Connecting Europe Days 

7.1.9. Conclusions and Upcoming events 
In the already performed demonstrations at a series of events, as described in this section, several 
Drive2theFuture demonstrators have been presented in wide and variable audiences. The feedback gained was 
rather enthusiastic, while sometimes also sceptical, but in all cases the participants were interested to learn 
more about the project and its achievements, as well as whether these features will be soon available for use to 
the public and/or affected user groups.  In particular, following the answers to a short questionnaire provided 
to participants during the Connecting Europe Days event, the usefulness of the tools were highly rated, while 
the vast majority of the respondents declared that they would use such a tool if available. 
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Figure 340: Rated usefulness of the tools presented during the Connecting Europe Days event (Lyon, June 2022) 

Moreover, relevant demonstration events are planned also for the remaining of the Drive2theFuture project 
duration. Indicatively, an exhibition booth of the project is planned for the CSUM 2022 in Skiathos, Greece (31 
August- 2 September 2022), where two project demonstrators will be displayed i.e., the e-learning tool and the 
VTI’s VR headset visualizing a future scenario showing a bus passenger’s perspective when waiting at the bus 
stop. Also, during the ICITT 2022 Conference in Paris in September 2022, a presentation and short demonstration 
of the e-learning tool is also planned. Last by not least, several demonstrations will take place during the 
Drive2theFuture final event in October (venue to be confirmed). 
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8. Conclusions  
As thoroughly presented in the Deliverable at hand, within Drive2theFuture, extensive pilot and demonstration 
activities have been performed in the project pilot sites and beyond. The results of these activities have been 
collected and consolidated, while feeding the impact assessment activities (WP6). Some conclusions per mode, 
as deriving from the work in the Drive2theFuture pilots, are outlined in the following.  

8.1. Conclusions on Road AVs 
The inclusion of AVs in public transport systems is considered as a safe alternative by the users. Only participants 
that were "behind the wheel" of the autonomous vehicle, which means in the position of a driver, indicate that 
they felt a lack of interaction mechanisms with the autonomous vehicle. On the other hand, passengers note 
the importance of having a human reference. For other road users, like cyclists and car drivers, the AV is mainly 
standing out due to their low, unusual speed. Hence, the AV is recognised as a conservative and/or cautious 
means of transport and not dangerous from the point of view of safety. 

The Acceptance of the automation technology for vehicles depends on the age of the users. It is easier to involve 
users under 50 years in the tests as they have higher technical affinity. But once users learn to interact with the 
AV, their level of acceptance increases. In general, the level of confidence in the autonomous transport systems 
is rather high, as users perceive them at low speed and at current traffic regulations. 

But there is also a drawback in this conservative and slow perception of the AVs as this can also be the origin of 
dangerous situations. Therefore, it is highly recommended to clearly identify the vehicle as an autonomous one 
e.g. via yellow colour or by means of an icon. This allows users to easily learn to distinguish it from human driven 
vehicles and offers them a greater sense of security and confidence, since it allows them to anticipate the 
behaviour of the vehicle. 

The acceptance can also be improved by HMIs. Users clearly opt for a solution in which they always have 
information about the driving mode. It is necessary to inform users of the purpose and objective of this HMI. It 
is also key that the HMI is cleverly placed to be easily visible. 

The HMI should be able to be adaptable to the environment by showing more or less information according to 
the context (environment) as well as to the intended user group. An excess of information offered to non-
professional users, can carry a high cognitive load that can lead to a longer reaction time. They prefer an HMI 
system that offers them contextualized information through short messages. Over time, drivers show more 
confidence in the AV, as it is provided with more information and training and by gaining experience with the 
vehicle and autonomous driving mode. 

In all the pilots, the HMI systems on which training has been carried out, are recognised as simple to use, intuitive 
and increasing the feeling of safety and confidence of users and professionals in the AVs. The acceptance of the 
tested HMIs is also high, indicating that these systems are useful, reliable, work correctly and are 
understandable. 

For professionals, warning information by lights on the windshield and on the steering wheel is beneficial 
compared to sounds as they are too difficult to audible. Furthermore, HMIs that duplicate the information (light 
on the steering wheel and on the windshield) make them feel safer. Another request from the professionals was 
to have mechanisms to report incidents like a mobile app or a dedicated button. 

In terms of mobility behaviour, interestingly only about one third of participants think that the autonomous 
system will be more flexible than the conventional system. This is even more interesting as simulations indicate 
a higher efficiency if there is a higher penetration rate of AVs. 

Regarding safety, simulations based on a surrogate safety measure approach for the total number of conflicts 
provide a clear relationship between safety and more similar driving behaviour. Hence, the total number of 
conflicts are lower for very low and very high AV penetration rates compared to mixed conditions and 
demonstrates the complexity during the so-called transition phase. 
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Regarding the environmental impact of the use of autonomous vehicles, it cannot be confirmed that they could 
have a direct impact. This is also the case considering modal shift or advanced driving styles of AVs. Although 
the latter has potential to improve the environmental footprint of the AVs. 

In the view of traffic managers, it is necessary to carry out adaptations of the mobility infrastructures to tune 
the traffic models used to the new AV in a sustainable way to stay safe and efficient. They expect an integral 
system from which to make any type of information generated and necessary for traffic management, both with 
autonomous vehicles and in a mixed driving scenario. 

8.2. Conclusions on Maritime AVs: 
One must consider that automatic pilot in the marine environment has been already established for many years. 
Accordingly, more than 90% of the participants would not be reluctant to be users of this technology. 100% of 
the participants considered their experience during the piloting as positive or very positive. Being a simple to 
use system that does not present inconsistencies, the vast majority of the pilot’s participants consider it to be 
useful and reliable as well as an accurate and robust system. These are properties that should be considered for 
any adaptation or redesign. 

Similarly to users/professionals in the road environment, users have learned in an effective and simple way to 
interact with the maritime AV. 

8.3. Conclusions on Aviation AVs – drones: 
Due to the lack of standardization for drone operations, there are no common flight authorization protocols 
compatible with the planning tools they use. The lack of compatibility leads to greater complexity in flight 
execution and planning tasks. On the other hand, the systems in use provided a high level of safety. 

For the operators in charge of flight planning, the tested system was perceived very useful and could help to 
facilitate and expedite their work, especially for risk assessment report compilation and therewith creating a 
recognized "quality standard" of the document. 

For the pilots in charge of execution, the Advanced Return To Home (ARTH) system has been considered very 
useful mainly in emergency scenarios and safety improvement. The usefulness of selecting different landing 
points depends on the scenarios analysed. 

In general, the level of acceptance of autonomous drones is at medium-low ad highly dependent on the scope 
of application of this technology (environmental monitoring and control, surveillance, or parcel delivery). 

8.4. Conclusions on Railway AVs: 
For the two HMI systems evaluated it was concluded that users prefer the use of an interaction system directly 
related to the task they perform. Both systems elicit positive emotions in relation to pleasure and mastery, but 
low levels of arousal. 

8.5. Conclusions on Training for AVs: 
As the knowledge about the AV increases, its acceptance is greater by all types of users, raising their desire to 
use an AV in a real environment, or at least be more skilled and prepared for their use. Therefore, there is a 
need to offer training systems. Both AV passengers, drivers or operators, see the need for training prior to the 
interaction or use of this type of vehicle. For professional-oriented training the learning phase is considered as 
a useful and necessary point during the entire life of the pilot. As technology affinity is lower in older user groups, 
training will be more necessary than in those younger user groups. 

Pilots’ results indicate that learning sessions about the interaction with the AV or how it is handled (in the case 
of operators or drivers), increases their sense of security and their confidence in these transport systems. But 
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emphasizing the capabilities and limitations of AVs, can have a reverse effect on users, by showing the weak 
points of the same and perhaps detracting from some confidence and / or willingness to use the system. 

At the Maritime pilot, the training has received a high level of acceptance, mainly because the participants 
consider the training course as clear and easy to understand and having been presented in an attractive way. 

At the Aviation pilot, training sessions were also carried out based on an online platform. The choice to do the 
course asynchronous and structured in short videos increased the willingness of the participants to follow it and 
contributed greatly to their positive reaction. They appreciated the possibility of following the course when it 
suited them and being able to re-watch the videos if they needed to. 

At the first Railway pilot, pedagogical video clips accompanied by exercises that aim to give students and 
apprentices an easy-to-use tool that allows to acquire the necessary knowledge. It is suggested to improve the 
training by including the thoughts of train shippers, which would give a better and clearer picture of the 
situation. The training system was considered to be flexible, effective and useful, and it has good potential to 
help train shippers. 

At the second Railway pilot, train drivers, train dispatchers, signallers and students substantially improved by 
receiving an online training compared to those who did not. As in RA1, the general opinion on the training 
method was satisfactory. In the railway field, drivers have a more conservative opinion on the tasks of 
autonomous driving trains.  

General recommendations for AV related trainings have been created (see section 6.3). Especially the 
adjustment according to the knowledge and experiences of the different groups of users, a self-assessment 
system at the end of each training module to check the understanding as well as to make a multilingual platform 
that adapts to the multiple nationalities that can be users of the final platform. 

Overall, it can be stated that the pilots have provided interesting and useful insights about the acceptance of 
users and the means to raise it. The use of the pilot findings in the impact analysis and assessment work, carried 
out within WP6, is expected to complete the picture, specifying the different types of impacts as evaluated 
within the project and its pilots.  
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