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Executive Summary 

This deliverable provides the results of the Drive2theFuture project on assessing the “drivers”, travellers and 
vehicle operators of the future towards the adoption and use of connected, collaborative and automated 
modes of transport. 

The main goal that has been achieved is to assess the impact of proposed solutions on safety, driver/traveller 
behaviour, workforce employability and raising acceptance (from the “drivers”, the operators/stakeholders’ 
and the general public’s point of view)  

Chapter 1 provides an introduction to the activities carried out in the analyses of the impact of the solutions 
developed by the Drive2TheFuture project to improve the acceptance of self-driving vehicles for four transport 
modes: road, rail, maritime and air transport. 

Chapter 2 describes the methodology applied for the assessment, in particular for the different types of 
solutions: training, operator HMI, in-vehicle HMI as well as conspicuity HMI and interaction with other road 
users, which is henceforth referred to as external HMI (eHMI). 12 Use Cases defined by combining the different 
transport modes and types of vehicles and the respective users of these vehicles and the impact analysis and 
subsequent assessment using key performance indicators, quantitative and qualitative assessment at the pilot 
level had been considered in the project’s pilots. 

Chapters 3 to 6 provide the final results of the impact assessment for each transport mode separately 
regarding User Acceptance, Safety impact, Security, Socio-economic, Traffic efficiency impact, Environmental 
impact and AVs market penetration. 

Chapter 7 is a general conclusion of all the Use Cases (UC1-UC12). All the Use Cases had one or more user 
acceptance and safety impacts and generally provided positive evidence though partially supported, to 
improve acceptance and safety due to the solutions. The impacts on security, socio-economic, market 
penetration, traffic efficiency and environment were reported on one or several Use Cases, but sufficient 
evidence from the pilots’ solutions on improving was gathered in all cases, and it is expected that following 
implementation of the solutions, positive impacts/benefits. 

The final part of the Deliverable is a conclusion on comparison to a priori expectations, according to which a 
series of Myths and Facts about AV performance has been concluded from the point of view of the overall 
approach, starting with defining the open research questions, verifying the hypotheses in the project pilots 
and analyzing their results. 
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1. Introduction  

Drive2theFuture aims to prepare “drivers”, travellers and vehicle operators of the future to accept, and use 
connected, cooperative and automated transport modes and the industry of these technologies to understand 
and meet their needs and wants.  

Four main types of solutions have been developed to achieve the Drive2TheFuture project objectives:  

1. In vehicle HMI and strategies 
2. AV Conspicuity HMI and strategies 
3. Operators HMI and strategies 
4. Training schemes and programmes 

 

These have been considered for the four transport modes addressed by the project: road, rail, maritime and 
air transport. From a prioritization process, 12 high-priority Use Cases have been identified and addressed by 
the project. 

1.1. Purpose of the Document 

The deliverable 'Impact assessment of project results' analyses the impact of the solutions developed by the 
Drive2TheFuture project to improve the acceptance of self-driving vehicles in four transport modes: road, rail, 
maritime and air transport. 

Based on the pilots' evaluation results, the document seeks to answer the following impact research questions: 

• Do the project solutions have an impact on transport users and stakeholders' acceptance of AVs? 

• Do the project solutions have (a positive) impact on transport safety? 

• Do the project solutions have (a positive) impact on security? 

• Do the project solutions have a (positive) socio-economic impact? 

• Do the project solutions have (a positive) impact on traffic efficiency? 

• Do the project solutions have (a positive) impact on the environment? 

• Do the project solutions have (a positive) impact on market penetration? 

1.2. Intended audience 

The intended audience of the report is especially external to the project. It is an informative document to 
describe to the public and stakeholders the expected impacts of the project and the project performance 
compared to the planned targets and ambitions. 

1.3. Interrelations 

Interactions with other WPs of the project have been essential for the work carried out for this deliverable. 
The deliverable is part of WP6 Impact Assessment and Correlation of Automation to MaaS. It includes input 
from two activities: A6.4 “Comparison to a priori expectations” and A6.5 “Impact assessment based on Pilots”.  

Concerning A6.4, the input for the comparison of a priori expectations with project results are the results of 
the pilots' evaluations.  

Concerning A6.5, the approach is based on the impact assessment framework reported in deliverable D6.1. 
The main input for this assessment is the results of the pilots' evaluations reported in deliverable D5.2 and 
carried out within Phase II of the pilots, where HMI concepts developed in WP3 are evaluated for different 
modes and user clusters; and from Phase III, where training programs evaluation and schemes per mode and 
cluster developed within WP4 are evaluated.  
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2. Methodology 

2.1. Pilots 

The four types of Drive2theFuture solutions have been tested in 12 Pilots, implemented in 9 different countries 
for all transport modes. 

Each pilot site of Drive2theFuture is coded with an individual abbreviation, indicating also the corresponding 
transport mode: Road (RO), Rail (RA), Aviation (AV), Maritime (MA). The details of all pilots mentioned in this 
report are reported at section 3.1 “Overview of each pilot” in deliverable D5.4. 

The types of solutions developed by the project in WP3 and WP4 are: training, operator HMI, in-vehicle HMI 
as well as conspicuity HMI and interaction with other road users, which is henceforth referred to as external 
HMI (eHMI). Table 1 provides an indication of the project solution(s) tested in each pilot and the addressed 
user groups. 

Table 1:Drive2TheFuture solutions per pilot and addressed user groups 

Pilot Training 
In-vehicle 
eHMI 

eHMI 
Operator 
HMI 

Adressed user group 

RO-1   X  VRUs, car drivers 

RO-2 X    Pedestrians 

RO-3A X X   Car Drivers 

RO-3B X    Car Drivers 

RO-3C  X X  Powered two-wheelers 

RO-4 X    Car Drivers, passengers 

RO-5 X  X  Shuttle Driver, passenger, 
authorities 

RO-6 X    Shuttle Passengers 

RO-7 X X  X TMC operators 

RO-8 X X X  Bus Driver, passenger 

RA-1 X X  X Train drivers, train dispatchers 

RA-2 X   X Train drivers, train signalers 

MA-1 X   X Maritime operators 

AV-1 X   X Drone pilots and operators 

 

2.2. Use Cases and Scenarios 

Drive2TheFuture considers 12 Use Cases defined by combining the different transport modes and types of 
vehicles that are considered in the project’s pilots, the respective users of these vehicles, as well as the 
Drive2theFuture tools that will be tested.  

Table 2 provides a description of the Use Cases addressed by the project with a reference to relevant pilots 
(Markvica K et al., 2020). Each pilot site of Drive2theFuture is referred to with an individual abbreviation, 
indicating also the corresponding transport mode: Road (RO), Rail (RA), Aviation (AV), Maritime (MA). 

Table 2:Drive2TheFuture Use Cases and related pilots 

UC Name Short description Relevant 
project pilots 

UC1 Training for road 
transport 
 

This Use Case focuses on the training of users involved in the 
Drive2theFuture piloting of road transport automated 
vehicles. In particular, it can be divided in 4 sub- Use Cases, 
dealing with the training of (1) AV “drivers” and operators, (2) 

RO-2, RO-3A, 
RO-3B, RO-4, 
RO-5, RO-6, RO-
7, RO-8 
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UC Name Short description Relevant 
project pilots 

AV passengers, (3) other road users (including VRUs) and (4) 
infrastructure/ fleet operators/planners/ supervisors.  

UC2 - Operators-based 
HMI& strategies for 
road transport 
 

The main role of this Use Case is to test the HMI principles 
that are related to the remote operation of road automated 
vehicles, focusing mainly on the increase of the operators 
readiness for the transition between manual and automated 
driving, while also test the operation of automated buses in 
an urban area and their combination to MaaS and other 
“feeder” transportation means. 

RO-7 

UC3 - AV Conspicuity 
HMI & strategies for 
interaction of 
automated road 
vehicles with non-
equipped other road 
users 

This Use Case touches upon issues that deal with the 
interaction of automated and non-automated road vehicles 
with pedestrians and other automation VRUs. Through this 
UC, behavioural issues will be also tested that might occur 
either on behalf of the road users or the vehicles. 
 

RO-1, RO-3C, 
RO-5, RO-8 

UC4 - In vehicle HMI & 
strategies for 
automated road 
vehicles 

This use Case examines the HMI principles inside road 
automated vehicles and its purpose is mainly to test functions 
that have to do with the transition from non-autonomous to 
autonomous driving. 
 

RO-3-A, RO-8 

UC5 – Training for rail 
transport 

This Use Case focuses mainly on the training of train drivers 
and operators, in order to enhance their awareness, 
performance and acceptance. 

RA-1, RA-2 

UC6 - Operators HMI 
& strategies for rail 
transport 
 

This Use Case concerns the application of HMI principles to 
the rail vehicles of Grade of Automation (GoA) 3 and 4, aiming 
at the optimisation of an HMI for remote control 
(signaller/train operator perspective). 
 

RA-1, RA-2 

UC7 - In vehicle HMI & 
strategies for rail 
vehicles 
 

This Use Case concerns the application of HMI principles to 
the rail vehicles of GoA 3 and its purpose is mainly to test 
functions that have to do with the transition from knowledge 
about in vehicle HMI (ERTMS) compared to line-side signalling 
(ATC) 

RA-1 

UC8 - Training for 
maritime transport 
 

This Use Case deals with the training of automated maritime 
vehicles both operators and passengers and it aims to 
facilitate their awareness but also acceptance of such vehicles 
and their operation, while also to facilitate them in the 
transition towards the systems monitoring phase 

MA-1 

UC9 - Operators HMI 
& strategies for 
maritime transport 

This Use Case aims to test project’s alternative HMIs for 
workboats operators as proposed by WP3 and through an 
iterative process to optimise and finalise them 

MA-1 

UC 10 - AV Conspicuity 
HMI & strategies for 
interaction of 
automated ships with 
other non-equipped 
vessels 

This Use Case touches upon issues that deal with the 
interaction of automated and non-automated vessels. 
Through this UC, behavioural issues will be also tested 
concerning operators and required behavioural adaptations. 
 

MA-1 

UC11 Training for air 
transport 
 

This Use Case focuses on the training of drones’ operators in 
order to mainly enhance their perceptions on drones’ 
usefulness, safety, security and privacy issues 

AV-1 
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UC Name Short description Relevant 
project pilots 

UC12 Operators HMI 
& strategies for air 
transport 

This Use Case aims to test operators’ and pilots’ perceptions 
of different HMIs for different levels of automation. 
 

AV-1 

 

The Drive2theFuture pilots entail both mobility and logistics solutions. For the evaluation of these solutions, 
different sets of stakeholder groups can be defined. Therefore, deliverable D6.1 D6.1 (Usami D S et al., 2020) 
defined both mobility scenarios, mapped with the pilots focused on mobility, and logistics scenarios from 
pilots directed at logistics, i.e. the maritime and aviation pilots. 

A description of the mobility and logistics scenarios is reported in Table 3 and Table 4 respectively,  

Table 3: D2F mobility scenarios 

Scenario Name Short description Relevant project 
pilots 

D2F scenario 1A: 
Privately owned 
automated car (min 
level 3) 

Automated driving on pre-defined routes. In case of 
emergency or outside these environments and conditions, 
the human driver is expected to respond at any request of 
the AV to intervene. Private use vehicle available at all times. 
Automated pick-up and parking are possible in designated 
areas. 

Pilot: RO-2; RO-3; 
RO-4. 

D2F scenario 1B: 
Privately owned 
connected and 
cooperative private 
cars (level 1-3) 

Advanced driver assistance and cooperative functionality, in 
some cases combined with intelligent traffic routing for 
traffic and traffic lights. Private use vehicle available at all 
times. 

Pilot: RO-2; RO-7  

D2F scenario 2: 
Automated ride 
sharing (min level 4) 

Ride-sharing offering shared, on-demand service reserved 
for a period of time with dynamic routing and 
extended operational times compared to regular public 
transport. 

Pilot: RO-4. 

D2F scenario 3: 
First/last mile feeder 
(min level 3) 

First/last mile feeder service to PT station operating on fixed 
routes, operational times in parallel to PT core 
network, on-demand or fixed stops (rush hour), shared use, 
low capacity (12), all-user access vehicles. 

Pilot: RO-1; RO-5; 
RO-6; MA-1. 

D2F scenario 4: Mass 
rapid transit (min level 
3) 

Mass Rapid Transit (MRT) - shared use, high capacity trains, 
metro, trams or buses operating on fixed routes 
with high frequency and fixed stops 

RO-8, RA-1, RA-2 

 

Table 4: D2F logistics scenarios 

Scenario Name Short description Relevant project 
pilots 

D2F scenario 1: 
Automated freight 
transport last-mile 
delivery (air) 

Fast delivery service with an unmanned air vehicle used for a 
last mile solution (i.e., combined with a long- haul 
vehicle) or for short distances.  

Pilot: AV-1  

D2F scenario 2: 
Automated freight 
transport last-mile 
delivery – shared with 
passenger transport 
(road) 

Fast delivery service with a road vehicle used for a last mile 
solution (i.e., combined with a long-haul vehicle) or 
for short distances.  

Pilot: potentially 
all road pilots 
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Scenario Name Short description Relevant project 
pilots 

D2F scenario 3: 
Automated freight 
transport long-haul 
(rail) 

Highly automated and highly connected long-distance 
freight transport.  

Pilot: RA-2  

D2F scenario 4: 
Automated freight 
transport long-haul 
(road) 

Autonomous road transport is operated on the highway 
allowing for optimization of platoon structures.  

Pilot: RO-8  

 

2.3. Impact Assessment Methodology 

The impact analysis and subsequent assessment carried out for the D2F project seek to evaluate the effects 
on the project. These impacts are connected to the end users of the transport systems and how the integration 
and use of the project solutions might affect them. For this assessment, impacts were first defined within a 
generic specification applicable to the project as a whole. This considered the principal areas under which the 
impact assessment task was to be conducted.  

The identified areas of assessment of the D2F impacts on end users at the highest level were: 

• User Acceptance  

• Safety impact 

• Security  

• Socio-economic 

• Traffic efficiency impact 

• Environmental impact 

• AVs market penetration 

For each project solution the impact assessment seeks to answer to the following questions:  

• Is the solution improving acceptance/safety/security/…? 

• What is the depth of the impact?  

• What is the potential size of the impact? 

The approach includes a first phase of framing and quantitative assessment of the impact of project solutions 
and a second phase that includes a more qualitative assessment based on the findings of the first phase with 
the involvement of pilot leaders. 

2.3.1. KPIs 

Based on the impact assessment framework, Table 5 reports the list of Key Performance Indicators (KPIs) to 
be collected during the pilot evaluation for each impact area.  

Data gathered for the evaluation of the pilots is reported in deliverable D5.4. Where feasible, data were 
collected with or without the solution. However, in some cases, due to the pandemic and technical and 
implementation issues during the final evaluation test cases, it was impossible to calculate all the KPIs 
identified. For this reason, in order to fill the gap, results available in the literature have been considered to 
perform the impact assessment analysis. 
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Table 5:Pilot based KPIs for the Impact Assessment of the project solutions 

Impact area KPI Expected impact 
User 
acceptance 

User acceptance rating on UAS scale Enhance AV user and VRUs acceptance 
thanks to Pilots 

User 
acceptance 

Vehicle operators’ acceptance on UAS scale Enhance AV vehicle operators' acceptance 
thanks to Pilots 

User 
acceptance 

Frequency of conflicts between automated 
vehicles and other traffic participants 

Enhance AV user acceptance thanks to 
reduction of conflicts between AVs and 
other users 

User 
acceptance 

Comparative WTH/WTP before/after the 
pilots 

Enhance AV WTH/WTP thanks to 
improved HMI, training or other project 
enabled interventions 

User 
acceptance 

User experience (user experience refers to a 
persuasive, affective, trusted and 
personalized HMI) 

Enhance AV user experience 

User 
acceptance 

Comfort and stress levels of users  Enhance comfort of users 

User 
acceptance 

Assessment of feeling of safety Increase perceived safety 

User 
acceptance 

Level of trust before and after the trial Increase trust in the system 

User 
acceptance 

Usability level Increase usability of the system 

 Number of accidents caused by AVs Reduce overall road accidents caused by 
AVs as opposed by conventional vehicles 

Safety Number of accidents caused by machine 
errors 

Reduce the current vehicle malfunction 
errors 

Safety Number of single-vehicle & multi-vehicle 
accidents caused by AVs 

Reduce single and multi-vehicle road 
accidents caused by AVs as opposed by 
conventional vehicles 

Safety Severity of road accidents Same or reduced probability of injury in 
case of accident 

Safety Number of involved vulnerable road users 
(pedestrians, cyclists, elderly, children) in 
accidents 

Same or enhanced VRUs safety thanks to 
AVs and project solutions 

Safety Frequency of emergency stops Reduced probability of emergency stops 

Safety Frequency of traffic conflicts that could lead 
to an accident 

Reduced probability of traffic conflicts 

Security User's perception of security levels while 
riding the vehicle (without operators on 
board) 

User's perception of security levels while 
riding the vehicle (without operators on 
board)  

Security User’s perception of privacy levels while 
riding the vehicle 

Increased perceived data privacy 
protection 

Socio-
economic 

User opinion/rating of AVs Pilots are expected to influence users’ 
view of automated functions  

Socio-
economic 

Overall acceptance rating before/after the 
trial 

Increased acceptance will affect transport 
mode selection and collective transport 
use 
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Impact area KPI Expected impact 
Socio-
economic 

Overall acceptance rating from young, elderly 
and mobility restricted people 

Increased acceptance will affect the 
demand of AVs from elderly and mobility 
restricted people 

Socio-
economic 

Consumer willingness to have and to pay for 
autonomous vehicles 

Enhance User willingness to have/pay for 
AVs 

Traffic 
efficiency 

  Decreased number of vehicles thanks to 
AVs in combination with MaaS. 

Traffic 
efficiency 

Number of users per vehicle (AVs + MaaS) Increased number of users per vehicle 
thanks to AVs in combination with MaaS. 

Traffic 
efficiency 

PT reliability Increased PT reliability thanks to AVs in 
combination with MaaS and perceived PT 
reliability thanks to improved acceptance 

Traffic 
efficiency 

Average passenger-km travelled per day  Increased passenger-km travelled 

Traffic 
efficiency 

Average number of passenger trips per day  Increased passengers trips per day 

Traffic 
efficiency 

Average speed before/after the trial increased commercial speed 

Environment Greenhouse gas (GHG) emissions (in kt) 
within the measurement period 

CO2 and NOx reduction thanks to 
enhanced traffic efficiency  

Environment Average daily vehicle consumption of energy  Decreased energy consumption 

Market 
penetration 

Comparative WTH/WTP before/after the trial Increase market uptake thanks to 
enhanced AV WTH/WTP 

 

2.3.2. Quantitative assessment at pilot level 

2.3.2.1. Definition of Impact Hypothesis 

The formulation of impact hypotheses involved the collaboration of the partners of Drive2TheFuture project. 
Initial hypotheses were developed based upon the initial aims of the project and the expected impacts defined 
in D6.1 (Usami D S et al., 2020). Subsequently, the hypotheses were decomposed into individual assumptions 
applicable to the outcomes of each use case/pilot. 

The impact hypotheses were listed in a table with evaluation criteria identified and assigned to each of them. 

2.3.2.2. Hypothesis evaluation 

Hypotheses are evaluated based upon one or more evaluation criteria defined within each. These criteria aim 
to identify data from the result consolidation of each pilot, together with supporting references that provide 
background evidence on the impact. 

At the end of the evaluation of each hypothesis evaluation criterion, the hypothesis is reviewed, concluding 
whether the hypothesis is supported, partially supported, or not supported by the available data. 

For each project solution, an assessment template was completed. The template includes a sheet for the 
description of the solution(s) tested in the pilot and a solution assessment sheet. The solution is described in 
terms of the type of solution, transport mode affected, related use case, target users (AV users, not AV users 
or operators) and solution characteristics. The assessment sheet lists all the pilot-based KPIs by impact area. 
It is possible to add a calculation based on available data and a qualitative assessment for each KPI. 
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The quantitative assessment provides input for the evaluation of impact hypotheses. A colour code was used 
to highlight the existing limitations of the pilots in terms of limited sample size and data collected. Threecodes 
are used as below: 

• Red: Quantitative assessment not available 

• Yellow: Quantitative assessment available but based on a limited sample or not based on 

with/without evaluation 

• Green: Quantitative assessment available based on a sufficient sample and on a with/without 

evaluation 

 

2.3.3. Qualitative assessment at pilot level 

Qualitative evaluation is used to provide an overall assessment at the impact area level of the tested 
solution(s), combining what emerges from the quantitative evaluation of the pilot with feedback from a pilot 
expert(s), and providing an indication of the depth of the impact.  

The evaluations conducted in the various pilots have certain limitations in terms of sample size and data 
collection, mainly related to the Covid-19 pandemic. These limitations introduce elements of uncertainty into 
the assessment of impact hypotheses. The qualitative assessment provides a rating of the degree of change in 
the outcome level based on the assessment of available data and in collaboration with the pilot expert(s). The 
rating ranges from 1 to 7, being 7 "Large Beneficial" and 1 "Large Adverse", as reported below: 

• 7 LB Large Beneficial 

• 6 MB Moderate Beneficial 

• 5 SB Slight Beneficial 

• 4 N Neutral  

• 3 SA Slight Adverse 

• 2 MA Moderate Adverse 

• 1 LA Large Adverse 

2.3.4. Overall assessment at the Use Case level 

An overall evaluation at the UC level is conducted to provide a summary of the results from the impact 
hypotheses assessment at the pilot level and to appraise the potential size of the impact of the UC.  

This second point aims in particular to understand in which European countries the proposed solutions would 
bring the greatest benefits, mainly in terms of their acceptance. To this end, the results from the general 
survey of the Drive2theFuture project (Markvica K et al., 2020), which involved approximately 11.000 
responses from 29 European countries, was explored. The results are used to understand in which countries 
the level of acceptance of AVs is low and where factors such as safety and cybersecurity are perceived as most 
critical to their acceptance. 

2.3.1. Stakeholder perspective analysis  

Lastly, the results of the pilot level assessments are combined with the results from stakeholder evaluation 
workshops (as described in D6.2). As the Drive2theFuture pilots consider both mobility and logistic solutions, 
2 types of workshops were conducted with these future applications in mind. The stakeholder groups for both 
mobility and logistics were determined based on academic literature. For the mobility workshops, the invited 
stakeholder groups were users, public transport operators, local authorities, original equipment 
manufacturers and mobility service providers. For the logistics workshops, the invited stakeholder groups 
were citizens, senders, receivers, logistic service providers and local authorities. A total of 4 workshops was 
conducted in 4 different countries, where 3 had a mobility focus and 1 had a logistics focus. During the 
workshops, the multi-actor, multi-criteria analysis (MAMCA) was used. This approach consists of 2 steps. First, 
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stakeholder groups were asked to assign weights to impact criteria related to mobility or logistics in general. 
Second, the stakeholder groups needed to score scenarios based on the impact criteria. This ultimately 
resulted in a performance score for each scenario for each stakeholder group. The results from the stakeholder 
workshops will be combined with the pilot level assessment, which will lead to a more comprehensive impact 
assessment.  

The pilot level assessment will be aggregated per scenario (as described in section 2.2). The scenarios were 
always compared to the business-as-usual scenario without automation. The stakeholder groups for both 
mobility and logistics were determined based on academic literature. Before the workshop, the relevant 
impact areas were matched to each stakeholder group. Not all impact areas are evaluated by all stakeholder 
groups as only the most relevant ones are chosen to avoid workshop fatigue among the participants. The 
matching of the stakeholder groups and impact areas are given in Table 6 and Table 7. 

Table 6: Overview of impact criteria and mobility stakeholder group matching. 

Impact areas Users PTOs Local 
authorities 

OEMS MSPs 

Safety X X   X   

Security X X   X X 

Environment X X X X   

Traffic 
efficiency 

X        

User 
acceptance 

     X   

Market 
penetration 

  X   X X 

Socio X X X   X 

Economic X X X X X 

Policy     X   X  

Regulatory     X     

 

Table 7:  Overview of impact criteria logistics stakeholder group matching. 

Impact areas Citizens Senders Receivers LSPs Local 
authorities 

Safety X     X 

Security X X X X  

Environment X X X X X 

Traffic 
efficiency 

X X X X X 

User 
acceptance 

 X X   

Market 
penetration 

   X  

Socio X X X X X 

Economic  X X X X 

Policy     X 

Regulatory     X 

 

The stakeholder groups jointly evaluated a total of 10 impact areas, which determined the performance scores 
for the scenarios. All stakeholders were asked, to not only weight criteria but also score the criteria for each 
scenario (on a scale from 0 to 10). The weights that were attributed to the impact areas per stakeholder group 
as well as the detailed performance score can be consulted in D6.2.  
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In this deliverable, the findings from D6.2 will be discussed considering the KPIs evaluated at pilot level (see 
section 2.3.1). The KPI assessment scores range from 1 to 7, with 1 = large adverse, 4 = neutral and 7 = large 
beneficial (see also section 2.3.3). However, the pilot level assessments had limitations in terms of sample size 
and data collection. Therefore, if a neutral effect score was attributed, it was mostly due to a lack of data. As 
a result, not all impact areas will be discussed in what follows. Instead, impact areas were selected based on 
whether more than 1 adverse or beneficial effect was found across the scenarios. In summary, first all pilot 
assessments are aggregated on scenario level for each impact area. If the impact area was found to have a 
neutral impact for all scenarios, it is not further discussed. This was the case for the impact areas security, 
socio-economic, market penetration and policy and regulation. For the impact areas safety, traffic efficiency 
and user acceptance, and environment, some effects could be assessed at pilot level. This leads to interesting 
insights on the pilot assessment impact score and the evaluations of the stakeholder groups. It is important to 
note that a 1-on-1 comparison of the pilot assessment score and the performance scores from the workshop 
per scenario is not advised. Firstly, it must be noted that the assessment of the scenarios in term of the criteria 
stems from the stakeholder’s expert opinion and personal insight in the mobility and logistics sector. Scenarios 
were compared relative to a non-automated scenario and to each other. Secondly, the pilot assessment score 
calculation depends on availability and accuracy of KPI measurements from the pilot assessment. Nonetheless, 
it is possible to gain insights from the comparison of the overall ranking of the scenarios based on stakeholder 
evaluations with the ranking of the scenarios based on the overall pilot assessment scores. These insights are 
linked and discussed in section 6.4, where conclusions are drawn on each of the impact areas.  

 

2.4. Comparison to a priori expectations methodology  

Following the identification of initial open research issues and hypotheses, as specified in A1.4 (D1.1), along 
with the implementation of the Drive2theFuture pilot activities, a cross-examination of the a priori 
expectations to the actual findings is performed within A6.4. This is realised in a step-by-step approach.  

Starting with the list of WP1 hypotheses, the pilots’ reports were analysed in order to verify whether each of 
the hypotheses have been examined, verified or not within the respective pilot. To do this, a template has 
been designed, addressing the hypotheses and their verification, along with relevant analysis, explanation of 
the findings and justification.  

Table 8: Template for cross-examination of hypotheses to pilots’ results (extract) 

Research Hypothesis Pilot verification  
(Y/N and comments) 

Analysis / Explanation/ 
Justification 

1. HRO1: Acceptance after hands-on 

experience of all levels of 

automation in urban, rural, highway 

and specific applications, such as 

tunnels, constructions and bridges, 

and environmental conditions (i.e.  

co-pilot for adverse weather, 

unknown environments, unknown 

type of vehicle, etc.).  

  

2. HRO2……   
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This template was shared with the pilot sites’ leaders, A6.4 partners and WP6 leader in order to facilitate the 
capturing of all relevant information from the pilots.  

The next step was to analyse the results of the table and provide explanation for the findings vs the initial 
expectation/hypothesis. To do this, apart from project partners, a group of external experts were also 
consulted. This consultation was performed in terms of presenting the findings and justification, while asking 
them whether they agree, have an alternative or complementary explanation, or disagree with this result. 
They were also asked to add (if any) additional open issues. 

Finally, concluding from the above, a list of “Myths and Facts about AV performance” was developed, 
summarizing the findings in a compendium of expected and unexpected statements regarding AV operation. 
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3. Road transport 

3.1. Acceptability/Acceptance of AVs in Road Transport 

Dillon & Morris (2006) defined acceptance as the willingness of an individual to use technology for performing 

tasks in an expected manner. It is believed that the acceptance of autonomous driving would lead to an 

increase in road safety and an improvement in ecological footprint. However, there are still some factors 

restricting an extensive adoption of autonomous vehicles. The aim of this study is also to analyse these factors.  

The general survey of the Drive2theFuture project1 (Markvica K et al., 2020) involved approximately 11.000 

responses from 29 European countries. The aim was to explore the opinions of all transport users about the 

acceptance of Autonomous Vehicles for different transport modes.  

After screening of survey data to remove outliers, the D2F survey included 3,323 participants with valid 
responses for road transport, which represented 30% of the total survey. The level of acceptance for road 
transport mode was generally high and the results discussed in the following paragraphs. 

The results for AVs in road transport highlight that while 48% of the respondents had a positive opinion (good 

or very good) regarding AVs, 23%, almost one out of four, were those with a negative opinion. In general, the 

survey showed that with an increase in automation level, the acceptance rate of AVs decreases. A possible 

explanation is that AVs follow a higher safety regime than normal ones, which results in lower operational 

speed. During the trials of pilot projects RO-5 and RO-6, the main objection raised by the users of AV shuttles 

was lower speed and an over-reaction (hard braking) when interacting with other road users. The respondents 

of RO6 were also worried about the behaviour of the shuttle in more complex traffic situations. These could 

be one of the reasons responsible for the lower adoption rate for a higher level of automation. Furthermore, 

respondents were also concerned about the safety of automated road vehicles. Some 63% participants 

expressed their willingness to accept the technology if the rate of accidents would reduce by 50% or more as 

compared to the current traffic accidents, or if the number of accidents reaches close to zero. 

The survey classified the level of acceptance on a five Likert scale. 1 or 2(low/very low) was considered to 
represent No acceptability, 3 neutral acceptability, and 4 or 5(high/very high) for acceptability of AVs. The 
acceptability level was 24%, 26%, and 49%, respectively, for no acceptability, neutral acceptability, and 
acceptability, indicating respondents were more positive about accepting AVs. This is expected to be the case 
as the user’s reason for being neutral or having low acceptance is reflected on their concerns for AVs as 
discussed in the proceeding paragraphs. However, the levels of acceptance showed great variations across the 
countries as some countries were more positive toward AVs while others stayed more neutral or were not in 
favor of AVs. The graphs in Figure 1 and Figure 2 below show the acceptance variation distributed for different 
countries. (Some of the countries are excluded due to low sample size). 

 

1 For more information about the sample characteristics the reader is invited to consult D1.1 (Markvica K et 
al., 2020) 
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Figure 1: Acceptability levels of Road AVs across different countries 

 

 

Figure 2: % of respondents not accepting Road AVs across different countries  

 

From the graph in Figure 2 above, it is observed that United Kingdom, Ireland, Czechia, and Netherlands show 
relatively high levels of No acceptance to AVs. However, the values of other countries are still less than 50% 
with United Kingdom having the greatest value. Adding to that, Croatia with 100% low acceptance is not 
considerable due to its low sample size. 

The level or degree of acceptance of AVs is generally related to several factors from the user’s perspective and 
is expected to vary amongst users and thus across countries. The survey included six risks, and “Others” to 
measure the user’s concerns in accepting AVs. A five-point Likert scale (Very critical --- Not critical at all) was 
used to measure the weight of the factors (otherwise called concerns in this report), where “Very critical” 
indicates a given factor is highly important to choosing/accepting AVs. The results in Figure 3, shows 
cybersecurity as the greatest concern to AVs with 62% of respondents choosing cybersecurity as very critical 
or critical, followed by safety 58%, Cost of AV’s 53%, Data privacy 52%, Security 40.4, employment risk at 
33% and other at 8.8%. The opposite holds for lesser concerns to AV, where Employment risks is not critical 
and hence users feel Security won’t be a greater concern to accepting AVs. It is also worth understanding the 
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variation of factors across the countries to identify the country specific factors. To have a more comprehensive 
understanding at the country’s level, the percentages reflecting critical and very critical are merged and the 
trends amongst the different factors observed as in Figure 3 below. Countries (Cyprus, Latvia and Malta) with 
low sample values (<5) are excluded. 

 

Figure 3: Most critical factors across countries 

  

From Figure 3, Cybersecurity remains the greatest concern across all countries with higher peaks. Safety and 
Cost of Av’s is also a rising issue and most prevalent for Finland, Ireland, Portugal and Norway. The maps 
below, Figure 4 and Figure 5 illustrate the variation in the criticality of safety and cost, respectively. 

 

Figure 4: % of respondents who consider safety critical or very critical to road automation across surveyed countries 
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Figure 5: % of respondents who consider cost of AVs critical or very critical to road automation across surveyed 
countries 

3.2. UC1 – Training for road transport 

The purpose of Use Case 1 is to prepare, through training, all road Automated Vehicle (AV) users for the 
interaction with automated vehicles. Regarding that, Use Case 1 aims to provide training programs for a 
number of Automated Vehicle (AV) users and various road user categories as AV drivers and bus passengers, 
and other road users interacting with AVs including pedestrians, cyclists (vulnerable road users), and 
infrastructure/fleet operators (Automated Bus Operators and Traffic Management Center operators).  

The objective is to prepare all mentioned AV and road users for interaction with automated vehicles by 
increasing the acceptance level by providing more automated vehicle knowledge and experience. The 
user/public acceptance has been expected to be affected by the identification of critical situations and 
scenarios, as well as the interaction between automated fleets with non-automated drivers/riders (mixed 
flows), along with the behavioural adaptation of users when operating an automated vehicle.  

The following pilot sites addressed the objectives of UC-1 within the Drive2TheFuture project:  

• Training for VRUs in Karlsruhe, Germany (RO-2)  

• Training for AV Drivers in Versailles, France (RO-3A)  

• Training for AV Drivers in Versailles, France (RO-3B)  

• Training for Drivers in Warsaw, Poland (RO-4)  

• Training for bus passengers in Vienna, Austria (RO-5)  

• Training for operators in Brussels/Gent, Belgium (RO-6)  

• Training for TMC operators in Rome, Italy (RO-7)  

• Training for automated shuttle passengers in Linköping, Sweden (RO-8)  

After that, UC-1 has expected to have a direct impact on user acceptance and safety. Additionally, indirect 
impacts are expected on market penetration, traffic efficiency, environment, and socioeconomic. 

The main impact hypotheses tested in UC1 are presented in Table 9.  

Table 9: UC1 – Impact assessment hypotheses 

ID Impact area Hypothesis Evaluation Criteria 
1 Acceptance (RO2) The behavioral adaptation of 

pedestrians through their 
The difference between the 
pedestrian’s acceptance 
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ID Impact area Hypothesis Evaluation Criteria 
interaction with automated 
vehicles will improve their 
acceptance and confidence of 
full-automated vehicles 

before/after training in terms  
of trust, usability, and user 
experience in AV. 
  

2 Acceptance 
(RO3-A) 

A comprehensive training on 
the use of AV and the 
unintended consequences of 
automation will improve 
driver's acceptance of and trust 
in AV.  

A. Significant difference between 
the groups receiving basic or 
advanced training in terms of system 
acceptance.  
B. Significant difference between 
the groups receiving basic or 
advanced training in terms of trust, 
usability, and user experience in AV.  

3 Acceptance 
(RO3-B/C) 

The drivers using an automated 
vehicle will improve their 
acceptance of full-automated 
driving functions onboard a 
passenger car 

The difference between the drivers’ 
acceptance before/after training in 
terms of trust, usability, and user 
experience in AV. 
 

4 Acceptance 
(RO4) 

The drivers using an automated 
vehicle will improve their 
acceptance of autonomous 
driving 

Increased user experience post-
training  

5 Acceptance 
(RO5) 

The adaptation of operator 
using an automated vehicle will 
improve their acceptance of 
full-automated driving 
functions onboard an 
autonomous vehicle 

The difference between the 
operator’s acceptance before/after 
training in terms of the trust, 
usability, and user experience in AV. 
  

6 Acceptance 
(RO6) 

The interaction of operators 
with the shuttles operating in 
mixed traffic environment will 
improve their acceptance of 
full-automated driving  

The changes in operators’ 
acceptance before/after training in 
terms  of trust, and user experience 
in AV. 
  

7 Acceptance 
(RO7) 

The behavioral adaptation of 
operators using an automated 
vehicle will improve their 
acceptance of full-automated 
driving functions onboard a 
passenger car 

The difference between the drivers’ 
acceptance before/after training in 
terms of trust, usability, and user 
experience in AV. 

8 Acceptance 
(RO8) 

The training to bus passengers 
will contribute to an increased 
perception of AV usefulness 
and trust, thus increasing the 
system acceptance 

A. Significant difference between 
with and without training in system 
usability (SUS) levels and trust OR 
Self-declared perceived increased 
system trust and acceptance thanks 
to training 
B. Evidence supporting those levels 
of user trust are sufficient to support 
acceptance of AV.  

9 Safety 
(RO3-A) 

The training of drivers of AV 
was expected to increase 
awareness about the potential 
impact of automation on 
human cognitive and 

 Higher level of gaze activity to 
explore the road environment, as 
measured by number of gazes and 
gaze duration among the drivers 
who were exposed to an advanced 
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ID Impact area Hypothesis Evaluation Criteria 
behavioral capabilities.  training.  

10 Safety 
(RO5)  

The adaptation of operator 
using an automated vehicle will 
improve the safety of full-
automated driving functions 
onboard an autonomous 
vehicle 

The difference between the 
operator’s asafety perception of the 
system before/after training the 
training 

11 Safety 
(RO6) 

The operators perceived safety 
of the AV will increase, given 
the shuttles interaction with 
different road users. 

The changes in the operator’s safety 
perception following the field 
observation 

12 Safety 
(RO8) 

The training of bus passengers 
waiting at bus stops is expected 
to increase attention to the 
oncoming bus and the distance 
of waiting passengers from the 
curb and subsequently 
decrease the probability of an 
emergency stop of the 
autonomous bus and the 
related risk of passengers’ 
injuries. 

A. Average distance of waiting 
(trained) passengers from curb 
significantly higher compared to 
non-trained waiting passengers. 
B. Evidence supporting that the 
presence of an obstacle close to the 
curb can affect AV behaviour. 
C. Evidence supporting the 
correlation between emergency 
braking and risk of passenger injury 
in the bus 

13 Socio-economic 
(RO6) 

The employability perception 
of the use of AVs will increase 

The changes in drivers employability 
perception following the field 
observation 

14 Traffic efficiency 
(RO8) 

The training of bus passengers 
waiting at bus stops is expected 
to increase attention to the 
oncoming bus and the distance 
of waiting passengers from the 
curb and subsequently 
decrease the risk of an 
emergency stop of the 
autonomous bus thus 
decreasing the bus travel time. 

A. Average distance of waiting 
(trained) passengers from curb 
significantly higher compared to 
non-trained waiting passengers. 
B. Evidence supporting that the 
presence of an obstacle close to the 
curb can affect AV behaviour. 

15 Market penetration 
(RO-2) 

The training VRUs on their 
interaction with automated 
and non-automated vehicles 
using VR will increase 
willingness of participant to 
use the system 
 

The changes in the operator’s 
willingness to use the system after 
training 
 

16 Environment 
(RO-7) 

The training with TMC 
operators will contribute to 
improve of their behavior that 
lead to the change in travel 
time or change in total time 
spent by all vehicles in queue 
and increase a fuel 
consumption 

The difference between the 
operators’ acceptance before/after 
training 

17 Environment 
(RO-8) 

The training with bus 
passengers will improved their 

Expectations of reducing a harmful 
emission 
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ID Impact area Hypothesis Evaluation Criteria 
 acceptance of the autonomous 

driving system, perception on 
safety and efficiency that lead 
to increase the number of 
emergencies stops and 
respectively the level of 
emissions    

 

3.2.1. Training for VRUs (RO-2)  

The aim of the pilot was to examine the interaction of automated vs non-automated cars towards VRUs with 

a focus on two research questions: i) Can an AV’s behaviour be adapted according to observed, abstracted 

behaviours so that the new AV behaviour is accepted by VRU’s in simulation and reality? and ii) Does VR-based 

training increase pedestrians’ acceptance and confidence towards an automated vehicle? 

The training was structured over different phases. Initially, it consisted of the first acquisition of ground truth 

data on interactions between pedestrians, automated and non-automated vehicles. In the second case, 

additional training data was collected with data from the real test used to analyse interactions between 

pedestrians and non-automated vehicles. Interaction data between pedestrians and automated vehicles was 

generated in the VR environment with a setup developed in the first phase. A new behaviour model was then 

used for training pedestrians and for evaluation purposes in the VR-supported digital and real test area of the 

last phase.  

In the Pilot 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 solution consisted in training VRUs on their interaction with automated and non-automated vehicles using 

VR, in order to identify critical gaps on AV behaviour and as a principal goal to increase pedestrian’s acceptance 

of AV. The assessment was carried out on one key hypothesis (Hypothesis 1, Table 9, UC1). 

A Training Evaluation questionnaire (TEQ) was used for questioning the trained persons (experts and non-

experts) after the training to get information on their experience, acceptance, usability, and trusts. It also 

included a specific questionnaire with questions regarding person’s behaviour in the training, and in addition 

to test the person’s usual behaviour in traffic.  

Hypothesis 1: Acceptance 

Using the above-mentioned evaluation, the results obtained were satisfactory and are summarised in Figure 

6 and Figure 7 below. 
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Figure 6: Technology Acceptance 

 

  

Figure 7: System Trusts and Usability 

Satisfying results were obtained for user acceptance with an increased acceptance levels after the training as 

70% of the respondents agreed or strongly agreed training increased their acceptance of the system. The 

feedback from the respondents in terms of increased usability and enhancement of their experience with AV 

was positive, indicating the participants are more likely to accept the system. In addition, the trust levels of 

the participants increased and hence they are relatively confident about the autonomous system. Mcknight 

et al., (2011) in investigating the components and measures of trust concluded that the presence of trust from 

a user will increase the likelihood of acceptance of technology, hence this evidence from literature supports 

that increase in trust of the system will increase the acceptance. The general assessment of the impact of 
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training course to AV VRU users, considering feedback from the pilot leaders is presented on the Figure 8 

below. 

 

Figure 8: General assessment of training for VRU 

  

The general assessment was carried on different key indicators, but the main area of impact is the acceptance. 

Based on the VRUs interactions with AV during the pilots and the subsequent results of the training evaluation, 

the user acceptance of the system due to the solution can be classified as substantial (slightly beneficial) with 

a more than average aspiration to use the system. Other key performance indicators impacts were not very 

feasible in this pilot and hence a plausible solution was to rate them as neutral. 

3.2.2. Training for AV Drivers (RO-3A)  

The aim of RO-3-A is to test the effectiveness of a training protocol for the drivers of an automated vehicle 
(AV) of level 4. The pilot was carried with a Wizard of Oz vehicle on public roads (urban/ peri urban) around 
Versailles. 

The use cases encountered on the pre-defined trajectory were sharp curve, X-intersection controlled by traffic 
lights, roundabout, and roundabout controlled by traffic lights. The external conditions surrounding the use 
cases could not have been controlled due to the on-road nature of these event. For instance, some driver 
encountered a flux of pedestrians at the end of classes in front of a high school, while others encountered 
lanes blocked for trimming the trees on the roadside, whereas some participants did not encounter any special 
event.  

A basic training protocol merely on the functioning of the AV was compared to an advanced training protocol, 
which provided drivers further information on the system components and human factors aspects of 
automation. The advanced module was in line with the guidelines identified by previous research (Casner & 
Hutchins, 2019; Manser et al., 2019). The comparison between the two training protocols was explored across 
two hypotheses: acceptance and safety (Hypothesis 2 & 9, Table 9, UC1).     

Hypothesis 2: Acceptance 

The hypothesis on acceptance assumed that an advanced training would improve acceptance of AV measured 
by:  

1. An increased perception of the usefulness of AV,   

2. An increased satisfaction with the use of AV,  

3. A higher level of trust in the AV,  

4. A positive evaluation of the advanced training compared to basic training. 
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Figure 9 presents the mean values for perceived usefulness of and satisfaction with the use of AV. While the 
type of training did not improve neither the perceived usefulness of nor the satisfaction with the AV, the actual 
driving experience did for both groups. Similarly, trust evolved throughout the experiment with driving 
experience, regardless of the training group. Overall, experience with the AV accounted for the 30% of the 
variance in the change in perceived usefulness of the AV.  

It is important to highlight that the level of satisfaction was higher than perceived usefulness for the advanced 
training throughout the whole time, compared to basic training.       

 

Figure 9: Usefulness and Satisfaction scores of the AV 

 

Given the robust effect of driving experience on drivers’ acceptance, a detailed look into two groups before 
and after the driving experience revealed some interesting patterns about advanced training. A particular 
interest lies with two questions:  

- The training increased my acceptance.  

- The training increased my trust in the system.  

Before the driving experience (Figure 10), the advanced training group reported lower level of acceptance and 
lower level of trust compared to the basic training group. After the driving experience (Figure 11), the 
advanced group still reported lower level of acceptance; however, the level of trust increased with the actually 
driving an AV (indicated by green arrow).     
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Figure 10: Evaluation of training before the driving experience 

 

 

Figure 11: Evaluation of training after the driving experience 

 

Hypothesis 9: Safety  

One of the indicators of driver situation awareness and trust in the system is gaze behavior, particularly for L4 
automation since the drivers do not need to interfere nor to take over control anymore. In RO-3-A pilot, both 
the number of gazes on the road and the duration of the gazes were higher among the advanced training 
group compared to the basic training group (Figure 12). The impact was quite large for both indicators, partial 
η2 = 0.72 for number of gaze and partial η2 = 60 for the duration of gaze. Especially, gaze duration was 
significantly longer following an advanced training, accounting for a medium impact size, partial η2 = .18.  

It is worth noting that gaze behavior was negatively correlated with trust in the AV, indicating higher levels of 
monitoring of the roadway among drivers who had low level trust in the AV.  
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Figure 12: Number of gaze and Duration of gaze as a function of training 

 

The results of RO-3-A provided partial support for the effectiveness of advanced training. In terms of 
acceptance, an advanced training led to higher level of satisfaction with the use of AV compared to basic 
training. This is very likely related to a match between the expectations about the AV formed before use and 
the actual experience of AV, based on the verbatims reported in D5.2. in fact, the verbatims revealed that 
while drivers in the advanced group, who received both training modules, considered the basic training 
sufficient, they appreciated the advanced module for it creates awareness about the potential risks.  

In terms of safety, advanced training resulted in higher levels of monitoring of the roadway, as well as lower 
levels of trust in the AV. Taken together with the increased awareness about the risks of AV, this pattern hints 
that drivers who follow an advanced training were better in calibrating their level of trust to the novelty of the 
technology and the situation for a safe and efficient use of AV (Parasuraman & Riley, 1997).  

The experience gained with AV had a very robust effect on acceptance and trust.   

 

Figure 13: General assessment of the training of AV drivers 

The RO-3-A pilot is linked to related to UC1, therefore, the general assessment was carried out on these 

indicators. Based on the participants’ interactions with the AV pilot during the experience, results qualifying 
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their acceptance of the system can be classified as a slight improvement highlighting the desire to access to 

such a kind of solution. 

3.2.3. Training for AV Drivers (RO-3-B) 

The aim of RO-3-B is to study the AV “driver” behavior when facing a maneuver operated by an automatism. 

The pilot was carried in the Satory test tracks in Versailles Satory. There were three tracks for approximately 

14 km of different road designs, equipped with a connectivity network, road infrastructure sensors and 

equipment. 20 AV users participated in the course and the evaluation. 

The solution consisted in the delivery (and validation) of a training course to AV users focused on interaction 

with autonomous vehicles and the identification of critical situations and scenarios, namely behavioral 

adaptation of users when using an automated vehicle and to study the AV “driver” behavior when facing a 

maneuver operated by an automatism. Within the training there also was a presentation of the innovative 

HMI (slides plus a 1 min movie) demonstrating the driving of a highly automated vehicle on the highway while 

different situations are encountered, a construction site, an accident and a slow vehicle ahead. It was 

developed to show the use of Virtual Reality as a training tool for future HMI concepts. Using this type of 

training had allowed to reduce a complex behaviour into simple tasks in order to help users to perform the 

target behaviour, to provide information on the current speed and the current speed limit, environmental 

information, e.g. surrounding traffic for lane change manoeuvres, providing the user with the system’s 

planned actions. 

The assessment of “driver” behavior using an automated vehicle was explored across one hypothesis 

(Hypothesis 3, Table 9, UC1).     

Hypothesis 3: Acceptance 

 The hypothesis on acceptance assumed that an advanced training would improve acceptance of AV and was 

assessed using such questionnaires as: 

• User Experience Questionnaire (UEQ); 

• Technology Acceptance Questionnaire (VDL); 

• System Usability Scale (SUS); 

• SHAPE Automation Trust Index (SATI). 

Based on the participants’ interactions with the AV pilot during the experience, results qualifying their 

acceptance of the AV pilot are reported in Figure 14. 

 

Figure 14 : Technology acceptance 

We can conclude that the general assessment of user acceptance is positive. Thus, respondents are mostly 

likely to evaluate the system as Useful, Assisting and Desirable. 

The feedback from the drivers using an automated vehicle regarding the system usability confirms is to be 

easy to use and desirable as a product as illustrated in Figure 15. 
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Figure 15: System usability 

Figure 15 shows the level of drivers’ perception of system usability. The general assessment of system usability 

by respondents after training demonstrates that the indicator of system ease of use is higher than their 

willingness to use the system. 

General assessment 

The general assessment of the training course to AV users, considering the responses from the pilot leaders is 

presented on the Figure 16 below. 

 

Figure 16: General assessment of the training course to AV users. 

The RO-3-B pilot is linked to KPI related to UC1, therefore, the general assessment was carried out on these 

indicators. Based on the participants’ interactions with the AV pilot during the experience, results qualifying 

their acceptance of the system can be classified as a slight improvement highlighting the desire to access to 

such a kind of solution. 

3.2.4. Training for Drivers (RO-4)  

The main goal of RO-4 pilot was to test the awareness and acceptance of autonomous cars of level 2, 3 and 4 
and to assess the related training needs in a country with an average vehicle age of 11 years.  

Dedicated events were organised where participants (totally 56 persons) had to take a session of training and 
a session of driving, both as a passenger and as a “driver”. According to D5.2 (Unai H et al, 2022), the training 
was a presentation of the assumptions of the Drive 2 the Future project and a presentation of the vehicle 
model. Afterwards, participants had the opportunity to board a Level 4+ autonomous driving vehicle (make 
EasyMile model EZ 10) as drivers and passengers. 
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The impact hypothesis is the heightened acceptance level of participants on AVs compared to pre-training 
conditions. This in turn could enhance user willingness to have/pay for Avs and increase market uptake of Avs 
thanks to enhanced AV WTH/WTP. 

Hypothesis 4: User acceptance 

The user experience questionnaire was used to evaluate the training; however, this was administered only 
after the training. Results from the post-training User Experience Questionnaire indicate, based on the 
distribution per item, that the participants found the level 4+ vehicle innovative, pleasant, pleasing, 
interesting, easy to learn and to use and predictable (Figure 17). The system was widely viewed as positive by 
participants. 

 

Figure 17: UEQ questionnaire results of RO4 pilot 

General assessment 

The general assessment of the training course to AV users from the pilot leaders assessment is presented on 
the Figure 18 below. 
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Figure 18: General assessment of the training course to AV users 

3.2.5. Training for operators (RO-5)  

The aim of RO-5 was to assess the usage of automated buses in metropolitan areas and their integration with 
other "feeder" modes of transportation while analysing user acceptance, distinguished by passenger cluster 
(i.e., elderly, people with disabilities, younger ones, youth, etc.). RO-5 was performed on a real road in 
Seestadt, Aspern, Vienna, Austria.  

The Pilot site was a 2.2 km long track in the Northeast of Vienna, operated with two Navya shuttle busses. By 
examining its possible uses and the work necessary to incorporate it into Wiener Linien's operating framework, 
the Pilot aimed to get an understanding of the present state of the art in autonomous driving.  

Each shuttle always had an operator to oversee its operations and intervene in case of operational or security 
issues. 

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 the shuttle Navya, 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. The training for operators 
covered the following topics: 

- Short introduction of vehicle and components 
- Starting and stopping procedures including configuration steps 
- Driving and operational processes 
- Safety information towards public information of passengers 
- Trouble shooting and supervision targets (event management and daily operations) 
- Validation and certification 

The assessment of Operator training in an automated vehicle was explored across two key hypotheses: 
acceptance, safety (hypotheses 5 & 10, Table 9, UC1).   

Hypothesis 5: Acceptance 

The hypothesis on acceptance assumed that training to the operators would improve acceptance of AV and 
was assessed using such questionnaires before and after the training (Figure 19).  

According to the above figure, the overall results for operator training results is very good. As the overall 
picture, all the answers given by the operators were between “Strongly agree” and “ Neutral”. Training was 
successful for the operators, although there were deviations in the increasing factor of the training towards 
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the new technology, in nearly all terms like “system acceptance”, “trust” and “willingness to use”. We can 
conclude the general assessment of operator acceptance is positive. 

 

Figure 19: Results of operator training survey 

 
Hypothesis 10: Safety 

There was a reduction in the severity of control inputs, due to assistance, which reduced lateral/longitudinal 
accelerations, lowering the risk of injury to passengers whilst traveling on the bus.  Reduced risk of errors and 
associated accidents by means of the assistance of the driver was observed.  

The general assessment of the impact of the training course to operators, considering feedback from the pilot 
leader is presented on the Figure 20 below.  

 

Figure 20: General assessment of the training course to AV users. 

 

Based on the feedback from operators’ interactions with the AV pilot during the experience, results qualify 
that there was a significant improvement in the acceptance after the training. Security and environment can 
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be classified as a slight improvement highlighting the desire to access to such a kind of solution. The indirect 
environmental impact was noticed as less emergency stops and less energy consumption/emission was 
observed. 

 

3.2.6. Training for Operators (RO-6) 

The pilot aimed to assess the experience of users and operators with existing HMI options and operation 
experience, for identification of pros and cons and selection of good practices.  

At the pilot site, the shuttle was driving in a mixed traffic environment with other cars, cyclists, and 
pedestrians. After the pilot, 5 operators who participated in the training were evaluated. Firstly, using an 
online user profile questionnaire, followed by a SHAPE Automation Trust Index (SATI) questionnaires (to 
evaluate the trust level on AV) and lastly, a one-to-one interview was conducted.  

The solution consisted of the training of operators with the shuttle driving/interacting with users in a mixed 
traffic environment and included training operators to safely dock a bus to allow passengers to board at a bus 
stop. The solution aimed to identify critical gaps and good practices of the interaction between operators and 
shuttles. The assessment of the solution was carried out on three key hypotheses: impact areas of acceptance, 
safety and indirect impacts (Hypothesis 6, 11, 13, Table 9, UC1)  

Hypothesis 6: Acceptance 

On a trust scale of 1 to 6, the operators had an overall trust score of 4.5 which indicates the operators are 
relatively confident about the autonomous shuttles and hence higher acceptance. However, the not very high 
trust value was due to the systems reaction in difficult traffic situations. The operators highlighted that there 
was lack of knowledge of users to the system which led to some frustration with AVs and hence the operators 
strongly advocate the need for further training of users.  

Hypothesis 11: Safety 

The operators were generally more confident with the shuttles with respect to the safety and they considered 
the vehicles to be at times “too safe”. However, there were feelings of frustration in some instances due to 
lack of smooth braking of the shuttles.  

Hypothesis 13: Socio-economic 

The operators strongly believe that it will not be possible to remove the operator from the vehicle completely 
due to the interactions with other road users and other external technical interventions that could come up. 
Hence, it can be concluded that a perceived employability is brought about during the training.  

The results of the general qualitative evaluation/assessment of the impacts through the feedback from the 
pilot leaders are presented in Figure 21 below. 
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Figure 21: General assessment for Operators training 

From the figure, the acceptance of the system (thanks to the pilot solution with related UC1) is evaluated as 
moderately beneficial and hence indicating the usefulness of the solution. The expected impacts on safety are 
also quite beneficial as the operators were relatively confident to the shuttle’s safety performance. On the 
socio-economic sphere, the operators recognized some increased employability thanks to their experience 
during the training.  

3.2.7. Training of TMC operators (RO-7)  

This pilot has taken place in the Rome Traffic Management Centre, based on the available road infrastructure 

and its connection to the vehicles. 

The aim of this pilot was to assess the acceptance and operation capacity of the Traffic Management operators 

towards autonomous vehicles and mixed flows while also testing and evaluating the alternative autonomous 

bus operation principles for TMC operators along with the relevant training schemes developed by the project. 

The training development integrated YouTube videos with a PowerPoint presentation and an interactive tool. 

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. For the service and performance monitoring a 

real-time Dashboard will be used (link with UC2). While the second one to present the evolution of traffic 

management towards a complete integration of CCAM technologies.  

The assessment of the acceptance & operation capacity of the TMC operators was explored across three key 

hypotheses (Hypotheses 7, Table 9, UC1).    

Hypothesis 7: User Acceptance 

The hypothesis on acceptance assumed that an advanced training would improve acceptance of AV and was 

assessed using questionnaires.  

During the first part of training TMC operators also were asked about a potential remote operation. They agree 

about the usage of joystick instead of steering wheel due to the easiness (Figure 22). 
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Figure 22: TMC Operators about Remote Operation of Automated Buses 

It is important to highlight that mostly all respondents decided that using a Joystick or controller to drive 

instead of Steering wheel would be more preferable and easier to use. 

After the first parts of the training which related on introduction an overview of CCAM developments all 

participants considered that road infrastructure has an important role in the development of autonomous 

driving and through lots of benefits of using CCAM reduction of travel time is perceived as the one that bring 

most advantages. 

The 2nd session of training considered the evolution of traffic management towards CCAM.  

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 are involved the vulnerable road user’s protection 

and TM services or related functions that consider information on fueling and charging stations, connected 

and cooperative navigation, parking information and management etc. (Figure 23). 

 

Figure 23: TMC Operators Ranking Regarding C-ITS Day Services 

Considering different transportation modes, the e-learning platform allowed 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. In general terms, TMC operators’ ratings have been positive (Figure 24). 
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Figure 24: TMC Operators Rating of Acceptance E-Learning Tool 

Most of the participants agreed about the usefulness of the platform in terms of relevancy, understanding, 

and material. On the contrary, a certain skepticism exists about trust, and willingness to use automated 

systems after an on-line course. 

General assessment  

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 25. 

  

Figure 25: General assessment of the training course to TMC operators. 

The RO-7 pilot was linked to KPI related to UC1 – Training for road transport, therefore, the general assessment 

was carried out on following indicators: User acceptance, Safety and Indirect Impacts. Based on the 

participants’ assessment there is a significant effect on Environment. It is related to TMC operators’ 

expectation of reducing travel time or change in total time spent by all vehicles in queue and as a consequence 

reducing energy consumption and emissions. 

It is worth noting that the rating of User Acceptance and Security have a middle assessment, more closed to 

neutral because lots of respondents decided that e-learning tool, which they learned during the training, did 

not make them better prepared to use automated systems and it increased their acceptance of the AV. 
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3.2.8. Training of bus passengers (RO-8)  

The aim of Pilot RO-8 is to test and demonstrate the interaction between the bus driver and passengers and 
the interaction between waiting passengers and an automated vehicle at bus transit points (automation level 
2 - 4). RO-8 Pilot has been designed to use VR-based driving and pedestrian simulators in Linköping (Sweden) 
by VTI. 

A scenario has been tested to assess training effects on passengers’ acceptance of autonomous mode on buses 
docking at a bus stop. The participants have been evaluated the viewpoint of a passenger waiting at the bus 
stop for the bus to arrive and pick him/her up. The training of waiting passengers consisted of two instruction 
films: one from the passengers’ perspective and 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. 

The impact of bus passengers training on the acceptance of the autonomous driving system, on the safety of 
the bus docking phase and on the efficiency of the service is explored through three impacts hypotheses 
(Hypothesis 8, 12 & 14, Table 9, UC1). 

Hypothesis 8: Acceptance 

The first hypothesis assumes that the training has a positive effect on passenger acceptance of self-driving 
buses through: 

• An increased understanding of the usefulness of the system and its potential effects. 

• Greater perceived ease of use of the system. 

• Increased confidence in the system. 

These aspects then can influence the intention to use the system. 

Research has confirmed that training improves attitudes towards a system, especially end-users perceptions 
of the usability of a system (Bedard et al., 2003). 

In the RO-8 pilot, the effect of training on autonomous bus acceptance is explored by comparing acceptance 
between a group of users who received training and a group who did not. Contrary to expectations, those who 
received the training showed lower values in terms of satisfaction, usefulness, trust and willingness to 
use/have the system (see, for instance, results related to usability in Figure 26). 

 

Figure 26: Usefulness and satisfying scores of the system – VDL scale 

However, there is a positive effect on the acceptance of the use of the system if one examines the answers to 
the post-training questionnaire (1: strongly disagree to 5: strongly agree) to the questions:  
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• The training increased my acceptance 

• The training made me better prepared to use the system  

• The training increased my understanding for the system 

• The training increased my trust in the system 

• The training increased my willingness to use the system 

Figure 27 shows values greater than or close to 4, with the highest values for the question on the 
Understanding of the system, which is the main goal of the training. 

In general, an uncalibrated level of trust can generate abnormal use of the system. Too much trust in the 
system can lead to system misuse, while too little trust can influence the choice to use or not to use the system 
and, therefore, a rejection (Parasuraman & Riley, 1997). Training, in this case, is aimed at making users aware 
of the system’s limitations, not at encouraging its use. This avoids over-trust with consequent abnormal driver 
behaviour and may explain the generally higher levels of acceptance in the untrained group. 

 

Figure 27: Training evaluation questionnaire results 

Hypothesis 12: Safety 

The second hypothesis states that the training affects the positioning of people waiting at the bus stop, 
impacting the probability of emergency bus braking events and their consequences for passengers inside the 
bus. 

Based on tests conducted in the RO-8 pilot, people who have received the training wait at a slightly greater 
distance from the curbside than those who have not (Figure 28). Although there appears to be a slight positive 
effect, this effect is not significant. 
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Figure 28: Distance to curb at pling with and without training and HMI 

 

This does not detract from the fact that, in certain categories of users or under certain conditions, the training 
may actually help to affect the waiting users from the curb. See, for example, how the distance to the curb 
increases with age for those who have received training (Figure 29). 

In addition, at busy bus stops or where there is limited space for waiting, the probability of users waiting close 
to the curb or on the road is undoubtedly greater. In such circumstances, training even conveyed directly at 
the stop on a dynamic information board could have a positive effect. 

The correlation between emergency braking and the risk of passenger injuries has been studied by (Kendrick 
et al., 2015). Injuries mainly occur for standing (older) passengers during bus acceleration or deceleration.  

 

Figure 29: Distance to curb with and without training for different age groups 
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Hypothesis 15: Traffic efficiency 

The third hypothesis states that training is associated with increased traffic efficiency thanks to a lower 
probability of emergency braking events induced by waiting passengers. However, according to the pilot test, 
no significant difference was observed in passengers' behaviours waiting at the bus stop when the 
autonomous bus arrives (i.e., no significant changes in the distance to curb). 

This impact hypothesis is also not confirmed since, according to the pilot results, there is no significant change 
observed in waiting passengers’ behaviour. 

Summary 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 
the different areas of impact is presented in Figure 30. Considering the apparent positive result on acceptance 
of the system following training and the research results supporting a connection between high levels of trust 
and subsequent acceptance, it can be said that the hypothesis is partially supported for the different impact 
areas. The additional impacts on the environment is due to the less emergency stops and emissions observed 
in the pilots 

 

 

Figure 30: General assessment of Bus passenger training. 

3.2.9. Overall impact of UC1  

The UC1 is applicable for the following scenarios: 

• D2F scenario 1A: Privately owned automated car (min level 3), Pilot: RO-2; RO-3; RO-4. 

• D2F scenario 1B: Privately owned connected and cooperative private cars (level 1-3), Pilot: RO-2; RO-

7. 

• D2F scenario 2: Automated ride sharing (min level 4), Pilot: RO-4.  

• D2F scenario 3: First/last mile feeder (min level 3), Pilot: RO-5; RO-6. 

• D2F scenario 4: Mass rapid transit (min level 3), pilot RO-8. 

The impacts of the hypothesis for each use case for different scenarios are summarised below to show the 

impacts each solution has on the scenarios: 

D2F scenario 1A: Privately owned automated car (min level 3) 

RO-2 pilot confirmed that virtual reality (VR) appears to be a suitable tool to train future users with automated 
vehicles and to increase their trust and acceptance of the system. However, the pilot noted that the behavior 
of the users differed from the real world’s behavior due to their reduced walking speed so as to safely explore 



 

D6.3: Impact assessment of project results 

August 2022 48 
 

the reaction of the vehicle, as one wouldn’t do in real traffic. Hence, further improvements of the training 
could be obtained by demonstrating the reaction of the automated vehicle to the user. 

The results of RO-3A provided partial support for the effectiveness of advanced training. In terms of 
acceptance, an advanced training led to higher level of satisfaction with the use of AV compared to basic 
training. In terms of safety, advanced training resulted in higher levels of monitoring of the roadway, as well 
as lower levels of trust in the AV. The experience gained with AV had a very robust effect on acceptance and 
trust.  

Overall, while a basic training on mere functioning of the AV seems to be sufficient, drivers appreciate the 
importance of being reminded of the potential effects, especially risk, of automation by an advanced training. 
The risk aversion and awareness induced by this information can be helpful for the calibration of trust and 
prudence in the early stages of AV use. Furthermore, this effect could be mitigated by additional practical 
training to help drivers learn how to cope with unexpected situations while automated driving. 

The results of RO-3-B provided identification of the behavioral adaptation of users when using an automated 
vehicle an advanced training. 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. 

Based on the results of the above solutions, positive impacts on acceptance and safety following the 
applications of solutions is expected for scenario 1A. 

D2F scenario 3: First/last mile feeder (min level 3) 

The results of RO-5 provided identification where the training of the operators in the pre-phase, before the 
shuttles went operational helped them to understand the autonomous vehicle in a better way leading to 
acceptance of AV. 

RO-6 pilot results provided the operators experience in driving the shuttle in mixed traffic environment. 
Overall, significant positive feedback was received from the operators to the use of the AV in terms 
acceptance, safety and employment, with a stronger case given for need of an operator in the AVs due to the 
high interactions with other road users which becomes even more challenging in high traffic density areas. 

Based on the results of the above solutions, positive impacts on acceptance, safety and other socio –economic 
impacts following the implementation of the solutions is expected for scenario 3. 

D2F scenario 1B: Privately owned connected and cooperative private cars (level 1-3) 

The results of RO-7 training for TMC operators provided partial support for the effectiveness of an advanced 

training. In terms of acceptance, an advanced training had been estimated as positive and all TMC operators 

highlighted that information obtained during the training was useful, relevant to them and easy to understand. 

From another side, only 20% of trained operators decided that the e-learning tool increased their acceptance 

of the AV and make them better prepared to use automated systems. 

In terms of safety, advanced training does not have a significant high level. It can be explained by 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 in 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 experience gained with AV had a very robust effect on 
acceptance and trust. 

The results of the above solution indicate positive impacts on acceptance, safety, with other indirect impacts 
to be expected for scenario 1B following implementation of the solution. 
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D2F scenario 4: Mass rapid transit (min level 3) 

There is no conclusive evidence that training can increase the perceived usefulness of the system to a level 
that causes users to have greater trust, acceptance and use of the system, with the value of the related 
indicators being lower in users who have received training. However, considering the apparent positive result 
on acceptance of the system following training, and the research results supporting a connection between 
high levels of trust and subsequent acceptance, it can be said that the hypothesis is partially supported. 

According to (Elvik, 2019), the area around public transport stops can present a number of problems from the 
point of view of road safety. A Swedish study (Af Wåhlberg, 2004) showed that more than a quarter of the 
accidents involving buses recorded in the city of Uppsala occurred near bus stops. The behaviour of people 
waiting in the area of the bus stop can interfere with traffic in neighbouring areas, especially if it involves 
unsafe behaviour at bus stops, such as waiting in bus or motor vehicle lanes and jaywalking (Ye et al., 2016). 
In the case of self-driving buses, even waiting near the curb could activate the bus’s hazard sensors and trigger 
an emergency stop with consequences for passengers. 

The training seems not to have a significant impact on the positioning of passengers waiting at the stop, and 
consequently, there is no significant impact on road safety and traffic efficiency. However, training for bus 
passengers might be effective in particular circumstances and for particular groups of users such as the elderly. 

The results of the above solution indicate partial positive impacts on acceptance, safety and traffic efficiency 
to be expected for scenario 4 following implementation. 

Overall remarks for UC1: 

In general, the results of the above-mentioned pilots for UC5 suggest that positive impacts on acceptance, 
safety as well indirect impacts on environment and traffic efficiency could be expected for the different 
scenarios. However, comparatively, the greatest impacts are expected for scenarios 1B, 3 & 4. 

The proposed solutions provided under UC1 could have a greater or lesser effect depending on the general 
level of acceptance. The survey on AV carried out to the general public indicated the level of neutral or high 
acceptance to be 75% which could somewhat explain the positive feedback from the various solution. 
Notwithstanding, the general survey also highlighted key concerns to acceptance, such as safety, hence 
improvement on this area as provided by some solutions led to an increase in acceptance. 

Assuming similar levels of acceptance for those who participated in the different pilots and participants of the 
survey, countries with a high level of No acceptance (greater than or equal to 25%) included France, Austria, 
Czech Republic, Ireland, UK (Figure 2).  Hence, the greatest impacts of the solutions with increased acceptance 
are expected to make grounds in these countries. In addition, in countries like Finland, Ireland, Portugal, and 
Norway (Figure 4) that considered safety very critical, the solutions with increased safety are expected to have 
the greatest impacts in these countries. 

3.3. UC2 - Operators based HMI & strategies 

According to D1.1 (Markvica K et al., 2020), Use Case 2 has the purpose to test the human-machine interaction 
(HMI) principles developed previously for the remote operation of automated vehicles on road infrastructures. 
The focus is mainly on the increased acceptance level of AVs by having improved operators' readiness for the 
transition between manual and automated driving. Additionally, UC2 also targets to test the operation of 
automated buses in an urban area and their combination with MaaS and other “feeder” transportation means 
to see how this would affect the acceptance level. 

UC2 is addressed within pilot RO-7, where an HMI and strategies for the operators of the Rome Traffic 
Management Centre (TMC) were developed. The RO-7 solution is also linked with in-vehicle HMI & strategies 
for automated road vehicles. 
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This use case (UC2) is expected to have an impact in the areas of operator acceptance, traffic efficiency and 
environment, and in Public Transport reliability, thus possibly decreasing the number of vehicles thanks to AVs 
in combination with MaaS. 

During the project a dashboard to support traffic management operations has been developed and presented 
in pilot RO-7 in Rome, Italy (P Fröhlich et al., 2021). The HMI for traffic management centre operators include 
communications and information about the automated system and how it interacts with the CAVs (up to level 
2). In the following, the impacts linked to this project solution are explored. The expected impact hypotheses 
of this solution and the related evaluation criteria are presented in Table 10. 

Table 10: UC2 – Impact assessment hypotheses 

ID Impact area Hypothesis Evaluation Criteria 
1 Acceptance The dashboard will contribute to an 

increased level of operator acceptance of 
C-ITS and CAVs and an increased likelihood 
of using the system and related traffic 
operation principles. 

Quantification of level of 
acceptance of C-ITS and CAVs 
with and without the 
Drive2TheFuture solution. 

2 Safety In-vehicle HMI with intersection 
management of TMC operators HMI is 
expected to contribute to a decrease in 
average and variance of vehicle speeds at 
intersections thus improving safety  

Evidence about the effect of C-
ITS on average and variance of 
speeds. 

3 Traffic efficiency Due to the dashboard impact on 
heightening levels of usability of C-ITS, this 
will contribute to increased uptake of 
Connected Vehicles (CV) equipped with 
GLOSA with the related effects on traffic. 

Evidence about the effect of C-
ITS on average speed. 

4 Environment Due to the dashboard impact on 
heightening levels of usability of C-ITS, this 
will contribute to increased uptake of 
Connected Vehicles (CV) equipped with 
GLOSA with the associated environmental 
benefits. 

Evidence supporting positive 
environmental effect of C-ITS 

3.3.1. TMC operators HMI (RO-7) 

Pilot RO7 addresses a privately owned connected and cooperative private cars scenario (1B) and takes place 
in the Rome Traffic Management Centre, Italy.  

The traffic management system is able to interact with connected intersections and the TLA (Traffic Light 
Assistance) application for connected vehicles, providing in-vehicle information about signal phase and timing 
of traffic lights and intersections topologies. The TLA service brings Green Light Optimal Speed Advisory 
(GLOSA) and a Time To Green (TTG) service to the connected vehicles. 

The TMC operators HMI consists in a real time dashboard supporting real-time monitoring of traffic and a C-
ITS service, the TLA service. The TMC using the 3G/4G network can send to the vehicle the traffic light 
information. The TMC operator can implement a traffic management strategy involving the connected 
intersections and vehicles. The operation principles consider keeping the TMC, passengers and drivers (e.g., 
buses, private vehicles) informed about traffic situations on the road, a detailed traffic monitoring and the 
improvement of traffic management in overall. The analysis of the operation principles involved real-time 
monitoring of well-known intersections and public transportation systems for the TMC operators. 

Power point presentations and real time system DEMOs were used to let five TMC operators experience the 
real time dashboard. 
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The impact is considering the TMC operators HMI in combination with the C-ITS service(s) potentially 
connected (i.e., the TLA service). 

Hypothesis 1: User acceptance 

The dashboard was widely viewed as positive by participants according to the data collected on the perceived 
usefulness (Figure 31). During the evaluation, the participants highlighted the importance of the dashboard 
considering the connection between the information, the accuracy of the systems as well as the C-ITS services 
presented in a single web-based tool. 

Regarding the new HMI concepts, the involved TMC operators mostly agreed with the tools to supervise and 

support potential operational issues of autonomous buses (Figure 32). 

 

Figure 31: Perceived usefulness of the dashboard 

 

 

Figure 32: TMC Operators perceptions about HMI Elements 

 

Hypothesis 2: Safety 

The hypothesis on safety assumed that changes in V2I communication due to enhanced intersection 

management in combination with TLA app TMC operators would have an impact on safety. However, no 

evidence supporting this hypothesis was found as also mentioned in UC4. 



 

D6.3: Impact assessment of project results 

August 2022 52 
 

Hypothesis 3 and 4: Traffic efficiency and Environment 

The real-time Dashboard, combined with the TLA application, had a positive effect on reduction in stop time 
and fuel consumption and can be used as a control channel by the TMC operators.  

Wan et al., (2016) investigated the traffic efficiency potential benefits of GLOSA system. They found evidence 
that even at relatively low penetration levels, the GLOSA system improves the energy efficiency of non-
equipped vehicles, although travel time slightly increases. The hypothesis on environmental benefits due to 
the GLOSA system is partially supported by evidence from literature, while the improvement in traffic 
efficiency is not supported. 

General assessment 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 
different area of impacts is presented in Figure 33. The deployment of the real time dashboard in combination 
with Green Light Optimal Speed Advisory (GLOSA) and Time To Green (TTG) services are expected to improve 
acceptance and energy efficiency, informing drivers to the suggested speed to arrive and cross an intersection 
without waiting time. 

 

Figure 33: General assessment of the TMC operators HMI 

 

3.3.1. Overall impact of UC2 

Scenario 1B: Privately owned connected and cooperative private cars 

The solution tested for UC2 is relevant for privately owned connected and cooperative private cars up to 
automation level 3 (Scenario 1B). 

There is no conclusive evidence that reported perceived usefulness of the RO-7 dashboard is at such a level 
that could affect operators’ behaviour associated with reliance on the dashboard. However, the results of the 
pilot show a positive response from participant operators regarding usefulness and acceptance of the 
dashboard and its associated technology. It is possible to say that, based upon the results of the evaluation, 
although the study group was limited, a positive impact on environment following the implementation of this 
use case could be expected for scenario 1B.  
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The proposed solution could have a greater or lesser effect depending on the level of acceptance of new 
technologies by operators. 

The project's survey on AVs acceptance is addressed to the general public and does not specifically involve 
operators of road traffic centres. Assuming a similar level of acceptance among operators as among survey 
respondents, the countries with a percentage of participants against self-driving vehicles greater than or equal 
to 25% (one in four persons): France, Austria, Czeck Republic, Ireland, UK (Figure 2). 

In these countries, the greatest benefits are expected with the UC2 solution, with increased acceptance and 
the potential positive environmental effects expected in the event of implementation. It must be taken into 
account that the implementation of the solution requires an appropriate technological infrastructure, which 
in case it is absent could reduce the cost/benefit rate of the solution. 

3.4. UC3 - AV Conspicuity HMI & strategies for interaction of 
automated road vehicles with non-equipped other road users 

Use Case 3 addresses the issues emerging from the interaction of automated and non-automated road 
vehicles with pedestrians and other VRUs to increase the acceptance by having improved automated vehicle 
conspicuity and human-machine interaction. This use case is also linked with UC1, Training for road transport 
users. 

The pilots which have tested UC3 solutions are listed below:  

• External HMI on AV-shuttle informing other road users on overtaking in Oslo, Norway (RO-1)  

• External communication towards PTWs in Versailles, France (RO-3C)  

• External HMI on AV-shuttle informing other road users in Vienna, Austria (RO-5)  

• External communication to bus passengers near and entering the bus in Sweden (RO-8) 

This UC is expected to impact mainly user acceptance, safety and traffic efficiency. The impact hypotheses 
evaluated are listed in Table 11. 

Table 11: UC3 – Impact assessment hypotheses 

ID Impact area Hypothesis Evaluation Criteria 

1 Acceptance 
(RO-1) 

The behavioural adaptation of road 
users’ understanding and learning effect 
of the sign will improve the acceptance 
of autonomous vehicles. 

Improvement in the before after analysis 
where the strong breaking has reduced. 
This increased system trust and 
acceptance thanks to the use of HMI. 

2 Acceptance 
(RO-3C) 

The behavioural interaction of PTW 
riders / non-AV users with the eHMI will 
improve their acceptance of new 
functionality 

Quantification of levels of acceptance of 
the eHMI in terms of trust, usability and 
user experience  
  

3 Acceptance 
(RO-5) 

The behavioural interaction of 
operators/users with the automated 
buses operating in a mixed traffic 
environment will improve their 
acceptance of full-automated driving  

The changes in acceptance before/after 
the HMI trials in terms of trust, usability 
and user experience in AV. 
 

4 Acceptance 
(RO-8)  

The eHMI for the bus passengers will 
improve the system acceptance  

Quantification of levels of acceptance of 
the eHMI in terms of usefulness and 
satisfying and comparison with the 
scenario without the D2F solution. 

5 Safety (RO-1) The use of eHMI will increase the safety 
of both the road users and the 
passengers inside the vehicle. The 
accidents due to the sudden braking will 

Before and after comparison of the 
frequency of severe stops and obstacles 
detected per km. 
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ID Impact area Hypothesis Evaluation Criteria 

be reduced, and collisions between the 
vehicle behind will be reduced. The 
safety of the passengers in the vehicle 
also increases.  

6 Safety (RO-
3C) 

Due to the predictability of AVs 
behaviour, PTWs riders might ride at a 
higher speed and less cautious riding 
behaviour, thus increasing the accident 
risk. 

Quantification of speed and lateral 
position of the PTW with and without AVs 
equipped with eHMI, comparing the result 
to evaluate a significant difference 
between the two conditions. 
Evidence that higher speed is linked to 
higher accident risk. 

7 Safety (RO-5) The eHMI is expected to contribute to 
preventing unsafe traffic situations, thus 
improving safety. 
 

Comparison of the percentage of 
braking/stops after the bus has already 
started moving, with and without the D2F 
eHMI  

8 Safety (RO-8) The eHMI for bus passengers waiting at 
bus stops is expected to decrease the 
probability of an emergency stop of the 
autonomous bus and the related risk of 
passengers’ injuries. 

Comparison of the distance to the curb of 
the passengers waiting at the bus stop 
with and without the eHMI.  
Correlation between hard brake and bus 
passengers injuries. 

9 Security (RO-
5) 

The eHMI is expected to increase users’ 
perceived security of AVs 
 

Comparison of the average rating on the 
statement “I felt insecure” in the two 
conditions with eHMI and without eHMI. 

10 Security (RO-
8) 

The eHMI for bus passengers is expected 
to increase perceived security 

Comparison of the level of perceived 
security with and without the D2F solution 

11 Socio-
economic 
(RO-8) 

The eHMI for bus passengers is expected 
to increase the willingness to use the 
system 

Percentage of passengers willing to use 
the D2F solution. 

12 Traffic 
Efficiency 
(RO-1) 

The use of the eHMI will increase traffic 
efficiency as the other road users are 
aware of the sign and overtake the 
vehicle cautiously. A higher commercial 
speed is expected due to a lower chance 
of hard stops. 

Before and after comparison of the 
frequency of hard stops detected per km 

13 Traffic 
efficiency 
(RO-5) 

The use of eHMI will increase traffic 
efficiency due to improved awareness 
and intent communication 

The changes in the users/operators traffic 
efficiency perception before/after the 
HMI trials 

14 Traffic 
efficiency 
(RO-8) 

The eHMI for bus passengers waiting at 
bus stops is expected to decrease the 
probability of an emergency stop of the 
autonomous bus, thus improving travel 
time reliability and the commercial 
speed of the bus. 

Comparison of the distance to curb of the 
passengers waiting at the bus stop with 
and without the eHMI.  
 

 

3.4.1. External HMI on AV-shuttle (RO-1) 

The aim of RO-1 is to analyze how traffic participants interact with the automated shuttles and evaluate the 

efficiency of the eHMI sign.  
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The pilot was carried out in Oslo (Norway). During the initial phase, video recordings show that the slow, 
defensive and stereotypical driving style of the shuttles triggered the road users who are driving behind the 
shuttle to overtake it. In some locations, such overtaking might be risky for other road users.  

To inform road users about the need to overtake the shuttle carefully keeping a long distance, an eHMI sign 
containing a textual message with a graphical illustration was used.  

Data from video recordings and log data from the shuttles before and after the implementation of the eHMI 
sign was collected. The intensity of braking events, obstacles detected, and distance was taken from log data 
which were considered an indicator of eHMI sign efficiency. Also, roadside interviews with traffic participants 
were performed. There were, in total, four shuttles operating where the eHMI sign was installed. 

The assessment of the impact of the eHMI was explored across three hypotheses: hypothesis 1 on eHMI 

acceptance, hypothesis 5 on passengers' safety and hypothesis 9 on traffic efficiency (Table 11). 

Hypothesis 1: User Acceptance 

According to survey results, most road users (82.1%) recognized the sign and reported understanding its 
meaning. However, when asked to describe the meaning of the sign, they generally do not describe the exact 
message that was meant to communicate. This can be explained by the limited sample of respondents and 
the fact that 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 (Unai H et al, 2022).  

The analysis of log files and video clips indicates a positive effect of the eHMI sign on overtaking behaviour. 
From the comparison of log data (Table 12), we see that the frequency of “strong breaking” per km decreased 
and the number of “obstacles detected” (without braking) events per km increased in the after period for the 
shuttles with the eHMI sign. In contrast, the opposite trend was found for the shuttles without the sign. The 
drivers overtook the shuttles with the sign more carefully and were just detected as an obstacle, not causing 
strong braking. This reinforces the idea that the eHMI was understood and accepted by the other road users 
interacting with the automated shuttle. 

Hypothesis 5: Safety 

A before-and-after analysis has been applied based on the log data and video data collected through the 
sensors of the shuttles to evaluate the eHMI sign safety effect. The frequency of "Strong braking" decreased 
after the installation of the signs. From Table 12, we can see that the frequency of strong braking per km has 
been reduced after the introduction of eHMI sign, from 1.16 to 0.86 events/km. Severe brakings slightly 
increased from 0.25 to 0.28 events per km travelled. 

It is possible to say that, based on the results of the evaluation, although there is great variation and 
uncertainty in the data, a positive impact on the safety of shuttle passengers and other road users following 
the implementation of this D2F solution could be expected. 
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Table 12: Strong/severe brakings and obstacles detected data 

 

 

Hypothesis 9: Traffic efficiency 

As already mentioned, there is evidence of a positive effect of the eHMI sign on overtaking behaviour. As a 

consequence, a lower frequency of severe and strong braking is expected, leading to an increased commercial 

shuttle speed and a higher travel time reliability. 

General assessment 

The general assessment of the pilot impacts with respect to different areas of impact is presented in Figure 

34.  Evidence from the before-after analysis undertaken can support the hypothesis of a connection between 

the eHMI and a change in the behaviour of road users overtaking the shuttle bus. The reduction of hazardous 

overtaking manoeuvres, in turn, can support the hypothesis of a slight increase in the level of safety, especially 

for passengers of the shuttle and of the travel time reliability of the shuttle.  

 

Figure 34: General assessment of the HMI implementation 

 

3.4.2. External communication towards PTWs in Versailles (RO-3C) 

Pilot RO3C is a privately owned automated cars scenario (Mobility Scenario 1A). It was run in Satory test track 

located in Versailles Satory, France. 
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The objective of RO3-C was to study the impact of a specific marking of the Autonomous Vehicles (AV) on the 

behaviour of PTW riders for filtering situations. The visual marking allowed PTW riders to identify AV vehicles 

among the others in car queues. The research question consisted in understanding the impact of the “visual” 

appearance of the AV vehicle on the risk-taking of PTW riders in comparison with a baseline situation 

consisting of a traffic flow without any AVs. In the Pilot on the PTW simulator, 24 PTW riders participated. 

The virtual road used for the RO3-C pilot consisted of a 5 km virtual urban ring with 2 lanes in each direction. 

The simulator software architecture was the Univ-Eiffel ARCHISIM-SIM, where the ARCHISIM Multi-agent 

based simulation simulates the traffic, and the visual part relies on the Unity-3D graphical engine. For the 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. 

A specific visual signature (yellow colour of the AV) was tested to study the impact on the behaviour of PTW 

riders.  

The assessment of conspicuity HMI & strategies for the interaction of automated road vehicles with non-

equipped other road users was explored across two hypotheses (Table 1).   

Hypothesis 2: User Acceptance 

The hypothesis on acceptance assumed that the eHMI would improve acceptance of AVs measured by:  

1. A positive evaluation of user experience and usefulness   

2. A higher level of trust in the AV,  

With regards to the User Experience as measured by the UEQ (see Figure 35), results show mean values for all 

scales except for novelty are well above +1.0, which can be interpreted as a very good evaluation of the 

“marking” of the AVs. Due to the yellow colour and to the given explanations, the AVs were considered as easy 

to learn and clear for the majority of the participants (Figure 1). 

 

Figure 35: User experience of the new eHMI functionality 

The majority of the participants submitted that the system is easy, clear, predictable and enjoyable. 

According to SHAPE Automation Trust Index, results show high average scores (close to 5) in all categories 

denoting trust. Following the use, all participants believe that the new eHMI functionality to highlight level 5 

AVs is useful, reliable, accurate, understandable, robust and familiar (Figure 36). In summary, the participants 

trust automation technology. 
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Figure 36: Trust level to the new eHMI functionality (0: never,6: always) 

 

The questionnaires on simulator sickness and feeling of presence showed that the participants were not sick 

nor suffered too much discomfort associated with riding simulation (Figure 37). They succeeded in realizing 

the task without too much effort, however, and despite a relatively high feeling of presence, they were not 

happy with their own performance. This showed the limit of the use of motorbike riding simulators for a 

complex task as riding using the inter-lanes corridor. 

 

Figure 37: Results of the NASA Tlx normalised (0-100%) 

 

Hypothesis 6: Safety  

The PTW riders considered the AVs safer for them than “classical” manned vehicles, probably because they 

regularly face unsafe situations due to car, van and truck drivers' unawareness. Reasonably all the participants 

pointed out the use by these drivers, during driving, of mobile phones for calling but also texting, video calling 

and also watching movies by the drivers (Unai H et al, 2022). 

The hypothesis on safety assumed that the eHMI would affect safety by favouring a risk compensation 

behaviour. The eHMI could promote behaviour associated with reliance on automation, introducing the risk 

that the rider increases the average speed in a context with level 5 AVs due to the predictability of AVs 

behaviour. Due to the predictability of AVs behaviour, PTWs riders might compensate for the lower risk 

brought by automation.  
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During the simulation tests, the behaviour of motorbike riders facing a platoon of vehicles in stop and go 

situation was observed. Two traffic situations were compared, riders moving in inter-lanes corridor 

constituted of AVs level 5 clearly marked as such, and the inter-lanes corridor constituted of human-driven 

vehicles. 

The participants drove more or less at the same speed in the two situations. At the same time, the lateral 

position of the filtering riders was more variable in the traffic situation with human-driven vehicles. This is 

mainly due to the inter-lanes corridor for human-driven vehicles traffic is much more variable.  

There is no conclusive evidence that safety level (of PTWs) improves thanks to the eHMI based on these data. 

 

Figure 3: The distribution of respondents’ answers related with perception  

of security a new eHMI functionality 

General assessment 

The general assessment of the pilot impacts, considering the feedback from the pilot leader and the results 

from the impact hypotheses assessment, is presented in Figure 38.  

It is expected a moderate to large increase in user acceptance, highlighting the desire to access such a kind of 

solution. Concerning safety, the motorbike riders considered the AV scenario visualizations safer for them than 

the one with “classical” manually driven vehicles, probably because they regularly face unsafe situations due 

to car, van and truck drivers’ unawareness. This could trigger a compensation of risk, which is however not 

supported by any data. 

 

Figure 38: General assessment of the eHMI functionality 
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3.4.3. External HMI on AV-shuttle informing other road users (RO-5) 

The aim of the pilot was to evaluate the operation of automated buses in an urban area under real life 
conditions, i.e., in mixed traffic, while analysing user acceptance, differentiated by passenger cluster (i.e., 
elderly, people with disabilities, younger ones, youth, etc.).  

The pilot was carried out on a 2.2 km long track in a residential area, operated with two Navya shuttles buses. 
A display-based awareness and intent communication for the autonomous passenger bus was developed and 
its effects on vulnerable road users (mainly pedestrians) was examined. The shuttles drove autonomously but 
each contained an operator to intervene in case of operational issues. A field study was conducted on eHMI 
communication with other traffic participants with focus on crossing trajectories and in addition, traffic 
camera related studies were carried out. 

The solution consisted of different eHMI-trials that: (a) focused on assessing user experience of automated 
public transport vehicles and on identifying pros and cons and selection of good practices, (b) investigated 
methods to improve awareness and intent communication towards passengers and other road users (c) 
further investigated user experience of external HMIs through a field study of suggested communication 
techniques with other road users. Furthermore, training opportunities on site were investigated and video 
observations were used to study conflicts and near-misses. 

It is expected after the solution (HMI trials) to improve the understanding of the users of the automated buses 
with key impacts attributed to acceptance (hypothesis 3), safety (hypothesis 7), security (hypothesis 9) and 
traffic efficiency (hypothesis 11). The formulation of the four impact hypotheses tested are reported in Table 
11. 

Data collected include information from users and operators through a questionnaire and a recorded semi-
structured interview that assessed information on the participants' demographic characteristics, transport 
usage (including experience with Av), interaction with the autonomous bus (comprehensibility and 
predictability), their feeling of safety and their trust levels. 

Hypothesis 3: Acceptance 

Based on the results of the survey, participants (80%) were very positive about the use of automated buses 
and demonstrated high expectations towards the ease of use of AV. Relating to the evaluation of the effects 
of visual awareness and intent communication of pedestrians in mixed traffic, only 50% of the participants 
supported that external communication had a favorable impact on their comprehensibility of the shuttle’s 
behaviour. However, 83% of participants generally acknowledged a societal need for AVs external 
communication. In terms of age and gender, it was noticed that the young/old and males/females had 
different perceptions to the eHMI communication and hence due to the varying needs and practices across 
age and gender future research should investigate the potentials for differential needs in eHMI. 

Furthermore, 50% of participants stated that the study had influenced their attitudes towards AVs in a good 
way. On other aspects, 82% of the users stated that their ride on the AV was pleasant, with a majority (90%) 
stating their feeling of secureness using the automated shuttles. 

82% of the users confirmed the ride at the automated was pleasant. 90% of the respondents stated of feeling 
secure, 7% answered the question as neutral and 3% had an insecure impression of their experience with the 
autonomous shuttle established in this pilot. For 38% of users, they expected a higher grade of automation 
when using the shuttles; 14% of users expected less automation. There is a clear statement for operators on 
the shuttle. 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.  

Although there is a general appreciation of the shuttle, the statistical analysis of the questionnaire data 
revealed no statistically significant differences between the control and test groups. This is why the data does 
not support the hypothesis on the increased acceptance of self-driving vehicles thanks to eHMI. 
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Hypothesis 7: Safety 

It must be emphasized that during the entire duration of the pilot, two accidents, three critical situations and 
5,830 operational interferences were recorded. While there were no serious consequences, this data 
highlights the importance of addressing road AV safety. 

The effect of the eHMI communication with other traffic participants using LED strips (animated and not 
animated) was investigated through the analysis of the observed behaviours in case of an encounter between 
the shuttle with another road user. The eHMI is expected to prevent unsafe traffic situations in case of an 
encounter by informing other road users about its next manoeuvre (i.e. accelerating or decelerating). The 
metrics used for the evaluation are:  

• the percentage of encounters in which the road user fails in perceiving the shuttle (gaze behaviour) 
and fails in stopping to let the shuttle drive. 

• the percentage of encounters in which the shuttle is not taking the right of way or comes to a stop 
after an initiated departure manouvre. 

Three groups/conditions were monitored, shuttle with eHMI, with animated eHMI and the control group 
without eHMI. 

The results (Unai H et al, 2022) showed that the two eHMIs perform better overall than the control condition. 
However, only in one case, there was a significant difference between eHMI and control conditions, i.e. the 
shuttle is successfully able to take the right of way, meaning that the other road users recognize the shuttle 
departure intention and do not start manoeuvres immediately before and after the shuttle starts moving.  

Previous studies support the improvement of shuttle/other road users' interactions thanks to eHMI. 
Papakostopoulos et al. (2021) carried out a field experiment to investigate the effects of drivers driving in AV 
with eHMI and without eHMI on an ambiguous traffic situation. Their findings indicate that the presence of 
eHMI on AV can accelerate drivers’ inferences about the yielding intention of an AV and have the potential to 
optimize AV-driver interaction in ambiguous traffic situations. Therefore, we can state that the hypothesis is 
partially supported. 

Hypothesis 9: Security 

In general, passengers of the shuttle felt secure using the automated shuttles. 90% of the respondents stated 
feeling secure, 7% answered the question as neutral, and only 3% had an insecure impression of their 
experience with the autonomous shuttle established in this pilot. However, no significant difference was 
observed when comparing between the with eHMI and the without eHMI conditions (“I felt insecure when 
being confronted with the AS”). 

Hypothesis 11: Traffic efficiency 

As already mentioned, the eHMI improves the interaction between the shuttle and other road users. This 
supports the hypothesis of reducing the frequency of stop-and-go shuttle behaviour in ambiguous traffic 
situations, thus increasing the efficiency of the service (travel time reliability and commercial speed). 

General assessment 

Based on the feedback from the pilot leaders and evidence from the analyses, the overall impact assessment 
of the pilot impacts is presented in Figure 39 for the seven impact areas.  

The results indicate that the solution was highly beneficially to enhancing the AV user’s acceptance. However, 
the pilot experienced a decline in the number of users during the pilot phase, which was associated with the 
vehicles' low speed.  

A slight beneficial impact on information (for safety impact) to other road users was experienced as the 
outside-facing eHMI developed within RO-5 operations created a higher information level on other traffic 
participants during AV operation. Thanks to better communication a slight impact on traffic efficiency is also 
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expected (higher travel time reliability and commercial speed thanks to eHMI). No variation in the level of 
perceived security is expected. 

  

Figure 39: General assessment of the eHMI on AV-shuttle informing pedestrians 

 

3.4.4. External communication to bus passengers (RO-8) 

The aim of pilot R08 is to focus on co-simulation of VR-simulator bus driving (manual as well as automated) 

and VR simulation of a passenger’s viewpoint of the automated bus. The pilot's aim was to test and 

demonstrate the interaction between the (professional) driver and the interaction between waiting 

passengers and the vehicle at bus transit points (automation level 2 - 4). Scenarios developed within the 

ADAS&ME project for interaction/hand-over optimization and for VRU simulation in VR carried out in the 

BRAVE project had been used as a starting point.  

The pilot applied HMI principles inside AVs with a focus on functions dealing with the transition from/to 

autonomous driving. The participants evaluated the viewpoint of three different HMI solutions, system A, B 

and C. System A provided the information by illuminating blue light around the windshield and in the steering 

wheel. 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. 

A scenario has been tested to assess training and eHMI effects on passengers’ acceptance of autonomous 

mode on buses docking at a bus stop. The 20 participants have been evaluated from the viewpoint of a 

passenger waiting at the bus stop for the bus to arrive and pick him/her up. The external HMI indicated that 

the bus was automated with blue lights in the windshield and a bell sound as the bus approached the bus stop. 

The impact of the eHMI principles is explored through three impacts hypotheses (Table 11): on passengers’ 

acceptance (hypothesis 4), safety (hypothesis 8) and traffic efficiency (hypothesis 12). 

Hypothesis 4: Acceptance  

The hypothesis on acceptance of a new HMI functionality was assessed using two subscales of Van Der Laan 
(VDL) questionnaire, usefulness and satisfaction.  

Figure 40 presents that System C and A (with eHMI) had a higher usefulness scores compared to system A (no 
eHMI). System A was perceived as the most satisfying. The passengers noticed that it was important to them 
to know/see that the bus is autonomous (System A) compared to the no eHMI scenario (System B). It was a 
bit unclear what the purpose of the sound in system C was. More than half of the passengers had a positive 
perception of the sound, but almost everyone had a negative remark about the sound. The remarks could be 
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that the sound was irritating, stressful, too intense. Furthermore, 75% of passengers think the system will 
increase safety, and 70% of passengers would like to have the HMI system in an automated vehicle. 

According to these results, it is possible to conclude that the tested eHMI are perceived more useful and 
therefore accepted by the passengers.  

 

Figure 40: The diagram shows the usefulness and satisfying scores of each system. 

 

Hypothesis 8: Safety 

The second hypothesis assumed related to the Safety of a new HMI functionality was assumed using an Users 
Surveys HMI (HMIQ), including a specific question 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 
3). 

The distance of the waiting passengers to the curb may affect the frequency of an emergency stop, thus the 
bus commercial speed. According to tests conducted in the RO-8 pilot, people who experienced the eHMI wait 
on average at almost the same distance from the curbside than those who did not (Figure 28). Although there 
appears to be a slight positive effect, this effect is not significant, so the hypothesis is not supported.  

Hypothesis 10: Security 

The perceived security for travellers inside the bus and people outside the bus was also rated by the 
participants. The respondents answered the question: Do you think such a system would increase or decrease 
the security of those who travel in the bus and for those outside the bus? (Figure 41). 



 

D6.3: Impact assessment of project results 

August 2022 64 
 

 

Figure 41: Perceived security inside and outside the bus 

About 50% of respondents indicated that using System A (with eHMI) increase their security inside the bus 
and less than 20% is outside the bus, which compared to System B (without eHMI) is lower. More than 50% of 
respondents indicated that using a System C (with eHMI) increase their security inside the bus and around 
80% that it increases their security outside the bus. System C was perceived as the best system regarding 
security for those outside the bus. Considering these contrasting results, we can conclude that the hypothesis 
is not supported. 

Hypothesis 11: Socio-economic 

According to the Impact and Socio-Economic Questionnaire (ISE), 80% of passengers have a positive or 
somewhat positive opinion of the system tested, and 70% of passengers would like a system like the one 
tested. Considering the limited sample size and the missing control conditions, we can conclude that the 
hypothesis is partially supported. 

Hypothesis 14: Traffic efficiency  

The third hypothesis related with the traffic efficiency of a new HMI functionality. The distance of the waiting 
passengers to the curb may affect the frequency of an emergency stop, thus the bus commercial speed and 
travel time. As already stated, passengers wait at the same distance to curb (1.1 m) irrespective of whether 
the HMI is on or off; thus, the hypothesis is not supported. 

General assessment 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 42. According to the rating of an expected impact significance 

the results of RO-8 provided partial support for the effectiveness of new HMI functionality. We observed an 

increase of User acceptance, feeling of the Safety & Security and Socio-economic impacts of autonomous bus. 

Nonetheless, we observed that the level of Traffic efficiency left on the same level as before implementation 

a new functionality. 

The increased acceptance is expected to affect transport mode selection and collective transport use. 



 

D6.3: Impact assessment of project results 

August 2022 65 
 

   

Figure 42: General assessment of new HMI functionality 

 

3.4.5. Overall impact of UC3 

D2F scenario 1B: Privately owned connected and cooperative private cars (level 1-3), Pilot: RO-3C. 

In pilot RO-3C, a PTW vehicle simulator has been prepared to investigate visual markings on the back of cars 
as to their potential to assist PTW riders in identifying AV vehicles among the others in car queues.  

The evaluation of the RO3C pilot, conducted using a motorbike simulator, showed that the motorbikes riders 
practising inter-lane traffic corridor accepted narrow inter-lane corridor when this corridor is constituted be 
well recognisable level 5 AVs because of their expected safe and anticipable behaviour.  

The evidence supports an increased acceptance of AVs from PTW riders thanks to the improved visibility of 
AVs in traffic. No evidence was found of an increased or decreased level of PTW safety. 

D2F scenario 3: First/last mile feeder (min level 3), Pilot: RO1, RO-5. 

This scenario is supported by two eHMI aimed at improving the interaction between shuttle buses and other 
road users. More specifically, the solution developed in RO5 is aimed at resolving encounters between the 
shuttle and other road users (pedestrians, cyclists or other non-autonomous vehicles) by showing what the 
shuttle's next manoeuvre was. In RO1, the problem is not to avoid overtaking by the shuttle but to prevent 
overtaking from causing the shuttle to brake abruptly. The solution developed is, therefore a signal suggesting 
how to overtake. 

The pilot RO-1 confirmed that with the use of eHMI the road users overtook the shuttle carefully, keeping a 
long distance, resulting in an increase in acceptance and safety. Overall, the results of RO-5 pilot do not show 
any statistically significant difference in terms of acceptance-related metrics, even if a high positive opinion 
on AVs was observed. Results indicate a better interaction due to the presence of the eHMI, but there is still 
a lack of clear evidence in terms of safety. 

AV-based first/last mile feeder services are expected to play a key role in areas of weak demand or without 
existing public transport services. Public transport operators and municipalities are eager to add automated 
shuttles into their regular public transport services. However, the findings from these pilots suggest that there 
is still work required before the shuttles can safely and smoothly operate in regular complex urban traffic 
without a human operator on board. The proposed solutions move in the right direction, where the 
introduction of these vehicles is accompanied by research in order to identify risky situations where the 
interaction is unclear by seeking solutions to improve them and make them safer. 
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D2F scenario 4: Mass rapid transit (min level 3), pilot RO-8. 

An entirely positive opinion of the eHMI was also observed in the case of self-driving buses. The results of RO-
8 provided evidence of a higher level of acceptance of automated buses equipped with the eHMI compared 
to buses not equipped with eHMI. Most of the respondents stated to be willing to use the bus with the eHMI, 
but due to the limited sample, the hypothesis of increased willingness to use the autonomous bus thanks to 
the eHMI is only partially supported. The hypotheses on increased safety, security and traffic efficiency thanks 
to the eHMI are instead not supported. 

3.5. UC4 – In-vehicle HMI 

The purpose of this Use Case 4 is to test HMI principles inside AVs with an emphasis on operations dealing 
with the shift from/to automated driving.  

This use case (UC-4) is also linked to the use cases of Training for road transport and external HMI & strategies 
for the interaction of automated road vehicles with non-equipped other road users, and Operators-based HMI 
and strategies for road transport.  

During the project, in-vehicle HMI & strategies have been tested in various pilot sites as listed below:  

• In-vehicle HMI for AV Drivers in Versailles, France (RO-3A)  

• In-vehicle HMI for drivers in Warsaw, Poland (RO-4)  

• In-vehicle HMI for TMC operators in Rome, Italy (RO-7)  

• In-vehicle HMI for automated shuttle passengers in Linköping, Sweden (RO-8) 

The in-vehicle HMI for RO-8 is linked to UC3 and has limited data useful for the assessment; therefore, the 
analysis is not reported in the following. 

UC4 is expected to affect user acceptance of AVs, safety and traffic efficiency thanks to better interaction and 
a higher readiness in transitions. The impact of in-vehicle HMI solutions was explored across six hypotheses 
as reported in Table 13.     

Table 13: UC4 – Impact assessment hypotheses 

ID Impact 
area 

Hypothesis Evaluation Criteria 

1 Acceptance 
(RO-3A) 

A transparent HMI for the drivers of AV 
will improve driver's acceptance of, 
trust in, and user experience of AV.  

A. Significant difference between the HMI 
types in terms of system acceptance.  
B. Significant difference between the two 
types of HMI in terms of user experience, 
trust in and usability of AV. 
  

2 Acceptance 
(RO-3C) 

The BSA function for level 1 
automation of PTWs (advanced rider 
assistance system) is expected to 
increase acceptance of level 1 PTWs. 

Quantification of levels of usability and 
usefulness  

3 Safety (RO-
3A) 

A transparent HMI for the drivers of AV 
was expected to increase awareness 
about the potential impact of 
automation on human cognitive and 
behavioral capabilities.  

Higher level of gaze activity to explore the 
road environment, as measured by number 
of gazes and gaze duration while drivers 
were presented a transparent HMI 
compared to a basic HMI.   

4 Safety (RO-
3C) 

The BSA is expected to reduce the 
likelihood of conflicts between the 
rider and other vehicles during the 
PTW changing lane/overtaking 
manoeuvres 

Evidence supporting positive safety effect of 
BSA 
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ID Impact 
area 

Hypothesis Evaluation Criteria 

5 Safety (RO7) In-vehicle HMI with intersection 
management of TMC operators HMI is 
expected to contribute to a decrease in 
average and variance of vehicle speeds 
at intersections thus improving safety  

Evidence about the effect of C-ITS on 
average and variance of speeds. 

6 Traffic 
efficiency 
(RO7) 

Enhanced intersection Management of 
TMC HMI was expected to change in 
traffic performance at intersections 

Evidence about the effect of C-ITS on 
average speed. 

7 Environment Due to the dashboard impact on 
heightening levels of usability of C-ITS, 
this will contribute to increased uptake 
of Connected Vehicles (CV) equipped 
with GLOSA with the associated 
environmental benefits. 

Evidence supporting positive environmental 
effect of C-ITS 

 

3.5.1. In-vehicle HMI for car drivers (RO-3A) 

The aim of RO-3-A is to test the effectiveness of HMI transparency for the drivers of an automated vehicle (AV) 
of level 4. The pilot was carried with a Wizard of Oz vehicle on public roads (urban/ peri urban) around 
Versailles.  

The use cases encountered on the pre-defined trajectory were a sharp curve, X-intersection controlled by 
traffic lights, roundabout, and roundabout controlled by traffic lights. The external conditions surrounding the 
use cases could not have been controlled due to the on-road nature of these events. For instance, some driver 
encountered a flux of pedestrians at the end of classes in front of a high school, while others encountered 
lanes blocked for trimming the trees on the roadside, whereas some participants did not encounter any special 
event.   

A basic HMI was compared to a transparent HMI, which provided information about the strategic elements in 
the driving environment. For instance, as the AV approached a pedestrian crossing, the HMI highlighted the 
information indicating presence of a pedestrian crossing. The purpose of a transparent HMI was to reassure 
drivers (Naujoks et al., 2019).  The comparison between the two training protocols was explored across two 
hypotheses (Table 13), one related to acceptance and the second one related to safety. 

Hypothesis 1: Acceptance  

The hypothesis on acceptance assumed that a transparent HMI would improve acceptance of AV measured 
by:  

3. A more positive evaluation of user experience and usability,     

4. A higher level of trust in the AV,  

Figure 43 presents the mean values for user experience of AV. Accordingly, a transparent HMI was evaluated 
clearly more pragmatic than a basic HMI, indicating that the design was aligned with their expectations from 
an HMI. At a more detailed analysis of the user experience questionnaire taking into account which HMI was 
encountered first revealed that 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. 
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Figure 43: User experience of AV 

With respect to usability, our hypothesis was not supported. That is, there was no significant difference in 
drivers’ evaluation of the AV with the two types of HMI. However, it is worth noting that, drivers thought they 
would need to learn a lot of things before they could start using an AV with a basic HMI. Hence, a transparent 
HMI may enhance the learning process.  

As for trust in AV, while the verbatims indicated that 11 participants out of 24 explicitly stated that a 
transparent HMI was more trustworthy and reassuring than a basic HMI, the statistical analysis of the 
quantitative data did not reveal a difference between the two types of HMI.   

With regards to usability and trust, we observed a significant and robust interaction effect of the type of HMI 
and the order in which the drivers used each HMI. More precisely, when drivers used the basic HMI first and 
the transparent HMI second, evaluations of usability and trust increased in favor of the transparent HMI. 

Hypothesis 3: Safety  

In RO-3-A, gaze behavior was used as an indicator of monitoring of the road environment, as behavioral 
indicators such as takeover time, are less relevant in L4 automation. Figure 44 and Figure 45 represent the 
number of gazes and the duration of gazes directed at the roadway during automated driving. While we 
hypothesized that the gaze behavior would be reduced with the transparent HMI, as the HMI would already 
provide information on the road environment so that the drivers do not have to interrupt the non-driving 
related task, the data did not support this hypothesis.  

For both indicators, there was a very strong effect of the interaction of the type of HMI and the order in which 
the drivers encountered each HMI. More precisely, drivers' gaze behaviour was more active with the first HMI 
that they encountered, regardless of basic or transparent. In 3.2.2, we have reported an incremental trend for 
trust in the AV throughout the pilot. It is plausible to assume that drivers monitored the roadway to a greater 
extent the first time they drove, regardless of the type of HMI, and do less of so once they are reassured. 
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Figure 44: Number of gazes at the roadway 

 

 

Figure 45: Duration (ms) of gazes on the roadway 

 

General assessment 

The results of RO-3-A provided partial support for the effectiveness of a transparent HMI compared to a basic 
HMI. We observed a difference in user experience between the two types of HMI only for the pragmatic 
aspects of the HMI. Nonetheless, we observed that the reasons for preference for a basic or a transparent 
HMI were also different. While a basic HMI was preferred mainly for its simplicity, it was considered boring 
and impractical for some participants. A transparent HMI was preferred for enabling predictability. In a similar 
vein, usability and trust changed as a function of which HMI was encountered first. An important conclusion 
of these results could be that the design of the HMI should allow the users to transfer their experience and 
knowledge when shifting from one vehicle to another. This seems all the more important given that drivers 
reduced the monitoring of the roadway the second time they drove, regardless of the HMI type. Hence, some 
level of commonality and standardization of an explicable and transparent HMI across vehicles and models 
seems to be needed. 
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Based on the evidence observed, considering the apparent positive outcome for the pragmatic aspects of the 
HMI, it can be said that the hypothesis on acceptance is partially supported and that the solution could slightly 
improve the acceptance of automation among drivers. The hypothesis on safety is not supported by data 
(Figure 46). 

 

Figure 46: General assessment of the in-vehicle HMI for car drivers 

 

3.5.2. In-vehicle HMI for powered-two-wheelers (RO-3C) 

On PTWs the level of automation is still low (0-1); moreover, there is also a certain distrust of PTW assistance 
systems among PTW riders (Beanland et al., 2013).  

As part of the RO-3C, a Blind Spot Assist (BSA) system was developed to monitor blind spots for PTWs. The 
BSA system uses sensors to detect the presence of vehicles (cars, trucks, motorbikes, etc.) in the blind spots 
of the vehicle. A warning signal is activated whenever a vehicle is in the blind spot of the rear-view mirror. The 
BSA provides support to the rider, especially during overtaking or changing lane manoeuvres, by enhancing 
the conspicuity of approaching vehicles. 

The evaluation of the in-vehicle HMI involved 23 participants on a simulator who had to ride in a one-way two-
lane road without any actions’ restriction other than respecting the road rules. They could do change speed, 
overtake, change lane and brake to follow the flow of traffic. The users did not know in advance how the HMI 
of the BSA function looks like, nor how the activation logic of the function works.  A questionnaire was 
administered to participants after the test to evaluate the HMI perception, understanding, visibility and 
intuitiveness, and usefulness. 

The HMI is expected to increase acceptance of level 1 automation of PTWs and riders’ safety (see Table 13). 

Hypothesis 2: User acceptance 

The hypothesis on acceptance assumed that the BSA function for level 1 automation of PTWs would increase 
acceptance of level 1 PTWs measured by usability and usefulness levels. 

Results from the HMI evaluation indicate a good level of usefulness and a fair to good level of understanding 
of the HMI following experience of the system in simulation (scores ranging from 1 (poor) to 5 (excellent)) 
(Figure 47). In general, it can be said that the in-vehicle HMI moderately increased the user experience of the 
rider thus his/her acceptance of the rider assistance functionality. This finding is somewhat confirmed by 
(Beanland et al., 2013) who found that the level of acceptance is low to moderate for all types of PTW assistive 
systems. 
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Figure 47: Mean values and Standard Deviation for HMI evaluation 

 

Hypothesis 4: Safety 

The safety effects of BSA on PTWs have not been evaluated so far (Savino et al., 2020). However, blind spot 
monitoring equipped on other vehicles has been proven to be effective, with crash involvement rates in lane-
change crashes 14% lower among vehicles with blind spot monitoring than those without (Cicchino, 2018). 

Based on this evidence, it could be expected a lower risk level for PTWs equipped with BSA. 

General assessment 

The general assessment of the BSA functionality, considering the feedback from the pilot leader, is presented 
in Figure 47.  

The level of automation of PTWs is still very low (0-1) even if the benefits of automation technology could 
contribute widely to improve PTWs safety. Based on the evidence observed, this solution could slightly 
improve the acceptance of automation among PTW riders and moderately their safety. 

 

Figure 48: General assessment of the in-vehicle HMI for PTWs 
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3.5.3. In-vehicle HMI for car and bus drivers (RO-7)  

This Pilot took place in the Rome Traffic Management Centre, based on the available road infrastructure and 

their connection to the vehicles. 

The aim of this part of Pilot related on HMI for TMC operators was to test alternative autonomous bus 

operation principles through an iterative process to optimize and finalize them. 

A new HMI functionality included the deployment of a Traffic Light Assistance (TLA) application and its initial 

test, deployment of the TLA App for connection between the road infrastructure (traffic lights) and the vehicles 

and deployment of the service Dashboard for real-time monitoring of the service. 

Assessment of the acceptance of alternative autonomous bus operation in relation to TMC operations was 

explored across the following hypothesis (Table 1).     

Table 14: UC2 (RO-7) – Impact assessment hypothesis 

ID Impact area Hypothesis Evaluation Criteria 

2 Safety In-vehicle HMI with intersection 
management of TMC operators HMI 
is expected to contribute to a 
decrease in average and variance of 
vehicle speeds at intersections thus 
improving safety  

Evidence about the effect of C-ITS on average 
and variance of speeds. 

3 Traffic 
efficiency 

Enhanced intersection Management 
of TMC HMI was expected to change 
in traffic performance at 
intersections 

Evidence about the effect of C-ITS on average 
speed. 

 

Hypothesis 5: Safety 

For in-vehicle information, the strategy of the real-time TMC operator dashboard in combination with the TLA 

application is expected to have a positive effect on speed and consequently on safety. 

No evaluation test was conducted during the pilot to assess the potential effects of the TMC dashboard in 

combination with the GLOSA app. No evidence was found about the potential safety effects of such an app; 

therefore, the impact hypothesis on safety cannot be supported. 

Hypothesis 6 and 7: Traffic efficiency and Environment 

The third hypothesis assumed that the in-vehicle HMI affect traffic performance at road intersections. The 

real-time Dashboard (UC2), combined with the TLA application, is expected to have a positive effect on 

reduction in stop time and fuel consumption and can be used as a control channel by the TMC operators. 

The conclusions on these two hypotheses are already mentioned in UC2, the GLOSA system improves energy 

efficiency, even with low penetration levels in the vehicle fleet. However, a slight negative effect on travel 

times has been also found (Wan et al., 2016). 

General assessment 

Considering the evidence found and the pilot expert feedback, a general assessment of the new in-vehicle 

HMI functionality for cars and buses is presented in Figure 6. A slight impact on the environment (i.e. less fuel 

consumption) and a slight adverse impact on average vehicle speeds through the intersection is expected. 
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Figure 49: General assessment of new HMI functionality 

 

3.5.4. Overall impact of UC4 

D2F scenario 1A: Privately owned automated car (min level 3), Pilot: RO-3A 

Based on the evidence observed, considering the apparent positive outcome for the pragmatic aspects of the 

HMI, it can be said that the hypothesis on acceptance is partially supported and that the solution could slightly 

improve the acceptance of automation among drivers. The hypothesis on safety is not supported by data. 

Based on the results of the project's survey on AVs acceptance, the highest benefits on AVs acceptance would 

be gained in France, Austria, Czeck Republic and Ireland, UK (Figure 2). 

D2F Scenario 1B: Privately owned connected and cooperative private cars, Pilot: RO-3C; RO-7 

In general terms, TMC operators’ ratings had been positive. Most of the participants agreed about the 
usefulness of the platform in terms of relevancy, understanding, and material. 

Using a new functionality in the future will bring a positive change at the process of traffic monitoring and 
management on urban intersections. 

The BSA solution could be beneficial for those countries where there is a high exposure to accidents for PTWs, 

like Italy, Greece, Spain and France. 

3.6. Comparison to a priori expectations  

For the road sector, there were 19 hypotheses originally defined in A1.4. These included a variety of issues 
deriving from open research questions related to the introduction of AV to road transportation and its impact 
to acceptance from the users.  

Table 15: Road sector original hypotheses 

Research Hypotheses - ROAD 

HRO1: Acceptance after hands-on experience of all levels of automation in urban, rural, highway and 
specific applications, such as tunnels, constructions and bridges, and environmental conditions (i.e.  co-
pilot for adverse weather, unknown environments, unknown type of vehicle, etc.).  

HRO2: Acceptance considering age, gender, IT literacy, socioeconomic factors and understanding of 
automation for all cohorts by Kansei/Citarasa methodologies 
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Research Hypotheses - ROAD 

HRO3: Public acceptance of the possibility of accidents occurrence with automated road vehicles, even 
if they are fewer than the number of the conventional ones. 

HRO4: Acceptance of other vehicles’ drivers, passengers and VRUs. 

HRO5: Conspicuity of automated vehicles and the mode they operate at (automated or not). 

HRO6: Vigilance and complacency issues in Level 3 and Level 4.  

HRO7: Driver-Readiness in transitions between manual and automated driving 

HRO8: Manned and unmanned traffic safe operation and in harmony, especially in rural environments 

HRO9: Transfer of expertise from rail, water, air sectors. 

HRO10: Behaviour adaptation (“mimicking”, “flocking”) of non-equipped vehicles. 

HRO11: Reliability, availability, and flexibility of an autonomous car, due to the inexperience of the 
users with the technology, and lack of confidence in this new technology 

HRO12: Impact of mixed and automated flows to traffic flow (micro/macro) simulation, incl. big data 
analytics for scaling. 

HRO13: Negative Impacts of unintended shifts in mode choice (i.e. especially attractive for car owners, 
neglecting the fact that they could also unintendedly impact the mobility behaviour of other, currently 
non-car, users). 

HRO14: Training and dissemination with multi-platform tools for VR/AR simulation, WoZ and simulator 
scenarios for public acceptance and expectations. 

HRO15: Liability and operational issues per automation level and user cluster 

HRO16: Cost efficiency of automated vs non-automated vehicles. 

HRO17: Dependence of AV acceptance on HMI. 

HRO18 Issues of international harmonisation. 

 

The road pilots’ results were analysed, discussed and debated, resulting to the following findings per 
hypothesis: 

HRO1: Acceptance after hands-on experience of all levels of automation in urban, rural, highway and specific 
applications, such as tunnels, constructions and bridges, and environmental conditions (i.e.  co-pilot for 
adverse weather, unknown environments, unknown type of vehicle, etc.). 

The acceptance level of the users after information on the systems was provided and, most notably, after own 
experience was significantly increased, up to 70%. It should be noted that this increase was as significant for 
expert users as well as for non-experts.  

Moreover, the trust levels were also highly raised after hands on experience; in particular by 55% for experts 
and reaching up to 90% for non-users. 

Regarding the willingness to use the system by the pilots’ participants, this was expressed a 60% higher after 
experience with the system by experts and 50% by non-experts. 
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HRO2: Acceptance considering age, gender, IT literacy, socioeconomic factors and understanding of 
automation for all cohorts by Kansei/Citarasa methodologies 

No strong correlations can be found for acceptance and demographics. A weak to moderate inverse relation 
can be seen between age and technology adoption and a relation between the degree level and technology 
adoption. Regarding the previous knowledge on automation, the increase of trust and acceptance for non-
experts was considerably higher than for experts, reaching up to 90% after training and experience with the 
systems. 

HRO4: Acceptance of other vehicles’ drivers, passengers and VRUs. 

Acceptance was raised upon experience and interaction with AVs on the road and the realization that the AV 
is aware of other users, e.g. pedestrians. Regarding VRUs, their acceptance increased upon training for their 
interaction with AVs, along with their perception about usability and enhanced experience. 

HRO5: Conspicuity of automated vehicles and the mode they operate at (automated or not). 

Regarding conspicuity, acceptance was higher when the vehicle was signed both inside and out with light and 
sound. Conspicuity played a significant role in acceptance regarding the interaction of AVs with other vehicles, 
most notably PTWs, as it helped removing confusion in case of overtaking. It was also noted that the slow 
movement of the vehicle made it easy to anticipate its reactions and intensions on the road. 

HRO6: Vigilance and complacency issues in Level 3 and Level 4.  

On vigilance and complacency, shuttles were found to behave too defensively in many encounters. Their 
interaction with other road users led to many stops for preventing unsafe situations. However, these were 
found as unnecessary in many occasions, leading to the conclusion that the systems are not “smart” enough 
to recognise the actually dangerous situations and distinguish from normal interaction. The result is that their 
operation becomes slower, less efficient and sometimes disturbing for both passengers and other road users. 

HRO7: Driver-Readiness in transitions between manual and automated driving 

Driver readiness was supported by the presence of operator and by relevant HMI. Training and operation 
design were decisive factors to enhance readiness, while in terms of HMI it was most preferable and effective 
when both visual and audio messages were provided.  

HRO8: Manned and unmanned traffic safe operation and in harmony, especially in rural environments 

For operators a C-V2I system is required in order to include complementary automated features for 
monitoring all transport modes; thus improving safety and efficiency in multimodal trips.  

Moreover, the interaction of riders with manned and unmanned vehicles had certain differences in terms of 
safety, as it was noted that the position adjustment of the vehicle was different. In the case of the Human’s 
driven vehicles, the rider adjusts his/her position due to vehicles that do not tighten left. The practiced speed 
during the inter-lanes filtering was on average equal for the AVs traffic jam and for the human driven vehicle 
jam. 

HRO10: Behaviour adaptation (“mimicking”, “flocking”) of non-equipped vehicles. 

In terms of behavior adaptation, non-equipped vehicles’ drivers were rather irritated by the defensive driving 
style of AVs; this resulted to an increase of overtaking manoevres, even in risky situations. Another issue is 
that drivers thought it was not necessary to provide priority to the AV where relevant, knowing that it would 
stop at the presence of an obstacle. In other cases, there was hesitation in the interactions with AVs, due to 
insecurity about how and when they would react. 

HRO11: Reliability, availability, and flexibility of an autonomous car, due to the inexperience of the users 
with the technology, and lack of confidence in this new technology 

There was some difference in before-after training and experience situations, however not significant, 
probably because the systems were quite easy to understand and use. Most passengers and other road users 
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feel safe in a traffic situation with autonomous vehicles, or as safe as in a regular traffic situation. In some 
cases there was uncertainty in the interaction with AVs regarding the AVs’ anticipated reaction. For operators, 
relevant indicators are measured by dashboard in TMC (for V2I communications) but operators are mostly 
interested in traffic monitoring. 

HRO12: Impact of mixed and automated flows to traffic flow (micro/macro) simulation, incl. big data 
analytics for scaling. 

The impact of autonomous public transportation includes an improvement in terms of coordination of the 
network flows, efficiency through the reduction of travel times, and congestion as well as in mobility users 
comfort providing C-ITS services which address users’ needs. Certain drawbacks refer to the very slow speed 
of the AV vehicle, leading to excess overtaking and abrupt merging.  

HRO14: Training and dissemination with multi-platform tools for VR/AR simulation, WoZ and simulator 
scenarios for public acceptance and expectations. 

The overall evaluation of an advanced training was not significantly more positive than the basic training. 
However, a detailed analysis of the items revealed that an advanced training increased driver’s acceptance, 
while basic training did not. An advanced training, which informs the driver about the human factors impact 
of automation and capabilities & limitations of the system (hardware/ software), initially results in a lower 
level of trust in automation. This could be indeed a desired effect because it increases driver’s prudence, as 
shown by increased monitoring of the roadway. Indeed, trust increased upon hands on experience of the 
users. Users also reported that training increased their understanding of the system and made them better 
prepared to use the system. 

HRO17: Dependence of AV acceptance on HMI. 

It is important to reinforce predictability and anticipation via a transparent, informative HMI, so that the 
drivers are reassured and do not take over control in situations that can very well be handled by the AV. 
Comparison between a transparent HMI and a basic HMI revealed that the transparent HMI was perceived 
more pragmatic, indicating that the design was more aligned with driver’s expectations from the HMI of an 
AV. The transparent HMI was perceived more predictable and creative, which was supported by qualitative 
data. Also, eHMI installed on the shuttle to improve the overtaking behaviour of other road users, had positive 
effect on the behaviour of drivers. Overall, HMI operation caused an increase in acceptance of AV. HMI using 
both auditory and visual warnings was found optimal also in terms of security of passengers and other road 
users. 

For riders, acceptance increased though moderately in terms of usability and usefulness, due to the on-board 
HMI. This finding is somewhat confirmed in literature (Beanland et al., 2013) indicating that the level of 
acceptance is low to moderate for all types of PTW assistive systems.  

Moreover, from the consultation process, an additional open issue derived which was tackled in one of the 
pilots 

HRO19 TMC Acceptance of the evolution of the monitoring and control solution with the arrival of the 
autonomous driving  

TMC operators agreed on strategies to facilitate the adoption of emerging technologies focused on the 
creation of novel services based on pilots and testing programs, the support of trainings and the 
implementation of standards related to equipment and processes. In terms of the skills or resources needed, 
the perspective of the participants supports 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 their priorities, possibly due to participants were concentrated on practical uses of technology. 
Regarding the evolution of C-ITS services towards automated vehicles and systems, TMC operators perceived 
major benefits for services related to road works warnings, probe vehicle data (PVD) and hazardous locations 
notification. They highlighted the importance to collect information through Probe Vehicle Data towards the 
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improvement of traffic management. 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. While autonomous public 
transportation arrives, cross traffic alerts, blind spot alerts and incident detection alerts were the options 
selected by participants. These functionalities contribute increasing safety for passengers and road users. 

 

The remaining hypotheses were either not tested in the pilot(s) or the results were inconclusive. 
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4. Rail transport 

4.1. Acceptability/Acceptance of AVs in rail transport 

The Drive2TheFuture survey to asses pre acceptance was carried out and included 2409 participants with valid 
responses for rail transport, which represented 22% of the total survey (that has been screened to remove 
outliers). The level of acceptance for rail transport mode was generally high and comparable with that of road 
transport. In addition to the acceptance measurement, the survey had secondary objectives aimed at 
assessing the possible users’ essentials and necessities, concerns, and requirements attributed to acceptance. 
The analysis and conclusions are discussed in the preceding paragraphs.  

The survey[1] classified the level of acceptance in to a five Likert scale. 1 or 2 (low/very low) was considered to 
represent No acceptability, 3 Neutral acceptability and 4 or 5 (high/very high) for Acceptability of AVs. The 
acceptability level was 23%, 34% and 43% respectively for no acceptability, neutral acceptability, and 
acceptability, which indicates respondents were more in favor of accepting AVs. The levels of acceptance 
showed great variations across the countries as some countries were more positive for AVs while others stayed 
neutral or less in favor of AVs. This variation across the countries is expected as the user’s perception for being 
neutral or having low acceptance is reflected on their concerns for AVs as discussed in the proceeding 
paragraphs. The graphs in Figure 50 and Figure 51 below shows the variation of acceptance across different 
countries (some countries in the survey are excluded due to low sample size). 

 

Figure 50: Acceptability levels of Railway AVs across different countries 

 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=it%2DIT&rs=en%2DUS&wopisrc=https%3A%2F%2Funiroma1it-my.sharepoint.com%2Fpersonal%2Fdavideshingo_usami_uniroma1_it%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F12c2543279e54dcf924287601fa7d0d9&wdenableroaming=1&mscc=0&wdodb=1&hid=C26655A0-70BA-4000-9E7E-EB4ADD74B5A1&wdorigin=Sharing&jsapi=1&jsapiver=v1&newsession=1&corrid=62437551-0921-4f79-a72b-2795d7eb52ca&usid=62437551-0921-4f79-a72b-2795d7eb52ca&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1
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Figure 51: % of No Acceptance of Railway AVs across different countries  

From the graph in Figure 51 above it is observed that UK, Romania, Slovenia, Czechia, and Denmark show 
relatively high levels of No acceptance to AVs. However, these values are still less than 50%, with UK leading 
at 30% and Romania and Slovenia preceding with 25%. 

The level or degree of acceptance of AVs is generally related to several factors from the user’s perspective and 
is expected to vary amongst users and thus across the countries. The survey included three key factors which 
are Safety, Cyber Security, Employment, and “Others” to measure the users concerns in accepting AVs. A five 
Likert scale (Very critical --- Not critical at all) was used to measure the weight of the factors (otherwise called 
concerns in this report), where “Very critical” indicates a given factor is highly important to choosing/accepting 
AVs.  

The results of the analysis show that safety is the greatest concern to AVs for Railways with 50% of respondents 
choosing safety as very critical or critical, followed by cybersecurity 48% and employment risk at 28%. The 
opposite holds for lesser concerns to AV, where Employment risks is not critical and hence users feel 
employment or loss of Job won’t be a greater concern to accepting AVs. To have a more comprehensive 
understanding at the country’s level, the percentages reflecting critical and very critical are merged and the 
trends amongst the different factors are observed as in Figure 52. Countries (Ireland, Latvia, Croatia, Malta, 
Portugal) with low sample values (<5) are excluded. 
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Figure 52: Most critical factors across countries 

From the Figure 522, Safety and cybersecurity show generally higher peaks across the countries with safety 
leading in a majority of cases. Cybersecurity is most prevalent for Greece, Romania, Luxembourg, and United 
Kingdom. The maps below, Figure 53 and Figure 54, illustrates the variation in criticality of safety and 
cybersecurity respectively. 

 

2 Norway has a sample size of 5 and the exceptional high value should not fully reflect the level of criticality, 
hence note should be taken when making any conclusions. 
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Figure 53: % Variation in Safety criticality to AV across countries 

 

 

Figure 54: % Variation in Cybersecurity criticality to AV across countries 

 



 

D6.3: Impact assessment of project results 

August 2022 82 
 

4.2. UC5 – Training for Rail Transport 

The purpose of Use Case 5 is to train passengers, users, and operators of the rail sector so as to enhance their 
awareness, acceptance and performance. Specifically, the training aims to improve the skills of the operators 
to efficient use and acceptance of automated train, and to improve passengers’ awareness of autonomous 
trains. This use case is interconnected with UC6 and UC11 that are “Operators HMI & strategies for rail 
transport” and “In vehicle HMI & strategies for rail vehicles” respectively. 

Training for rail transport provides a development of safety culture in automated trains and operations, and 
this use case will serve as an initial force to operators’ and drivers’ performance and automated train 
knowledge. 

The following pilot sites addressed the objectives of UC-5 within the Drive2TheFuture project 

• Training of train drivers and dispatchers, Linköping, Sweden (RA-1) 

• Training of train drivers and dispatchers Berlin, Germany (RA-2) 

After that, UC-5 is expected to have a direct impact on user acceptance and safety with respect to direct and/or 
indirect modifications on operators’ or passengers’ behaviours, and operational issues. The main impact 
hypotheses tested in UC5 are presented in Table 16.   

Table 16: UC5 – Impact assessment hypotheses 

ID   Impact area   Hypothesis   Evaluation Criteria   

1   Acceptance  

(RA-1)  

The behaviour and interaction of 
train drivers and train dispatchers in 
watching the video clips is expected 
to increase their acceptance   

The difference between the participants’ 
acceptance before/after training in terms of 
user experience.   
    

 2 Acceptance 

(RA-2) 

The behaviour and interaction of 
train drivers and train dispatchers 
with the train in taking over the 
control after disruption expected to 
increase their acceptance  

The difference between the participants’ 
acceptance in terms of user experience 
between trained and untrained participants.  
   

2 Safety 

(RA-2)  

The behaviour and interaction of 
train drivers and train dispatchers 
with the train in taking over the 
control after disruption increases 
situational awareness (SA) of safety. 

The ratings of the SA of safety of the 
participants’ acceptance after the training in 
terms of user experience.  
  

 

4.2.1. Training of train operators (RA-1)  

The pilot consisted of different phases. In the initial phase, 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. In this phase, 
there were discussion questions associated to each video clip and the recommendation was for participants 
to watch the videos in groups to be able to discuss them afterwards. In the survey study there were 18 
participants, which included 11 train driver students and 7 train dispatcher students.  In the next phase, 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 overall scenario was a train driver working 
environment with driving controls, Driver Machine Interface (DMI) and a smartphone to communicate with 
the train dispatcher. The video clips from the train driver perspective were recorded in a train simulator and 
used to conduct rail related education. The participants (train driver students (33) and train dispatcher 
students (8)) of the later phase were tasked to read predefined questions before watching the clips and discuss 
issues together afterwards.   
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The solution provided is a combined solution (intermixed in to one) for both UC5 (operators training) and UC6 
(Operators HMI & Strategies for Rail Transport). It is therefore two-fold, aiming to assess how acceptance of 
the system increases due to the training and how the acceptance of the HMI concepts increases. 

In particular, the solution is to develop and evaluate a training tool comprising pedagogical video clips to be 
used for training and education of train drivers and train dispatchers to give an insight into, and increased 
understanding of, the train driver's reality based on some different defined traffic scenarios. The assessment 
was carried out on one key hypothesis (Hypothesis 1 Table 16 under UC5).    

To gather user experience and feedback about the education tool, the participants were asked to answer three 
questionnaires, User Profile Questionnaire, Technology Acceptance Questionnaire, Training Evaluation 
questionnaire and user interview. 

Hypothesis 1: Acceptance 

Using the Van der Laan scale to measure the acceptance of the tool developed for education of train 
dispatchers and train drivers, it was noticed that the results were generally positive for both participants in 
the first phase and second phase. In Figure 55 below, for each row the acceptance lies more on the positive 
side of each measure which indicates the acceptance is high overall. It is noticeable that the acceptance in the 
subsequent phase (B) after the further development of the video clips is quite higher suggesting a quite 
positive acceptance of the solution. 

 

 

Figure 55: Technology acceptance of participants in initial (A) and subsequent (B) phase  

Additionally, the effect of the training was explored (Figure 56) by comparing acceptance amongst the 
participants (train drivers and train dispatchers) of the last phase who received the training. Though positive 
for both trainee groups, the results were much higher for train drivers than train dispatchers, suggesting the 
need for targeted interventions for train dispatchers and further improvement of tools. 
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Figure 56: Usefulness and satisfying scores of the training   

Furthermore, with respect to the evaluation of the training method, made on a scale of 1 to 5, the training 
was rated quite substantial with an average rating of 3.5. Moreover, the participants were highly in favour of 
the fact that the training was relevant and understandable. The results are summarized in Figure 57 below.  

     

Figure 57: Participants rating of training method  

In respect to the user interview, the participants considered the tool useful to understand the reality of the 
driver and especially rare events. The participants also highlighted that the tool was easy to use, flexible and 
pedagogically sound. In addition, they expressed that the exercise was useful for their future work especially 
in terms of information exchange to avoid potentially misunderstanding. 

The general assessment of the evaluation tools using the video clips (pilots' impacts), considering the feedback 
from the pilot leader is presented in Figure 58 below. 
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Figure 58: General assessment of training evaluation tool  

The assessment provided for RA-1 is linked to KPI related to both UC5 (training of rail transport) to UC6 (HMI 

& strategies for rail vehicle) and hence reference to UC6/UC11 should be made here. From the Figure 58 

above, the solution is moderately beneficial in increasing acceptance as the participants considered the tool 

desirable and useful with more positive ratings. Moreover, as the participants rated more than average that 

the training increased their trust and willingness to use the system, it can be concluded that the training tool 

is useful to increase the acceptance of train drivers /dispatchers. 

In comparison with literature, Forster et al., (2017)provided evidence that adding speech to an existing HMI 

improves driver trusts and attitudes that affects acceptance of automated systems. This supports the increase 

in acceptance that was observed in the second phase when the video clips were further developed by adding 

the train dispatcher voice. 

4.2.2. Training of train operators (RA-2) 

The pilot aimed to deliver training activities for different group of users (7 train drivers, 11 train dispatchers 
or signallers and 8 students (“others”)) in order to improve getting the train running again after a stop or 
disruption.  At the pilot, experiments were conducted at the Railway Operations Laboratory where initially, an 
online training was conducted, and participants randomly assigned to two experiment groups. These 
participants were instructed to visit the E-Learning Website developed within the project. This group of 
participants evaluated the training activities with an online questionnaire. The second part of the experiments 
included the driving simulator experiments.  

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. 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. 

In summary, the solution (“fallback solution”) of the pilot is to train; train drivers, dispatchers or signallers to 
get the train running again after disruption so as to increase their awareness and understanding of the system 
while increasing the acceptance of Avs. The assessment was carried out on one key hypothesis (Hypothesis 2 
& 3 Table 16 under UC5). 

To gather user experience and feedback about the training, the participants (trained (separated by user 
groups) and untrained) were asked to answer three questionnaires, User Profile Questionnaire, HMI 
Evaluation Questionnaire (HMIQ), and NASA-TLX Workload Scale. Additionally, one-on-one discussions were 
held with some of the train drivers and signallers to collect more information and opinion from the perspective 
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of railway personnel. Interviews and expert observations were used to supplement the survey data. However, 
the results present hereon focuses on the main hypothesis. 

Hypothesis 2: acceptance 

According to the HMIQ evaluation results (Figure 59 below), 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. While all values in the figure are in the positive side, the mean value for each scale is higher for 
the group with training. However, this difference failed to reach statistical significance at the alpha level of 
0,05. 

  

Figure 59: Mean values of the user experience scales per training group 

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) In general, the results suggest that train 
drivers have more comprehensive view of the technology. For those trained, it was noticed that answers highly 
varied within user groups (Figure 60). This difference may have come from the difference in understanding of 
the meaning of scale items. 

  

Figure 60: Mean values of the user experience scales per user group 
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Hypothesis 3: Safety    

The second hypotheses related with the safety of a new HMI functionality was assumed using a Participants 
survey. The operator situation awareness (SA) for safety was measured using different SA measurement 
techniques (objective and subjective), with three levels of SA (perception, comprehension and projection). 
The results are indicated in Figure 61 below. 

  

Figure 61: Objective and subjective Situation awareness 

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. 

Furthermore, analysis of the NASA-TLX Workload Scale showed that train drivers and signallers who received 
online training had lower overall workload levels, although differences between the participants with and 
without training were statistically not significant. 

Additionally, with respect to the evaluation of the training method, made on a scale of 1 to 5, the training was 
rated quite substantial with an average rating of 3.5. Moreover, the participants were highly in favour of the 
fact that the training increased their understanding of the system and was informative and clear. The results 
are summarized in Figure 62 below. 

  

Figure 62: Participants rating of training 

The general assessment of the training, considering feedback from the pilot's leaders is presented in the Figure 
63 below.  
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Figure 63: General assessment of training RA-2. 

The RA-2 training is linked to KPI related to UC5 (training of rail transport). From the figure above, the 
acceptance level due to the training is moderately beneficial as the trained participants indicated relatively 
higher user experience. Moreover, the participants indicated high awareness and understanding of the 
system. The training is slightly beneficial in terms of the safety perceptions as the participants generally had a 
higher situation awareness for safety. It can therefore be concluded that the training was quite beneficial to 
increase acceptance and safety perception of the AV system. 

4.2.3. Overall impact of UC5 

Scenario 3: Automated freight transport long-haul (rail) and Scenario 4: Mass rapid transit 

The UC5 is applicable for both automated freight transport long-haul and mass rapid transit with a minimum 
automation of level 3. 

The assessment results of the solution provided for RA1 (training of train drivers and dispatchers using video 
clips) show that the tool used is quite relevant, efficient and useful. Notwithstanding the simplicity of the video 
clips used in training, the acceptance of the tool and the education method was quite high, and the opinions 
were generally positive. In addition, it was investigated that further improvement of the tools to make 
corresponding film clips from the dispatchers’ view improved understanding for train drivers and increased 
the acceptance even more. The solution provided was therefore somewhat suitable to increase acceptance, 
but however more room for improvement of the tools is necessary. 

For the case of RA2, the user experience of the system (provided as fallback solution) was quite high, and the 
training activities increased awareness and understanding of the system. Additionally, the training suggested 
development of training programs to different user groups. The generally positive acceptance of the system, 
coupled with positive situation awareness for safety rates validates the hypothesis of the solution. 

Both RA1 and RA2 results suggest that a positive impact on acceptance and safety for UC5 could be excepted 
for scenario 4 (mass rapid transit). 

However, linking the above solutions to the general acceptance survey on railway automation, and assuming 
a similar level of acceptance among pilot participants (operators) as among survey respondents could allow 
some inferences and in particular inference at country level. The acceptance level of neutral or high for railway 
automation was at 77% which somewhat could explain the high positive feedbacks (increase acceptance) 
provided by the solutions. Notwithstanding, the solution UC5 is expect to gain grounds and make more 
impacts or highly benefit countries with relatively high levels of NO acceptance (that equals or exceeds 25%) 
such as United Kingdom, Romania and Slovakia. 
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4.3. UC6 – Operators HMI & Strategies for Rail Transport 

The purpose of Use Case 5 is to address HMI and strategies for operators of the railway sector in order to 
optimize the HMI principles according to dispatcher’s/train driver perspective. In addition, this Use Case also 
focus on different stakeholders such as railway students, researchers, drivers. Use Case 6 ensures the safety 
culture in automated train operations, examination of HMI, impacts on training and education. 

This use case is connected with UC5 and UC11 that are “Training for rail transport” and “In vehicle HMI & 
strategies for rail vehicles” respectively. 

The following pilot sites addressed the objectives of UC-1 within the Drive2TheFuture project 

• Operators HMI & strategies for rail transport, Linköping, Sweden (RA-1) 

• Operators HMI & strategies for rail transport, Berlin, Germany (RA-2) 

UC-6 is expected to affect user acceptance and safety with respect to modifications on operators’ behaviours 

and operational issue. The main impact hypotheses tested in UC6 are presented in Table 17.  Due to the 
interconnection between the Use cases, their solutions are combined. 

Table 17: UC6 – Impact assessment hypotheses 

ID   Impact area   Hypothesis   Evaluation Criteria   

1   Acceptance   

(RA-1) 

The behavior and interaction of train 
drivers and train dispatchers in 
watching the video clips is expected 
to increase their acceptance   

The participants’ acceptance of technology 
after their interactions, evaluated in terms of 
user experience.   

    

2   Acceptance 

(RA-2) 

A new HMI for remote operation of 
automated trains as a fallback system 
will increase user acceptance of the 
system  

The participants’ acceptance of HMI in terms 
of user experience and perception.  

  

 

4.3.1. Operators HMI & Strategies  (RA-1) 

Solution was combined with UC5, training and reference should be made to RA-1 analysed in UC5 above. 

However, the solution was to develop and evaluate a tool comprising pedagogical video clips to give an insight 
into, and increased understanding of, the train driver's reality based on some different defined traffic 
scenarios. It is expected to increase acceptance of the HMI concepts. Hypothesis 1 & 3 in Table 17 under UC6 
are related to this solution. 

4.3.2. Operators HMI & Strategies (RA-2) 

The pilot aimed to examine different HMI strategies for the remote recovery of an automated train after a 
disruption.  The various HMIs alternatives were tested in terms of user experience and feedback in order to 
optimize the initial concept. At the pilot, a train operation in a high level of automation (GoA 3/4) is controlled 
from an operation center far away from the train in case of disruption. The train is operated from the operation 
centre in case of disruption and without railway employees on the train. With GoA 3/4 there will be a new job 
profile with a mixture of two jobs Signal Box Operator and train driver. The new position will be more similar 
to the conventional Signal Box Operator in cases of routine operations. It will be more like a train driver's role 
in the event of a disruption. Therefore, this Pilot was to investigate whether the new mixture job will be better 
performed by Signal Box Operators, train driver or a completely new category of operators without special 
experience and what kind of equipment should be used.  
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The participants were train drivers, signal box operators, and railway operations, students. The train was 
equipped with camera observation of the track and some other essential things. In the operations center the 
track was displayed and in front of the monitor was some haptic elements of the Driver Desk. The trial 
participants had to drive the train from the place of disruption to the next station. Additionally, the solution 
aim is to investigate if it is useful to use a small HMI with some haptic elements or if a fully equipped Driver 
Desk is needed. The impact of passengers’ acceptance of HMI principles is explored through one impact 
hypothesis (Hypothesis 2 in Table 17 under UC6).  

To gather user experience and feedback about the HMI, the participants (segregated by user group Rail driver 
(RD) and Joystick (JS)) answered the User Profile Questionnaire, HMI Evaluation Questionnaire (HMIQ), and 
the NASA-TLX Workload Scale assessment. 

Hypothesis 2: Acceptance  

The hypothesis on acceptance of a new HMI functionality was assumed using two subscales of Van Der Laan 
(VDL) in the HMIQ. The graph in Figure 64 below illustrates the results of the UEQ for the user groups RD and 
JS. The values between –0.8 and 0.8 represent a more or less neutral evaluation of the scale. 

   

Figure 64 : The diagram shows the User Experience survey mean results for the six scales.  

The result of the graph above suggests that the pragmatic quality (task related: perspicuity and efficiency) of 
the HMIs is higher compared to hedonic quality (non-task related: simulation and novelty) for both HMIs. No 
statistically significant difference between the groups was noticed. 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. 

In addition to the user experience, the HMIQ also measured how persuasive and affective the HMIs were. 7-
point Likert scale (strongly disagree-strongly agree) was used for the two user groups RD and JS. The results 
as presented in Figure 61 below show no statistical difference between the user groups.  
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Figure 65:  Persuasive and affective HMI 

The general assessment of the pilot impacts due to the new HMI functionality, considering the feedback from 

the pilot leader is presented in Figure 66 below.  

 

Figure 66: General assessment of new HMI functionality. 

According to the ratings of an expected impact of the solution, the results of RA-2 provided quite partial 

support for the effectiveness of new HMI functionality. It was observed a slight increase of User acceptance 

for the participants due to the solution. Nonetheless, the level of user experience for some participants is 

rather the same as per before implementation of the new functionality. 

4.3.3. Overall impact of UC6 

Scenario 3: Automated freight transport long-haul (rail) and Scenario 4: Mass rapid transit 

The UC5 is applicable for both automated freight transport long-haul and mass rapid transit with both at a 
minimum automation of level 3. 

The assessment results of the solution provided for RA1 (training of train drivers and dispatchers using video 
clips) show that the tool used is quite relevant, efficient and useful. Notwithstanding the simplicity of the video 
clips used in training, the acceptance of the tool and the education method was quite high, and the opinions 
were generally positive. In addition, it was investigated that further improvement of the tools to make 
corresponding film clips from the dispatchers’ view improved understanding for train drivers and increased 
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the acceptance even more. The solution provided was therefore somewhat suitable to increase acceptance, 
but however more room for improvement of the tools is necessary. 

The results of RA-2 provided only partial support for the effectiveness of new HMI functionality (the solution) 

compared to a basic HMI. Even though the users were inexperienced operators, the experiment findings were 

helpful in learning about some of their wants and preferences. User questionnaires findings suggested the 

need for further optimization of the system with additional capabilities and information sources to be 

included. Hence no adequate evidence existed to support the solution of RA2 to increase acceptance. 

Both proposed solutions are expected to bring moderate impacts on acceptance and safety for UC6 and hence 
excepted for scenario 3 and 4.  

The projects survey on rail AV general acceptance to the general public, which is also considered to be 
responded by railway operators, gave varying results across countries, with United Kingdom, Romania and 
Slovakia having high unacceptance (not considering) AVs with percentages greater than or equal to 25%. The 
greatest impact of UC11 is therefore expected in these countries to increase their acceptance. 

4.4. UC7 – In-vehicle HMI & Strategies for Rail Vehicles 

Use Case 7 aims to addresses HMI and strategies for automated train drivers so as to optimize the HMI 
principles. In addition, the use case has as goal to develop and test HMI for GoA3 and GoA4 from the operators’ 
perspective, and assess the impacts on training with ensuring safety culture in autonomous trains. The pilot 
site addressed by the use case within the D2F project is Linköping, Sweden (RA-1)  

UC7 is expected to have direct impacts on user acceptance with respect to modification of drivers’ behaviour. 
The main hypothesis tested is presented in Table 18 below. 

Table 18: UC7 – Impact assessment hypotheses 

ID Impact area Hypothesis Evaluation Criteria 

1 Acceptance The behavior and interaction of train 
drivers and train dispatchers in 
watching the video clips is expected 
to increase their acceptance 

The difference between the participants’ 
acceptance before/after training in terms of 
user experience. 
 

 

4.4.1. In-vehicle HMI for rail vehicles - RA-1  

The related use cases of in vehicle HMI & strategies for rail vehicles are RA-1 “Training for rail transport” and 
RA-2 “Operators HMI & strategies for rail transport”.  

The solution provided is a combined solution and interrelated with UC5 (operators training) and UC6 
(Operators HMI & Strategies for Rail Transport). It is therefore two-fold, aiming to assess how acceptance of 
the system increases due to the training and how the acceptance of the HMI concepts increases. Video clips 
were used for the simulation that were thought to simulate or represent real in vehicle HMI devices. See 
description and narrative of the solution under RA1, UC5. 

 

4.5. Comparison to a priori expectations  

For the rail sector, there were 7 hypotheses originally defined in A1.4. These included a variety of issues 
deriving from open research questions related to the introduction of AV to rail transportation and its impact 
to acceptance from the users.  
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Table 19: Rail sector original hypotheses 

Research Hypotheses - RAIL 

HRA1: Train-centric concepts for automatic operation. 

HRA2: Development and examination of HMI for GoA3/4 operation (signaller/train operator 
perspective). 

HRA3: Impact on training and education, ensuring safety culture in automated operations 
supervision. 

HRA4: Passenger and freight information systems for the future automated railway system. 

HRA5: Full automated railway ecosystem and connected business models’ acceptance. 

HRA6: Vigilance and complacency issues in transition from operator to systems monitor. 

HRA7: Issues of European harmonisation. 

 

The rail pilots’ results were analysed, discussed and debated, resulting to the following findings per hypothesis: 

 

HRA1: Train-centric concepts for automatic operation 

Remote driving concept received positive feedbacks in terms of acceptance, pleasure and usefulness. Low 
subjective workload was reported, while users’ opinion did not significantly vary regardless of the HMI.   

HRA2: Development and examination of HMI for GoA3/4 operation (signaller/train operator perspective) 

Regarding HMI, good practices benchmarking and pilot experiments for HMI evaluation (HMIQ) were 
performed. The results indicate that HMI quality was rated higher in terms of pragmatic quality (task related: 
perspicuity and efficiency) rather than hedonic one (non-task related: simulation and novelty).  

HRA3: Impact on training and education, ensuring safety culture in automated operations supervision 

In terms of training, acceptance highly increased after training at all criteria, i.e. attractiveness, perspicuity, 
efficiency, dependability, stimulation, novelty. Higher acceptance levels were achieved for drivers, showing a 
more comprehensive view of technology, while indicating that more targeted interventions would be needed 
to address the dispatchers. 

Finally, safety perception, in terms of both subjective and objective situation awareness, was increased over 
70%. 

 

The remaining hypotheses were either not tested in the pilot(s) or the results were inconclusive. 
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5. Maritime transport 

5.1. Acceptability/Acceptance of AVs in maritime transport 

This project has an interest of training of automated maritime vehicles both operators and passengers, and to 
test alternative of HMIs for workboats operators while evaluating the acceptance levels of training and HMI. 
To analyze that, a user pre-acceptance questionnaire has been implemented at the beginning phase of the 
Drive2theFuture project to analyze the possible users’ essentials and necessities, concerns, requirements, and 
level of acceptance for automated vehicle presence in maritime transport modes. The pre-acceptance analysis 
has been performed by using data from the Drive2theFuture pre-acceptance survey that included 2406 
respondents, representing 21% of the total survey. 

The survey3 classified the level of acceptance into a five Likert scale. 1 or 2 (low/very low) was considered to 
represent No acceptability, 3 Neutral acceptability and 4 or 5 (high/very high) for Acceptability of AVs. The 
acceptability level was 20%, 36% and 44% respectively for no acceptability, neutral acceptability, and 
acceptability, which indicates respondents were more in favor of accepting AVs. The levels of acceptance 
showed great variations across the countries as some countries were more positive for AVs while others stayed 
neutral or less in favor of AVs. This variation across the countries is expected as the user’s perception for being 
neutral or having low acceptance is reflected on their concerns for AVs as discussed in the proceeding 
paragraphs. The graphs in Figure 67 and Figure 68 below shows the variation of acceptance across different 
countries (some countries in the survey are excluded due to low sample size). 

 

Figure 67: Acceptability levels of Maritime AVs across different countries 

 

 

3 The survey question (the same to all transport mode) considered as a measure of the level of acceptance was: “What is 
your general opinion regarding autonomous air vehicles?” with the scale 1(not good at all) through 5(very good). The 
scale is translated to measure very low acceptance (1) to very high acceptance (2). 
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Figure 68:  % of No Acceptance of Maritime AVs across different countries  

From the graph in Figure 68 above it is observed that United Kingdom, Ireland, Netherlands, Austria, and 
Czechia show relatively high levels of No acceptance to AVs. However, these values are still less than 50%, with 
UK having the greatest value (42%). 

The level or degree of acceptance of AVs is generally related to several factors from the user’s perspective and 
is expected to vary amongst users and thus across the countries. The survey included three key factors which 
are Safety, Cyber Security, Employment, and “Others” to measure the users concerns in accepting AVs. A five 
Likert scale (Very critical --- Not critical at all) was used to measure the weight of the factors (otherwise called 
concerns in this report), where “Very critical” indicates a given factor is highly important to choosing/accepting 
AVs. The results, with graphical reference to D1.1 Figure 19, show cybersecurity as the greatest concern to 
AVs with 57% of respondents choosing cybersecurity as very critical or critical, closely followed by safety 53% 
and employment risk at 26%. The opposite holds for lesser concerns to AV, where Employment risks is not 
critical and hence users feel employment or loss of Job won’t be a greater concern to accepting AVs. It is also 
worth understanding the variation of factors across the countries to identify the country specific factors. To 
have a more comprehensive understanding at the country’s level, the percentages reflecting critical and very 
critical are merged and the trends amongst the different factors observed as in Figure 69 below. Countries 
(Croatia Cyprus, Lavtia, Malta, and Portugal) with low sample values (<5) are excluded. 

 

Figure 69: Most critical factors affecting Avs acceptance across countries 

From the Figure 70, Cybersecurity and safety show higher peaks across the countries with cybersecurity 
leading in a majority of countries. Safety is most prevalent in Spain, Finland, and UK, and is of equal magnitude 
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to cybersecurity in a significant number of countries. France, Greece and Norway despite having Cybersecurity 
at top peaks showed a greater concern for employment risk. The maps below, Figure 70 illustrates the 
variation in criticality of safety and cybersecurity, respectively. 

 

Figure 70: % Variation of concerns (safe and Cyber security) for AV across countries 

 

5.2. UC8 - Training for Maritime Transport 

The Use Case 8 deals with the training of automated maritime vehicles both operators and passengers and it 
aims to facilitate their awareness but also acceptance of such vehicles and their operation, while also to 
facilitate them in the transition towards the systems monitoring phase. 

This Use Case is related to maritime pilot, which is called MA1, and other two use cases that are “AV 
Conspicuity HMI & strategies for interaction of automated ships with other non-equipped vessels” and 
“Operations HMI & strategies for maritime transport”.  

The Use Case has been tested in Faaborg, Denmark (MA-1). 

In the end, this use case (UC8) is expected to have an impact in the areas of operator acceptance, thus possibly 
increasing safety and changes in the driver behaviour such as sleepiness/distraction during autonomous mode 
thanks to training. 

The expected impact hypothesis tested for this solution and the related evaluation criteria is presented in 
Table 20. 

Table 20: UC8 (MA-1) – Impact assessment hypotheses 

ID Impact 
area 

Hypothesis Evaluation Criteria 

1 Acceptance The training for Maritime Transport 
will contribute to an increased 
perception of automated workboat 
operating usefulness and trust due 
to ability to take a manual take-over 
during training, thus increasing the 
system acceptance 

Significant difference between with and 
without training in system acceptability 
(Training Questionnaire) levels OR Self-declared 
perceived increased acceptance thanks to 
training. 

 

5.2.1. Maritime transport operators training (MA-1) 

The maritime pilot MA-1 was performed in the archipelago of Faaborg, in Denmark. For the tests, four 

automated ProZero workboats (Level 3-4) were used. A total of 20 operators and passengers participated in 
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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.  

The objective of this pilot was performed training activities to workboat operators through gaining a 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 impact hypothesis about the effects of maritime transport operators training on the acceptance of using 

automated workboats for 3D tasks is reported in Table 20. 

Hypothesis 1: Acceptance 

The hypothesis assumed that the training has a positive effect on Maritime Transport operators’ acceptance 

(Figure 71). 

 

Figure 71: The level of acceptance of using automated workboats 

Six respondents had finished the training program. According to the data presented on Figure 1 only one 

respondent answered that strongly agree that training increased his acceptance of the system, three of them 

gave a neutral assessment of the training course. A mean of 2,33, std. deviation at 0,82 and skewness at -0,86 

the survey showed that the training in some degree increased the respondent’s acceptance of the system. 

This is underlined by frequency where 50 % were neutral and 50 % agree or str. agree combined. 

A virtual training program that was completed by operators of automated workboats to identify training needs 

and to identify proper safety procedures. 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 5.3.2. It was expected that the acceptance of training will be 

evaluated while having a survey that will be executed with and without training to undertake a comparison to 

highlight the training effect. 
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Figure 72: Results of evaluation the acceptance of an autonomous-unmanned vessel after training 

The most positive impact we can see is on User Acceptance. Even though training only in some degree affected 

the acceptance of the system, the survey showed that the training increased the respondents understanding 

of the system and increased respondents’ willingness to use the system.  

Concerning the Security, the training only to some degree increases the respondents trust in the system and 

different stakeholders has expressed their concern about cybersecurity issues, during post interviews. 

Safety has a quite high rating of impact: 90 % of respondents feel they have increased the understanding of 

the system.  

The Socio-Economic impact assessment is near to neutral. 50 % of respondents either agree or strongly agree, 

that the training increased their acceptance of the system. One would expect a positive impact on the 

willingness to pay for the system. 

5.2.2. Overall impact of UC8 

Scenario 3: First/last mile feeder (min level 3) 

The solution tested for UC8 is relevant for first/last mile feeder to minimum automation level 3 (Scenario 3). 

There is no conclusive evidence that training can increase the perceived acceptance of the system to a level 

that causes users to have greater perception of automated workboat operating. However, considering the 

apparent positive result on acceptance of the system following training, and the research results supporting a 

connection between high levels of trust and subsequent acceptance, it can be said that the hypothesis is 

partially supported. It increases the trust in the system, as much as it increases the acceptance of the system 

and willingness to use it. 

The training seems not to have a significant impact on the positioning of workboat operators, and 

consequently, there is no significant impact on safety, security and socio-economic parameters but according 

to the results of survey conducted with the operator’s course as clear and easy to understand, it has to be 

presented in a way, that makes the course engaging. 

Assuming a similar level of acceptance among operators as among survey respondents, the countries with a 
percentage of participants against unmanned vessels greater than or equal to 25%: Ireland and UK (Figure 68). 

5.3. UC9 – Operators HMI & Strategies for Maritime Transport 

The Use Case 9 aims to test project’s alternative HMIs for workboats operators as proposed by WP3 and 
through an iterative process to optimise and finalise them. 
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The aim of UC 9 is to test different HMI opportunities with respect to AV operators and understand the 
passenger perspectives in order to various automation levels. The milestones of use case are increase public 
acceptance, control the risk of accident, awareness and operational issues, and impacts on different HMI. This 
UC has a connected use cases that are “Training for maritime transport” and “AV Conspicuity HMI& strategies 
for interaction of automated ships with other non-equipped vessels” and related to the pilot site of Faaborg, 
Denmark (MA-1) Operators HMI & strategies for maritime transport use case is interesting direct impact area 
on user acceptance.  

The expected impact hypothesis of this solution and the related evaluation criteria are presented in Table 21. 

Table 21: UC9 (MA-1) – Impact assessment hypothesis 

ID Impact area Hypothesis Evaluation Criteria 

1 Acceptance The behavioral adaptation of operators using 
an automated vehicle will improve their 
acceptance of the operators thanks to new HMI 
functionality 

Evidence supporting positive 
acceptance 
 effect of new HMI functionality 

2 Safety HMI will contribute to the changes in safety 
from cybercrime and passengers onboard. 
Extra attention was taken care for higher level 
of uncertainties to the autonomous sailing. 

Evidence supporting positive safety 
 effect of new HMI functionality 
 
 

5.3.1. Operator HMI for automated workboat (MA1) 

The objective of this pilot was to assess the experience of 20 operators with existing HMI options. 
Identification of pros and cons, selection of good practices. Hence data on how operators view the efficiency 
safety and environmental impact of the autonomous vessel. 

During the demonstration, some concerns were raised concerning cybersecurity and HMI. Therefore, an 

alternative HMI had been worked out which is focused on shielding the operation module from the 

passengers. The main challenge was related to safety issues for Passengers, such as Boarding, man-overboard 

situations, Failure at sea, Emergency release of anchors, and so forth. 

 Hypothesis 1: Acceptance 

Eight operators who had participated in the demonstration evaluated the HMI through the User Experience 
Questionnaire (that had been conduct like online survey because of COVID-19 restrictions). The results of the 
User Acceptance estimation presented in the Figure 73. 

 

Figure 73: UEQ Results for the HMI for the remote operation of an autonomous workboat, error bars depict 
confidence intervals for each scale 

Results for the UEQ (see Figure 1) show that all scale means range between -0.2 and +0.7, presenting an overall 
neutral evaluation for the user experience of the system. Mean values for the scale’s stimulation, novelty and 
attractiveness were higher than for perspicuity, efficiency and dependability. While it has to be taken into 
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account that results are susceptible to a small sample size, the HMI tested scores higher for its hedonic quality, 
i.e., the non-task related quality aspects as compared to pragmatic quality, i.e., task-related quality aspects. 

General assessment 

Also, to assess a User Acceptance the System usability Scale had been used. As we see at the figure above, 
most of the respondents were 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 the first graph and still felt very confident using the system 
(the one outlier doesn’t change that measurement significantly) – on the second graph. 

 

Mean         3,38 
Std devia   0,84 
Skewness  0,51 

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

Figure 74: System usability Scale results 

Hypothesis 2: Safety 

The Figure 75 explains the change in aspects from operator to passenger, including the aspects of safety. 

  

Figure 75: Impact and socio-economic questionnaire responses  

The operators (the respondents) decided some issues are more important than those of the operator. Hence 

the operators view that comfort and safety, are more important issues, than the operator, which is expressed 

in the increased 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. 
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The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 76. 

 

Figure 76: General assessment of the HMI functionality. 

The MA-1 pilot was linked to KPI related to UC9, therefore, the general assessment was carried out on these 

indicators. Based on the results presented on the graph we observe a significant increase in User acceptance 

highlighting the desire to access to such a kind of solution. As mentioned earlier in the analysis there were also 

concerns about safety and security as marine transport is one of the modes more vulnerable to terrorism and 

cyberattacks. New HMI functionality suggestions are proposed based on feedback from the operators for 

further improvement.  

5.3.2. Overall impact of UC9 

Scenario 3: First/last mile feeder (min level 3) 

The solution tested for UC9 is relevant for first/last mile feeder to minimum automation level 3 (Scenario 3). 

In general terms, operators rating has been positive. Most of the participants agreed to the usefulness of the 

autonomy in marine vehicles. Using a new HMI functionality in future will bring more positive changes and 

improve the system. 

As already highlighted for UC8 assuming a similar level of acceptance among operators as among survey 
respondents.  The distribution among the countries with a percentage of participants against self-driving 
vehicles greater than or equal to 25% is the same: Ireland and UK respectively (Figure 68).  

5.4. UC10 – AV Conspicuity HMI & strategies for interaction of 
automated ships with other non-equipped vessels 

This Use Case touches upon issues that deal with the interaction of automated and non-automated vessels. 
Through this UC, behavioural issues will be also tested concerning operators and required behavioural 
adaptations. 

Use Case 10 has two connected Use Cases that are “Training for maritime transport” and “Operators HMI & 
strategies for maritime transport”.  

The impact of AV Conspicuity HMI & strategies for interaction of automated ships with other non-equipped 
vessels is explored through the three impacts hypothesis (Table 22).  
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Table 22: UC10 (MA-1) – Impact assessment hypotheses 

ID  Impact area  Hypothesis  Evaluation Criteria  

1  Acceptance  To increase acceptance through hands-
on experience of AVs and to minimize 
the conflicts between automated ships 
and other non-equipped vessels   

Self-declared perceived increased acceptance 

thanks to hands-on experience 

  

2 Safety  This activity will contribute to the 
changes in safety due to the reducing 
the number of accidents caused by 
human and machine errors 

Self-declared perceived increased level of 
safety 

3 Indirect 
impacts 
(Traffic 
efficiency) 

To improve interaction between 
automated and not automated vessels 
for reducing the average daily vehicle 
energy consumption 

Self-declared perceived increased level of 
traffic efficiency 

5.4.1. MA-1 

The objective of this pilot was to understand and organize the operations of automated and non-automated 
vessels in the same environment. The behavioural adaptations of operators and passengers were considered.  

Hypothesis 1: Acceptance 

Based on the impact mechanisms identified, the expected impact of this UC is potential impact on user 

acceptance due to interaction problems or difficulties with the AV. 

 Hypothesis 2: Safety 

The identified impact mechanisms show that the expected impact is safety will possibly be influenced by 

having an opportunity to modify the interaction between AV’s and other users. Operators do not, currently, 

trust AVs in decision making outside of regular programming options. 

Hypothesis 3: Traffic efficiency 

In the long term, an improved interaction between automated and not automated vessels is expected to 

increase traffic efficiency, especially in harbor areas or similar where space is limited. 

Also, the 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.  

5.5. Comparison to a priori expectations  

For the maritime sector, there were 7 hypotheses originally defined in A1.4. These included a variety of issues 
deriving from open research questions related to the introduction of AV to maritime transportation and its 
impact to acceptance from the users.  

Table 23: Maritime sector original hypotheses 

Research Hypotheses - MARITIME 

HMA1: Acceptance of passengers, pilots and operators. 

HMA2: Impact on operators through spectrum of automation levels and quantitative prognosis of 
behavioural adaptations. 

HMA3: Deskilling issues and decreased system understanding. 
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Research Hypotheses - MARITIME 

HMA4: Perceived situation awareness vs. actual system status.  

HMA5: Vigilance and complacency issues in transition from operator to systems monitor. 

HMA6: Cost efficiency of automated vs non-automated operation in a wide range of missions. 

HMA7: Issues of international harmonisation. 

The maritime pilot’s results were analysed, discussed and debated, resulting to the following findings per 
hypothesis: 

HMA1: Acceptance of passengers, pilots and operators 

The original attitudes of the respondents towards automated vehicles were generally positive, with most of 
them viewing the autonomous vessel as:  

• efficient in its use,  

• supporting in the operation,  

• enhancing safety  

• understandable to “drivers”, operators and other professionals involved 
Overall, the User Experience Questionnaire presented a neutral evaluation for the user experience of the 
system. 

HMA4: Perceived situation awareness vs. actual system status 

The respondents felt confident working with the system, and their understanding of the system and its 
functionalities was significantly raised (90%). At the same time, there was no conclusive evidence whether 
training can increase the perceived acceptance of the system to a level that causes users to have greater 
perception of automated workboat operating. 

HMA5: Vigilance and complacency issues in transition from operator to systems monitor 

The results showed 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, mainly due to concerns regarding cybersecurity. This 
means, the respondents might get to know, how the system works, but this not necessarily means that they 
trust the system 

The remaining hypotheses were either not tested in the pilot(s) or the results were inconclusive. 
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6. Air transport 

6.1. Acceptability/Acceptance of AVs in air transport  

According to the continuously increased concerns for a smarter, greener, and safer transport system, there 
are various developments and improvements on the air transport fields to provide safe, secure, sustainable, 
and automated air transport option that would be appreciated to use or have. Regarding that objective, the 
research and innovation studies on the automated air vehicles (such as drones, etc.) are became a popular 
solution to meet citizens’ needs, wants, and requirements for safety, security, environment, and efficiency 
concerns. However, when there is an innovation and development while having a new service option or 
automated vehicle presence, it is very crucial to assess the potential users’ acceptance of such new option. 
This project has an interest of training and HMI for drone-operators while evaluating the acceptance levels of 
training and HMI. To analyze that, a user pre-acceptance questionnaire has been implemented at the 
beginning phase of the Drive2theFuture project to analyze the possible users’ essentials and necessities, 
concerns, requirements, and level of acceptance for automated vehicle presence in air transport modes. In 
recent years, the acceptance level of automated drones is neither well-represented nor well-researched in the 
literature and relevant projects. Because of this viewpoint, studies the pre-acceptance assessment for 
automated air vehicles particularly an automated drone with respect to training and HMI. This pre-acceptance 
analysis has been performed by using data from the Drive2theFuture pre-acceptance survey specifically part 
of aviation fields that included 2799 respondents 

The survey4 classified the level of acceptance in to a five Likert scale. 1 or 2 (low/very low) was considered to 
represent No acceptability, 3 Neutral acceptability and 4 or 5 (high/very high) for Acceptability of AVs. The 
acceptability level was 23%, 34% and 48% respectively for no acceptability, neutral acceptability, and 
acceptability, which indicates respondents were more in favor of accepting AVs. The levels of acceptance 
showed great variations across the countries as some countries were more positive for AVs while others stayed 
neutral or less in favor of AVs. This variation across the countries is expected as the user’s perception for being 
neutral or having low acceptance is reflected on their concerns for AVs as discussed in the proceeding 
paragraphs. The graphs in Figure 77 and Figure 78 below shows the variation of acceptance across different 
countries (some countries in the survey are excluded due to low sample size). 

 

 

4 The survey question (the same to all transport mode) considered as a measure of the level of acceptance 
was: “What is your general opinion regarding autonomous air vehicles?” with the scale 1(not good at all) 
through 5(very good). The scale is translated to measure very low acceptance (1) to very high acceptance (2) 
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Figure 77: Acceptability levels of Air AVs across different countries 

 

 

Figure 78: % of No Acceptance of Air AVs across different countries  

From the graph in Figure 78 above it is observed that United Kingdom, Denmark, Luxemburg, Netherlands, 
Austria, and Czechia show relatively high levels of No acceptance to AVs. However, these values are still less 
than 50%, with UK having the greatest value (41%). 

The level or degree of acceptance of AVs is general related to several factors from the user’s perspective and 
is expected to vary amongst users and thus across the countries. The survey included three key factors which 
are Safety, Cyber Security, Employment, and “Others” to measure the users concerns in accepting AVs. A five 
Likert scale (Very critical --- Not critical at all) was used to measure the weight of the factors (otherwise called 
concerns in this report), where “Very critical” indicates a given factor is highly important to choosing/accepting 
AVs. The results, with graphical reference to D1.1 Figure 19, shows cybersecurity as the greatest concern to 
AVs with 57% of respondents choosing cybersecurity as very critical or critical, followed by safety 34% and 
employment risk at 26%. The opposite holds for lesser concerns to AV, where Employment risks is not critical 
and hence users feel employment or loss of Job won’t be a greater concern to accepting AVs. It is also worth 
understanding the variation of factors across the countries to identify the country specific factors. To have a 
more comprehensive understanding at the country’s level, the percentages reflecting critical and very critical 
are merged and the trends amongst the different factors observed as in Figure 79. Countries (Bulgaria, Croatia 
Cyprus, Malta, and Portugal) with low sample values (<5) are excluded. 
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Figure 79: Figure Z: Most critical factors across countries 

From the Figure 79, Cybersecurity remains the greatest concern across all countries with higher peaks. Safety 
is also a rising issue and most prevalent for Spain, UK, Ireland, and Greece. France and Netherlands despite 
having Cybersecurity at top peaks showed a greater concern to employment risk as compared to safety. The 
maps below, Figure 80 illustrates the variation in criticality of safety and cybersecurity respectively. 

 

Figure 80: Variation in safety criticality to Av across countries (left); Variation in Cybersecurity criticality to Av across 
countries (right) 

6.2. UC11 – Training for Air Transport 

This Use Case focuses on the training of drones’ operators in order to mainly enhance their perceptions on 
drones’ usefulness, safety, security and privacy issues 

Training for air transport Use Case 11 had a linkage to another air transport use case that is “Operators HMI 
& strategies for air transport”. Use Case 11 was tested in a pilot in Rome, Italy (AV-1). 

According to Use Case 11, direct and indirect impacts were expected in impact areas of safety, security, and 
user acceptance. The target users were drone operators/pilots who had been received training about HMI and 
drones. Moreover, Use Case 11 focused on the training of drones’ operators in order to mainly enhance their 
perceptions on drones’ usefulness, safety, security and privacy issues.  

The basic tools used during this training were user surveys that focus on experience, usability, user acceptance, 

trust and socio-economic questions and impact of these surveys are performed by the respective 

questionnaires and User interviews, such as workshops, focus groups etc. 
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The assessment of “operator” behavior using the drone was explored through the two main impacts 

hypothesis (Table 24). 

Table 24: UC11 – Impact assessment hypotheses 

ID  Impact 
area  

Hypothesis  Evaluation Criteria  

1  Acceptance  The training to drone operators will 
contribute to an increased understanding 
and perceptions of system usefulness and 
ease of use thus increasing the system 
trust and acceptance 

 

Self-declared increased perceived system 
usability and understanding thanks to 
training 

 

2 Safety  The training will contribute to improve 
drone pilots' attention thus decreasing 
the risk of an accident/conflict. 

Self-declared increased perceived drones’ 
safety and security 

Training to drone pilots improves how to 
"safely" take-control of the drone when 
needed/required thus reducing take-over 
time 

 

6.2.1. Training for Air Transport (AV-1) 

The aim of AV1 – Training for Air Transport was to test the assess training effects on drones’ operators 

(Operators and Pilots) to mainly enhance their perception on drones’ usefulness, safety, security, and privacy 

issues. The training activity of both focus groups consisted of three phases, included workshops and training 

schemes, interviews, surveys, demonstrations selected HMI and perform training.  

The solution consisted in the delivery (and validation) of a training course to drone operators focussed on the 

online system for the risk assessment of drone operations. The course was asynchronous and consisted of 6 

video lessons (about 120 minutes) focussed on how to perform a risk assessment compliant with the SORA 

(Specific Operations Risk Assessment) methodology using the online e-learning platform proposed by the 

project. 

5 drone operators participated to the course and to the evaluation and mitigation of the risk associated with 

adjacent airspace.   

Hypothesis 1: Acceptance 

After training operators had been surveyed and in their opinion the course helped them to be better 

understand the system and be better prepared to use it, thus also contributing to increase their acceptance 

of the system. 

The training in the Phase III was very specific and targeted to support drone operators in using the system 

proposed to perform the risk assessment of drone operations. The general assessment of the last training by 

Operators is presented on the Figure 81. 
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Figure 81: The estimation of training course quality   

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. 

Hypothesis 2: Safety 

This hypothesis assumed that the training has a positive effect on drone pilots through: 

• The changes in the driver workload such as sleepiness/distraction during autonomous mode. 

• An indirect change in operator behaviour using improved skills thanks to training. 

• An improved reaction time of the operator on manual take-overs, situational awareness in 

autonomous mode. 

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, more the training increased their trust to system (Figure 82).   

 

Figure 82: The estimation of training course 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 83. 
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Figure 83: Results of training assessment for AV 

Improved knowledge and skills on risk assessment could contribute to avoiding potential risky situation thus 
to a lower probability of accidents. Moreover, according to the opinion of operators the course helped them 
to be better understand the system and to 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. 

6.2.2. Overall impact of UC11  

Scenario 1: Automated freight transport last-mile delivery (air) 

The solution tested for UC11 is relevant for last-mile delivery (air). 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 results of the surveys indicated that the level of acceptability of drones by the general public is still 
medium-to-low. In such countries as the United Kingdom, Ireland, Denmark and France a still high level of a 
percentage of participants against air autonomically vehicles (greater than or equal to 25%) (Figure 78). The 
level or degree of acceptance of AVs is generally related to several factors from the user’s perspective and is 
expected to vary amongst users and thus across the countries. The highest level of acceptability is in Finland, 
Italy, Romania, Slovakia, Spain and Sweden. 

6.3. UC12 – Operators HMI & Strategies for Air Transport 

For Use Case 12, it was targeted to study about HMI with operators and strategies for air transport. The 
objective is to test HMI principles with regard to operator and pilot perspectives in order to estimate various 
HMIs and diverse automation levels. The main issues of the Use Case are public acceptance, risk of accident, 
awareness, operational issues, and impacts on HMI. 

Use case 12 has been connected with use case of “Training for air transport”. The relevant pilot site is Rome, 
Italy (AV-1). 

This UC-12 was defined to have an impact on workload and focus on attention with direct impact on safety, 
and user acceptance. In addition to that, use case 12 has an indirect impact on security (Table 25). 
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Table 25: UC12 (AV1) – Impact assessment hypotheses 

ID Impact  
area 

Hypothesis  Evaluation Criteria 

1 User Acceptance The training to drone operators 
will contribute to an increased 
understanding and perceptions of 
system usefulness and ease of use 
thus increasing the system trust 
and acceptance 

Self-declared increased perceived 
system usability and understanding 
thanks to training 

2 
  

Safety  
  

The training will contribute to 
improve drone pilots' attention 
thus decreasing the risk of an 
accident/conflict. 

Self-declared increased perceived 
drones’ safety and security.  

Training to drone pilots improves 
how to "safely" take-control of the 
drone when needed/required 
thus reducing take-over time 

  

3 Security Training to drone users will 
increase the understanding of the 
security aspects of the system 
used for remote piloting thus 
increasing perceived security 
level, trust and acceptance of the 
system. 

Self-declared Increased perceived 
system security level and trust thanks 
to training 

 

6.3.1. Operator and pilot HMI for automated unmanned aerial vehicle (AV-
1) 

Different types of new HMI functionalities had been investigated within this Pilot: 

• Advanced Return to Home (ARTH);  

• Auditory interface; 

• External HMI. 

The Advanced Return to Home (ARTH) functionality provides the pilot more flexibility in those cases when the 

original Home point is no longer safe or available. The pilot can select alternative landing points among which 

to choose estimated to be safe taking into account weather conditions, battery level.  

The concept of an "Auditory interface" was developed to support the pilot during the mission by replacing the 

person who stands next to them reading the parameters of interest with the possibility of activating sound 

messages regarding the state of the system and its parameters. The two new functionalities were analyzed 

and evaluated separately through a survey among 10 pilots. 

Hypothesis 1: Acceptance 

This hypothesis states that training is associated with understanding and perceptions of system usefulness 

and ease of use thus increasing the system trust and acceptance.  

The evaluation was intended to investigate Pilots’ opinions on perceived usefulness and innovativeness and 

factors that enhance acceptability related with using new functionalities concept HMI such as Advanced 

Return To Home, Auditory Interface, External HMI through the investigation their opinion on follow points in 

a five-points Likert scale (1 = Not at all useful, 5 = Absolutely useful): 
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• Perceived usefulness of new functionalities. 

• Innovativeness of new functionalities. 

• Intention to use new functionalities for their drones. 

• Intention to buy a drone with new functionalities (Figure 84).    

 

Figure 84: Acceptability ranks of different HMI functionality 

Based on the results of the questionnaire, among the pilots the greatest preference is given to functionality 

Advanced Return To Home (scenario 1) as the more innovative and most preferred option in available drones 

or when buying a new one. 

5 drone operators had been accepted to participate in the asynchronous training course and to provide their 

feedback about it.  After training operators has been surveyed and in their opinion the course helped them to 

be better understand the system and be better prepared to use it, thus also contributing to increase their 

acceptance of the system. 

The results collected are very positive and confirm the general positive feedback provided during the 

debriefings. For all scales of the UEQ, values range between +1.5 to +1.93, showing a very positive evaluation 

of the HMI (Figure 85). 
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Figure 85: Results of Technology Acceptance Questionnaire 

Moreover, the results for the affective states of the participants regarding the HMI show that mean values for 

valence are high, supporting the positive evaluation results of the User Experience mentioned above. The 

feeling of dominance and arousal are also slightly above average, which could be explained by the fact that 

the HMI on the hand addresses a complex process in drone operation and on the other hand, that the 

proposed system is new to them and has not been used before. 

Hypothesis 2 and 3: Safety and Security 

The first hypothesis assumed that the training has a positive effect on drone pilots through: 

• The changes in the driver workload such as sleepiness/distraction during autonomous mode. 

• An indirect change in operator behaviour using improved skills thanks to training. 

• An improved reaction time of the operator on manual take-overs, situational awareness in 

autonomous mode. 

The aspects above-mentioned can influence the impact of safety of operations to foster their acceptability. 

In the AV1 pilot, the demonstration for operators is aimed at enhancing their perceptions on drones’ safety 

and security.  

During the demonstration had been offered a couple of examples of the system HMI and shown how it guides 

the user through the different steps of the risk assessment in 4 different modules of activity:  

• initial evaluation;  

• evaluation and mitigation of ground risk;  

• evaluation and mitigation of air risk;  

• evaluation and mitigation of the risk associated with adjacent airspace. 

 

At the end of the testing session the participants were invited to fill in a set of questionnaires, which were 
completed by 5 of the 6 participants. The results collected (Figure 86) are very positive and confirm the general 
positive feedback related to safety. 
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Figure 86: General assessment the level of security of new HMI functionality 

After the testing a new HMI functionality, the Operators concluded that selecting a new landing point is still 

perceived as very useful but there are some concerns regarding the technological feasibility and, therefore, 

also safety. 

The general assessment of the pilot impacts, considering the feedback from the pilot leader, with respect to 

different area of impacts is presented in Figure 87. 

 

Figure 87: Results of HMI assessment for AV 

The AV-1 pilot is linked to KPI related to UC12, therefore, the general assessment was carried out on these 

indicators.  

According to the rating of an expected impact significance the results of AV-1 provided partial support for the 

effectiveness of new HMI functionalities. Based on the results presented on the graph we observe an increase 

of User acceptance as was very positive, that showed also a general positive attitude towards automation in 

drone operations, insignificant increase of Safety/Security and Socio-economic impacts. Nonetheless, at the 

same time the level of Traffic efficiency impacts and Market penetration had been left on the same level as 

before implementation a new functionality. 

6.3.2. Overall impact of UC12  

Scenario 1: Automated freight transport last-mile delivery (air) 

The solution tested for UC12 is relevant for last-mile delivery (air).  

Moreover, according to the results of questionnaires the main factors that emerged as especially relevant in 

fostering the acceptance are trust on system reliability and robustness and transparency of information. Based 
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on the participants’ interactions with the AV pilot during the experience, results qualifying their acceptance of 

the system can be classified as a slight improvement highlighting the desire to access to such a kind of solution.  

As it was mentioned above (UC11 – Training for Air Transport) the results of the surveys indicated that the 

level of acceptability of drones by the general public is still medium-to-low. In such countries as the United 

Kingdom, Ireland, Denmark and France a still high level of a percentage of participants against air 

autonomically vehicles (greater than or equal to 25%) (Figure 77). But using new functionalities for pilots’ HMI, 

the Advanced Return To Home (ARTH) and the Auditory Interface, would be given an opportunity to Pilots 

autonomously return drones to a pre-defined Home point when the original Home point is no longer safe or 

available and to use auditory messages that inform the pilot about the flight parameters and the status of the 

system respectively that will increase the level of acceptability in the future.  The highest level of acceptability 

is in Finland, Italy, Romania, Slovakia, Spain and Sweden. 

6.4. Comparison to a priori expectations  

For the air transport sector, there were 11 hypotheses originally defined in A1.4. These included a variety of 
issues deriving from open research questions related to the introduction of AV to air transportation and its 
impact to acceptance from the users.  

Table 26: Air transport sector original hypotheses 

Research Hypotheses - AIR 

HAV1: Simulated behaviour training in non-standard situations (cyber-attack, mass events in urban 
settings). 

HAV2: Impact of adaptive HMI on drone flight planning and execution.  

HAV3: Public acceptance of drones’ violation of privacy. 

HAV4: Drone purpose of use correlation to its appearance. 

HAV5: Risk of drone accidents. 

HAV6: Drone’s noisiness acceptance. 

HAV7: Vigilance and complacency issues for the drone operator and the supervising controllers. 

HAV8: Impact on training and education, ensuring safety culture in automated operations supervision. 

HAV9: Liability and operational issues. 

HAV10: Cost efficiency of drone-based logistics operations. 

HAV11: Issues of international harmonisation. 

 

The air pilot’s results were analysed, discussed and debated, resulting to the following findings per hypothesis: 

HAV2: Impact of adaptive HMI on drone flight planning and execution.   

The impact of adaptive HMI was mainly explored in relation to drone pilots’ HMI. The HMIs tested were 
Advanced Return To Home (ARTH), Auditory Interface and External HMI. From the results, selecting a new 
landing point is perceived as very useful but there are some concerns regarding the technological feasibility 
and, therefore, also safety. Overall, the participant’s rating on safety was rather neutral, while in terms of 
security the different HMI were positively rated. User acceptance was significantly increased, showing a 
general positive attitude towards automation in drone operations, while increase on socio-economic impacts 
was not significant. 

HAV3: Public acceptance of drones’ violation of privacy.   

The respondents’ concerns on privacy due to the use of drones were investigated for different scenarios, 
resulting to medium ratings. This indicates that they don’t seem to have major privacy concerns with respect 
to drones, however these are not completely disregarded. 
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HAV5: Risk of drone accidents.   

Overall, the safety concerns regarding drones are medium scaled. ARTH is perceived as very useful in 
supporting the pilot in case of emergency and to improve safety of operations. Moreover, it seems that 
mistrust on the pilots’ capability and on technical failures are mitigated in the case where any possible accident 
will have none or little impact on people’s safety.  

HAV6: Drone’s noisiness acceptance.   

Warning sounds were among the preferred options for conspicuty of drones, especially in the case where they 
are in contact with non-professional (such as crowd monitoring or aerial shooting of an event). 

HAV7: Vigilance and complacency issues for the drone operator and the supervising controllers.  

Vigilance and complacency were explored in relation to drone pilot (not operator), studying in particular if and 
how the new functionalities proposed (e.g. ARTH, auditory interface and external HMI) could improve pilot’s 
vigilance and reduce the complacency effect. It seems that the interfaces of preference are mostly simple ones 
(LED, sound) while for the auditory ones it has been expressed that they should be flexible and adaptable to 
the user’s preferences. 

HAV8: Impact on training and education, ensuring safety culture in automated operations supervision.  

The item was studied in particular for the tool tested with drone operators, as the tool was expected not only 
to speed up the safety assessment process, but also to improve the knowledge of drone operators of the risk 
assessment (SORA) methodology. 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.   

HAV9: Liability and operational issues.  

Operational issues that could be associated to the new functionalities proposed for drone pilots and to the 
tool for drone operators were addressed. This included identifying operational issues and drawbacks 
associated to current drone systems, as well as proposal and test of new functionalities to help overcoming 
such issues. Liability was not addressed. 

The main operational issues identified derive from the variety of functionalities, models and platforms the 
operators need to use, which make their work more complicated, thus expressing the need for uniform 
standards and procedures, as well as automatization of tasks. 

HAV10: Cost efficiency of drone-based logistics operations.  

The tool tested with drone operators positively affected cost efficiency, by reducing the amount of resources 
(time and effort) needed to the drone operator to produce a safety report, while at the same time giving 
him/her higher guarantees of acceptance thanks to the standardised approach. This also significantly 
increased their willingness to use. 

HAV11: Issues of international harmonisation.  

Although the drone operations are quite standardised in Europe and the same safety assessment methodology 
(SORA) shall be used when planning a mission, several issues of international harmonisation emerged, mainly 
regarding authorisation requests, and in particular the lack of clarity that characterizes the entire process, 
both from the procedural and bureaucratic point of view, and with regards to the authority of reference. 

 

The remaining hypotheses were either not tested in the pilot(s) or the results were inconclusive. 
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7. Conclusions 

7.1. Conclusions on Drive2theFuture impact 

7.1.1. Impact on user acceptance  

All the Use Cases (UC1-UC12) had one or more impacts on acceptance and generally provided positive 
evidence, though partially supported, increasing user acceptance due to the solutions that had been proposed. 
The qualitative assessments from the pilot leaders gave in most of the cases at least substantial benefits in 
acceptance improvement due to the solution. There is no significant difference between the transport modes 
on which receives greater benefits as a result of their corresponding solutions. 

Table 27: Summary of user acceptance impact hypotheses 

UC & Pilot Hypothesis Hypothesis 
conclusion 

Qualitative 
impact 

UC1_RO2 The behavioral adaptation of pedestrians 
through their interaction with automated 
vehicles will improve their acceptance and 
confidence of full-AVs   

Partially supported 
by evidence 

 

Moderate 
 

 

UC1_RO3A A comprehensive training on the use of AV and 
the unintended consequences of automation 
will improve driver's acceptance of and trust in 
AV  

Partially supported 
by evidence 

 

Neutral 

 

 

UC1_RO3B/C 

 

The drivers using an automated vehicle will 
improve their acceptance of full-automated 
driving functions onboard a passenger car 

Supported by 
evidence 

 

Moderate 
 

 

UC1_RO4 The drivers using an automated vehicle will 
improve their acceptance of autonomous 
driving 

Limited evidence Moderate 
 

UC1_RO5 The adaptation of operator using an 
automated vehicle will improve their 
acceptance of full-automated driving functions 
onboard an autonomous vehicle 

Partially supported 
by evidence 

 

Moderate 
 

 

UC1_RO6 

 

The interaction of operators with the shuttles 
operating in mixed traffic environment will 
improve their acceptance of full-automated 
driving   

Limited evidence 

 

Neutral 

 

UC1_RO7 

 

The behavioral adaptation of operators using 
an automated vehicle will improve their 
acceptance of full-automated driving functions 
onboard a passenger car 

Supported by 
evidence 

 

Moderate 
 

 

UC1_RO8 

 

The training to bus passengers will contribute 
to an increased perception of AV usefulness 
and trust, thus increasing the system 
acceptance 

Supported by 
evidence 

 

Moderate 
 

 

UC2_RO7 

 

The dashboard will contribute to an increased 
level of operator acceptance of C-ITS and CAVs 

Supported by 
evidence 

Moderate 
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UC & Pilot Hypothesis Hypothesis 
conclusion 

Qualitative 
impact 

and an increased likelihood of using the system 
and related traffic operation principles 

 

 

UC3- RO-1 The behavioural adaptation of road users’ 
understanding and learning effect of the sign 
will improve the acceptance of autonomous 
vehicles 

Limited evidence 

 

Neutral 

 

UC3- RO-3C The behavioural interaction of PTW riders / 
non-AV users with the eHMI will improve their 
acceptance of new functionality 

Supported by 
evidence 

Large 
 

 

UC3- RO-5 The behavioural interaction of operators/users 
with the automated buses operating in a mixed 
traffic environment will improve their 
acceptance of full-automated driving   

Supported by 
evidence 
 

Moderate 
 

UC3- RO-8 
 

The eHMI for the bus passengers will improve 
the system acceptance   

Supported by 
evidence 

Moderate 
 

UC4- RO-3A 
 

A transparent HMI for the drivers of AV will 
improve driver's acceptance of, trust in, and 
user experience of AV 

Partially supported 
by evidence 

Neutral 
 

UC4- RO-3C 
 

The BSA function for level 1 automation of 
PTWs (advanced rider assistance system) is 
expected to increase acceptance of level 1 
PTW 

Supported by 
evidence 

 

Moderate 
 
 

UC5- RA-1 
 

The behavior and interaction of train drivers 
and train dispatchers in watching the video 
clips is expected to increase their acceptance   

Supported by 
evidence 

 

Large 
 

UC5- RA-2 
 

The behavior and interaction of train drivers 
and train dispatchers with the train in taking 
over the control after disruption expected to 
increase their acceptance 

Supported by 
evidence 

 

Large 
 

UC6- RA-2 
 

A new HMI for remote operation of automated 
trains as a fallback system will increase user 
acceptance of the system   

Supported by 
evidence 

Moderate 
 

UC7- RA-1 
 

The behavior and interaction of train drivers 
and train dispatchers in watching the video 
clips is expected to increase their acceptance 

Limited evidence Neutral 

 

UC8- MA-1 
 

The training for Maritime Transport will 
contribute to an increased perception of 
automated workboat operating usefulness and 
trust due to ability to take a manual take-over 
during training, thus increasing the system 
acceptance 

Partially supported 
by evidence 

 

Moderate 
 

UC9- MA-1 The behavioral adaptation of operators using 
an automated vehicle will improve the 
acceptance of the operators thanks to new 
HMI functionality 

Supported by 
evidence 

 

Neutral 

 

UC10- MA-1 
 

To increase acceptance through hands-on 
experience of AVs and to minimize the 

Limited evidence Neutral 
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UC & Pilot Hypothesis Hypothesis 
conclusion 

Qualitative 
impact 

conflicts between automated ships and other 
non-equipped vessels   

UC11- AV-1 
 

The training to drone operators will contribute 
to an increased understanding and 
perceptions of system usefulness and ease of 
use thus increasing the system trust and 
acceptance 

Partially supported 
by evidence 

 

Slight beneficial 
 

UC12- AV-1 
 

The operators HMI will contribute to an 
increased understanding and perceptions of 
system usefulness and ease of use thus 
increasing the system trust and acceptance 

Supported by 
evidence 

Moderate 
 

 

Similar pilot solutions have been addressed in other recent European research projects like: BRAVE 
(http://www.brave-project.eu), Trustonomy (https://h2020-trustonomy.eu) and SUaaVE 
(https://www.suaave.eu). 

• BRAVE: The project involved extensive practical experimentations which focused on improving the 

safety and comfort of automated vehicles in order enhance VRU acceptance. The solution provided 

herein is comparable with the pilot solution RO2 – Training of VRU of this project which also aimed to 

increase VRU acceptance. The predictive system provided in BRAVE experimentations increased safety 

concerns through a greater anticipation time of VRU and provision of large safety gap between VRU and 

AVs. Higher efficiency and comfort in terms of smooth manoeuvre and minimal speed reduction was 

also observed. Overall, the solutions are expected to contribute to a higher acceptance of AVs both from 

the passengers of AVs and from other VRU’s side. 

• TRUSTONOMY: The project evaluated various challenges especially in mixed traffic of different 

technologies in Automated Driving Systems including HMI designs, Driver training, and Driver 

interventions performance. The different solutions/technologies were tested including both real road 

users and non-technical experts. Overall, the aim was to assess threats that might affect the 

public/driver trust and confidence in using AVs. It is expected that overcoming the challenges that arise 

in the dynamic driver, road user, AV interaction schemes in mixed traffic would improve the trust and 

acceptance of the system. Some HMI design factors incorporated in the project included Visual factors, 

auditory factors, time of onset of RtI and HMI contents, which are comparable to the pilot solutions of 

RO1 RO3C RO5 and RO8 in this study. 

• SUaaVE: The project is ongoing and applying a Human-Driven Design (HDD) of connected AVs when 

designing for enabling and emerging information and communication technologies, with the principal 

aim of enhancing public acceptance of highly automated AVs. It is expected that public awareness will 

increase through the HDD by increasing trustworthiness of both road users and stakeholders. Some key 

solutions or outcomes to enhance acceptance through the project include an “EMpathY” unit to 

understand the emotions of the passengers on-board the CAV, an “Adaptive, Cognitive and Emotional” 

interface to manage the vehicle behaviors to enhance the in-vehicle user experience, and an “Immersive 

Virtual Human Centred Design” platform to simulate CAV focused on human factors. The importance of 

emotions in the interaction with AVs has also been confirmed by Drive2TheFuture, which explored users' 

emotional responses while interacting and experiencing AV (P Fröhlich et al., 2021). 

User acceptance was evaluated through 9 KPIs in the pilot assessment template (section 2.3.1) after averaging 
the KPI scores over the different scenarios. This leads to the following scores for the scenarios.  

http://www.brave-project.eu/
https://h2020-trustonomy.eu/
https://www.suaave.eu/
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Table 28: User acceptance score per scenario (from pilot assessment) 

Simple 
average of KPI 
values 

BAU Scenario 1A Scenario 1B Scenario 2 Scenario 3 Scenario 4 

User 
Acceptance 
score 

- 4,5 4,33 - 5,43 5 

 

In the mobility workshops, user acceptance was weighted as a criterion for the MAMCA approach by the 
OEMs. The users attributed a weight of 0.15 to user acceptance as a criterion in general, indicating a medium 
importance of the impact area in the evaluation of future mobility scenarios. The figure below shows the 
average performance scores in terms of user acceptance per scenario across the different mobility workshops.  

 

Figure 88: User acceptance score per scenario (from D6.2 workshops) 

From the workshops, it can be noted that OEMs expect scenario 1B, 3 and 4 to score highest on user 
acceptance (not taking into account the BAU scenario). In the pilot assessment, scenario 3 had the highest 
beneficial effect. It must be noted that the pilots in this scenario (first/last mile feeder), transported, and as 
such also surveyed, much more passengers compared to pilots in the other scenarios. This means that the 
beneficial effect is substantiated with survey responses, showing an overall positive attitude towards 
autonomous vehicles.  

 

7.1.2. Impact on safety 

All the Use Cases had one or more safety impacts and generally provided positive evidence though partially 
supported to improvement of safety due to the solutions. It is therefore expected that implementation of the 
solution will somewhat bring about safety improvement. The qualitative assessments from the pilot leaders 
gave in most of the cases at least substantial benefits in safety improvement due to the solution. There is no 
significant difference between the transport modes on which receives greater safety benefits as a result of 
their corresponding solutions. 

Table 29: Summary of safety impact hypotheses 

UC & Pilot  Hypothesis  Hypothesis 
conclusion  

Qualitative impact  

UC1_RO3A  The training of drivers of AV was 
expected to increase awareness 
about the potential impact of 

Partially supported by 
evidence  

Neutral  
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UC & Pilot  Hypothesis  Hypothesis 
conclusion  

Qualitative impact  

automation on human cognitive and 
behavioral capabilities.   

 UC1_RO5  The adaptation of operator using an 
automated vehicle will improve the 
safety of full-automated driving 
functions onboard an autonomous 
vehicle  

Supported by evidence Slight beneficial  

 UC1_RO6  The operators perceived safety of 
the AV will increase, given the 
sthuttles interaction with different   

 Partially supported by 
evidence  

 Slight beneficial  

 UC1_RO8  The training of bus passengers 
waiting at bus stops is expected to 
increase attention to the oncoming 
bus and the distance of waiting 
passengers from the curb and 
subsequently decrease the 
probability of an emergency stop of 
the autonomous bus and the related 
risk of passengers’ injuries 

 Supported by evidence  Slight beneficial 

  UC2_RO7 The training with TMC operators will 

contribute to improve their 

perception of safety via changes in 

V21 communication due to enhanced 

intersection management skills of 

TMC operators 

 Partially supported by 
evidence 

 Slight beneficial 

 UC3_RO1 The use of eHMI will increase the 
safety of both the road users and the 
passengers inside the vehicle. The 
accidents due to the sudden braking 
will be reduced and collisions 
between the vehicle behind will be 
reduced. The safety of the 
passengers in the vehicle also 
increases. 

 Supported by evidence  Slight beneficial 

UC3_RO3C Due to the predictability of AVs 
behaviour, PTWs riders might ride at 
a higher speed and less cautious 
riding behaviour, thus increasing the 
accident risk.  

Partially supported by 
evidence 

Neutral 

 UC3_RO5  The eHMI is expected to contribute 
preventing unsafe traffic situations 
thus improve safety.  

 Supported by evidence Slight beneficial 

UC3_RO8 A new HMI for the bus passengers 
waiting at bus stops was expected to 

Partially supported by 
evidence 

Slight beneficial 
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UC & Pilot  Hypothesis  Hypothesis 
conclusion  

Qualitative impact  

change their behavior waiting at the 
bus stop thanks to proposed HMI 
during the approaching maneuver of 
the bus and subsequently decrease 
the probability of an emergency stop 
of the autonomous bus and the 
related risk of passengers’ injuries 

UC4_RO3A A transparent HMI for the drivers of 
AV was expected to increase 
awareness about the potential 
impact of automation on human 
cognitive and behavioral capabilities 

Partially supported by 
evidence 

Neutral 

UC4_RO3C The BSA is expected to reduce the 
likelihood of conflicts between the 
rider and other vehicles during the 
PTW changing lane/overtaking 
manoeuvres  

Partially supported by 
evidence 

Moderate beneficial 

UC4_RO7 Improved HMI will contribute the 
changes in average speed and stop 
time at intersections due to 
enhanced improvement of 
intersection management of TMC 
operators   

Partially supported by 
evidence 

Neutral 

UC4_RA2 The behavior and interaction of train 
drivers and train dispatchers with the 
train in taking over the control after 
disruption expected to increase their 
acceptance   

Partially supported by 
evidence 

Slight beneficial 

UC9_MA1 HMI will contribute to the changes in 
safety from cybercrime and 
passengers onboard. Extra attention 
was taken care for higher level of 
uncertainties to the autonomous 
sailing.  

Partially supported by 
evidence 

Slight beneficial 

UC10_MA1 This activity will contribute to the 
changes in safety due to the reducing 
the number of accidents caused by 
human and machine errors  

Limited evidence Neutral 

UC11/ 

UC12_AV1 

The training will contribute to 
improve drone pilots' attention thus 
decreasing the risk of an 
accident/conflict.  

Training to drone pilots improves 
how to "safely" take-control of the 

Supported by evidence Slight beneficial 
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UC & Pilot  Hypothesis  Hypothesis 
conclusion  

Qualitative impact  

drone when needed/required thus 
reducing take-over time  

 

 

Safety was evaluated through 8 KPIs in the pilot assessment template (see section 2.3.1). After averaging the 
KPI scores over the different scenarios, this leads to the following scores for the scenarios.  

 

Table 30: Safety score per scenario (from pilot assessment) 

Simple 
average of KPI 
values 

BAU Scenario 1A Scenario 1B Scenario 2 Scenario 3 Scenario 4 

Safety score - 4 4,14 - 4,56 4 

 

In the mobility workshops, safety was weighted as a criterion for the MAMCA approach by the Users, PTOs 
and OEMs. The weight for each of the stakeholder groups was 0,223; 0,220 and 0,200 respectively, indicating 
a high importance of the impact area in the evaluation of future mobility scenarios. The figure below shows 
the average performance scores in terms of Safety per scenario across the different mobility workshops.  

 

Figure 89: Safety score per scenario (from D6.2 workshops) 

 

For instance, according to the stakeholders the shared automated services, 3 and 4, are expected to perform 
best in terms of safety. The scores from the pilot assessment are rather neutral, with a slight beneficial effects 
in scenario 1B and 3. However, as the effects are low, no strong conclusions can be drawn from this.  

7.1.3. Impact on Security 

The impacts on security were only reported on UC3 for road transport. Sufficient evidence from the pilots’ 
solutions on improving security was gathered in all cases and it is expected that following implementation of 
the solution, positive impacts/benefits especially on D2F scenario 3: First/last mile feeder and D2F scenario 4: 
Mass rapid transit (min level 3) will be gained. 

Table 31: Summary of security impact hypotheses 

UC & Pilot  Hypothesis  Hypothesis conclusion  Qualitative impact  
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UC3_RO5 The eHMI is expected to increase 
users’ perceived security of Avs  

Supported by evidence  Slight beneficial  

UC3_RO8 The eHMI for bus passengers is 
expected to increase perceived 
security  

Supported by evidence  Neutral 

7.1.4. Socio-economic impact and Market penetration  

The UC1 and UC3 had one or more socio-economic and market penetration impacts and generally provided 
positive evidence though partially supported increasing these impacts due to the solutions that had been 
proposed. The qualitative assessments from the pilot leaders gave in these use cases moderate benefits. Only 
in UC 1 we achieved a neutral impact due to the lack of data. There is no significant difference between the 
transport modes on which receives greater benefits as a result of their corresponding solutions. 

Table 32: Summary of socio-economic and market penetration impact hypotheses 

UC & Pilot Hypothesis Hypothesis conclusion Qualitative impact 

UC1_RO2 The training VRUs on their 
interaction with automated and 
non-automated vehicles using VR 
will increase willingness of 
participant to use the system 

Partially supported by 
evidence 

 

Neutral 

 

UC1_RO6 The employability perception of the 
use of AV will increase 

Partially supported by 
evidence 

Large 

UC3_RO8 

 

The eHMI for bus passengers is 
expected to increase the willingness 
to use the system 
 

Partially supported by 
evidence 

 

Large 

 

 

7.1.5. Impact on traffic efficiency 

The Use Cases that provided evidence on improvement in traffic efficiency were all related to road transport 
and maritime transport modes. The solutions in all cases provided partial support to improvement in traffic 
efficiency. It is therefore expected that following implementation of the solution a substantial improvement 
in traffic efficiency will be attained. The qualitative assessments from the pilot leaders gave in a majority of 
cases a substantial benefit in traffic efficiency improvement due to the solution. 

Table 33: Summary of traffic efficiency impact hypotheses 

UC & Pilot  Hypothesis  Hypothesis conclusion  Qualitative impact  

UC1_RO8 The training of bus passengers 
waiting at bus stops is expected to 
increase attention to the oncoming 
bus and the distance of waiting 
passengers from the curb and 
subsequently decrease the risk of an 
emergency stop of the autonomous 
bus thus decreasing the bus travel 
time.  

Partially supported by 
evidence  

Slight beneficial 

 UC2_RO7  Due to the dashboard impact on 
heightening levels of usability of C-
ITS, this will contribute to increased 

 Partially supported by 
evidence  

Neutral  
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uptake of Connected Vehicles (CV) 
equipped with GLOSA with the 
related effects on traffic.  

 UC3_RO1  The use of the eHMI will increase 
traffic efficiency as the other road 
users are aware of the sign and 
overtake the vehicle cautiously. A 
higher commercial speed is 
expected due to a lower chance of 
hard stops.  

 Partially supported by 
evidence  

 Slight beneficial 

 UC3_RO5  The use of eHMI will increase traffic 
efficiency due to improved 
awareness and intent 
communication  

 Partially supported by 
evidence  

 Slight beneficial 

 UC3_RO8  The eHMI for bus passengers 
waiting at bus stops is expected to 
decrease the probability of an 
emergency stop of the autonomous 
bus, thus improving travel time 
reliability and the commercial speed 
of the bus.  

 Partially supported by 
evidence  

 Neutral 

  UC4_RO7  Enhanced intersection 
Management of TMC HMI was 
expected to change in traffic 
performance at intersections  

 Partially supported by 
evidence 

 Neutral 

 U10_MA1  To improve interaction between 
automated and not automated 
vessels for reducing the average 
daily vehicle energy consumption  

 Partially supported by 
evidence 

 Neutral 

 

Traffic effiency was evaluated through 6 KPIs in the pilot assessment template (section 2.3.1). After averaging 
the KPI scores over the different scenarios, this led to the following scores for the scenarios.  

Table 34: Traffic effiency score per scenario (from pilot assessment) 

Simple 
average of KPI 
values 

BAU Scenario 1A Scenario 1B Scenario 2 Scenario 3 Scenario 4 

Traffic 
efficiency 
score 

- 4 4,17 - 4,11 4 

 

In the mobility workshops, traffic efficiency was weighted as a criterion for the MAMCA approach by the Users. 
The users attributed a weight of 0.13 to traffic efficiency as a criterion in general, indicating a medium 
importance of the impact area in the evaluation of future mobility scenarios. The table below shows the 
average performance scores in terms of traffic efficiency per scenario across the different mobility workshops.  
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Figure 90: Traffic efficiency score per scenario (from D6.2 workshops) 

While scenario 4, is preferred by the users in terms of traffic efficiency, the pilot assessment scores are overall 
close to neutral and only slight beneficial effects can be noted. 

7.1.6. Impact on the environment  

The UC1 and UC2 had one or more environment impacts and generally provided partial support to 
improvement this impact. It is therefore expected that following implementation of the solution a substantial 
improvement in environment will be attained. The qualitative assessments from the pilot leaders gave in these 
use cases moderate benefits. There is no significant difference between the transport modes on which 
receives greater benefits as a result of their corresponding solutions. 

Table 35: Summary of environmental impact hypotheses 

UC & Pilot Hypothesis Hypothesis conclusion Qualitative impact 

UC1_RO7 The training with TMC operators will 
contribute to improve of their 
behavior that led to the change in 
travel time or change in total time 
spent by all vehicles in queue and 
increase a fuel consumption 

Partially supported by 
evidence 

 

 

Moderate 

UC1_RO8 

 

The training with bus passengers will 
improved their acceptance of the 
autonomous driving system, 
perception on safety and efficiency 
that lead to increase the number of 
emergencies stops and respectively 
the level of emissions   

Limited evidence 

 

Neutral 

 

UC2_RO7 Due to the dashboard impact on 
heightening levels of usability of C-
ITS, this will contribute to increased 
uptake of Connected Vehicles (CV) 
equipped with GLOSA with the 
associated environmental benefits 

Partially supported by 
evidence 

 

Slight beneficial 

 

 

Environment was evaluated through 2 KPIs in the pilot assessment template (section 2.3.1). After averaging 
the KPI scores over the different scenarios. This leads to the following scores for the scenarios.  
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Table 36: Environment score per scenario (from pilot assessment) 

Simple 
average of KPI 
values 

BAU Scenario 1A Scenario 1B Scenario 2 Scenario 3 Scenario 4 

Environment 
score 

- 4 5 - 5 4 

 

In the mobility workshops, environment was weighted as a criterion for the MAMCA approach by the Users, 
PTOs, LAs and OEMs. The weight for each of the stakeholder groups was 0,13; 0,13; 0,23 and 0,18, respectively, 
indicating a medium to high importance of the impact area in the evaluation of future mobility scenarios. The 
table below shows the average performance scores in terms of environment per scenario across the different 
mobility workshops.  

 

Figure 91: Environment score per scenario (from D6.2 workshops) 

Overall, for the stakeholders, the most preferred scenarios in terms of environment are scenario 3 and 4. From 
the pilot assessments scenario 1B and scenario 3 were found to have a beneficial effect. Thus, the findings in 
scenario 3 coincide with the expectations of the stakeholders.  

7.2. Conclusions on comparison to a priori expectations  

From the overall approach, starting with defining the open research questions, verifying the hypotheses in the 
project pilots and analyzing their results, a series of Myths and Facts about AV performance can be concluded. 
This list addresses different issues of AV operation, a variety of system users as well as topics on all transport 
modes (road, rail, maritime and air). 

ROAD 

• Acceptance, trust and willingness to use significantly raise upon hands-on experience. The increase of 
trust and acceptance is considerably higher for non- experts after training and experience. 

• AVs use, most notably in public transport, implies improvement in terms of coordination of traffic 
flows, efficiency through the reduction of travel times and congestion as well as mobility addressing 
users’ needs. A questionable feature is their movement in low speed. This is positive in terms of 
facilitating the anticipation of the intention of the vehicle by other road users, however at the same 
time it becomes frustrating, resulting in excess overtaking by other drivers, which might have negative 
safety implications. 

• Most passengers and other road users feel safe in a traffic situation with autonomous vehicles, or at 
least as safe as in a regular traffic situation. 

• Advanced training, i.e. including information about human factors impact of automation and 
capabilities/limitations of the systems, results in lower trust levels in automation, as it increases the 
driver’s prudence by means, e.g. of increased monitoring of the roadway. 
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RAIL 

• Higher acceptance levels upon training were achieved for drivers in comparison to dispatchers, 
showing a more comprehensive view of technology, while indicating the need for more targeted 
interventions for dispatchers. 

• Upon training, safety perception in terms of both subjective and objective situation awareness was 
significantly increased. 

MARITIME 

• Training has not affected the trust in the system as much as its acceptance and willingness to use it, 
mainly due to concerns on cybersecurity. 

AIR 

• 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. 

• Even users that were already well aware of risk assessment methodology and system features, 
declared that upon training new knowledge was acquired. 
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