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Executive Summary  

This report constitutes the Deliverable 6.1 of Drive2theFuture project, illustrating the work performed in 
A6.1 (Impact Assessment Framework) and A6.2 (KPIs extraction, quantification and MAMCA prioritization 
per stakeholders’ group) as part of the WP6 (Impact assessment and KPI’s prioritization) during the period 
M1-M18 (May 2019 – August 2020).In Chapter 2 the results of a literature review on existing impact 
assessment approaches and KPIs used for transport automation assessment is reported. The main 
differences among the transport modes are missing KPIs for one or more transport modes, and non-
sufficient KPIs’ assessment methods. This is also a big challenge for the literature review because the 
purpose is to provide additional KPIs or impact assessment methods for the proposed Drive2theFuture 
project. The analysis of listed KPIs during the literature search shows that the maritime transport mode 
has missing KPIs and impact assessment methods. For example, that transport mode has not enough KPIs 
for each impact area because the literature search did not lead to have more relevant previous studies or 
projects about that topic. Another point is that automation is a new topic when compared with other 
topics. Therefore, there are not so many studies available. Besides, rail transport also has not many 
studies about impact areas of market penetration and user acceptance, and policy and regulatory. 
Because of that, there are many missing KPIs about these impact areas.  

The KPIs highlighted by the literature review were used in the subsequent analyses of stakeholders’ 
perceptions and KPI prioritization undertaken in A6.2. This study also reports on the evaluation of 
autonomous services scenarios that are based on the Drive2TheFuture pilots. The defined scenarios 
match the pilot sites in a broader sense or represent a future implementation of the pilot. Aside from 
mobility (passenger transport) scenarios, potential logistic (freight transport) scenarios are considered 
which could be deployed with the pilot vehicle. This method was chosen to be able to perform a broad 
societal impact assessment. In order to perform a broad impact assessment, an in-depth understanding 
of the objectives for each stakeholder group was needed to assess the impact of new mobility and logistics 
services. In this evaluation, the views of users, public transport operators, local authorities and mobility 
service providers and vehicle manufacturers were taken into account for the assessment of the passenger 
scenarios. For the logistics solutions, the views of citizens, senders, receivers, logistics service providers 
and local authorities were taken into account. Representatives from each stakeholder group were 
consulted to evaluate autonomous vehicle scenarios. Using the multi-actor multi-criteria analysis method, 
stakeholder criteria were weighted and overall performance scores per scenario were calculated. The 
results show that stakeholders are overall positive towards autonomous scenarios and often prefer these 
scenarios over the business as usual. Furthermore, a clear preference goes out to shared autonomous 
solutions for passenger mobility. The insights can be applied to evaluate the Drive2theFuture pilots on a 
future scenario level.  

After the definitions and relevant pilots of the scenarios, the impact assessment framework builds on the 
expected impacts of the potential solutions provided by the Drive2theFuture project to improve 
acceptance. For each of the 12 project pilots’ relevant impacts are defined, with respect to their impact 
assessment mechanism, and summarised in impact matrices. 

Finally, the expected impacts and KPIs are mapped with the Use Cases that have been defined within 
Activity A1.1. The 12 defined Use Cases are listed with definitions of them, related pilots, impacts, and 
KPIs.  
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1. Introduction 

Drive2TheFuture introduces optimized HMI concepts per automation level and training schemes aimed 
at enhancing users’ acceptance of automation within the four transport modes: road, rail, maritime and 
air transport. To understand how users are accepting automation, the project has produced the present 
assessment framework within WP6, which addresses the impact assessment of the Drive2theFuture 
solutions.  

Automated Vehicles impacts can be distinguished in direct impacts, those which can be directly measured 
in a pilot, and indirect impacts, also known as secondary or third level impacts, which are the results of a 
chain of impacts and occur typically later in time, thus more difficult to be measured during a pilot 
(Innamaa et al., 2017).  

Relevant direct impacts of Drive2TheFuture refer to: user acceptance, safety and security, environmental 
impacts, traffic efficiency. Indirect impacts refer to market penetration, socio-economic impacts, policy 
and regulatory impacts. 

More specifically, the Drive2theFuture areas of interest for the assessment are: 

• The assessment of the impact of the project training tools and HMI solutions tested within 12 
pilots, focusing on user acceptance, system performance, potential impacts on safety, transport, 
and the environment. 

• The assessment of the different perspectives of the stakeholders in the sector. 

The project Description of Action outlined a preliminary list of expected impacts identified, subdivided 
into the impact areas of safety, security, environment, traffic efficiency, market penetration, AV user 
acceptance, socio-economic impact, and policy & regulatory. These expected impacts are also linked to 
multiple key performance indicators (KPIs) by which the different dimensions of the impact might be 
measured (Table 1). 

Table 1: Areas of impact and Key performance indicators 

Area of impact KPI code KPI 

Impact on market penetration of AV 
user acceptance 

KPI.1 User acceptance rating on UAS scale 

KPI.2 Vehicle operators’ acceptance on UAS scale 

KPI.3 User acceptance after hands-on experience of 
AVs (Conflicts between automated vehicles and 
other traffic participants) 

KPI.4 Comparative WTH/WTP before/after the pilots 

Impact on transportation safety and 
security 

KPI.5 Number of accidents caused by human errors 

KPI.6 Number of accidents caused by machine errors 

KPI.7 Number of single-vehicle & multi-vehicle 
accidents 

KPI.8 Severity of accidents 

KPI.9 Number of involved vulnerable road users1  in 
accidents 

 

 

1 According to the definition of VRUs developed in Drive2theFuture (Markvica et al., 2020): Automation related 
Vulnerable Road Users are defined as those that have a higher risk of accident involvement or vulnerability in case of 
it, due to their lack of connectivity (i.e. non-connected users having low conspicuity vis a vis the automated road 
traffic environment), or lack of design compatibility (i.e. out of-position passengers of automated vehicles). 
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Area of impact KPI code KPI 

Socio-Economic impact KPI.10 User opinion/rating of AVs 

KPI.11 % modal shift and travel time in collective 
transport 

KPI.12 Impact on elderly and mobility-restricted people 

KPI.13 Number of sales of autonomous vehicles 

KPI.14 Consumer willingness to have and to pay for 
autonomous vehicles 

Environment & Traffic Efficiency  KPI.15 Vehicle density in congested roads for efficiency 
of traffic flow and infrastructure capacity 

KPI.16 Number of users per vehicle (AVs+MaaS) 

KPI.17 PT reliability 

KPI.18 Greenhouse gas (GHG) emissions (in kt) within 
measurement period 

Impact on the transportation workforce 
development 

KPI.19 % of job loss/growth of transport-related 
professions 

Policy and regulatory impact KPI.20 Number of stakeholders’ organisation adopting 
the project ESoP and Roadmap and using the 
proposed terminology 

A main challenge is to provide a common framework for this assessment exercise, given the variability of 
the pilots in terms of automation applications in all four transport modes considered (road, rail, air, and 
maritime transports), different transport scenarios (for both passenger and freight transport, private and 
collective transport), different user groups involved (from “drivers” and operators to VRUs and other 
stakeholders), and the different solutions provided by the project to increase acceptance of automation. 

This document provides the framework to undertake the impact assessment by identifying common 
automated transport scenarios, relevant impacts and impact mechanisms at scenario and Use Case level 
(as defined in WP1), relevant KPIs and the stakeholders’ perspectives for each impact. 

The framework takes into account the main references and initiatives related to automation assessment 
in Europe, especially those related to road transport, like the Connected, Cooperative and Automated 
Mobility (CCAM) platform, the Festa Handbook version 6, updated according to FOT-Net activities and the 
Trilateral Impact Assessment Framework. 

The successful implementation of autonomous vehicles and changes in the transport sector in general, 
will require the engagement and acceptance of stakeholders in the sector (Barfod, 2018; Keseru, 
Bulckaen, Macharis, & De Kruijf, 2016; Macharis, De Witte, & Turcksin, 2010). Depending on the scope 
and the scenarios, different types of stakeholders should be considered. Therefore, the Multi-Actor Multi-
Criteria Analysis (MAMCA) has been applied. The MAMCA allows the explicit inclusion of different 
stakeholder perspectives in the decision making process (Macharis et al., 2010). With this methodology, 
the stakeholder objectives can be quantified, and scenarios can be evaluated based on different criteria. 
The analysis results in a scenario ranking for each stakeholder group.  

Next to the MAMCA, key performance indicators (KPIs) will be prioritized within each criterion for the 
different transport modes. Both pilots and simulations will provide input for the KPIs. As such, these 
objective measurements will be combined with a more subjective assessment by the stakeholders. In this 
deliverable, the answer to the two research questions will be given:  

1. Which criteria are important for stakeholders to evaluate different autonomous vehicle 
scenarios? 

2. How do stakeholders rate the performance of the scenarios regarding these criteria? 
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2. Literature review 

2.1. Objectives and methodology 

The objective of the review is to identify and review the existing IAs to ensure that the approach used by  
Drive2theFuture embraces the most successful methods that are used in recent research approaches on 
the expected areas of impact (safety, security, environment, traffic efficiency, etc.) of AVs. It includes 
reviewing both relevant research journals and grey literature, in particular, previous experiences in other 
European research projects, such as CityMobil2, via-AUTONOM, auto-Bus, AUTOPILOT, ADAS&ME, 
AVENUE, etc. Relevant studies involve previously adopted IA frameworks and previous evaluation studies 
of solutions similar to those proposed in the pilots (i.e. HMI, training). The literature review resulted in a 
database of relevant literature on IA frameworks and KPIs. 

The methodology of Literature Search includes a literature survey template that has been defined to 
collect information systematically and covering the general methodology applied, transport modes, the 
data used, the assessment steps and the indicators adopted. The purposes of the literature search are the 
following:  

• To highlight the KPIs not currently covered by the preliminary IA framework that could be included 
and assessed in activity A6.2,  

• To provide details about measurement methods and differences by transport modes that are: 
road, rail, air, and maritime,  

• To identify the key difficulties involved in transfer pilot results to the real world.  

 

2.2. Safety and Security 

2.2.1. Key Performance Indicators 

According to the Drive2theFuture proposal, about impact on safety and security, the challenge is to 
eliminate human errors and to reduce number of accidents, severity, and involved number of VRUs 
(Vulnerable Road Users). The project has a target to avoid expected impacts of vehicle malfunctions, 
accidents caused by AVs, and prevent VRUs accidents increase.  

Table 2 reports the expected impacts of the project and the related KPI according to the Description of 
action. 

Table 2: Safety and security: Expected impacts and proposed KPIs (Source: Description of Action) 

Expected impact KPI 
code 

KPI 

Reduce overall accidents caused by 
AVs as opposed by conventional 
vehicles 

KPI.5 Number of accidents caused by human errors 

Reduce the current vehicle 
malfunction errors 

KPI.6 Number of accidents caused by machine errors 

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

KPI.7 Number of single-vehicle & multi-vehicle accidents 

Same or reduced probability of injury 
in case of accident 

KPI.8 Severity of accidents 
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Expected impact KPI 
code 

KPI 

Same or enhanced VRUs safety thanks 
to AVs and project solutions 

KPI.9 Number of involved vulnerable road users  in 
accidents 

 

19 studies or projects have been identified among the list of documents considered, which address the 
safety and security impacts of automated vehicles with respect to the four transport modes. These are 
listed below: 

1. Assing et al., 2006  

2. Benmimoun et al., 2011  

3. Brooks et al., 2017  

4. Cahill et al., 2014  

5. Catalano et al. 2019  

6. Civil Aviation Authority, 2018  

7. Dobberstein et al., 2011  

8. European Investment Bank, 2005  

9. European Union, 2016  

10. Fagerlind et al., 2012  

11. Ferrer et al., 2018  

12. Gühnemann et al., 2011  

13. Innamaa et al., 2017  

14. Kretschmann et al., 2015  

15. Kritzinger et al., 2013  

16. Malone et al., 2017  

17. Montewka et al., 2017  

18. Philip Boucher, 2014  

19. SWOV, 2002 

Safety is mainly related to the prevention of transport accidents and injuries, while security is aimed at 
protecting the transport system and its users against intentional attacks. The studies analysed provide 
examples of KPIs and variables used in these two domains.  To avoid the similarities that can cause 
overlapping, and to simplify the analysis, the impact areas of safety and security are divided into sub-
groups to focus on the key elements of the assessment. Therefore, safety impacts can be grouped 
according to the following categories: 

• Accident frequency can be described as the number of accidents observed in a given time-period 
such as a month or a year. For example, Number of road collisions per year, Number of 
derailments, etc.  

• Accident consequences is defined as the number of casualties and/or injuries, loss of productivity, 
and costs. Some examples can be the Number of casualties, Number of incident events, Number 
of incidents with ATM contribution, Number of near misses, etc. 

• Exposure to risk is used to assess the amount of activity subject to risk of accident. For example, 
Number of completed en-route flights, Number of trips, Stock of passenger cars, etc. may 
represent this sub-group. 

• Surrogate safety indicators are meant to be alternatives or complements of safety analyses based 
on accident records. The KPIs can be such as Minimum Time to Collision, Response time, etc. 

• Failure rate and Human Actions are used to describe anything that could go wrong during the 
management and/or operating process. For example, Number of loss of control of the aircraft, 



 

D6.1: Impact assessment framework, project KPIs and their 
prioritisation 

October 2020 13 
 

Missing / Overdue of ships, Number of trains that went past a red light, Number of instances with 
hard braking, Knowledge-based mistakes, Number of avoided accidents, Number of selected 
traffic violations (light violations, etc.), Number of authority violations, etc. would be the several 
KPIs for it. 

Security impacts have been grouped according to the following categories: 

• Security incidents frequency can be described as an organization’s systems that have been 
compromised or as measures put in place to protect them have failed. The examples may be 
Number of Espionage, Number of Sabotage, Collision beside the road with obstacle, Machinery 
damage, etc.  

• Security incidents consequences 

• Data protection is described as managed consistent with the organization’s risk strategy to 
protect the confidentiality, integrity, and availability of information. KPI example would be Data 
protection levels, etc. 

• Rate of the physical attack on the transport infrastructure elements 

Accident frequency KPIs are based on counting specific accident events. The main difference among the 
four transport modes is related to the type of event defined as an accident. Accident consequences are 
very similar among the various modes and expressed in terms of injuries/fatalities.  

For example, exposure to risk is found to be provided in terms of number of flights for air transport. 
Concerning drones, this data might be difficult to be estimated as it requires considering other indicators 
because the drones are not running like aircrafts. They are suitable for running without flight clearance 
or safety requirements like commercial flights. When referring to road transport it is usually difficult to 
get similar data in terms of number of trips for private transport, while this indicator is usually available 
if we consider public transport. Typical exposure indicators for road transport are, beyond the estimated 
travelled distance, the vehicle fleet in a country or even its population. Examples of KPIs in this category 
have not been found in rail and maritime impact assessment frameworks, however, like in the case of 
aviation or road-public transport, the number of trips is a sound indicator.  

In 1987, Hydén (Hydén, 1987) introduced the concept of a “safety pyramid”, which links interaction events 
(traffic conflicts) that are inevitably created within any vehicular flow and road accidents. Traffic conflicts 
are events in which accidents are more likely since drivers are driving close to each other. Surrogate safety 
indicators are based on the measurement of such kind of events, which are more common compared to 
accidents. Their analysis is typical of road transport, where relationships between conflicts and accidents 
frequency have been also proposed in some studies (Dijkstra et al., 2010).  

In the other transport modes, it is more common to study “human actions/errors” and “vehicle/system 
failure rates”. Human error refers to the performance of an incorrect/inappropriate action or a failure to 
perform an action leading to unwanted consequences (Salmon, Lenné, Stanton, Jenkins, & Walker, 2010). 
These are linked to the particular transport system characteristics and the task interactions among the 
elements of the system; thus, indicators are closely dependent on the transport mode. The measurement 
methods are hardly transferrable in this case.  

The purpose and measurement methods of security incident frequency indicators are similar across the 
four transport modes. Even if missing in rail and maritime transport, these indicators can be easily 
transferred to those modes considering road or aviation transport indicators. Only one indicator was 
found in aviation IA frameworks in the data protection category. 

Safety and Security impact area has references to show the different types of previous studies’ variables 
and KPIs according to the road and air transport modes. However, rail and maritime transport modes have 
not many studies and projects in the literature search. Therefore, the existing road and air transport-
related references are numerous and include in-depth analysis which makes them helpful sources for this 
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deliverable, while the maritime and rail transport-related ones are not comprehensive and could not be 
enough for literature search purposes. 

A comparison of the KPIs (Key Performance Indicators) found in each transport mode is undertaken with 
the aim of highlighting relevant differences and understanding the potential transferability of a KPI to 
other transport modes. Table 3 shows the examples of the KPIs that are found for each described impact 
sub-group and transport mode. Table 3: Areas of impact and Key performance indicators 

Table 3: Areas of impact and Key performance indicators 

Categories Road Rail Maritime Aviation 
Accident 
frequency 

Number of accidents 
Number of severity 
of crashes by type 

Number of 
derailments 

Damage to 
cargo 
Hull damage 

Collisions with 
military drones 
Total number of fatal 
accidents 
Accidents involving 
drones and manned 
aviation 

Accident 
consequences 

Number of collisions 
to result in death 
Number of collisions 
to result in injuries 

Number of 
fatal/serious/slight 
injuries 

- Injuries or deaths on 
board the aircraft 
Number of 
injuries/fatalities 

Exposure to risk Number of impacted 
(accident occurred) 
vehicles 
Number of trips 
Number of hours 
and/or kilometres 
driven 
Stock of passenger 
cars 
 

- - Number of 
completed en-route 
flights 
Number of flights 
 

Surrogate 
safety 
indicators 

Time-to-Collision 
Minimum TTC 
Time to collision at 
braking 

- -  
- 

Failure rate and 
Human Actions 

Brake reaction time 
Number of collision 
avoidance actions 
Number of drivers’ 
errors 
Number of selected 
traffic violations 
 

Number of trains 
that went past a 
red light 
 

Missing / 
overdue 
Rule based 
mistakes 
Routine 
violations 
Exceptional 
violations 
 

Number of loss of 
control of the aircraft 
Number of human 
errors 
Data updating delay 
Response time 
Incidents involving 
drones and manned 
aviation 

Security 
incidents 

Crime rate 
Property damage 
events 

- - Number of crime 
events 
Number of 
espionages 
Number of sabotages 

Data protection - - - Data protection level 
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2.2.2. Assessment Methods 

The calculation methods for those KPIs are not provided by all studies. Below an example of the 
calculation for the three most relevant KPIs, selected among those preliminarily identified by the project. 
These are: 

• Number of injuries 

• Accident data that is number of injury accidents, fatalities, severe injuries, slight injuries 

• Accidents and incidents with ATM (Air Transport Management) contribution per year 

Regarding accident frequency, in ASSESS project (Dobberstein et al., 2011) the used KPIs are the number 
of fatalities and the number of injured road users in the EU27 target population and impact speed 
reduction. The safety impact is measured in terms of the predicted change of the KPI if the system is fitted 
to passenger cars. The assessment method considers the results of pre-crash and crash tests of system 
effectiveness. Test results are translated into a potential effect that can be applied on the estimated 
accident target population. The ASSESS rear-end test scenarios are defined with regard to impact speed. 
The injury risk curves are defined for reconstructed delta-v (Delta-v is defined as the change of velocity of 
the centre of gravity of a vehicle in the fixed coordinate system during the contact phase). Therefore, it is 
assumed that the safety impact assessment for pre-crash aspects can be estimated using rules (factors) 
relating impact speed to delta-v. The introduction of a pre-crash system with a certain performance into 
the fleet changes the risk exposure of a certain population. The so-called dose-response model is 
proposed as a tool to estimate the injury-reducing effects of this change. In the model, both crash 
frequency and injury severity of a sample of real accidents, classified by delta-v during impact, are taken 
into account for both the impacted and the impacting vehicles. By doing this, it is possible to obtain the 
relative number of injured at any impact speed. The performance of the system in a specific test is given 
by the percentage of relevant injuries prevented by shifting from the starting speed of the scenario and 
the actual impact speed obtained during the test. 

For the accident consequences, the literature search gives some opportunities to take references or 
examples for the KPIs assessment methods. The eIMPACT project (Assing et al., 2006) gives a perspective 
for the estimation of safety impacts. The collection and compilation of accident data as a basis for the 
safety impact assessment on the EU-25 level was carried out in close co-operation with the TRACE project. 
The data needs to be followed from the approach that is followed in the safety impact assessment in 
eIMPACT. In the process of collection and compilation of the accident data, the project had to cope with 
various challenges: 

• The level of accident data disaggregation was determined by the methodology for the safety 
impact assessment. This meant that quite detailed data was needed for EU-25 countries. 

• The CARE database offered only limited provision of the needed accident data. The CARE 
database is limited to EU-14 (EU-15 excluding Germany) plus Estonia, Hungary and Poland, but 
data were needed for the EU-25. Also, not all variables needed were included in CARE. For 
instance, the collision type variable had been removed from the database just before the data 
compilation started. Finally, the level of completeness of the data varied between countries 
included in CARE. Additional data therefore had to be compiled. 

• eIMPACT calculated effects for the years 2010 and 2020, but no up-to-date forecast of the safety 
performance (accidents/ casualties) in those years was available for EU-25. Consequently, the 
project produced its own road safety forecast. 

In order to supplement the accident data provided by the CARE database, data (for eIMPACT project) 
were collected directly from individual countries. A national enquiry was set up to define the desired 
variables and categories of accidents. The quantitative safety effects of IVSS are to be given as percent 
changes for each combination of the above-mentioned classes. Finally, the estimates of safety impacts 
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will be provided in terms of %-changes (with ranges) in the number of fatalities and injured persons for 
different market penetration rates. This result will be used as an input in cost-benefit analysis of eIMPACT 
project.  

The SESAR project (Ferrer et al., 2018) has a calculation method for Safety KPA (Key Performance Area) 
that is among the KPAs receiving SESAR Performance Ambitions. Safety has two different dimensions: the 
safety outcome of the ATM (Air Transport Management) system (occurrence of accidents and incidents) 
on the one hand; and the safety management practices and culture on the other hand. In the context of 
the SESAR programme and its activities relating to the development of future operating concepts and 
technology, only the first of these definitions applies. 

From the several activities performed in the solution two types of safety performance evidence is to be 
collected: 

• Quantitative ones: related to measurement of specific PI (Performance Indicator) or proxies to 
some PI during validation exercises. Other tools like fast time simulations, Dynamic Risk 
Modelling, also provide quantitative evidence, but calculated ones in this case, not measured. 

• Qualitative ones: related to the application of the safety assurance process by itself (as per the 
SRM - Safety Reference Material) but also to any qualitative evidence collected from the 
validation exercises and other assessments performed for the Solution (e.g. Human Performance 
Assessment and etc.). 

 

2.3. Market Penetration and AV User Acceptance 

2.3.1. Key Performance Indicators 

Acceptance of AVs (Autonomous Vehicles) is expected to significantly affect their diffusion. survey A high 
and stable acceptance represents a big challenge for the project considering the wide scope including four 
transport modes and various types of target users and non-users. According to deliverable 1.1 (Markvica 
et al., 2020) these are all traffic participants affected by automated vehicles, not only vehicle users (i.e. 
passengers, crew and drivers/pilots/captains) but also remote operators, road users, especially vulnerable 
road users (VRUs) and other stakeholders in automated transport (industry, legislation and licensing 
related). The vehicle users should feel that the AVs are safer and more useful, and the stakeholders should 
think AVs are more efficient, environmental-friendly and economic. 

Table 4 reports the expected impacts of the project and the related KPI according to the proposal. 

Table 4: Market Penetration and AV User Acceptance: Expected impacts and proposed KPIs (Source: Description of 

Action) 

Expected impact KPI 
code 

KPI 

Enhance AV user and VRUs acceptance 
thanks to Pilots 

KPI.1 User acceptance rating on UAS scale 

Enhance AV vehicle operators’ 
acceptance thanks to Pilots 

KPI.2 Vehicle operators’ acceptance on UAS scale 

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

KPI.3 User acceptance after hands-on experience of AVs 
(conflicts between automated vehicles and other 
traffic participants) 

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

KPI.4 Comparative WTH/WTP before/after the pilots 
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Totally, 12 examined studies have addressed the market penetration and AV user acceptance: 

1. Assing et al., 2006 

2. Benmimoun et al., 2011 

3. Brooks et al., 2017 

4. Dobberstein et al., 2011 

5. European Union, 2016 

6. Gühnemann et al., 2011 

7. Innamaa et al., 2017 

8. Kretschmann et al., 2015 

9. Malone et al., 2017 

10. Martin, 2017 

11. McDonald et al., 2014 

12. Montewka et al., 2017 

User acceptance considers the degree of approval of a technology by the users. It depends on whether 
the technology can satisfy the needs and expectations of its users and potential stakeholders. It is possible 
to distinguish a priori acceptability, acceptance and appropriation (Nadal, Sas, & Doherty, 2020). A priori 
acceptability is studied before use, acceptance is studied in first use and appropriation is studied after 
several weeks or months of use. Drive2theFuture project will focus on acceptance. 

The main theoretical models proposed by research to investigate user acceptance are: the Technology 
Acceptance Model (TAM) (Davis, 1989) and the expanded version of the Theory of Acceptance and Use 
of Technology (UTAUT) (Venkatesh, Thong, & Xu, 2012). Furthermore, the Drive2theFuture project 
considers some user surveys for the Drive2theFuture pilots. They are the following: User Profile 
Questionnaire, User Experience Questionnaire (UEQ), Technology Acceptance Questionnaire, System 
Usability Scale (SUS), SHAPE Automation Trust Index (SATI), and Impact and Socio-economic 
Questionnaire. They are presented in deliverable D5.1 (p. 37-45). 

Important factors affecting AV acceptance have been grouped in 2 groups by a recent systematic review 
(Jing, Xu, Chen, Shi, & Zhan, 2020). Seven factors derived from behaviour theories are found to 
significantly affect the AV acceptance intention, including: perceived ease of use, attitude, social norm, 
trust, perceived usefulness, perceived risk, and compatibility. Six factors without reference to behaviour 
theories are found to affect AV acceptance, namely safety, performance-to-price value, mobility, value of 
travel time, symbolic value, and environmental attributes. Factors related to a person’s socio-
demographic profile, travel behaviour and personality were also investigated by several studies 
(Nordhoff, Kyriakidis, van Arem, & Happee, 2019). 

Autonomous vehicle’s user acceptance indicators have been grouped according to the following 
categories: 

• Actual system use, the observed rate of use of the system or system revenues changings are 

examples of KPIs. 

• Behavioural intention considers the individual willingness to use and continue to use a 

technology.  

• Motivational factors, these are connected to the level of intention to use the system. Examples 

of concepts are: perceived usefulness, perceived ease of use, trust, attitude towards technology, 

perceived risk and perceived benefits. These are usually expressed on a Likert scale. 
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Market penetration is dealing with the successful selling of a service or product for customers in a market, 
while using intelligent systems to make transport modes easier and faster with saving time and money: 

• Market penetration represents the proportion of people who bought an AV or pay a fee to use 
the AV service. Market penetration rate, Market shares of the system are the examples of KPIs 
for this category. Also, the proportion of miles or kilometres travelled in a given time period by 
AVs is another example. 

Each transport mode deals with different market availability or user perspective issues with likely changes 
in terms of acceptance. The existing categories are well covered by the examined road IA frameworks 
(Table 5). Behavioural intentions and motivational factors seem to be less addressed by rail and maritime 
IAs, not including aspects like usefulness, perceived safety and trust. The sector of aviation seems more 
sensible to acceptance related factors. Of course, these observations are limited to the list of studies 
analysed. 

Actual system-use indicators have not been found in maritime and aviation IA (Impact Assessment) 
frameworks, but indicators like Miles spent in automatic mode versus manual mode and Compliance 
reports can be easily adapted to these modes. The same applies for market penetration KPIs. 

Table 5: Market Penetration and AV User Acceptance KPIs by transport mode 

Categories Road Rail Maritime Aviation 
Actual system use Use of automated 

driving functions 
Systems revenues 
changings 
 

Number of touches 
or interventions 
Service use level 
due to comfort 
Miles spent in 
automatic mode 
versus manual 
mode 
Compliance reports 
Percentage of time 
spent in automatic 

- - 

Behavioural 
intention 

User acceptance 
level 
User willingness to 
pay 
Authorities 
willingness to pay 
Willingness to use 

- - User acceptance 
level 
User willingness 
to pay 

Motivational 
factors 

Comprehensibility 
of user interface 
Availability of the 
system  
Comfort expressed 
on Likert scale 
Feeling of safety 
Trust 
Usefulness 
Reliability 

Training time for 
remote operator 
Length of learning 
time for all involved 
Ease of use 

Legal concerns 
for user 
acceptance 

Human factors 
changings due to 
ease of use, 
perceived 
comfort, accident 
levels 
Comfort level  
Ease of use level  
Perception of 
usefulness 

Market 
penetration 

Market penetration 
rate,  
Market shares of 
the system  

Number of 
automated trains 
versus 
nonautomated 

-  
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Categories Road Rail Maritime Aviation 
Total/share mileage 
/ kms travelled 

trains on network 
 

 

2.3.2. Assessment Methods 

The measurement of several acceptance indicators is usually addressed via self-designed 
questionnaire(s). Examples of these indicators are: 

• User willingness to pay: Maximum amount an individual is willing to pay for the service, the 
answer could be given in numerical terms or in relative terms with reference to e.g. the current 
public transport fare (Less, the same or more than the current public transport fare). 

• Perception of usefulness (How would you rate the usefulness of this Public Transport route served 
by the Automated Road Transport System? The answer is on a Likert scale, 1–5, very poor–very 
good) 

• Trust (expressed on a Likert scale, e.g. 1–9, low–high)   

The eIMPACT (Assing et al., 2006) project considers the years 2010 and 2020. For each year, two scenarios 
are created: the “low” scenario and the “high” scenario. The low scenario means that there are no special 
incentives to get the system in the market. In this scenario, the penetration rate follows the status quo 
development of the market. The high scenario considers the case that stakeholders give incentives to 
support the market take-up of the systems. An incentive can be for example that the safety systems are 
subsidized by lower taxes from the year x onwards. The penetration rates were based in eIMPACT on 
expert estimation. In a scenario workshop, it was concluded, that the implementation of a new safety 
system usually takes 5 to 6 years for the new vehicles and an additional 15 – 20 years are needed to cover 
the whole fleet. Since during the running time of eIMPACT, an emergency brake system was not on the 
market, therefore, for the year 2010, a penetration rate of zero was estimated.  

The ASSESS project (Dobberstein et al., 2011) recommends using share of mileage driven if market 
penetration is used to estimate the safety benefits of a system, since the share of equipped passenger 
cars does not give an accurate prediction of the real safety impacts of the systems. 

2.4. Environment and Traffic Efficiency 

2.4.1. Key Performance Indicators 

The European Union (EU27) has a clear perspective when the subject is environment and efficiency. The 
EU27 supports the diffusion of connected and automated vehicles and more autonomous transport 
modes2. The digitalisation of transport with smart, shared, connected and automated mobility systems in 
cooperation with the European Green Deal, is expected to lead Europe towards becoming the world’s 
first climate-neutral continent by 20503. According to the studies about automation in transportation, 
automated vehicles need to run on better conditioned infrastructure with less congestion and/or more 
efficient use of the infrastructures or transport services. The Drive2TheFuture project aims to improve 
the infrastructure and operators’ efficiency in order to reduce transport related environmental impacts 
and time losing. 

 

 

2 https://europa.eu/european-union/topics/environment_en 
3 https://ec.europa.eu/info/news/new-recommendations-for-a-safe-and-ethical-transition-towards-driverless-
mobility-2020-sep-18_en 

https://europa.eu/european-union/topics/environment_en
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Table 6: Environment and Traffic Efficiency: Expected impacts and proposed KPIs (Source: Description of Action) 

Expected impact KPI 
code 

KPI 

Acceptance, infrastructure and operators’ 
efficiency enhancement by at least 1 in the 
UAS scale before/after Pilots  

KPI.15 Vehicle density in congested roads for efficiency of 
traffic flow and infrastructure capacity  

Acceptance, infrastructure and operators’ 
efficiency enhancement by at least 1 in the 
UAS scale before/after Pilots  

KPI.16 Number of users per vehicle  

Acceptance, infrastructure and operators’ 
efficiency enhancement by at least 1 in the 
UAS scale before/after Pilots  

KPI.17 PT reliability  

Contribute towards the EU 2030 target of 
reducing transport related GHG emissions to 
around 20% below their 2008 level (1.107 
million tonnes CO2-equivalent)  

KPI.18 Greenhouse gas (GHG) emissions (in kt) within 
measurement period  

 

Several references consider the impact area of environment and traffic efficiency. The impact area has 
KPIs according to each transport mode. References for the impact area of environment and traffic 
efficiency of automated vehicles are the following: 

1. Adam Martin, 2017  

2. Benmimoun et al., 2011  

3. Brooks et al., 2017  

4. Catalanoet al., 2019  

5. Distefano et al., 2007  

6. Dobberstein et al., 2011  

7. Echeverria et al. and Fozza et al., 2016  

8. European Investment Bank, 2005  

9. European Union, 2016  

10. Faber et al., 2011  

11. Giaccone, M. and Pomposiello, F., 2011  

12. Gühnemann et al., 2011  

13. Innamaa et al., 2017  

14. Kretschmann et al., 2015  

15. Kritzinger et al., 2013  

16. Manuel González and Luis de Prada, 2015  

17. Montewka et al., 2017  

18. Philip Boucher, 2014  

19. SWOV, 2002 

The environmental impact area is focusing on the emissions, fuel consumption and energy demand, 
pollution types (air, light, and noise pollutions), and sustainability of each transport mode. Besides, traffic 
efficiency impacts are dealing with the service performances and efficiencies of infrastructure and 
vehicles. The relevant KPIs and variables of environment impact area are addressed in the following sub-
categories:   
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• Air pollution can be described as to the release of pollutants into the air that is detrimental to 
human health and the planet as a whole. Several examples of its KPIs might be such as local air 
quality, CO2 emissions, amount of CO, CO2, HC, NOx, SO2, Pb, PM produced/measured, annual 
NOx + PM10 emissions, human toxicity level, etc. 

• Energy demand represents the amount of energy that is required by each type of transport mode. 
Use existing fuel efficiency reward program data, primary energy demand, measure gallons per 
GTM (Gross tonne-kilometre) are the common examples of it. 

• Light pollution is an unwanted consequence of outdoor lighting for transport modes’ ways and 
stops and includes such effects as skyglow, light trespass, glare, and wildlife. The KPIs can be such 
as number of lights on roads, night-time light-use impacts on both humans and wildlife. 

• Noise pollution is generally defined as regular exposure to elevated sound levels that may 
lead to adverse effects in humans or other living organisms. The measured KPIs could be 

noise emission, noise level, number of people exposed to noise levels, etc. 

Traffic efficiency can be grouped according to the following categories: 

• Cooperation is the process of authorities working or acting together for common, mutual, some 
underlying benefit, or the same working zones, as opposed to working in competition for selfish 
benefits. The example KPI is civil-military airspace efficiency (to understand impacts of civil drones 
to the military aviation zones). 

• Infrastructure efficiency means that combination of reduced costs and/or increased benefits to 
society according to roads, rails, terminals, and stops. For example, road types, number of 
stations, number of lanes, measure the velocity with and without automation, maximum road 
capacity change are the relevant KPIs. 

• Service performance can be described as the accomplishment of a given task measured against 
pre-set known standards of accuracy, completeness, cost, speed, and time. There are some KPIs 
to assess the service performance such as delays to trains and or added dwell time to traffic due 
to incompatibility, departure punctuality, number of avoided congestions, number of errors and 
delays between systems or within system, travel time, etc. 

• Vehicle efficiency considers each transport mode vehicle according to lifetime, carbon-emitting 
fuels, energy security, climate protection, capacity, mileage, maintenance and operation costs. 
For example, vehicle mileage, maximum duration of the transfer of control between 
operator/driver and vehicle, train density, etc. are some addressed KPIs from previous studies. 

The impact area of the environment has a significant number of indicators concerning each transport 
mode. Emissions, noise pollution, and energy consumption are represented quite well by the examined 
frameworks, but the light pollution impact KPIs have a lack of parameters. Light pollution is a big issue for 
road and air transport modes because these modes include more lighting systems. However, maritime 
and rail transport modes have not many requirements to have lighting systems like road and air transport 
modes. Additionally, maritime transport has more powerful lighting systems to show the way for ships 
when they run for docking. Furthermore, the references have several KPIs about land-use indicators but 
not in detail and have no various data (there are no data for land-use of each transport), however, land-
use impact area is not among the considered areas in the impact assessment of Drive2TheFuture project. 

Traffic efficiency indicators are an important parameter to understand what is happening on the 
infrastructures and the operations. The studies and projects have a good amount of KPIs to provide data 
for traffic efficiency. Besides, the references also consider rail and air transport indicators and they can 
give enough information about methods and KPIs for impact assessments. However, maritime transport 
has not many KPIs and relevant variables to assess how maritime transport would be more efficient and 
more environmental.  The investigated sources were limited in number and not focussed on 
environmental impact in detail. The general approach for environmental effect is to reduce the impacts 
of road and air transport modes as soon as possible. Therefore, the references have generally indicators 
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and assessment methods for road transport efficiency. Other transport modes have less information 
about how this would be assessed. For example, there are not so many parameters or information how 
would light pollution be assessed according to each transport mode. Thanks to service similarities, road 
transport mode environmental assessment indicators can be transferable for the rail transport mode 
because some road vehicles are running with fossil fuel consumption like some rail trucks.  

Table 7: Areas of impact and Key performance indicators 

Categories Road Rail Maritime Aviation 
Air pollution Changing in air 

pollutants’ levels 
Amount of CO, 
CO2, HC, NOx, 
SO2, Pb, PM 
produced / 
measured in g/km 

CO2 emissions 
Measure 
consumption 
improvement or 
decrement once 
system is 
introduced 

- Annual CO2 
emissions 
Annual NOx + 
PM10 emissions 

Energy demand Primary energy 
demand 

Measure litre per 
GTM 

- Energy 
consumption 

Light pollution Number of lights 
on roads 

Number of lights 
in container 
terminals, 
marshalling yards  

- Night-time light 
use impacts on 
both humans and 
wildlife 

Noise pollution Noise emission Noise emission 
Changings of 
sound pressure 
level 

- Noise levels 
Size and location 
of noise contours 

Cooperation - - - Civil-military 
airspace 
efficiency 

Infrastructure 
efficiency 

Number of parking 
slots 

Broken rails 
(defection on rails) 
Service Capacity 
(number of 
available places) 

- Number of flights 
with using 
runways 
GSE (ground 
support 
equipment) 
variability in flight 
duration 

Service 
performance 

Number of 
vehicles 
Traffic congestion 
change 

Average 
passengers’ travel 
length 
Delays to trains 
and or added 
dwell time to 
traffic due to 
incompatibility 

Fewer human 
errors increased 
efficiency 
Increasing 
efficiency and 
safety by 
removing crew 

Departure 
punctuality 
Average delay in 
person hours 

Vehicle efficiency Energy 
consumption of a 
vehicle 
Maximum 
duration of the 
transfer of control 
between 

Average 
commercial speed 
Average load per 
train (freight) 

- - 
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Categories Road Rail Maritime Aviation 
operator/driver 
and vehicle 

 

2.4.2. Assessment Methods 

The studies and projects give an approach to how the indicators can be assessed or evaluated. Several 
methods or examples for the impact assessment are suitable to understand and take a perspective. 
However, the references do not include assessment methods relevant to the already identified project 
KPIs. The following KPIs calculation methods, which are described because the studies are focusing on the 
indicators in detail, are further investigated: 

• Noise emission 

• Local air quality 

The rail noise project (Distefano et al., 2007) aims to assess the economic, environmental and social 
impact of the rail noise, and rail noise abatement measures. The following analyses are proposed in the 
project: 

• Identification of the main stakeholders affected, total countries considered and reasons for the 
elimination of specific countries; 

• cause-effect analysis (on the baseline scenario and on the DEV and SOV combined policy options): 
step-by-step approach with the aim to define a possible sequence of actions (activities deriving 
directly from decisions of stakeholders) and effects (consequences of actions) connected with the 
implementation of the policy option; 

• identification and qualitative description of the most relevant impacts resulting from each 
proposed measure (the impact has been considered on different stakeholder); 

• summary of the main assumptions considered within the economic, social and environmental 
analysis to define and evaluate each policy option impact; 

• quantitative description of the baseline scenario focusing on fleet composition, affected 
population and operative costs; 

• quantification of the impacts of policy options with the valuation of total added benefits and costs 
against the baseline scenario (as cost increase for the retrofitting programme, maintenance cost 
increase, administrative cost increase). 

SESAR project (Ferrer et al., 2018) includes effects of flights on the environment. Airport local air quality 
is a commonly used term to designate the condition of the ambient air to which humans and nature are 
typically exposed in the vicinity of an airport. In most cases, determining the quality of the air around an 
airport is based on an estimation of the concentration of pollutants. These concentrations are compared 
with regulations and standards that are established to define acceptable levels of local air quality, 
including the necessary measures to achieve them. Many issues particular to the local air quality in and 
around airports are subject to these same regulations. Normally, airport environments comprise a 
complex mix of emission sources including aircraft, ground support equipment, terminal buildings and 
ground vehicular traffic (see ICAO Doc 9889). In the context of SESAR, in most cases only exhaust 
emissions resulting from jet-fuel consumption can be estimated and only these are considered therefore. 
The logical PI (performance indicator) for Local Air Quality should normally be the geographic distribution 
of pollutant concentrations around the airport. This is a complex assessment, which requires modelling 
the dispersion of pollutants and accounting for the typical airport emission sources when developing 
emissions inventories. The airport emissions sources include both aircraft (SESAR) and non-aircraft 
sources (outside SESAR), classified according to the four groups summarized below: 

• Aircraft: Aircraft main engines, APU, Brakes and tyres 
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• Ground equipment: Ground power units, Ground support equipment, Airside vehicles, Aircraft 
de-icing 

• Infrastructure: Power plants, Kerosene storage and distribution, Fire training, Surface snow 
removal, Aircraft and vehicle maintenance, Airport building construction and maintenance and 
cleaning 

• Access traffic-parking: Access traffic for passengers and workers and freight, Car park emissions 

2.5. Socio-Economic 

2.5.1. Key Performance Indicators 

Most of the previous studies and projects focus on the socio-economic impact assessment with respect 
to the positive impacts of the transportation services. However, the significant issue to assess also indirect 
impact such as public opinions about acceptance of automation in cities. Increasing public acceptance 
may be done when the service would be able to reduce the emissions, travel time or fuel consumption. 
The Drive2theFuture project’s goals focus on them. The project considers: “changes in users’ and 
stakeholders’ view of automated functions”, “changes in modal shifts and use of collective transport”. 
Furthermore, the Drive2theFuture aims a significant advancement to promote the creation of new jobs 
in the transportation sector and to minimize the costs in public or freight transport. The following Table 
8 is representing the socio-economic relevant KPIs that are proposed in the Drive2theFuture project. 

Table 8: Socio-Economic: Expected impacts and proposed KPIs (Source: Description of Action) 

Expected impact KPI 
code 

KPI 

Users’ view of automated functions 
after Pilots to be much closer to actual 
performance than before  

KPI.10 User opinion/rating of AVs  

Achieve a 5% modal shift and a higher 
share of travel by collective transport  

KPI.11 % modal shift and travel time in collective transport  

Overall rating from young, elderly and 
mobility restricted people above 6 
after the Pilots  

KPI.12 Impact on elderly and mobility restricted people  

Positive Comparative CEA from Pilots 
(for most modes/Pilots) and 
automated vehicle operators  

KPI.13 Number of sales of autonomous vehicles  

Positive Comparative CEA from Pilots 
(for most modes/Pilots) and 
automated vehicle operators  

KPI.14 Consumer willingness to have and to pay for 
autonomous vehicles 

 

Many studies and projects count the impact area of socio-economic and relevant KPIs. The KPIs, which 
are related to socio-economic impacts, are interesting with respect to each transport mode that are road, 
rail, air, and maritime transports. References for the socio-economic impact area of automated vehicles 
are the following: 

1. Adam Martin, 2017  

2. Alessandro Distefano et al., 2007  

3. Assing et al, 2006  

4. Brooks et al., 2017  

5. Catalano et al., 2019  

6. Dobberstein et al., 2011  
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7. European Commission, 2018  

8. European Investment Bank, 2005  

9. Ferrer et al., 2018  

10. Geißler et al.,2012  

11. Giaccone, M. and Pomposiello, F., 2011  

12. Gühnemann et al., 2011  

13. Innamaa et al., 2017  

14. Kretschmann et al., 2015  

15. Kritzinger et al., 2013  

16. Montewka et al., 2017  

17. Philip Boucher, 2014  

18. Schechtner et al, 2018  

19. Wolfgang Gruel and Joseph M. Stanford, 2016 

Socioeconomic impacts deal with user relevant issues and costs of the transportation. Furthermore, they 
consider stakeholders’ opinions, willingness, and authorities’ perspective to management and operational 
costs. Social impact area can be sub-grouped according to the following categories: 

• Service accessibility levels are a detailed and accurate measure of the accessibility of a point to 
the public transport network, taking into account walk access time and service availability. The 
example KPIs from previous studies are vehicle-kilometres (VKM) per head of population, Non-
rail transport share in metropolitan area, etc. 

• Social satisfaction level aims to understand the users’ perspective to the public transport use with 
assessing the KPIs of Travel time savings, Strategic Delays, Reducing the risk of human life, etc. 
with measurements method of questionnaires. 

• Social equity level change is described as transport service access with fairness and respected to 
incomes, disabilities, etc. For example, Proportion of people with improved access to health 
services, etc. are the examples for evaluation. 

• Social inclusion is the process of individual’s self-realisation within a society, acceptance and 
recognition of transport service performance by social institutions, integration (through study, 
employment, volunteer work or other forms of participation) in a community. This can be 
evaluated with KPIs of Rate of acceptance measured by annual questionnaires (for drivers), 
Number of trips per week and trip type, etc. 

The economic impacts may be listed according to the following categories: 

• Accountability is an assurance that transport modes will be evaluated on their performance with 
respect to costs. For example, accountability and liability level is a KPI for assessment. 

• Competitiveness is to offer transport vehicles and services that meet the quality standards of the 
markets at prices that are competitive. Competitiveness of modes, Level of competition —pass, 
Number of rail enterprises in the country, etc. are the some KPI examples for impact assessment. 

• Cost is an amount that has to be paid or given up in order to get a transport mode. The KPIs are 
administrative and legal/court costs, changing in operating costs, changing accident cost, direct 
operating costs change, infrastructure cost change, etc. 

• Cost-Efficiency ratio is overall costs should be in proportion to the overall efficiency that they 
consider both economy and performance. KPIs are Airspace User Cost-Efficiency rate, G2G ANS 
Cost-Efficiency level, etc. 

• Benefit-Cost ratio overall relationship between transport mode relative costs and the benefits.  
(The evaluation of this sub-group is done with for example, Benefit-cost changing ratio KPI., etc.) 
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• Work time is the time period that a person and/or service spends during the operations. For 
example, Work time lost from traffic crashes, Work time gained due to ability to multitask while 
traveling, Work time gained (hours per year), etc. are the KPIs of work time. 

Several sources among those investigated focus on the impact area of socio-economic and related KPIs 
for each of the 4 transport modes. In the previous studies, the road transport sector has more information 
and relevant KPIs because road transport is quite more used transport mode and there are many studies 
to analyse, understand, and assess it. Furthermore, road transport has significantly more problems about 
socioeconomic loses (according to WHO, World Health Organization, number of deaths on roads) and it 
requires more experienced analysis and assessment to deal with these problems. But rail transport is also 
represented quite well in the references. For the air and maritime transport, the social impact parameters 
are generally not considered in detail. For instance, maritime transport has almost nothing on how social 
inclusion and/or public opinions (users’ satisfaction, social inclusion, etc.) could be assessed. The 
economic impact parameters from the references more or less provide a good perspective for the 
Drive2theFuture impact assessment works. 

Table 9: Areas of impact and Key performance indicators 

Categories Road Rail Maritime Aviation 
Service 
accessibility level 

Changing mobility 
level 

Number of 
passenger cars per 
capita 
Rail transport 
share in 
metropolitan area 
(%) 

- Strategic Delays 
 

Social 
dissatisfaction 
level 

- Travel time 
savings 
Changings in 
stakeholders’ 
opinions 

Reducing the risk 
of human life 

Driver workload 
change 

Social equity level Families income 
change 

Creation of new 
jobs 

- Economic vitality 
index change of 
target zones 

Social inclusions Measure 
satisfaction of 
users (car 
owners, bus 
passengers) 

Potential modal 
shift for increase 
of 
competitiveness 
of the rail sector 

Social and legal 
concerns 

- 

Accountability - - - Accountability 
and liability level 

Benefit-Cost ratio Benefit-cost 
changing ratio (%) 

- - - 

Competitiveness Cost change of 
purchased 
automated 
vehicle 
Labor force 
participation rate 
Number of plants 
for AV production 

Number of rail 
enterprises in the 
country 
Level of 
competition (HHI, 
sum of dummy)—
freight 

Increased 
technological 
complexity 

- 

Cost Estimate of cost 
of purchased AV 

Maintenance cost 
change 

Cash flow model 
Reduce fuel 

Changing in 
operating costs 
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Categories Road Rail Maritime Aviation 
Estimate of 
operating cost 

Changing accident 
cost 

consumption 
Reduced ship 
production cost 

Change of unit 
cost for en-route 
ANS (air 
navigation 
service) 

Cost-Efficiency 
ratio 

- - - Airspace User 
Cost-Efficiency 
rate 
 

Work time Work time gained 
(hours per year) 
Work time lost 
from traffic 
crashes 

- - - 

2.5.2. Assessment Methods 

In terms of KPIs calculation, some archived studies consider methods or examples for the socioeconomic 
impact assessment to be taken into account for the Drive2TheFuture project. However, there are not 
many various methods relevant to the Drive2TheFuture project KPIs assessment and evaluation. 
Therefore, several studies or projects may lead the way for the socioeconomic impact assessment. The 
following KPIs are evaluated in previous studies with respect to the methods: 

• Passenger-travelled kilometres 

• Freight tonne-kilometres 

• Savings of accident costs 

• Time costs 

The study of Catalana et al., 2019 focuses on the perpetual inventory method (see OECD, 2009) is the 
most widely used approach toward measuring stocks and flows of fixed assets. It requires developing a 
constant monetary measure of rail capital stocks. The study focuses on the KPIs of passenger*travelled 
kilometres and freight-ton kilometres. Starting from the earliest records, the capital stock is accumulated 
by adding new investments, deducting an assumed economic rate of depreciation, and converting these 
to constant dollars by use of rail asset price indices. Possible extraordinary maintenance of the assets is 
usually capitalized and thus should be considered as an additional asset. Another ambiguity relates to the 
book value versus the market value of assets. In principle, the actual market value of assets is the correct 
measure, however such data may not be available. In such cases book values of assets may be used. 
However, operators may not apply the international accounting standards, being unable to determine the 
fair values of their assets. In such cases, since, depreciation reflects just a nominal amount of the assets 
value yearly consumed in the production process, it is appropriate to apply the current cost accounting 
method where current market value of the assets is obtained by multiplying the gross book value of assets 
by a suitable deflation index, depending on the age of the asset. 

eIMPACT project (Assing et al., 2006) provides information about KPIs of savings of accident costs and 
time costs. The project considers that a final goal of the assessment methodology is to perform a socio-
economic impact assessment of a set of Intelligent Vehicle Safety Systems (IVSS). Hence, a comprehensive 
standardized methodology is needed in order to come up with coherent results for the socioeconomic 
impact of IVSS in pre-selected target years. Generally, the evaluation process follows a multi-step 
procedure which can be explained in a simplified way as follows: 

1. The process starts with the IVSS market introduction. 
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2. The use of the systems will influence road transport in terms of e.g. safety, efficiency, and 
environmental friendliness. Besides that, there are also impacts beyond road transport to be 
considered, i.e. impacts on the general economy. 

3. In the next step, the impacts will be assessed in socio-economic terms (e.g. savings of accident 
costs, time costs) 

On the level of the overall society, the socio-economic impact assessment can make use of different 
methodological approaches. Depending on the goal dimensions (one goal / several goals) and the degree 
of impact appraisal, three methodological approaches can be broadly distinguished: 

• Cost-benefit analysis (CBA, is a way to compare the costs and benefits of an intervention, where 
both are expressed in monetary units), 

• Cost-effectiveness analysis (CEA, where the costs of alternative ways of providing similar kinds of 
output are compared), 

• Multi-criteria analysis (MCA, is a decision-making analysis that evaluates multiple (conflicting) 
criteria as part of the decision-making process). 

2.6. Policy and Regulatory 

2.6.1. Key Performance Indicators 

The implementations and developments should have several legislative issues that are associated with 
automation in transport vehicles for civil, military, and/or commercial liability for the security, privacy, 
and cybercrime reasons. The EU member states already have some regulations, and policies with respect 
to the European Commission (EC) Regulation (EU COM(2018) 283 final), and plans for the adaptation of 
AVs (Autonomous Vehicles) to the cities (Horizon2020). The European Commission focuses on the 
creation of some adaptation plans of AVs with a declaration of new or improved laws, licensing, liability, 
insurance, etc. with good cooperation to each member state. In this direction, Drive2theFuture aims to 
investigate the correlation of user acceptance with the legal and regulatory framework, pieces of training 
of users, definitions of AV clusters, and several settings of the optimization of HMI (Human-Machine 
Interface) of AVs. The proposed KPI list is shown in the following Table 10. 

Table 10: Policy and Regulatory: Expected impacts and proposed KPIs (Source: Description of action) 

Expected impact KPI 
code 

KPI 

ESoP draft accepted by at least 2/3rds 
of external experts participating in the 
WP8 workshop of Month 33 and 
endorsed by at least 8 relevant 
European Associations. Roadmap and 
terminology endorsed by at least 5 
stakeholders organisations 
participating in the project (UITP, FIA, 
IRU, HUMANIST, WEGEMT, EURNEX) 
and 5 more (external to the project), 
while receiving positive opinion of 
legislators at EU level (EU Parliament, 
EC DGs).  
 

KPI.20 Number of key stakeholders’ organisation adopting 
the project ESoP (European Statement of Principles) 
and Roadmap and using the proposed terminology  
 

 

The references, that are studies and projects, can provide some KPIs for the impact area of policy and 
regulatory. The KPIs give quite good information with respect to each transport mode. However, there 
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are not many studies and projects to support the literature review about the policy and regulatory impact 
area. References for the policy and regulatory impact area of automated vehicles are listed in the 
following: 

1. Adam Martin, 2017  

2. Assing et al, 2006  

3. Catalano et al., 2019  

4. Giaccone, M. and Pomposiello, F., 2011  

5. Innamaa et al., 2017  

6. Kretschmann et al., 2015  

7. Kritzinger et al., 2013  

8. Montewka et al., 2017  

9. Philip Boucher, 2014  

10. Schechtner et al., 2018  

11. SWOV, 2002 

The policy and regulatory impact area interests in legislative issues and possible laws with respect to new 
technologies on autonomous vehicles. Newer technologies need to have new policies to support 
transport modes and new regulations to protect the rights (such as privacy) of citizens and businesses. 
Therefore, policy related impacts are grouped to understand more deeply according to the following 
categories: 

• Stakeholders represents people and/or organisations that are interested in autonomous 
transport modes. To assess this, Expectations level of stakeholders, Influence rate of stakeholders 
by type, Number of suppliers and insurance companies, Type of public bodies etc. are the KPIs 
that are found in previous studies. 

• Product liability is defined as laws or rules for manufacturers, distributors, suppliers, and 
operators. 

The second part of the impact area that is regulatory related impacts can be listed according to the 
following categories: 

• Regulations, directives, and other acts are described as regulations have binding legal force 
throughout every authority and enter into force, and directives lay down certain results that must 
be achieved but authorities are free to decide how to transpose directives into the transport 
modes.  For example, Number of regulations and directives is a KPI to monitor the impact of 
automation on the regulatory system. 

The policy and regulatory impacts and relevant KPIs are less considered and included in the previous 
studies, however, there are quite number of KPIs that are found (Table 11). Especially, road transport has 
some indicators about how it could be analysed the public authorities’ perspectives and possible 
directives or laws according to the EU targets and implementations on automation. Other transport 
modes have laws and directives about privacy and security, however, there is quite a big lack of 
experience about automation in transport services and application in cities. On the other hand, in the 
other transport modes there are laws and directives addressing privacy and security issues in transport 
but regulations on transport automation are missing. The assessment methods, KPIs and relevant 
variables, and the trend of automation in the EU are not shown and understandable in the references. 
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Despite the work done so far4, the EU and member states are still working on the regulations and policies 
for the future of automation in Europe. The reason for this may be the novel sector of transport 
automation and many European cities and/or member states have no experience with it. The automation 
is under-development and so the member states and local authorities are still trying to analyse and 
understand it. 

Table 11: Areas of impact and Key performance indicators 

Categories Road Rail Maritime Aviation 
Stakeholders Number of grants 

Number of 
suppliers and 
insurance 
companies 

EU directive or 
national regulation 
on manager 
behavior 
Number of 
employees per 
train-km 
Type of public 
bodies (regional, 
national, . . .) 

- - 

Product liability - - Areas of potential 
liability - Liability 
analysis 

- 

Regulations, 
directives, and 
other acts 

Number of lanes 
and lane widths 
of roads 
(standards) 
Number of 
regulations, 
directives and 
other acts 

Independent 
management from 
government (level 
of autonomy) 

Legal concerns 
Automated 
manning 

Changing in Law 
Enforcement 
Representations 
of the 
Relationships 
between Civil and 
military Drones 

Acts (laws) 
oriented to AV 
support 

Number of acts 
(laws) oriented to 
AV support, 
utilisation, and 
deployment 

Investment rate 
(CAPEX/revenue) 

- - 

 

2.6.2. Assessment Methods 

References do not include indicators related to policy and regulatory impact area. The reason for this lack 
can be that automation technology is a new issue and transport modes are dealing with it since the 
beginning of the 21st century. However, the more efficient and more useful assessments can be obtained 
with a new type of KPIs that are defined by some questionnaires that are done by authorities, operators, 
users, and producers together. Furthermore, the following KPIs can be evaluated by a calculation method 
found in previous studies: 

• number of unmanned aircraft using their systems 

• number of operators 

 

 

4 See regulations for testing AVs. E.g.: https://assets.kpmg/content/dam/kpmg/tw/pdf/2018/03/KPMG-
Autonomous-Vehicle-Readiness-Index.pdf 

https://assets.kpmg/content/dam/kpmg/tw/pdf/2018/03/KPMG-Autonomous-Vehicle-Readiness-Index.pdf
https://assets.kpmg/content/dam/kpmg/tw/pdf/2018/03/KPMG-Autonomous-Vehicle-Readiness-Index.pdf
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The study “(Un)certain Skies? (Schechtner et al., 2018)” provides an evaluation method for some KPIs 
about the regulatory framework. It aims to better monitor whether or not unmanned aircraft violate 
regulations, China has created an unmanned aircraft cloud (to control flight operations of an unmanned 
aircraft; acquire flight information and position information of the unmanned aircraft, and provide 
updates to the lower level server regarding the flight information and position information of the 
unmanned aircraft on the other hand, it evaluates the amount of aircrafts which enter the airspace) that 
monitors the activities of all unmanned aircraft in that country (Wei et al., 2016). The cloud is usually 
passive, collecting data on location, speed and altitude. However, China has geofenced certain areas 
where unmanned aircraft operations are prohibited. Unmanned aircraft weighing more than 4 kg empty 
or more than 7 kg with payload are also required to have “geofencing” software on board that would 
sound an alarm to the operator should the unmanned aircraft enter a prohibited area. The unmanned 
aircraft cloud is a cornerstone of how China intends to manage the operation of the over 20 000 
unmanned aircraft currently flying there. The cloud is not intended to be a monopoly as multiple providers 
can offer their own version of the cloud. Chinese regulations specify the requirements of a cloud provider, 
who must meet the requirements of the civil aviation authority of China as well as local authorities and 
the military. Cloud providers are also required to supervise, record, and monitor the pilots and operators 
of unmanned aircraft and must report the following to the civil aviation authority every six months: 
number of unmanned aircraft using their systems, number of operators, technology improvements, 
difficulties, accidents and incidents. Several countries including Sweden and the United Arab Emirates 
have adopted the most permissive approach to drones and have designed licensing regimes to accompany 
the use of experimental operations. 

2.7. Conclusion 

According to the Literature Review, the main differences among the impact areas are missing KPIs for one 
or more transport modes, and non-sufficient KPIs’ assessment methods. These lacks are a big challenge 
for the literature review because the target is to provide additional KPIs or impact assessment methods 
for the proposed Drive2theFuture project. The analysis of references gives the “Policy & Regulatory” 
impact area has quite bad information about potential KPIs and impact assessment methods for the 
Drive2theFuture project. However, “Safety & Security” impact area is considered quite good in the 
references. During the review, 28 references are coded with respect to the transport modes: 

• 11 references for “Road Transport” 

• 6 references for “Rail Transport” 

• 9 references for “Air Transport” 

• 2 references for “Maritime Transport” 

Moreover, the references are addressing each impact areas that are listed in the following: 

Table 12: Summary of references per impact are and mode 

Transport 
Mode 

Safety & 
Security 

Environment & 
Traffic Efficiency 

Market Penetration 
& User Acceptance 

Socio-
Economic 

Policy & 
Regulatory 

Air 7 5 2 6 2 

Maritime 2 2 2 2 2 

Rail 4 5 1 5 2 

Road 9 8 6 6 4 

 

Based on this literature review, it was possible to define a first list of potentially relevant KPIs for each 
considered impact area. This list has then been considered in A6.2 for KPI prioritization and the KPI results 
are the following with respect to each impact area: 

Safety 
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• Rate of accidents caused by human errors 

• Rate of accidents caused by machine errors 

• Number of single-vehicle & multi-vehicle accidents 

• Number of persons killed, seriously injured, slightly injured per 100 accidents 

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

• Frequency of emergency stops  

• Frequency of conflicts. Number of traffic conflicts that could lead to an accident, where TTC 
between 2 vehicles is less than 2 seconds 

Security 

• Data protection level 

• Number of attacks due to cyber security breaches 

• Number of traffic violations 

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

Environment 

• Greenhouse gas (GHG) emissions (in kt) within measurement period 

• Average daily vehicle consumption of energy 

• Estimation of environmental impacts (climate change) 

• Impact on space and land use 

• Local air quality 

• Overall traffic volume 

Traffic Efficiency 

• Vehicle density in congested roads for efficiency of traffic flow and infrastructure capacity 

• Number of users per vehicle (AVs+MaaS) 

• Public Transport reliability (e.g. departure punctuality) 

• Traffic congestion change 

• Average commercial speed of AV 

User Acceptance 

• Vehicle operators’ acceptance on a user acceptance scale 

• Comparative WTH/WTP before/after the pilots 

• User acceptance after hands-on experience of AVs 

• Accessibility for all users 

• Feeling of safety 

• User perception of privacy 

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

• Comfort and stress levels of users 

Market Penetration 

• Number of sales of AVs 

• Number of cars that belong to a specific SAE level 

• Total miles/km spent in automated mode 

Socio 

• User opinion/rating of AVs 

• Overall rating of AVs from young, elderly and mobility restricted people 
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• Average passenger-km travelled per day 

• Average number of passenger trips per day 

• % modal shift and travel time in collective transport 

• Travel time savings 

Economic 

• Estimate of cost of purchased AV 

• Operating costs - Yearly cost of the personnel 

• Maintenance costs (vehicle yearly costs, control system, infrastructure) 

• Operating revenue 

• Estimate of training course costs 

• Transport cost savings 

• Infrastructure cost change 

Policy 

• Expectation level of stakeholders 

• V2I (Vehicle To Infrastructure) used by automation 

• Size and weight implications of changed fleet composition 

Regulatory 

• Number of laws or to AV support, utilization, and deployment 

• Amount of financial support in euro 

• Areas of potential liability 
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3. Scenarios, Pilots and Impact Mechanisms 

The Drive2theFuture pilots entail both mobility and logistics solutions. For the evaluation of these 
solutions, different sets of stakeholder groups can be defined. Therefore, we define 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. 

In this section, the scenarios for both mobility and logistics will be described that are based on the pilots. 
The evaluation of the scenarios will be done by relevant stakeholders in the mobility and logistics sector. 

3.1. Mobility pilots and scenarios 

In this section, an overview of all mobility scenarios is given based on the technical description of the 
pilots. Business as usual (BAU) is included as the scenario that reflects the current situation in a setting 
and where there is no integration of AVs.  

Table 13: Overview scenario and pilot matching - mobility 

Drive2theFuture scenario 1A: Privately owned automated car (min level 3) 

Pilot: RO-2 level 3 passenger car on real road test areas Baden-Wuerttemberg (Germany); RO-3 level 3 
passenger car on Versailles test track (France); RO-4 level 2 & 3 passenger car real road in Warsaw 
(Poland). 

Drive2theFuture scenario 1B: Privately owned connected and cooperative private cars (level 1-3) 

Pilot: RO-2 level 3 passenger car on real road test areas Baden-Wuerttemberg (Germany); 
RO-7 traffic management center for real world connected operations testing (Rome) 

Drive2theFuture scenario 2: Automated ride sharing (min level 4) 

Pilot: RO-4 level 4 car on safe driving track in Warsaw (Poland).  

Drive2theFuture scenario 3: First/last mile feeder (min level 3) 

Pilot: RO-1 level 4 automated shuttle bus on real roads in Oslo (Norway); RO-5 level 4 automated shuttle 
bus operating on real roads in Vienna (Austria); RO-6 level 4 automated shuttle bus operating on real 
roads in Brussels (Belgium); MA-1 automated workboats in the archipelago of Faaborg (Denmark). 

Drive2theFuture scenario 4: Mass rapid transit (min level 3) 

Pilot: RO-8 moving-base bus/truck simulator in Linköping (Sweden); RA-1 rail simulator of several types of 
passengers and freight trains in Linköping (Sweden); RA-2 rail simulator in Berlin (Germany) 

 

3.1.1. Business as usual (BAU) 

Current traffic system with non-automated passenger cars and non-automated public transport services. 
Efficient high capacity PT network with high capillarity and frequency operated by train, metro, tram and 
bus in dense urban areas.  

3.1.2. Scenario 1A 

Privately owned automated cars. 

VEHICLE NEEDS 

Vehicle designed for high comfort operating at automation level 3, equipped to the personal taste of the 
owner. 

DESCRIPTION 

Automated highway functionality, i.e. the vehicle is trained on specific sections, which results in 
automated driving on pre-defined routes. In case of emergency or outside these environments and 
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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.  

3.1.3. Scenario 1B 

Privately owned connected and cooperative private cars. 

VEHICLE NEEDS 

Vehicle designed for high comfort operating at automation level 1 and 2, equipped to the personal taste 
of the owner. 

DESCRIPTION 

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.   

3.1.4. Scenario 2 

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.  

VEHICLE NEEDS 

High comfort, level 4 if limited to a certain area, outside this area, the vehicle would need to drive 
manually or would need level 5 automation. 

DESCRIPTION 

This service would work as an on-demand, shared service with dynamic routing. The ride can be booked 
by multiple passengers to travel between convenient points. It is an on-demand service, where the user 
requests the AV and after the AV has been assigned, the user gets picked up at their location. The route 
is dynamic, intermediate stops for picking up other passengers are possible. Total deviation time should 
be no more than 10 minutes and average waiting time also around 10 minutes. 

  

3.1.5. Scenario 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.  

VEHICLE NEEDS 

Mixed traffic, low-floor, ramp, space for stroller/luggage/wheelchair at automation level 3-4. 

DESCRIPTION 

This shared service acts as a feeder service to public transport for the first/last mile. The vehicles follow a 
fixed route to or from public transport stations with the possibility to implement on-demand stops or 
fixed stops. The service operates in parallel to high capacity public transport. Depending on the area, the 
service operates on a fixed line with fixed stops or can serve as an on-demand service, where the user 
requests a pick-up at the nearest stop. Lines can operate on low-demand bus lines and extensions of those 
lines, within a 2-3km radius of an MRT (mass rapid transport) station (for example a metro or train 
station).  

3.1.6. Scenario 4 

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

High-capacity rail vehicles or buses, ramp at automation level 3-4. 

DESCRIPTION 

This mass rapid transit (MRT) vehicle would follow a fixed route on a reserved lane. The shared service 
would have fixed stops and operate at high frequency. Service operates on fixed lines with fixed stops and 
follows a fixed time scheme. It is not an on-demand service, the user can only get on and off at the fixed 
stops. Service covers the main axes of a large city area and connects inhabitants with main the public 
institutions and spaces (schools, shopping street, municipality, swimming pool, sports centre, etc.). 

3.1.7. Impact area for evaluation per stakeholder group  

The deployed scenarios in the project consider both privately owned connected and autonomous vehicles 
as well as shared autonomous vehicles and automated public transport solutions. A first set of stakeholder 
groups that should be involved for the mobility scenarios will thus be the users, the public transport 
operators and the local authorities (Zak, 2011). Next, mobility service providers offering car-sharing or 
ride-sharing services should be included as an important actor for the urban mobility (Chan, 2017). Lastly, 
original equipment manufacturers or more generally, the automotive industry (see A1.1)  

In the multi-actor multi-criteria (MAMCA) analysis, stakeholder objectives are taken into account in the 
evaluation process. Objectives are translated into criteria (here the criteria a linked to the impact areas 
from WP6.1), and each criterion is given a weight to express its relative importance or priority.  

Table 14: Overview stakeholders and impact areas - mobility 

Impact areas Users PTOs 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     

 

3.2. Logistics pilots and scenarios 

In this section, an overview of the logistics scenarios is given based on the technical description of the 
pilots and AV literature. Urban transport is perceived in literature as one of the most interesting and 
promising fields for autonomous vehicles. As the loads are smaller and the distances shorter, a shift to 
electric autonomous vehicles would be easier than for long-haul freight transport (Bucsky, 2018). Also, 
the last mile freight transport in cities could be integrated with passenger transport. The AV could serve 
for both passenger and freight transport at the same time, or transport packages on off-peak times for 
passenger transport. This could lead to a higher efficiency rate overall (Pimentel & Alvelos, 2018). 
Therefore, even though there is no pilot explicitly testing this out, a shared freight-passenger transport 
scenario is included in the analysis. 

Business as usual (BAU) is included as the scenario that reflects the current situation in a setting and 
where there is no integration of AVs.  
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Table 15 Overview scenario and pilot matching - logistics 

Drive2theFuture scenario 1: Automated freight transport last-mile delivery (air)  

Pilot: AV-1 professional automated drone operations in Rome (Italy) 

Drive2theFuture scenario 2: Automated freight transport last-mile delivery – shared with passenger 
transport (road) 

Pilot: potentially all road pilots 

Drive2theFuture scenario 3: Automated freight transport long-haul (rail) 

Pilot: RA-2 rail simulator in Berlin (Germany) 

Drive2theFuture scenario 4: Automated freight transport long-haul (road) 

Pilot: RO-8 moving-base bus/truck simulator in Linköping (Sweden) 

 

3.2.1. Business As Usual (BAU) 

Current delivery system with non-automated freight vehicles. The last mile delivery is at present mostly 
served through road vehicles (Bucsky, 2018), so this is also assumed in the business as usual. For the 
business as usual long-haul transport, both non-automated trucks and trains are considered.   

3.2.2. Scenario 1 

VEHICLE NEEDS 

Electric unmanned air vehicle (drone) designed for freight delivery operating at automation level 4 with 
remote operator.  

DESCRIPTION 

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. Delivering with drones will mostly be faster than delivering with 
traditional delivery vehicles. Also, maintenance of drones is in general less expensive than traditional 
delivery vehicles (Dorling, Heinrichs, Messier, & Magierowski, 2017). The location of the drone is 
determined through GPS and obstacles are avoided with the help of sensors. A remote operator is 
available if necessary.  

3.2.3. Scenario 2 

VEHICLE NEEDS 

Automated ride-sharing vehicle for passenger and freight transport with dynamic routing based on the 
passenger needs and package routes. Level 4 if limited to a certain area, if not there is a (remote) operator 
available or the vehicles can be guided to the AV area by a manually operated vehicle (MV) (Scherr, 
Neumann Saavedra, Hewitt, & Mattfeld, 2019).  

DESCRIPTION 

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. LSPs can use level 4 AVs to deliver parcels within an AV area, from the 
depot to the AV area or between AV areas an MV can navigate AVs in a platoon on the roads (Scherr et 
al., 2019). Pooled parcel and passenger transport can be used in a C2C and B2C context. Passenger and 
parcel requests can be pooled in a mixed-purpose compartmentalized SAV. The SAV fleet operator can 
direct AVs to pick up on parcel delivery demands from private costumers or local business during the off-
peak hours or passenger transport (Beirigo, Schulte, & Negenborn, 2018). 
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3.2.4. Scenario 3 

VEHICLE NEEDS 

High-capacity rail vehicles with automation level 4 and a remote operator.   

DESCRIPTION 

Highly automated and highly connected long-distance freight transport. High capacity autonomous rail 
transport operated under remote central supervision. Human remote intervention and vehicle control 
are possible in case of a technical issue or an emergency situation.  

3.2.5. Scenario 4 

VEHICLE NEEDS 

High-capacity road vehicles operating on fixed routes with automation level 4 and a remote operator.   

DESCRIPTION 

Autonomous road transport is operated on the highway allowing for optimization of platoon structures. 
High capacity autonomous trucks could possibly be operated on a dedicated lane to mitigate safety 
concerns (Maurer, Christian, Lenz, & Winner, 2016). 

3.2.6. Impact area for evaluation per stakeholder group 

Based on previous freight transport studies, the stakeholder groups are determined for the different 
scenarios (Buldeo Rai, Verlinde, Merckx, & Macharis, 2018; Macharis, Milan, & Verlinde, 2014). A first 
obvious stakeholder group for freight transport are the users of the freight services, which are the senders 
and receivers. Next, there are the logistic service providers who are contracted by the senders to deliver 
the products. Further stakeholders are the local authorities and the citizens. Literature confirms that 
these 5 stakeholder groups are the main stakeholders in urban freight transport (Verlinde & Macharis, 
2016).   

Table 16: Overview stakeholders and impact areas - logistics 

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 

 
 

3.3. Relevant impacts by pilot and scenario  

In Drive2TheFuture a comprehensive impact assessment will be undertaken with a specific focus on users’ 
acceptance of AVs.  

It is important that the impacts are considered not only to the user of a system, but also considering a 
wider scale. In order to understand the potential impacts of the pilots, a systematic analyses considering 
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the impact mechanisms suggested by the Trilateral Study (Innamaa et al., 2017) is undertaken for each 
pilot. These nine mechanisms are the following: 

1. Direct modification of the driving task, drive behaviour or travel experience 
2. Direct influence by physical and/or digital infrastructure 
3. Indirect modification of AV user behaviour 
4. Indirect modification of non‐user behaviour 
5. Modification of interaction between AVs and other road‐users 
6. Modification of exposure / amount of travel 
7. Modification of modal choice 
8. Modification of route choice 
9. Modification of consequences due to different vehicle design 

 

The approach, initially developed to assess road AVs related applications, has been considered sufficiently 
general to be applied to the other transport modes. In the following chapters the results of this exercise 
are reported focusing on the potential impacts of the project solutions tested in a pilot. 

3.3.1. Pilot RO1 

3.3.1.1. Description 

Pilot RO1 is an AV-shuttle service run in Oslo city centre, Norway (Mobility Scenario 3). 

The main objective of pilot RO1 is to investigate how other road users interact with the self-driving bus 
and to identify any safety critical situations and scenarios along the route. More specifically, in the 
Drive2TheFuture project the focus will be on safety critical situations related to overtaking of the AV 
shuttle by cyclists and other road users and how these can be resolved by means of an external 
HMI/training combination. The HMI/training combination is aimed at informing, instructing other road 
users interacting with the shuttle to overtake at safe locations and how to overtake the shuttle. 

3.3.1.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO1. Besides some 
mechanisms common to the mobility scenario 3, a number of pilot specific mechanisms have been 
identified and highlighted in yellow. Every mechanism may result in either positive or negative impacts. 
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Table 17: RO1 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification 
of the driving 
task, driver 
behaviour or 
travel 
experience  

Impact on crashes due to 
changes due to speed of 
the vehicle, reaction time 
of the safety pilot on 
manual take-overs, 
situational awareness in 
autonomous mode. 
Impact on crashes/time to 
collision due to the safety 
system of the vehicle. 

  Impact on energy 
consumption in 
autonomous mode due 
to efficient driving 
system compared to 
manual mode. 

Impact on traffic 
efficiency due to 
lower speed of 
the vehicle. 

  Impact on user 
acceptance due to 
changes in travel 
experience, 
comfort, stress, 
nausea, possibility 
for non-driving 
related activities, 
feeling of safety, 
compressibility of 
user interface 

Potential impact 
on the time of the 
work task gained 
due to the ability 
to multitask while 
driving 

Potential impact on 
policy due to the 
new ‘driving’ task of 
the safety operator. 

2 

Direct 
influence by 
physical 
and/or digital 
infrastructure  

Potential impact on road 
safety due to connectivity 
issues (4G, GPS-
localisation) 

    Potential impact 
on traffic due to 
connectivity 
issues (4G, GPS-
localisation) 

  Potential impact on 
user acceptance 
due to connectivity 
issues (4G, GPS-
localisation) 

Impact on the cost 
of the 
infrastructure for 
the deployed 
system 

  

3 

 Indirect 
modification 
of AV user 
behaviour  

Impact on safety due to 
changes in the driver 
behaviour such as 
sleepiness/distraction 
during autonomous 
mode.  

          Potential impact 
on ‘driving’ tasks 
of the safety 
operator due to 
change in driving 
skills and 
valuation of time 
(i.e. more 
transport service-
related tasks) 

  

4 

Indirect 
modification 
of non‐user 
behaviour  

Impact on crashes due to 
the fact that other road 
users overtake the vehicle 
because of the low speed 
(could lead dangerous 
traffic situations) 

    Potential impact 
on traffic 
efficiency due the 
fact that other 
road users 
overtake the 
vehicle because of 
low speed 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

5 

Modification 
of interaction 
between AVs 
and other 
road‐users 

Impact on 
pedestrian/cyclists safety 
because other road users 
might not well 
interpretate the 
behaviour of the AV due 
to absence of informal 
rules or non-verbal 
communication 

  Potential impact on 
emissions due to 
congested traffic when 
other road users 
(pedestrians/cyclists) 
are interacting with 
the AV  

Impact on traffic 
efficiency due to 
congested traffic 
when other road 
users are 
interacting with 
the AV 

  Potential impact on 
other users 
(cyclists) 
acceptance due to 
interaction 
problems or 
difficulties with the 
AV 

    

6 

Modification 
of exposure / 
amount of 
travel  

Impact on safety due to 
change in exposure time. 
Compared to a 
conventional bus the 
speed is lower thus trips 
might last longer 

        Expected impact on 
the number of 
journeys, e.g., due 
to impact on 
comfort and ability 
to travel 

    

7 
Modification 
of modal 
choice  

    Potential impact on 
emissions due to mode 
selection (e.g. public 
transport + feeder 
instead of car usage) 

Potential impact 
on traffic 
efficiency due to 
mode selection 
(e.g. public 
transport + feeder 
instead of car 
usage) 

Potential impact on 
market penetration 
due to mode 
selection (e.g. public 
transport + feeder 
instead of car usage) 

Potential impact on 
user acceptance 
due to mode 
selection (e.g. 
replacing walking 
by use of AV) 

  Potential impact on 
policy due to modal 
selection (e.g. 
subsidizing of AV) 

8 
Modification 
of route choice  

          
  

    

9 

Modification 
of 
consequences 
due to 
different 
vehicle design 

Impact on in-vehicle 
safety of the passengers 
due to emergency brakes.   
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3.3.2. Pilot RO2  

3.3.2.1. Description 

Pilot RO2 is a test area for privately owned cooperative, connected and automated cars run in Karlsruhe, 
Germany (Mobility Scenarios 1A and 1B). A digitalized pilot site (“digital twin”) of the test area will also be used. 

The main research focus of pilot RO2 is the interaction of automated vs. non-automated cars towards VRUs with 
focus on 2 research questions:  

• 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?  

• Does VR-based training increase pedestrians’ acceptance and confidence towards an automated 
vehicle? 

3.3.2.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO2. Besides some mechanisms 
common to the Mobility Scenarios 1A and 1B, a number of pilot specific mechanisms have been highlighted in 
yellow. Every mechanism may result in either positive or negative impacts. 
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Table 18: RO2 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic 
Policy & 

Regulatory 

1 

Direct 
modification of 
the driving 
task,  driver 
behaviour or 
travel 
experience  

Impact on crashes 
due to changes in 
situational 
awareness in 
autonomous mode. 
Impact on 
crashes/time to 
collision due to the 
safety system of 
the vehicle. 

  Impact on energy 
consumption in 
autonomous mode 
due to efficient 
driving system 
compared to 
manual mode. 

    Impact on user 
acceptance due to 
changes in travel 
experience, 
comfort, stress, 
nausea, possibility 
for non-driving 
related activities, 
feeling of safety, 
comprehensibility 
of user interface 

Potential Impact on 
the time of the 
worktask gained 
due to the ability to 
multitask while 
driving 

Potential impact on 
policy due to the 
new ‘driving’ task.  

2 

Direct influence 
by physical 
and/or digital 
infrastructure  

Potential impact on 
road safety due to 
connectivity issues 
(4G, GPS-
localisation) 

Potential impact on 
security due to 
software/system 
hacking.  

  Potential impact on 
traffic due to 
connectivity issues 
(4G, GPS-
localisation) 

  Potential impact on 
user acceptance 
due to connectivity 
issues (4G, GPS-
localisation) 

Impact on the cost 
of the 
infrastructure for 
the deployed 
system 

 

3 

 Indirect 
modification of 
AV user 
behaviour  

Impact on safety 
due to changes in 
the driver 
behaviour such as 
sleepiness/distracti
on during 
autonomous mode.  

             

4 

Indirect 
modification of 
non‐user 
behaviour  

               

5 

Modification of 
interaction 
between AVs 
and other road‐
users 

Impact on road 
safety because 
other road users 
test out the 
functionalities of 
the vehicle (e.g. 
pedestrians test 
out emergency 
stops) 

  Potential impact on 
emissions due to 
congested traffic 
when other road 
users are 
interacting with the 
AV  

Impact on traffic 
efficiency due to 
congested traffic 
when other road 
users are 
interacting with the 
AV 

  
 

 

 

 
 

Potential impact on 
user acceptance 
due to interaction 
problems or 
difficulties with the 
AV 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic 
Policy & 

Regulatory 

6 

Modification of 
exposure / 
amount of 
travel  

      impacts (via change 
in vehicle 
miles/kilometres 
travelled or hours 
travelled) on the 
number of 
journeys, e.g., due 
to impact on 
comfort and ability 
to travel 

       

7 
Modification of 
modal choice  

    Potential impact on 
energy 
consumption due 
to mode selection 
(e.g. due to more 
VKT) 

Potential impact on 
traffic efficiency 
due to mode 
selection (e.g. due 
to more VKT) 

Potential impact on 
market penetration 
due to mode 
selection (e.g. due 
to more VKT) 

Potential impact on 
user acceptance 
due to mode 
selection (e.g. 
replacing walking 
by use of AV) 

  Potential impact on 
policy due to modal 
selection (e.g. 
subsidizing of AV) 

8 
Modification of 
route choice  

          
  

   

9 

Modification of 
consequences 
due to different 
vehicle design 

Impact on in-
vehicle safety of 
the driver and 
passengers due to 
emergency brakes.   

  Impact on 
emissions and 
noise pollutions 
due to the electric 
vehicle design 
(impact on tailpipe 
emissions)  

Impact on traffic 
efficiency due to 
emergency brakes  

    Impact on the cost 
of the vehicle, 
purchase costs as 
well as 
maintenance cost  
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3.3.3. Pilot RO3A  

3.3.3.1. Description 

Pilot RO3A matches a privately owned automated cars scenario (Mobility Scenario 1A). It is run in Satory test 
track located in Versailles Satory, France. 

The main aim is to test and evaluate a training program for AV drivers using a wizard of Oz vehicle simulating a 
level 4 automated vehicle. 

3.3.3.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO3A. These are pilot specific 
mechanisms and have been highlighted in yellow. Every mechanism may result in either positive or negative 
impacts. 
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Table 19: RO3A impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving 
task, driver 
behaviour or 
travel 
experience  

Better comprehension 
and use of the 
automated mode, 
especially at the early 
stage for trained 
drivers. Less speed 
changes, lateral 
deviation and more 
appropriate decision 
(i.e. braking, avoiding or 
accelerating) during the 
takeovers. On longer 
trips, drivers may get 
distracted or drowsy, 
which may increase the 
risks during takeover 
phases. 

Reduced 
number of 
accident 
due to 
human 
errors at 
early 
stages for 
trained 
drivers. 

Higher trust and 
acceptance may 
contribute to 
more extensive 
use of AD, which 
will be more 
efficient than 
human driving in 
terms of energy 
consumption 

  Trained drivers may have 
higher trust and 
acceptance levels, which 
may increase the 
willingness to pay and 
the intention of use. On 
the other hand, 
understanding vehicle 
limitations may also 
reduce its use 

Better acceptance and 
trust towards the AV 
after the takeover 
requests as drivers are 
able to understand 
vehicle limitations and 
are more familiar with 
this kind of manoeuvre. 
With experience, drivers 
may also find the 
benefits of L3 AV not 
sufficient in certain 
conditions, and return to 
manual driving most of 
the time 

    

2 

Direct 
influence by 
physical and/or 
digital 
infrastructure  

                

3 

 Indirect 
modification of 
AV user 
behaviour  

Trained drivers may 
choose to take over 
when they anticipate 
the limitations of AD 

    Smoother 
transitions 
between manual 
and automated 
mode after 
training, which may 
avoid the creation 
of traffic 
congestion 

        

4 

Indirect 
modification of 
non‐user 
behaviour  
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

5 

Modification of 
interaction 
between AVs 
and other 
road‐users 

                

6 

Modification of 
exposure / 
amount of 
travel  

                

7 
Modification of 
modal choice  

                

8 
Modification of 
route choice  

Prioritization of 
highways and roads 
able to support 
automated driving 
instead of using it on 
unadapted roads at the 
early stage 

        

  

    

9 

Modification of 
consequences 
due to 
different 
vehicle design 
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3.3.4. Pilot RO3B  

3.3.4.1. Description 

Like pilot RO3A, RO3B is a privately owned automated cars scenario (Mobility Scenario 1A). It is run in Satory 
test track located in Versailles Satory, France. 

The main objective of RO3B is to study the AV “driver” behaviour when facing an emergency avoidance 
manoeuvre operated by an automatism and to design dissemination materials showing the efficiency of the 
automatic critical manoeuvre intervention. 

3.3.4.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO3A. These are pilot specific 
mechanisms and have been highlighted in yellow. 

 



 

D6.1: Impact assessment framework, project KPIs and their prioritisation 

October 2020 49 
 

Table 20: RO4 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving task,  
driver behaviour 
or travel 
experience  

Impact on crashes due to 
reaction time of the driver 
when facing an emergency 
avoidance. 
Impact on time to collision 
due to driver 
behaviour/reaction  

    Potential impacts on 
traffic efficiency due 
to driver emergency 
avoidance 
manoeuvres   

  Potential impact on 
user acceptance due to 
travel safety feelings 
when facing an 
emergency avoidance.  

  Impacts on protocols 
due to driver behaviour 
and autonomous vehicle 
intervention 

2 

Direct influence by 
physical and/or 
digital 
infrastructure  

                

3 
 Indirect 
modification of AV 
user behaviour  

Impact on safety due to 
"human intervention" with 
automation 

    Potential impacts on 
traffic efficiency due 
to "human 
intervention" with 
automatism  

  Potential impact on 
user acceptance due to 
travel comfort and 
stress when facing an 
emergency avoidance. 

    

4 

Indirect 
modification of 
non‐user 
behaviour  

Impacts on safety due to 
non-user behaviours when 
facing an emergency 
avoidance manoeuvres of 
autonomous vehicle  

    Impacts on traffic 
efficiency due to an 
emergency avoidance 
manoeuvres of 
autonomous vehicle   

        

5 

Modification of 
interaction 
between AVs and 
other road‐users 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

6 
Modification of 
exposure / 
amount of travel  

                

7 
Modification of 
modal choice  

                

8 
Modification of 
route choice  

          

  

    

9 

Modification of 
consequences due 
to different 
vehicle design 
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3.3.5. Pilot RO3C  

3.3.5.1. Description 

Pilot RO3C is also a privately owned automated cars scenario (Mobility Scenario 1A). It is run in Satory test track 
located in Versailles Satory, France. 

PTW riders ride on highways in a mixed traffic. Sometimes they face traffic jams and realize filtering manoeuvres. 
During their journey they sometimes will face behaviours of non-AV as well as behaviours of AV. The main 
objective of this pilot is to study variants among AV lighting systems indicating their current level of automation. 
The lighting systems will aim to visually broadcast the current automation level of the AV to other (non-equipped 
with communication systems) road users 

3.3.5.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO3A. These are pilot specific 
mechanisms and have been highlighted in yellow. 
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Table 21: RO4 impact mechanisms 

N
o 

Mechanism Safety  Security Environment Traffic Efficiency 
Market 

Penetration 
User Acceptance Socio-Economic 

Policy & 
Regulatory 

1 

Direct modification 
of the driving task, 
driver behaviour or 
travel experience  

Impacts on crashes 
due to PTW riders 
behaviour when 
facing AV lighting 
system  

    Impacts on traffic 
efficiency due to 
PTW riders 
behaviour when 
facing AV lighting 
system  

  Impacts on user 
acceptance due to 
PTW riders 
comfort and stress 
level when facing 
AV lighting system  

    

2 

Direct influence by 
physical and/or 
digital 
infrastructure  

Impacts on crashes 
due to AV lighting 
system  

    Impacts on traffic 
efficiency due to 
AV lighting system  

Potential impacts 
on market 
penetration due to 
AV lighting system 
KPI.1: Comparative 
WTH/WTP 
before/after the 
pilots 

    Impacts on 
regulations due to 
AV lighting system 
introduction 

3 
 Indirect 
modification of AV 
user behaviour  

                

4 
Indirect 
modification of 
non‐user behaviour  

Impacts on crashes 
due to reaction 
time of users when 
facing PTW riders 
behaviour because 
of AV lighting 
system 

        Potential impacts 
on non-user 
acceptance due to 
safety feelings 
when facing AV 
lighting system 

    

5 

Modification of 
interaction 
between AVs and 
other road‐users 

Impacts on crashes 
due to interaction 
between PTW 
riders and non-AV 
users 

    Impacts on traffic 
efficiency due to 
interaction 
between PTW 
riders and non-AV 
users 

        

6 
Modification of 
exposure / amount 
of travel  

                



 

D6.1: Impact assessment framework, project KPIs and their prioritisation 

October 2020 53 
 

N
o 

Mechanism Safety  Security Environment Traffic Efficiency 
Market 

Penetration 
User Acceptance Socio-Economic 

Policy & 
Regulatory 

7 
Modification of 
modal choice  

                

8 
Modification of 
route choice  

          

  

    

9 

Modification of 
consequences due 
to different vehicle 
design 

Impacts on crashes 
due to AV lighting 
system exist 
vehicle, 
communication 
service exist 
vehicle, and non-
AV  

    Impacts on traffic 
efficiency due to 
AV lighting system 
exist vehicle, 
communication 
service exist 
vehicle, and non-
AV 
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3.3.6. Pilot RO4 

3.3.6.1. Description 

Pilot RO4 is a privately owned automated cars scenario (Mobility Scenario 1A) and will take place in Warsaw, 
Poland, using cars with automation levels 2 and 3. An automated ride sharing test using a level 4 automated car 
(Mobility Scenario 2) will be also tested at the Safe Driving Track in Poland. 

The main aim of the pilot is to investigate the awareness and acceptance of automated cars (level 2, 3 & 4) as 
well as associated with it training needs in a country with a very high average age of a car. More specifically, 
awareness and perception of automated vehicles in urban/rural contexts by drivers will be assessed (in terms of 
physical presence and main concerns, e.g. data privacy, safety and security, liability), along with the acceptance 
of automation and behaviour/reaction /skills of drivers with regards to HMI. 

3.3.6.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO4. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 
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Table 22: RO4 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving task, 
driver 
behaviour or 
travel 
experience  

>direct impacts of 
information and warnings 
provided by the vehicle 
sensors to the human 
driver in terms of-e.g. 
Brake reaction time, 
Instances with hard 
braking, Number of 
instances where the driver 
must take manual 
control,-Time to take over 
vehicle control 

> direct impacts 
of information 
and warnings 
provided by the 
vehicle sensors 
to the human 
driver in terms 
e.g. of number of 
traffic violations   

  >direct impacts of 
differences in drive 
behaviour of AV and 
human driver 
regarding e.g. car‐
following, target 
speed, used speed or 
situation awareness 
>KPIs: 
-Travel time 

  >direct impacts of the 
non‐driving related in‐
car activities, 
>direct impacts on 
driving and travel 
experience thanks to 
the improved in-
vehicle HMI 
(improved comfort, 
use of automated 
driving function, 
feeling of safety) 

    

2 

Direct influence 
by physical 
and/or digital 
infrastructure  

>direct impacts due to 
connectivity (information, 
warnings, platooning, 
entertainment, including 
failures in these: bugs, 
blind spots, service breaks 
and hacking) 
>KPIs:  
-Avoided collision due to 
the safety system 

    >direct impacts due 
to physical 
infrastructure in case 
it is different for AVs 
(e.g. special lanes) 

  >direct impacts due to 
having digital maps in 
use and to the map 
quality 

    

3 

 Indirect 
modification of 
AV user 
behaviour  

>impacts of change in 
driving skills (e.g.-Number 
of drivers’ errors) 

>impacts of 
failures in 
connectivity or 
other features of 
AV 

      Potential impacts on 
user acceptance due 
to change in driving 
skills 

    

4 

Indirect 
modification of 
non‐user 
behaviour  
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

5 

Modification of 
interaction 
between AVs 
and other road‐
users 

>impacts on interaction 
(communication, 
resolution of encounters) 
between the AV and other 
road users 

        Potential impacts on 
user acceptance due 
to interaction 
(communication, 
resolution of 
encounters) between 
the AV and other road 
users 

    

6 

Modification of 
exposure / 
amount of 
travel  

      >impacts (via change 
in vehicle 
miles/kilometres 
travelled or hours 
travelled) on the 
number of journeys, 
e.g., due to impact on 
comfort and ability to 
travel 

  

  

    

7 
Modification of 
modal choice  

                

8 
Modification of 
route choice  

          

  

    

9 

Modification of 
consequences 
due to different 
vehicle design 

          >impacts of the AV 
design being different 
from the baseline 
(outside design, inside 
design, engine) 
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3.3.7. Pilot RO5 

3.3.7.1. Description 

RO5 implements a first/last mile feeder service (Mobility Scenario 3) and takes place in Vienna, Austria. The 
service is operated through 2 Navya shuttle buses (automation levels 3). An automated ride sharing test using a 
level 4 automated car (Mobility Scenario 2) will be also tested at the Safe Driving Track in Poland. 

The pilot seeks to establish an understanding of the current state of the art in automated driving, investigating 
its potential applications and the effort required in order to integrate it within the operational framework of 
Wiener Linien. Acceptance of local population and stakeholders is also investigated, together with other aspects 
such as safety and security, and vehicle communications with other traffic participants, with operators and 
traffic control and with alert emergency services. 

3.3.7.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO5. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 

 



 

D6.1: Impact assessment framework, project KPIs and their prioritisation 

October 2020 58 
 

Table 23 RO5 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving 
task, driver 
behaviour or 
travel 
experience  

>Direct impacts due 
to the vehicle 
driving by itself 
>Direct impacts of 
differences in drive 
behaviour of AV and 
human driver 
regarding e.g. car‐
following, target 
speed, used speed 
or situation 
awareness 

The 
absence of 
driver and 
staff in the 
bus might 
affect 
Crime rate. 
The AV 
system 
might 
affect the 
number of 
traffic 
violations 

      Impact on operator 
acceptance due to 
changes in operation 
strategies, stress 
level, 
comprehensibility of 
user interface 

Work time gained 
(hours per year) 
thanks to Operator 
able to 
control/supervise 
more vehicles thus 

  

2 

Direct 
influence by 
physical and/or 
digital 
infrastructure  

>Direct impacts due 
to connectivity 
(information, 
warnings, 
platooning, 
entertainment, 
including failures in 
these: bugs, blind 
spots, service breaks 
and hacking) 

              

3 

 Indirect 
modification of 
AV user 
behaviour  

>The impacts of 
failures in 
connectivity or 
other features of AV 

              

4 

Indirect 
modification of 
non‐user 
behaviour  

>impacts of the 
behavioural 
adaptation of the 
other road users (i.e. 
imitation of AV drive 
behaviour) 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

5 

Modification of 
interaction 
between AVs 
and other 
road‐users 

>Impacts on 
interaction 
(communication, 
resolution of 
encounters) 
between the AV and 
other road users (on 
links and in 
intersections) 
>impacts of the new 
forms of interaction 
(including teasing of 
AV) between the 
AVs and other road 
users 

              

6 

Modification of 
exposure / 
amount of 
travel  

        Higher acceptance 
might influence 
amount of travel 
increasing the total 
mileage / kms travelled 
>Market shares of the 
system 

Impacts on the 
number of journeys, 
e.g., due to impact 
on comfort and 
ability to travel and 
Feeling of safety 
level, user perception 
levels of travelling 
quality 

  Higher amount of travel 
and benefits of AVs 
might influence Grants 
for financial support of 
AV deployment by public 
authorities and number 
of acts (laws) oriented to 
AV support, utilisation 
and deployment 

7 
Modification of 
modal choice  

      Higher acceptance 
might influence 
modal choice and 
therefore Traffic 
congestion 
change 

Impacts on use of 
different transport 
modes / transport 
mode share (e.g., due 
to impact on costs, 
availability, 
attractiveness, ease‐of‐
use or security of 
different modes) 

Potential impact on 
user acceptance due 
to mode selection 
(e.g. replacing 
walking by use of AV) 

Potential impact on 
the transport prices 
and length of trips 
due to modal 
choice.  

Potential impact on 
policy due to modal 
selection (e.g. 
subsidizing of AV) 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

8 
Modification of 
route choice  

      >impacts of AVs’ 
routes (road type, 
level of 
congestion) being 
different from 
those of the 
baseline 
KPIs: 
>Peak period 
travel time along a 
route 
>Travel time 

  

  

    

9 

Modification of 
consequences 
due to different 
vehicle design 

>impacts of AV 
including more 
passive safety 
systems than 
baseline 

  Different vehicle 
design might 
affect 
environmental 
impacts, Local 
air pollution, 
Noise emission 

    >impacts of the AV 
design being 
different from the 
baseline (outside 
design, inside design, 
engine) 

Different vehicle 
design might affect: 
Change in capital 
cost per vehicle and 
infrastructure for 
the deployed 
system 
>Costs of property 
damage 
>Effects on 
employment rate  
>Operating cost for 
the deployed 
system 
>Insurance cost 
change 
>Maintenance costs 

Different vehicle design 
might affect Laws and 
insurances additional 
requirements 
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3.3.8. Pilot RO6  

3.3.8.1. Description 

RO6 implements a first/last mile feeder service (Mobility Scenario 3) and takes place in Brussels, Belgium. The 
service is operated through 2 Navya shuttle buses (automation levels 3). An automated ride sharing test using a 
level 4 automated car (Mobility Scenario 2) will be also tested at the Safe Driving Track in Poland. 

The main aim of the pilot is to assess passenger acceptance (choice between automated/standard transport on 
1 track) per user cluster (i.e. elderly, passengers with disabilities, youth, etc.), while correlating it to connected 
MaaS options. 

3.3.8.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO6. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 

 

 



 

D6.1: Impact assessment framework, project KPIs and their prioritisation 

October 2020 62 
 

Table 24 RO6 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification 
of the driving 
task, driver 
behaviour or 
travel 
experience  

Impact on crashes due to 
changes due to speed of 
the vehicle, reaction time 
of the safety pilot on 
manual take-overs, 
situational awareness in 
autonomous mode. 
Impact on crashes/time 
to collision due to the 
safety system of the 
vehicle. 

  Impact on 
energy 
consumption 
in 
autonomous 
mode due to 
efficient 
driving system 
compared to 
manual mode. 

Impact on traffic 
efficiency due to 
lower speed of 
the vehicle. 

  Impact on user 
acceptance due to 
changes in travel 
experience, comfort, 
stress, nausea, 
possibility for non-
driving related 
activities, feeling of 
safety, 
comprehensibility of 
user interface 

Potential impact 
on the time of the 
work task gained 
due to the ability 
to multitask while 
driving 

Potential impact on 
policy due to the 
new ‘driving’ task of 
the safety operator. 

2 

Direct 
influence by 
physical 
and/or digital 
infrastructure  

Potential impact on road 
safety due to connectivity 
issues (4G, GPS-
localisation) 

Potential impact 
on security due 
to 
software/system 
hacking.  

  Potential impact 
on traffic due to 
connectivity 
issues (4G, GPS-
localisation) 

  Potential impact on 
user acceptance due 
to connectivity 
issues (4G, GPS-
localisation) 

Impact on the 
cost of the 
infrastructure for 
the deployed 
system 

  

3 

 Indirect 
modification 
of AV user 
behaviour  

Impact on safety due to 
changes in the driver 
behaviour such as 
sleepiness/distraction 
during autonomous 
mode.  

          Potential impact 
on ‘driving’ tasks 
of the safety 
operator due to 
change in driving 
skills and 
valuation of time 
(i.e. more 
transport service-
related tasks) 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

4 

Indirect 
modification 
of non‐user 
behaviour  

Impact on crashes due to 
the fact that other road 
users overtake the 
vehicle because of the 
low speed (could lead 
dangerous traffic 
situations) 

    Potential impact 
on traffic 
efficiency due the 
fact that other 
road users 
overtake the 
vehicle because 
of low speed 

        

5 

Modification 
of interaction 
between AVs 
and other 
road‐users 

Impact on road safety 
because other road users 
test out the 
functionalities of the 
vehicle (e.g. pedestrians 
test out emergency 
stops) 

  Potential 
impact on 
emissions due 
to congested 
traffic when 
other road 
users are 
interacting 
with the AV  

Impact on traffic 
efficiency due to 
congested traffic 
when other road 
users are 
interacting with 
the AV 

  Potential impact on 
user acceptance due 
to interaction 
problems or 
difficulties with the 
AV 

    

6 

Modification 
of exposure / 
amount of 
travel  

        Impact on the 
market shares of 
other transport 
modes because of 
smoother connection 
to the PT system.    

Impacts on the 
number of journeys, 
e.g., due to impact 
on comfort and 
ability to travel  

    

7 
Modification 
of modal 
choice  

    Potential 
impact on 
emissions due 
to mode 
selection (e.g. 
public 
transport + 
feeder instead 
of car usage) 

Potential impact 
on traffic 
efficiency due to 
mode selection 
(e.g. public 
transport + 
feeder instead of 
car usage) 

Potential impact on 
market penetration 
due to mode 
selection (e.g. public 
transport + feeder 
instead of car usage) 

Potential impact on 
user acceptance due 
to mode selection 
(e.g. replacing 
walking by use of 
AV) 

Potential impact 
on the transport 
prices and length 
of trips due to 
modal choice.  

Potential impact on 
policy due to modal 
selection (e.g. 
subsidizing of AV) 

8 
Modification 
of route choice  

      Impacts of AVs’ 
routes (road type, 
level of 
congestion) being 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

different from 
those of the 
baseline 

9 

Modification 
of 
consequences 
due to 
different 
vehicle design 

Impact on in-vehicle 
safety of the passengers 
due to emergency 
brakes.   

  Impact on 
emissions and 
noise 
pollutions due 
to the electric 
vehicle design 
(impact on 
tailpipe 
emissions)  

Impact on traffic 
efficiency due to 
emergency 
brakes and 
limited maximum 
speed 

  Impacts of the AV 
design being 
different from the 
baseline (outside 
design, inside 
design, engine) 

Impact on the 
cost of the 
vehicle, purchase 
costs as well as 
maintenance cost  

Potential impact on 
road regulation (low 
max. speeds on lanes 
shared with AV) and 
road signs 
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3.3.9. Pilot RO7 

3.3.9.1. Description 

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

The aim of this pilot is 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. 

3.3.9.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO7. A number of pilot specific 
mechanisms have been highlighted in yellow. 
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Table 25 RO7 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving task, 
driver 
behaviour or 
travel 
experience  

          Potential impact on 
behavioural changes of 
TMC operators due to 
training and improved 
HMI 

  Potential impact on TMC 
management policies via 
changes in alternative 
autonomous buses 
principles for TMC 
operators due to TMC 
operator training 

2 

Direct influence 
by physical 
and/or digital 
infrastructure  

Impact on safety via 
changes in V2I 
communication due 
to enhanced 
intersection 
management of TMC 
HMI 

  Potential impact on 
emissions via 
changes in traffic 
performance at 
intersections 
intersection 
management of 
TMC HMI 

Potential impact on 
traffic efficiency via 
changes in traffic 
performance at 
intersections due to 
enhanced intersection 
management of TMC 
HMI 

  Expected impact on 
TMC operator 
acceptance of the new 
C-ITS service due to 
training and improved 
HMI 

    

3 

 Indirect 
modification of 
AV user 
behaviour  

Potential impact on 
road safety via 
changes in average 
speed and stop time 
at intersections due 
to enhanced 
improvement of 
intersection 
management of TMC 
operators through 
operators training 

  Potential impact on 
emissions via 
changes in traffic 
performance at 
intersections due to 
enhanced 
improvement of 
traffic light 
intersections 
management of 
TMC operators 
through operators 
training 

Potential impact on 
traffic efficiency via 
changes in traffic 
performance at 
intersections due to 
enhanced 
improvement of 
intersection 
management of TMC 
operators through 
operators training 

  Potential impact on 
drivers’ acceptance via 
changes in traffic 
performance at 
intersections due to 
enhanced 
improvement of 
intersection 
management of TMC 
operators through 
operators training 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

4 

Indirect 
modification of 
non‐user 
behaviour  

                

5 

Modification of 
interaction 
between AVs 
and other road‐
users 

                

6 

Modification of 
exposure / 
amount of 
travel  

                

7 
Modification of 
modal choice  

                

8 
Modification of 
route choice  

          

  

    

9 

Modification of 
consequences 
due to different 
vehicle design 
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3.3.10. Pilot RO8 

3.3.10.1. Description 

Pilot RO8 refers to mobility scenario 4: Mass rapid transit scenario (min level 3). The pilot can be also linked to 
logistics scenario 4: Automated freight transport long-haul (road) even if the focus will be on mobility scenario 
4. The pilot is based on simulation and will take place in Linköping (Sweden). 

In this pilot, the focus is 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 aim of the pilot is to test and demonstrate the 
interaction between the (professional) driver and passengers and interaction between waiting passengers and 
the vehicle at bus transit points (automation level 2 - 4). 

3.3.10.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RO8. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 
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Table 26 RO8 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving task, 
driver behaviour 
or travel 
experience  

Reduced severity of 
control inputs, due to 
assistance, will reduce 
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 
assistance reducing 
driver workload during 
the dock-in and dock-
out tasks and 
improving their ability 
to safely control the 
vehicle in such 
situations. 

    Improved efficiency of 
bus driver task, due to 
assistance, will reduce 
the amount of time 
needed to load and 
unload passengers and 
reduce overall journey 
time 
Reduction in severity of 
control inputs due to 
use of assistance 
system will improve 
fuel efficiency during 
the dock-in and dock-
out tasks. 

  Impacts on bus 
passenger acceptance 
due to change in travel 
experience (ease of 
use, comfort...) thanks 
to improved HMI 

    

2 

Direct influence 
by physical and/ 
or digital 
infrastructure  

                

3 

 Indirect 
modification of 
AV user 
behaviour  

Impact on safety due 
to changes in the driver 
behaviour during the 
stop approaching, 
boarding, alighting and 
leaving operations 
influenced by the 
proposed HMI. 

              

4 

Indirect 
modification of 
non‐user 
behaviour  
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

5 

Modification of 
interaction 
between AVs 
and other road‐
users 

Potential impact on 
safety due to changes 
in passengers’ 
behaviour waiting at 
the bus stop thanks to 
proposed HMI during 
the approaching 
manoeuvre of the bus.  

    Impact on traffic 
efficiency due to 
changes in passengers’ 
behaviour waiting at 
the bus stop thanks to 
proposed HMI during 
the approaching 
manoeuvre of the bus.  

  Impacts on bus 
passenger & driver 
acceptance due to 
change in interaction 
between AV and 
passengers at a bus 
stop thanks to 
improved HMI 

    

6 
Modification of 
exposure / 
amount of travel  

      Potential impact on the 
length of journey due 
to changes in duration 
of boarding and 
alighting operations as 
an effect of the 
proposed HMI. 

  Impacts on passenger 
acceptance due change 
on amount of travel 
(travel time) due to 
changes in the 
interaction between 
AV and passengers at a 
bus stop 

    

7 
Modification of 
modal choice  

Potential impact on 
safety due to change in 
mode selection (lower 
risk of buses) caused by 
increased acceptance 
and resulting in higher 
attractive option 

  Potential impact on 
emissions due to 
change in mode 
selection (emission 
levels of different 
transport modes) 
caused by increased 
acceptance and 
resulting in higher 
attractive option 

Potential impact on 
traffic efficiency due to 
change in mode 
selection (higher 
capacity of buses) 
caused by increased 
acceptance and 
resulting in higher 
attractive option 

        

8 
Modification of 
route choice  

          

  

    

9 

Modification of 
consequences 
due to different 
vehicle design 
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3.3.11. Pilot RA1 

3.3.11.1. Description 

RA1 is a rail transport pilot addressing mobility scenario 4: Mass rapid transit scenario (min level 3). The VTI rail 
simulator based in Linköping (Sweden) that can simulate a train driver’s work environment will be used for 
undertaking this pilot. The simulator can be built as a complex solution with a cabin as well as desktop or laptop 
installation, depending on the planned usage. Three simulated Swedish rail tracks are available: Malmö–
Peberholm (ATC), Härnösand–Västerås (ERTMS) and Falköping–Jönköping–Forserum (ATC). For the 
Drive2theFuture project several types of passenger and freight trains, with proper vehicle dynamics modelling, 
corresponding to Level 3+ will be simulated. 

In this pilot, the objective is to develop and evaluate collaborative training in Level 3-4 functions for traffic 
management & train drivers using co-simulation across ERTMS signalling protocols. 

3.3.11.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RA1. A number of pilot specific 
mechanisms have been highlighted in yellow. 
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Table 27 RA1 impact mechanisms 

N
o 

Mechanism Safety  Security Environment Traffic Efficiency 
Market 

Penetration 
User Acceptance Socio-Economic 

Policy & 
Regulatory 

1 

Direct modification of 
the driving task, 
driver behaviour or 
travel experience  

Potential impact 
on safety due to 
direct changes in 
train driver 
behaviour using 
improved skills 
thanks to training 

    Potential impact 
on traffic 
efficiency due to 
direct changes in 
train driver 
behaviour using 
improved skills 
thanks to training 

  Potential impact 
on driver 
acceptance of 
automation 
procedures due 
to direct changes 
in driver 
behaviour thanks 
to training/HNI 

    

2 
Direct influence by 
physical and/or 
digital infrastructure  

 
              

3 
 Indirect modification 
of AV user behaviour  

Potential impact 
on safety due to 
indirect changes 
in train driver 
and train 
dispatcher 
behaviour using 
improved skills 
thanks to training 

    Potential impact 
on traffic 
efficiency due to 
indirect changes 
in train driver 
and train 
dispatcher 
behaviour using 
improved skills 
thanks to training 

  Potential impact 
on driver 
acceptance of 
automation 
procedures due 
to indirect 
changes in driver 
behaviour thanks 
to training/HMI 

    

4 
Indirect modification 
of non‐user behaviour  

          

5 
Modification of 
interaction between 
AVs and other users 
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N
o 

Mechanism Safety  Security Environment Traffic Efficiency 
Market 

Penetration 
User Acceptance Socio-Economic 

Policy & 
Regulatory 

6 
Modification of 
exposure / amount of 
travel  

Potential impact 
on safety due to 
increased time 
spent with 
autonomous 
mode caused by 
a higher 
acceptance of 
automation due 
to training 

    Potential impact 
on traffic 
efficiency due to 
increased time 
spent with 
autonomous 
mode caused by 
a higher 
acceptance of 
automation due 
to training 

        

7 
Modification of modal 
choice  

                

8 
Modification of route 
choice  

          

  

    

9 

Modification of 
consequences due to 
different vehicle 
design 
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3.3.12. Pilot RA2  

3.3.12.1. Description 

This is a rail transport pilot (RA2) addressing mobility scenario 4: Mass rapid transit scenario (min level 3) and 
logistics scenario 3: Automated freight transport long-haul (rail). A rail simulator situated in Berlin, Germany, 
will be used.  

The aim of this pilot is to check how it is the best way to make an automatic train to drive again after a disruption. 
The idea is to control the train from an operations Centre far away. In the operations centre, the track will be 
displayed and in front of the monitor will be some haptic elements of the Driver Desk. The trial participants will 
have to drive the train from the place of disruption to the next station. HMIs for remote operations of automated 
trains and impact of WP4 training on acceptance will be addressed. 

3.3.12.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot RA2. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green)..
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Table 28 RA2 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct 
modification of 
the driving task, 
driver behaviour 
or travel 
experience  

Impact on crashes due 
to reaction time of the 
driver on manual take-
overs, situational 
awareness in 
autonomous mode.  

  Impact on energy 
consumption in 
autonomous 
mode due to 
efficient driving 
system compared 
to manual mode. 
Impact on energy 
when there is a 
manual take-over 
needed.  

Impact on traffic 
efficiency due to 
emergency 
brakes and time 
to manual take-
over 

  Impact on user 
acceptance due to 
changes in travel 
experience, 
comfort, stress, 
possibility for non-
driving related 
activities, feeling 
of safety, 
comprehensibility 
of user interface 

Potential Impact 
on the time of 
the worktask 
gained due to 
the ability to 
remotely 
operate more 
trains.  

Potential impact on 
policy due to the 
new ‘driving’ task.  

Impact on 
crashes/time to 
collision due to the 
safety system of the 
vehicle. 

2 

Direct influence 
by physical 
and/or digital 
infrastructure  

Potential impact on 
safety due to 
connectivity issues 
(4G, GPS-localisation) 

Potential impact 
on security due to 
software/system 
hacking.  

  Potential impact 
on traffic due to 
connectivity 
issues (4G, GPS-
localisation) 

  Potential impact 
on user 
acceptance due to 
connectivity issues 
(4G, GPS-
localisation) 

Impact on the 
cost of the 
infrastructure for 
the deployed 
system 

  

3 

 Indirect 
modification of 
AV user 
behaviour  

Impact on safety due 
to changes in the 
driver behaviour such 
as 
sleepiness/distraction 
during autonomous 
mode.  

              

4 

Indirect 
modification of 
non‐user 
behaviour  

                

5 

Modification of 
interaction 
between AVs and 
other users 

Impact on rail safety in 
scenario’s where there 
are crossings with the 
rail and road.  

    Impact on traffic 
efficiency in 
scenario’s where 
there are 
crossings with the 
rail and road.  

  Potential impact 
on user 
acceptance due to 
interaction 
problems or 
difficulties with 
the AV 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

6 
Modification of 
exposure / 
amount of travel  

                

7 
Modification of 
modal choice  

    Potential impact 
on energy 
consumption due 
to mode 
selection. 

Potential impact 
on traffic 
efficiency due to 
mode selection. 

Potential impact on 
market penetration 
due to mode 
selection. 

Potential impact 
on user 
acceptance due to 
mode selection. 

  Potential impact on 
policy due to modal 
selection (e.g. 
subsidizing of AV) 

8 
Modification of 
route choice  

          
  

    

9 

Modification of 
consequences 
due to different 
vehicle design 

Impact on in-vehicle 
safety of the driver 
and passengers due to 
emergency brakes of 
the autonomous 
system 

    Impact on traffic 
efficiency due to 
emergency 
brakes. 

    Impact on the 
cost of the 
vehicle, purchase 
costs as well as 
maintenance 
cost  
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3.3.13. Pilot MA1 

3.3.13.1. Description 

MA1 is a maritime transport pilot addressing mobility scenario 3: First/last mile feeder (min level 3). An 
automated workboat operating in real traffic in the archipelago of Faaborg, Denmark, will be used.  

The pilot will make use of appropriate tools and real-life environments for all modes, to assess the impact of the 
proposed tools and concepts to user and stakeholder acceptance. 

3.3.13.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot MA1. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 
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Table 29 MA1 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct modification of 
the driving task, driver 
behaviour or travel 
experience  

Impact on crashes due 
to reaction time of the 
Operator on manual 
take-overs, situational 
awareness in 
autonomous mode. 
Impact on 
crashes/time to 
collision due to the 
safety system of the 
boat.  

  Impact on 
energy 
consumption in 
autonomous 
mode due to 
efficient driving 
system 
compared to 
manual mode. 

Traffic efficiency 
might increase as 
a result of 
multiple direct 
modifications of 
behaviours in 
unforeseen 
situations 

Increased user 
acceptance will drive 
market penetration 

Most Operators 
will not trust a 
system without 
being able to do 
a manual take-
over. By making 
this available it 
will increase user 
acceptance. 

  Direct modifications 
will impact the policy 
and regulatory law, 
which needs further 
development for 
autonomous use 

2 
Direct influence by 
physical and/or digital 
infrastructure  

Will increase safety in 
terms of docking and 
harbour manoeuvring, 
or other places where 
tight space are 
dominant in the 
operation 

might 
increase 
need for 
security 

     Might increase 
user acceptance 
because of 
increased safety 

    

3 
 Indirect modification of 
AV user behaviour  

Impact on safety due 
to changes in the 
driver behaviour such 
as 
sleepiness/distraction 
during autonomous 
mode. 

  Might increase 
energy 
efficiency due 
to user 
unawareness 

Increase traffic 
efficiency due to 
user 
unawareness or 
lack of training 

   This will positively 
increase the policy 
and regulatory 
framework 

4 
Indirect modification of 
non‐user behaviour  

Impact on safety due 
to indirect changes in 
operator behaviour 
using improved skills 
thanks to training 

    impact on traffic 

efficiency due to 

indirect changes 

in operator 

behaviour using 

improved skills 

  impact on 

acceptance due 

to indirect 

changes in 

operator 

behaviour using 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

thanks to 

training. 

improved skills 

thanks to training 

5 
Modification of 
interaction between 
AVs and other users 

Safety will possibly be 

influenced by having 

an opportunity to 

modify the interaction 

between AV’s and 

other users. Operators 

do not, currently, trust 

AV’s in decision 

making outside of 

regular programming 

options. .   

Security will 
increase for 
both AV and 
other non- 
AV ships 

  Will increase 
traffic efficiency 
in harbour areas  

  Potential impact 
on user 
acceptance due 
to interaction 
problems or 
difficulties with 
the AV 

    

6 
Modification of 
exposure / amount of 
travel  

                

7 
Modification of modal 
choice  

                

8 
Modification of route 
choice  

Might have a potential 
influence on safety. 
Local weather 
situations etc. 

  Might have a 
potential effect 
on energy 
efficiency, 
because of 
local weather, 
will influence 
energy 
consumptions 

    
Will have a 
positive effect on 
user acceptance, 
to be able to 
choose a 
different route, 
because of local 
weather etc. 

    

9 
Modification of 
consequences due to 
different vehicle design 

Impact on in-vehicle 
safety of the driver 
and passengers due to 
different ship designs 
and sizes 

  Impact on 
energy 
efficiency due 
to ship design 
and size 

      Impact of ship 
cost due to size 
and equipment 
requirements 
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3.3.14. Pilot AV1  

3.3.14.1. Description 

AV1 is an air transport pilot addressing logistics scenario 1: Automated freight transport last-mile delivery (min 
level 3). More than 20 drone operators and pilots will participate in the pilot that will take place in Rome, Italy.  

The Drive2theFuture air pilot addresses drone operations and will take place in Rome, Italy. More than 20 drone 
operators and pilots will participate in the pilot, The aims of this pilot are: 1) evaluating the state-of-the-art in 
drones’ operations, 2) testing operators’ and pilots’ perceptions of different HMIs for level of automation and 
3) assessing public acceptance of drones. 

3.3.14.2. Impact mechanisms 

The table below presents the expected impact mechanisms identified for pilot AV1. A number of pilot specific 
mechanisms have been highlighted in yellow together with scenario level impacts (green). 
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Table 30 AV1 impact mechanisms 

No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

1 

Direct modification of 
the driving task, driver 
behaviour or travel 
experience  

Impact on crashes due 
to reaction time of the 
Operator on manual 
take-overs, situational 
awareness in 
autonomous mode. 
Impact on 
crashes/time to 
collision due to the 
safety system of the 
boat.  

  Impact on 
energy 
consumption in 
autonomous 
mode due to 
efficient 
driving system 
compared to 
manual mode. 

Traffic efficiency 
might increase 
as a result of 
multiple direct 
modifications of 
behaviours in 
unforeseen 
situations 

Increased user 
acceptance will drive 
market penetration 

Impact on user 
acceptance due 
to changes in 
user experience, 
comfort, stress, 
feeling of safety, 
comprehensibility 
of user interface 

  Direct modifications 
will impact the 
policy and 
regulatory law, 
which needs further 
development for 
autonomous use 

2 
Direct influence by 
physical and/or digital 
infrastructure  

Will increase safety in 
terms of docking and 
aerodrome 
manoeuvring, or other 
places where tight 
space are dominant in 
the operation 

Might 
increase 
need for 
security 

  Will increase 

traffic efficiency 

in aerodromes   

Might increase market 
penetration due to 
safety concerns 

Might increase 
user acceptance 
because of 
increased safety 

    

3 
 Indirect modification of 
AV user behaviour  

Impact on safety due 
to changes in the 
driver behaviour such 
as 
sleepiness/distraction 
during autonomous 
mode. 

  Might increase 
energy 
efficiency due 
to user 
unawareness 

Increase traffic 
efficiency due to 
user 
unawareness or 
lack of training 

   This will positively 
increase the policy 
and regulatory 
framework 

4 
Indirect modification of 
non‐user behaviour  

impact on safety due 
to indirect changes in 
operator behaviour 
using improved skills 
thanks to training 

    impact on traffic 
efficiency due to 
indirect changes 
in operator 
behaviour using 
improved skills 

  impact on 
acceptance due 
to increased 
safety by indirect 
changes in 
operator 
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No Mechanism Safety  Security Environment Traffic Efficiency Market Penetration User Acceptance Socio-Economic Policy & Regulatory 

thanks to 
training 

behaviour using 
improved skills 
thanks to training 

5 

Modification of 
interaction between 
AVs and other road‐
users 

safety will be 

influenced positively.  

Security will 
increase for 
both AV and 
other non- 
AV drones 

      Potential impact 
on user 
acceptance due 
to interaction 
problems or 
difficulties with 
the AV 

    

6 
Modification of 
exposure / amount of 
travel  

          Increased user 
acceptance 
because of an 
increased 
perceived safety 
and security 

  Might increase 
positivity from 
regulators 

7 
Modification of modal 
choice  

                

8 
Modification of route 
choice  

Might have a potential 
influence on safety. 
Local weather 
sitiations etc. 

  Might have a 
potential effect 
on energy 
efficiency, 
because of 
local weather, 
will influence 
energy 
consumptions 

    
Will have a 
positive effect on 
user acceptance, 
to be able to 
choose a 
different route, 
because of local 
weather etc. 

    

9 
Modification of 
consequences due to 
different vehicle design 

Impact on in-vehicle 
safety of the driver 
and passengers due to 
different ship designs 
and sizes 

  Impact on 
energy 
efficiency due 
to ship design 
and size 

      Impact of ship cost 
due to size and 
equipment 
requirements 
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4. Drive2TheFuture impact assessment framework 

The purpose of the impact assessment is to assess driver attitudes to and acceptance of the project 
solutions, and to evaluate the effects of the technologies/tools developed on driving behaviour, safety, 
environment, traffic efficiency. 

The project solutions have been defined and classified in terms of 12 Use Cases in WP1. The related 
impacts are generally mediated through changes in behaviour, mostly either driving behaviour or 
travelling behaviour. To assess the impacts of the project solutions objective behavioural (and non-
behavioural) data need to be collected to some extent and this will be undertaken thanks to the pilots. 
Moreover, in order to catch the various perspectives of the stakeholders involved, subjective 
measurements are also considered by the project. 

In the following, the impact assessment methodology and the KPIs to be considered for each Use Case 
are presented. 

4.1. Impact assessment methodology 

4.1.1. MAMCA methodology and KPI prioritization 

As mentioned in the introduction, an impact assessment framework will be developed where both 
subjective as well as objective measurements are taken into account. Two evaluation processes will run 
in parallel and can be summarized through the framework presented in Figure 1. The stakeholders will 
evaluate criteria and the performance of the scenarios regarding these criteria through the MAMCA 
approach (dark blue frame). Meanwhile, for each criterion, as an exhaustive list of KPIs was developed, 
KPIs will be prioritized (light blue frame). Through the prioritization, weights are assigned to the KPIs. In a 
last instance, the measurements from the pilots and simulations provide input for the KPIs.  

  

Figure 1: Impact assessment framework 

4.1.1.1. MAMCA  

Through the MAMCA approach we will be able to capture stakeholders’ evaluation of autonomous vehicle 
scenarios. In a first step, the relevant stakeholder groups and their objectives are identified. Stakeholder 
groups are parties that are influenced by or have an influence on the proposed alternatives in a project. 
Every stakeholder group has a set of objectives or goals related to the project. In a second step, these 
objectives are translated to evaluation criteria that are linked to the proposed alternatives or scenarios. 
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The importance of stakeholder objectives is reflected by the weight that is assigned to each criterion. In 
a third step, the criteria are further operationalised into indicators, which are metrics that can measure 
whether or to what extent a scenario contributes to a criterion. Finally, using a Multi-Criteria Decision 
Analysis (MCDA) tool, every scenario is evaluated by each stakeholder group in terms of its criteria. This 
results in an overall ranking of the proposed scenarios (Macharis et al., 2010).  

The stakeholders’ evaluation of the scenarios will be captured during a workshop. These workshops will 
be organised in a face-to-face setting at the local level of the pilot site. A number of representatives from 
each of the stakeholder groups will participate in the workshop. Group discussion enables the 
representatives to reflect on the weighing of the criteria and the evaluation of the scenarios. The weights 
of the criteria and the overall scores of the scenarios will be calculated by the MAMCA software tool.  

4.1.1.2. KPI prioritization 

The matching of KPIs with the MAMCA methodology enables a more objective assessment of the 
scenarios. The predefined KPIs will be weighted by the stakeholders within each impact area. The 
respondents are asked to give a score between 1 and 100 to each weight within each impact area. 
Afterwards, the weights are normalized such that they add up to 100 within each impact area. The weights 
and KPI measurements (collected from the pilots) can then lead to an overall impact score by combining 
them with an entropy methodology. The evaluation method that is put forward is the TOPSIS-RSR method 
(details can be found in (Chen, Wang, & Deng, 2015)), which has been successfully applied for road safety 
evaluation. This method can serve as a means to measure multi-dimensional concepts presented by a 
range of KPIs. The final impact assessment can combine the values of the KPIs through the TOPSIS method 
with the MAMCA weights as described in the figure below.  

 

Figure 2 Combination of pilot data with MAMCA data. The table contains some possible example values for 
weights. Within each impact area, the weights add up to 100. 

4.1.2. Impact assessment based on pilots 

4.1.2.1. Evaluation methods 

The main objective of the evaluation is the estimation of the effects of Drive2TheFuture solutions with 
respect to a situation without those solutions implemented. Methods available for the evaluation of pilots 
can be separated into three main categories: Cross-sectional, Before-after and Experimental methods. 

Cross-sectional studies compare two groups with and without the treatment, usually over the same time 
period. The treated group and the comparison group are different.  
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In Before-after studies the outcomes refer to the same group are observed before and after the 
treatment. Ideally, a before-after design would include a control group to take into account all those 
factors in the transport system which may have an influence in addition to the treatment. 

Experimental methods can be randomised and non-randomised experiments (quasi-experiments). In fact, 
the first principle of an experimental design is randomisation, which is a random process of assigning 
treatments to the experimental units. 

By applying one of these methods to the measurements collected in a pilot it is possible to estimate the 
effects in terms of Key Performance Indicators. The following chapter describes which impact applies to 
each Use Case and pilot. 

Additional analyses considered by the project are the scaling-up of the assessment results and the 
assessment based on the stakeholders’ perspective. 

4.1.2.2. Scaling-up 

Scaling up refers to the extrapolation of the results from the sample to a larger population. This 
extrapolation could be based on algorithms, traffic simulations performed in the project but even through 
qualitative estimation.  

A possible way is to use the data measured or calculated during the pilots for an estimation of impacts on 
the entire traffic flow in a network considering a specific penetration rate of AVs. This approach will be 
explored in cooperation with WP2 activities, during which a simulation model is developed. 

Another approach for scaling up is the one used within eIMPACT research project, as described in Chapter 
2. 

However, it must be stressed that generalisability of pilot results depends also on the external validity of 
the study (e.g. sample representativeness). 

4.1.2.3. Stakeholders’ perspectives 

Drive2TheFuture pilots are different in their nature since they cover four transport modes, various users, 
and involve driving/riding/rail simulators, VR/AR simulation toolkits, test tracks and real-world 
environments. As already stressed, if we consider the scenarios linked to each pilot, there are multiple 
stakeholder groups for each transport mode who all have an individual specific concern for AVs. 

Thanks to the results of the MAMCA application and KPI prioritization exercise each pilot of a scenario 
will be assessed based on the subjective scoring of each stakeholder group (see explanation in 4.1.1.2). 
This adds another level of depth to the analysis enabling to shape the assessment results gained at pilot 
level to a more generalised scenario level.  

4.2. Use Cases, Pilots and KPIs 

Within WP1 activities, 12 Use Cases have been defined (see deliverable D1.1 (Markvica et al., 2020)) 
corresponding to the tools developed within the project to enhance AV acceptance in road, rail, maritime 
and air transport. These relate to the (1) HMI & strategies for the different clusters of users and levels of 
automation (WP3) and (2) the training programmes and schemes that will be suggested by the project for 
the “drivers”, users and stakeholders (WP4). 
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Table 31 Drive2theFuture Use Cases and Pilots 

Nr Use case Transport 
Mode 

Users Pilots 

1 Training for road transport  Road car/bus drivers, driving 
instructors, fleet 
operators, passengers, 
PTW, VRUs, TMC 
operators 

RO1, RO2, 
RO3A, RO3B, 
RO4, RO5, 
RO6, RO7, 
RO8 

5 Training for rail transport  Rail train drivers, passengers, 
operators, signallers 

RA1, RA2 

8 Training for maritime transport  Maritime ship operators, other 
users (non AV) 

MA1 

11 Training for air transport  Air drone/air operators AV1 

2 Operators HMI & strategies for road 
transport 

Road fleet and TMC operators RO5, RO6, 
RO7 

6 Operators HMI & strategies for rail 
transport  

Rail train operators, 
signallers 

RA1, RA2 

9 Operators HMI & strategies for 
maritime transport  

Maritime ship operators MA1 

12 Operators HMI & strategies for air 
transport 

Air drone operators AV1 

4 In vehicle HMI & strategies for 
automated road vehicles  

Road Drivers, passengers RO3A, RO4, 
RO7, RO8 

7 In vehicle HMI & strategies for rail 
vehicles  

Rail Drivers, passengers RA1 

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

Road VRUs and non-equipped 
vehicles 

RO1, RO2, 
RO3C, RO6 

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

Maritime non equipped vehicles MA1 

 

Based on the results of the analysis of the impact mechanisms undertaken for each pilot, the area(s) of 
impact and the relevant KPIs to be employed during the project are reported for each Use Case. The KPIs 
without a code are those added to the preliminary list of KPIs prepared based on the literature review. 
Relevant pilots for each KPI are also reported. 

4.2.1. Training for road transport (UC1) 

This Use Case aims to provide training to a number of AV user and road user categories: AV: AV “drivers” 
and operators, AV passengers, other road users interacting with AVs including pedestrians and cyclists 
and infrastructure/fleet operators (bus operators and Traffic Management Center operators). 

The purpose is preparing all these users for the interaction with autonomous vehicles and the 
identification of critical situations and scenarios, as well as the interaction between automated fleet with 
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non-automated drivers/riders (mixed flows), along with the behavioural adaptation of users when using 
an automated vehicle. 

In some pilots this Use Case will be tested in close connection with another Use Case, such as the AV 
Conspicuity HMI & strategies for interaction of automated road, In vehicle HMI & strategies for automated 
road vehicles, and the Operators-based HMI & strategies for road transport.  

The training might be for instance related to the optimal use of the road HMI developed during the 
project. In some of these situations, the role of training would be to reinforce the effect of the latter and 
it would be difficult to distinguish the impact linked to the former from the one coming from the latter. 
In these cases, the potential impact will be considered as deriving from the combination of the UCs. 

The UC is tested in the following pilots with a variety of users involved: 

• Oslo, Norway (RO-1) 

• Karlsruhe, Germany (RO-2) 

• Versailles, France (RO-3A) 

• Versailles, France (RO-3B) 

• Warsaw, Poland (RO-4) 

• Vienna, Austria (RO-5) 

• Brussels/Gent, Belgium (RO-6) 

• Rome, Italy (RO-7) 

• Linköping, Sweden (RO-8) 

This UC is expected to have a direct impact on user acceptance and safety. Indirect impacts are expected 
on market penetration, traffic efficiency, environment, socio-economic. 

4.2.1.1. User acceptance 

Training for road transport is expected to: 

• Enhance AV user and VRUs acceptance thanks to improved travel safety feelings when facing an 
emergency avoidance; 

• Affect bus passenger acceptance due to change in travel experience (ease of use, comfort...) 
thanks to improved HMI and related training; 

• Enhance AV user acceptance thanks to lower stress level thanks to e.g. understanding of the 
information and warnings from the systems; 

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

• Enhance AV vehicle operators’ acceptance thanks to improved skills and knowledge for efficient 
remote monitoring of the Public Transport and freight and logistics transport operations; 

• Enhance acceptance and trust towards the AV after the takeover requests as drivers are able to 
understand vehicle limitations and are more familiar with this kind of manoeuvre; 

• Enhance AV user acceptance thanks to improved user experience of HMIs, Situational awareness 
and transition of control skills. 

The following Key Performance Indicators for the interested pilots can be considered. 

Table 32 UC1 - User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.1 User acceptance rating on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

RO1, RO2, RO3A, 
RO4, RO5, RO6, 
RO7, RO8 

KPI.2 Vehicle operators’ Index Technology RO5, RO7 
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KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

acceptance on UAS scale Acceptance 
questionnaire  

KPI.3 User acceptance after hands-
on experience of AVs 
(Conflicts between 
automated vehicles and 
other traffic participants) 

Index Technology 
Acceptance 
questionnaire  

RO2, RO3B, RO4 

KPI.4 Comparative WTH/WTP 
before/after the pilots 

Derivation Socio-economic 
Questionnaire 

RO4, RO6, RO8 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted 
and personalized HMI) 

Index User Experience 
Questionnaire  

RO3-A, RO3-B, 
RO3-C, RO4, RO5, 
RO6, RO7, RO8, 

KPI.24 Assessment of comfort and 
stress levels of users by the 
use of wearables during AV 
manoeuvres 

Index Direct observation 
(use of wearables 
during AV 
manoeuvres, 
includes mainly 
bio signal 
capturing and 
camera sensors) 

RO4, RO8 

 Assessment of feeling of 
safety 

Index Socio-economic 
Questionnaire 

RO1, RO2, RO3A, 
RO3B, RO4, RO6, 
RO7, RO8, 

 Assessment of trust Index Trust scale RO1, RO2, RO3B, 
RO4, RO5 

 Usability Index System Usability 
Scale (SUS) 

RO3A, RO3-B, 
RO3-C, RO4, RO7, 
RO8 

 

4.2.1.2. Safety 

With respect to safety, training for road transport is expected to: 

• Affect VRUs safety because they might not well interpretate the behaviour of the AV due to 
absence of informal rules or non-verbal communication 

• Impact on crashes due to changes in the speed of the vehicle, reaction time of the safety pilot on 
manual take-overs, situational awareness in autonomous mode.  

• Impact on crashes/time to collision due to the safety system of the vehicle. 

• Impact on safety via changes in V2I communication due to enhanced intersection management 
skills of TMC operators 

• Reduced severity of control inputs, due to assistance, will reduce 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 assistance reducing driver workload 
during the dock-in and dock-out tasks and improving their ability to safely control the vehicle in 
such situations. 

• Impact on safety due to changes in the driver behaviour during the stop approaching, boarding, 
alighting and leaving operations influenced by the proposed HMI. 
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The following Key Performance Indicators for the interested pilots can be considered. The KPIs without a 
code are those added to the preliminary list of KPIs prepared based on the literature review. 

Table 33 UC1 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RO2, RO5 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

RO1, RO2, RO5, 
RO6, RO7 

KPI.7 Number of single-vehicle & 
multi-vehicle accidents 

nr./100,000km Direct 
observation 

RO1, RO2 

KPI.8 Number of persons killed, 
seriously injured, slightly 
injured per 100 accidents 

nr./100 accidents Direct 
observation 

RO2 

KPI.9 Number of involved vulnerable 
road users (pedestrians, 
cyclists, elderly, children) in 
accidents 

nr./100 accidents Direct 
observation 

RO1, RO2 

KPI.21 User’s perception of security 
levels while riding the vehicle 
(without operators on board)  

Index Questionnaire RO1, RO4, RO6, 
RO8 

KPI.37 Frequency of emergency stops nr./100km  Direct 
observation 

RO4, RO6 

KPI.38 Frequency of conflicts. 
Number of traffic conflicts that 
could lead to an accident, 
where TTC between 2 vehicles 
is less than 2 seconds. 

nr./100km  Direct 
observation 

RO2 

- Mean speed of the vehicle km/h Direct 
observation 

RO1, RO6 

- Standard deviation of vehicle 
speed 

Km/h Direct 
observation 

RO1 

- Take over time seconds Direct 
observation 

RO3A, RO4, RO5 

 

4.2.1.3. Indirect impacts 

Training for road transport is expected to affect AV acceptance and indirectly market penetration, traffic 
efficiency and environment. Acceptance of AV is linked to both a higher use of the autonomous mode 
leading to more homogeneous speeds and reduced acceleration and deceleration phases i.e. lower 
fuel/energy consumption and therefore lower CO2, pollutants and noise emissions. Moreover, 
acceptance relates to willingness to pay and willingness to use AVs thus to the probability of buying an 
AV.  

Training in combination with HMI is expected to solve critical situations due to interactions between AVs 
and other road users (e.g. overtaking in dangerous situations), thus avoiding the probability of traffic 
situations leading to congestion and improving traffic efficiency. 

Considering a greater uptake of AVs, the following Key Performance Indicators can be considered starting 
from the outputs of the pilot data. 
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Table 34 UC1 – Indirect impact KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

 Change in travel time or 
change in total time spent by 
all vehicles in queue. 

hour Simulation RO7 

 Potential impact on market 
penetration due to mode 
selection (e.g. public transport 
+ feeder instead of car usage) 

 Simulation RO6 

 Potential impact on market 
penetration due a higher 
willingness to have thanks to 
improved efficiency of bus 
driver task, assistance, and 
reduce overall journey time 

Derivation Socio-economic 
Questionnaire 

RO8 

KPI 33 Daily vehicle energy 
consumption 

kWh Direct 
observation 

RO1, RO8 

 

4.2.2. Training for rail transport (UC5) 

Use Case 2 focuses on training to passengers, users, and operators of the railway sector in order to 
enhance the awareness, acceptance, and performance. The automated train protection is in-stalled in 
GoA1, which ensures the automatic activation of breaks when the speed is risky, and GoA2 which ensure 
to check acceleration and brakes of the train. The training targets to improve the skills of the operators 
to efficient use and acceptance level of automated trains, and to improve passengers’ awareness of 
autonomous trains. 

This UC has connections with other Use Cases that are “Operators HMI & strategies for rail transport” and 
“In vehicle HMI & strategies for rail vehicles”.  

The training for rail transport is a development of safety culture in automated trains and operations, and 
the use case also is an initial force to operators’ and drivers’ performance and automated train knowledge. 
The training for rail transport use case consider the following pilots: 

• Linköping, Sweden (RA-1) 

• Berlin, Germany (RA-2) 

Furthermore, the training for rail transport use case has impacts on user acceptance and safety with 
respect to direct and/or indirect modifications on operators’ or passengers’ behaviours, and operational 
issues. 

4.2.2.1. Safety  

The descriptions of impact mechanisms and related KPIs, Use Case of Training for rail transport is including 
the expected impacts that are the following: 

• Potential impact on safety due to direct changes in train driver behaviour using improved skills 
thanks to training 

• Potential impact on safety due to indirect changes of driver behaviours thanks to training 

• Impact on crashes due to reaction time of the driver on manual take-overs, situational awareness 
in autonomous mode. 
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• Impact on safety due to changes in the driver behaviour such as sleepiness/distraction during 
autonomous mode 

After these expected impact descriptions, the related Key Performance Indicators are listed in Table 35. 

Table 35 UC5 – Safety KPIs 

KPI 
code 

KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct observation RA1 

- Operator attention in terms of 
number of fixations 

Nr/hour Video RA2 

- Operator attention in terms of 
fixation duration 

minutes Video RA1 

- Take over time seconds Direct observation RA1, RA2 
 

4.2.2.2. User Acceptance 

Based on the impact mechanisms and their connected KPIs, Use Case 5 has the expected impacts that are 
the following: 

• Potential impact on driver acceptance of automation procedures due to indirect changes in 

driver behaviour thanks to training 

• Impact on user acceptance due to changes in train driving experience, comfort, stress, 

possibility for non-driving related activities, feeling of safety, comprehensibility of user interface 

The connected Key Performance Indicator are in the table below. 

Table 36 UC5 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

RA2 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted and 
personalized HMI) 

Index User Experience 
Questionnaire  

RA2 

- Assessment of trust Index Trust scale RA2 

- Usability Index System Usability 
Scale (SUS) 

RA1, RA2 

- Assessment of feeling of safety Index Socio-economic 
Questionnaire 

RA2 

 

4.2.3. Training for air transport (UC11) 

Training for air transport is a Use Case that addresses the interactions of the drone operators/pilots with 
new co-designed HMIs. The training of operators is also aimed at enhancing their perceptions on drones’ 
safety, security, privacy, and usefulness.  
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Training for air transport Use Case pilot has connection to other air transport use case that is “Operators 
HMI & strategies for air transport”. The pilot of use case is tested in: 

• Rome, Italy (AV-1) 

Direct and indirect impacts are expected in impact areas of safety, security, and user acceptance. 

4.2.3.1. User Acceptance 

According to the descriptions of impact mechanisms, the expected impacts on operators’ acceptance are: 

• Most operators will not trust a system without being able to do a manual take-over. By making 
this available it will increase user acceptance. 

• Increased user acceptance because of an increased perceived safety and security. 

• Potential impact on user acceptance due to interaction problems or difficulties with the AV. 

Relevant Key Performance Indicators are reported below. 

Table 37 UC11 – User acceptance KPIs 

KPI 
code 

KPI Unit of 
measure 

Measurement tool Related pilots 

KPI.2 Vehicle operators’ acceptance 
on UAS scale 

Index Technology Acceptance 
questionnaire  

AV1 

KPI.22 User perception of privacy Index Socio-economic 
Questionnaire/interview 

AV1 

KPI.21 User's perception of security 
levels  

Index Socio-economic 
Questionnaire/interview 

AV1 

 Usability Index System Usability Scale 
(SUS) 

AV1 

 

4.2.3.2. Safety 

The descriptions of impact mechanisms and related KPIs, Use Case 11 is considering the expected impacts 
that are the following: 

• Impact on crashes due to reaction time of the Operator on manual take-overs, situational 
awareness in autonomous mode. Impact on crashes/time to collision due to the safety system of 
the drone. 

• Impact on safety due to changes in the driver behaviour such as sleepiness/distraction during 
autonomous mode. 

• impact on safety due to indirect changes in operator behaviour using improved skills thanks to 
training 

Furthermore, the connected Key Performance Indicators can be considered. 

Table 38 UC11 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.38 Frequency of conflicts. Number 
of traffic conflicts that could lead 
to an accident, where TTC 
between 2 vehicles is less than 2 

nr./100km  Direct 
observation 

AV1 
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KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

seconds. 

- Operator attention in terms of 
number of fixations 

Nr/hour Video AV1 

- Operator attention in terms of 
fixation duration 

minutes Direct 
observation 

AV1 

- Take over time seconds Direct 
observation 

AV1 

 

4.2.4. Training for maritime transport (UC8) 

This Use Case 4 is focusing on training for both passengers and operators of maritime transport. The Use 
Case aims to improve awareness, performance, and acceptance of automated maritime vehicles with 
efficient operations, and transition towards the systems monitoring. Autonomous boat operators and 
passengers are targeted by training to increase acceptance, understanding, awareness, cost efficiency, 
increase of vigilance and complacency, increase the operations with non-automated vessels, and reduce 
the impacts of operations.  

This Use Case 4 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 pilot of this Use Case 4 is:  

• Faaborg, Denmark (MA-1) 

Additionally, Use Case 8, training for maritime transport is also considering the direct impacts on user 
acceptance. Also, it is interesting indirect impacts on market penetration, and safety. 

4.2.4.1. User Acceptance 

The descriptions of impact mechanisms and related KPIs, Use Case 8 is considering the expected impacts 
that are the following: 

• Most operators will not trust a system without being able to do a manual take-over. By making 
this available it will increase user acceptance. 

• Might increase user acceptance because of increased safety 

• Potential impact on user acceptance due to changes in the driver behaviour such as 
sleepiness/distraction during autonomous mode thanks to training 

Furthermore, the connected Key Performance Indicators can be considered. 

Table 39 UC8 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.1 User acceptance rating on UAS 
scale 

Index Technology 
Acceptance 
questionnaire  

MA1 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

MA1 
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KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

 Assessment of trust Index Trust scale MA1 

 Usability Index System Usability 
Scale (SUS) 

MA1 

- Assessment of feeling of safety Index Socio-economic 
Questionnaire 

MA1 

 

 

4.2.5. Operators-based HMI & strategies for road transport (UC2) 

This Use Case concerns testing the HMI principles developed in WP3 for remote operation of road AV. 
The focus is 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. 

The UC is tested in: 

• Vienna, Austria (RO-5) 

• Brussels/Gent, Belgium (RO-6) 

• Rome, Italy (RO-7) 

All the three pilots combine this UC with Training for road transport. In RO5 and RO6 this UC is connected 
with UC AV Conspicuity HMI & strategies for interaction of automated road vehicles with non-equipped 
other road users.  In RO7, UC2 is linked with in-vehicle HMI & strategies for automated road vehicles. 

This UC is expected to have impact on workload and attention, readiness in transitions between manual 
and automated driving. Direct impacts for this UC are expected in the areas of user acceptance, safety 
and traffic efficiency. 

4.2.5.1. User acceptance 

With respect to user acceptance, Operators-based HMI & strategies for road transport is expected to: 

• Impact on operator acceptance due to changes in operation strategies, stress level, 
comprehensibility of user interface. 

• Impact on acceptance due to the frequency of transition requests. 

• Potential impact on acceptance due to behavioural changes of TMC operators thanks to training 
and improved HMI 

The following Key Performance Indicators for the interested pilots can be considered.  

Table 40 UC2 – Acceptance 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

RO5, RO6, RO7 

KPI.24 Comfort and stress level Index Direct 
observation (use 
of wearables 

RO5, RO6 
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KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

during AV 
maneuvers) 

KPI.37 
 

Frequency of emergency stops nr./100km  Direct 
observation 

RO6 

- Assessment of trust Index Trust scale RO5, RO6 

- Usability Index System Usability 
Scale (SUS) 

RO5, RO7 

 

4.2.5.2. Safety 

With respect to safety, Operators-based HMI & strategies for road transport is expected to: 

• Impact on safety due to changes in the operator behaviour such as sleepiness/distraction during 
autonomous mode. 

• Impact on crashes due to the fact that other road users overtake the vehicle because of the low 
speed (could lead to dangerous traffic situations). 

• Impact on in-vehicle safety of the passengers due to emergency breaks. 

• Impact on road safety via changes in average speed and stop time at intersections due to 
enhanced improvement of intersection management of TMC operators through operators 
training and HMI. 

• Impact on road safety via changes in users’ and other roads users’ behaviours thanks to operators 
training and HMI. 

The following Key Performance Indicators for the interested pilots can be calculated. The KPIs without a 
code are those added to the preliminary list of KPIs prepared based on the literature review. 

Table 41 UC2 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RO5 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

RO6 

KPI.37 
 

Frequency of emergency stops nr./100km  Direct 
observation 

RO5, RO6 

- Operator attention in terms of 
number of fixations 

Nr/hour Video RO5 

- Operator attention in terms of 
fixation duration 

minutes Direct 
observation 

RO5, RO7 

- Number of overtaking events Nr/hour Direct 
observation 

RO5, RO6 

 

4.2.5.3. Traffic efficiency 

With respect to traffic efficiency, Operators-based HMI & strategies for road transport is expected to: 

• Increase PT reliability thanks to AVs in combination with MaaS and perceived PT reliability thanks 
to improved acceptance. 
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• Impact on traffic efficiency via changes in traffic performance at intersections due to an enhanced 
intersection management of TMC HMI. 

Safety, in terms of accident frequency, might also affect traffic efficiency. 

The following Key Performance Indicators for the interested pilots can be considered. 

Table 42 UC2 – Traffic efficiency KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI17 Public Transport reliability % Direct 
observation 

RO5, RO7 

- Average commercial speed of 
AV 

Km/h Direct 
observation 

RO5, RO6 

- Operator attention in terms of 
number of fixations 

Nr/hour Video RO5 

- Operator attention in terms of 
fixation duration 

minutes Direct 
observation 

RO5, RO7 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RO5 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

RO6 

 

4.2.5.4. Indirect impacts 

An economic impact is a higher number of sales of autonomous vehicles, since a higher acceptance by the 
operators may lead a transport operator to the decision of buying new AVs. 

4.2.6. Operators HMI & strategies for rail transport (UC6) 

This Use Case 6 addresses HMI and strategies for operators of the railway sector in order to optimize the 
HMI principles according to dispatcher’s/train driver perspective. After that, it also focuses 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.  

The use cases connected to this UC are “Training for rail transport” and “In vehicle HMI & strategies for 
rail vehicles”. The Operators HMI & strategies for rail transport Use Case is tested in the following pilots: 

• Linköping, Sweden (RA-1) 

• Berlin, Germany (RA-2) 

Use Case 6 is expected to affect user acceptance and safety with respect to modifications on operators’ 
behaviours and operational issues. 

4.2.6.1. Safety 

According to the descriptions of impact mechanisms and related KPIs, this Use Case can be interested in 
the expected impacts that are the following: 

• Potential impact on safety due to development of HMI in train that helps driver 

• Potential impact on safety due to indirect changes in train driver behaviour using improved skills 
thanks to training 

• Impact on safety due to changes in the train driver / remote control system dispatcher behaviour 
such as sleepiness/distraction during autonomous mode. 
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Moreover, the following relevant Key Performance Indicators can be evaluated. 

Table 43 UC6 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RA2 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted and 
personalized HMI) 

Index User Experience 
Questionnaire  

RA2 

- Mental workload Index user Survey RA2 

j 

4.2.6.2. User Acceptance 

Based on the impact mechanisms and matched KPIs, this Use Case’s expected impact is the following: 

• Impact on train driver / dispatcher acceptance thanks to optimised operator HMI 

After this expected impact, the relevant Key Performance Indicators can be considered. 

Table 44 UC6 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

RA2 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted and 
personalized HMI) 

Index User Experience 
Questionnaire  

RA2 

- Assessment of trust Index Trust scale RA1 

 

4.2.6.3. Indirect impacts 

Other potential impacts are reported in the table below. 

Table 45 UC6 – Indirect impacts KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

 Impact on the time of the work 
task gained due to the ability to 
remotely operate more trains. 

  RA2 

 Potential impact on traffic 
efficiency due to increased time 
spent with autonomous mode 
caused by a higher acceptance of 
automation due to training 

minutes Direct 
observation 

RA2 
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4.2.7. Operators HMI & strategies for air transport (UC12) 

Use Case 7 is dealing with HMI with operators and strategies for air transport. The purpose is to test HMI 
principles with respect to operator and pilot perspectives in order to assess different HMIs and different 
automation levels. The main points of the Use Case are public acceptance, risk of accident, awareness, 
operational issues, and impacts on HMI. 

This use case has a connected Use Case which is “Training for air transport”. The relevant pilot site is: 

• Rome, Italy (AV-1) 

This UC is is expected to have impact on workload and focus on attention with direct impact on safety, 
and user acceptance. In addition, use case has an indirect impact on security. 

4.2.7.1. User Acceptance 

The descriptions of impact mechanisms, with matched KPIs, introduces that this Use Case’s expected 
impacts are the following: 

• Potential impact on user acceptance due to changes in the driver workload such as 
sleepiness/distraction during autonomous mode 

• Impact on user acceptance due to changes in user experience, comfort, stress, feeling of safety, 
comprehensibility of user interface 

After these expected impacts, the connected Key Performance Indicators can be evaluated. 

Table 46 UC12 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

AV1 

KPI.10 User opinion/rating of AVs Index Socio-economic 
Questionnaire 

AV1 

KPI.24 Comfort and stress levels of 
users  

Index Direct 
observation (use 
of wearables 
during AV 
maneuvers, 
includes mainly 
bio signal 
capturing and 
camera sensors) 

AV1 

- Assessment of trust Index Trust scale AV1 

- Usability Index System Usability 
Scale (SUS) 

AV1 

 

4.2.7.2. Safety 

The expected impacts, which are identified impact mechanisms and KPI matching, of the use case are the 
following: 
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• Potential impact on safety due to changes in the driver workload such as sleepiness/distraction 
during autonomous mode 

• Impact on safety due to indirect changes in operator behaviour using improved skills thanks to 
training 

• Impact on crashes due to improved reaction time of the operator on manual take-overs, 
situational awareness in autonomous mode. 

After that, the related Key Performance Indicators may be considered. 

Table 47 UC12 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

AV1 

- Operator attention in terms of 
number of fixations 

Nr/hour Video AV1 

- Operator attention in terms of 
fixation duration 

minutes Video AV1 

- Take over time seconds Direct 
observation 

AV1 

 

4.2.7.3. Security 

According to the identified impact mechanisms, the indirect expected impact of this use case is the 
following: 

• Potential impact on security due to indirect changes in operator behaviour using improved skills 
thanks to the optimised HMI. 

Furthermore, the related Key Performance Indicator, to the described impact, can be evaluated. 

Table 48 UC12 – Security KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.10 User opinion/rating of AVs Index Socio-economic 
Questionnaire 

AV1 

 

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

This Use Case addresses the issues emerging from the interaction of automated and non-automated road 
vehicles with pedestrians and other VRUs. 

Training for road transport users and AV Conspicuity HMI& strategies for interaction of automated road 
vehicles with non-equipped other road users are UCs connected to this one. 

The UC is tested in the following pilots with a variety of users involved: 

• Oslo, Norway (RO-1) 

• Karlsruhe, Germany (RO-2) 

• Versailles, France (RO-3C) 
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• Brussels/Gent, Belgium (RO-6) 

In all the pilots this Use Case is undertaken together with Training for road transport users UC. 

The UC is expected to impact user acceptance, safety and traffic efficiency.  

4.2.8.1. User acceptance 

Based on the impact mechanisms identified, this UC is expected to: 

• Impacts on user acceptance due to PTW riders’ comfort and stress level when facing AV lighting 
system 

• Potential impacts on non-user acceptance due to safety feelings when facing AV lighting system. 

• Potential impact on user acceptance due to interaction problems or difficulties with the AV. 

• Impacts on bus passenger acceptance due to change in travel experience (easy of use, comfort...) 
thanks to improved HMI and related training. 

• Enhance AV user acceptance thanks to improved user experience of HMIs, Situational awareness 
and transition of control skills. 

The following Key Performance Indicators for the interested pilots can be considered. 

Table 49 UC3 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.1 User acceptance rating on UAS 
scale 

Index Technology 
Acceptance 
questionnaire  

RO1, RO2, RO3C 

KPI.10 User opinion/rating of AVs Index Socio-economic 
Questionnaire 

RO1, RO2, RO3C, 
RO6 

KPI.4 Comparative WTH/WTP 
before/after the pilots 

Derivation Socio-economic 
Questionnaire 

RO1, RO-3C 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted 
and personalized HMI) 

Index User Experience 
Questionnaire  

RO1, RO2, RO-3C 

KPI.24 Comfort and stress levels of 
users  

Index Direct 
observation (use 
of wearables 
during AV 
maneuvers, 
includes mainly 
bio signal 
capturing and 
camera sensors) 

RO1, RO2 

 

4.2.8.2. Safety 

With respect to safety, this UC is expected to: 

• Impacts on crashes due to interaction between PTW riders and non-AV users 

• Impact on road safety because other road users test out the functionalities of the vehicle (e.g. 
pedestrians test out emergency stops) 
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• Impact on pedestrian/cyclists safety because other road users might not well interpretate the 
behaviour of the AV due to absence of informal rules or non-verbal communication 

• Impact on crashes due to changes in situational awareness in autonomous mode. Impact on 
crashes/time to collision due to the safety system of the vehicle. 

• Impacts on crashes due to AV lighting system 

• Impacts on crashes due to reaction time of users when facing PTW riders behaviour because of 
AV lighting system 

The following Key Performance Indicators for the interested pilots can be considered. 

Table 50 UC3 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RO-3C 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

RO1, RO2 

KPI.7 Number of single-vehicle & 
multi-vehicle accidents 

nr./100,000km Direct 
observation 

RO1, RO2 

KPI.9 Number of involved vulnerable 
road users (pedestrians, 
cyclists, elderly, children) in 
accidents 

nr./100 accidents Direct 
observation 

RO1, RO2, RO-3C, 
RO6 

KPI.21 User’s perception of security 
levels while riding the vehicle 
(without operators on board)  

Index Questionnaire RO1, RO-3C, RO6 

KPI.37 Frequency of emergency stops nr./100km  Direct 
observation 

RO1, RO2 

KPI.38 Frequency of conflicts. 
Number of traffic conflicts that 
could lead to an accident, 
where TTC between 2 vehicles 
is less than 2 seconds. 

nr./100km  Direct 
observation 

RO1, RO2 

- Vehicle performance (Speed, 
Acceleration/Deceleration, 
Standstill acceleration, 
Braking/Stopping 
deceleration, 
Lateral/Longitudinal position, 
Ability to stay on track etc.) 

- Direct 
observation 

RO1, RO2, RO-3C, 
RO6 

 

4.2.8.3. Traffic efficiency 

Concerning traffic efficiency, the following impacts are identified: 

• Impact on traffic efficiency due to congested traffic when other road users are interacting with 
the AV. 

• Potential impact on traffic efficiency due to mode selection (e.g. public transport + feeder instead 
of car usage) 

• Impacts on traffic efficiency due to the AV lighting system informing the other non-AV users 

• Potential impact on traffic efficiency due the fact that other road users overtake the vehicle 
because of low speed 
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Related KPIs are reported in the following table. 

Table 51 UC3 – Traffic efficiency KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

- Vehicle performance (Speed, 
Acceleration/Deceleration, 
Standstill acceleration, 
Braking/Stopping deceleration, 
Lateral/Longitudinal position, 
Ability to stay on track etc.) 

- Direct 
observation 

RO1, RO2, RO6 

- Number of overtaking events Nr/hour Direct 
observation 

RO1, RO2, RO6 

 

4.2.9. Operators HMI & strategies for maritime transport (UC9) 

The aim of this Use Case 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 use case 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”. Use case 9 is 
related to the pilot site: 

• Faaborg, Denmark (MA-1) 

Operators HMI & strategies for maritime transport use case is interesting direct impact area on user 
acceptance. Moreover, use case has indirect impacts on safety and market penetration.   

4.2.9.1. User Acceptance 

The table of the impact mechanisms show that the expected impact of this UC is: 

• Most Operators will not trust a system without being able to do a manual take-over. By making 
this available it will increase user acceptance. 

• Might increase user acceptance because of increased safety 

The following Key Performance Indicators for the interested pilots are considered. 

Table 52 UC9 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

MA1 

 Assessment of trust Index Trust scale MA1 

 Usability Index System Usability 
Scale (SUS) 

MA1 

- Assessment of feeling of safety Index Socio-economic 
Questionnaire 

MA1 
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4.2.9.2. Safety 

According to the impact mechanisms table that is identified, the expected impact is the following: 

• Impact on crashes due to reaction time of the Operator on manual take-overs, situational 
awareness in autonomous mode. 

• Impact on safety due to changes in the driver behaviour such as sleepiness/distraction during 
autonomous mode 

The considered Key Performance Indicators for the pilot assessment are reported below. 

Table 53 UC9 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

MA1 

- Operator attention in terms of 
number of fixations 

Nr/hour Video MA1 

- Operator attention in terms of 
fixation duration 

minutes Video MA1 

- Take over time seconds Direct 
observation 

MA1 

 

4.2.10. In-vehicle HMI & strategies for rail vehicles (UC11) 

In vehicle HMI & strategies for rail vehicles Use Case considers HMI and strategies for automated train 
drivers with respect to optimize the HMI principles. Furthermore, it aims to develop and test HMI for 
GoA3 and GoA4 according to operator perspective and find the impacts on training with ensuring safety 
culture in autonomous trains. 

The related use cases of in vehicle HMI & strategies for rail vehicles are “Training for rail transport” and 
“Operators HMI & strategies for rail transport”. This use case is related to the following pilot: 

• Linköping, Sweden (RA-1) 

Use Case 11 is interesting in direct impacts on user acceptance with respect to modifications on drivers’ 
behaviours. 

4.2.10.1. User Acceptance 

According to the identified impact mechanisms, the expected impacts are the following: 

• Potential impact on driver acceptance of automation procedures due to direct changes in driver 

behaviour thanks to training/HMI 

• Potential impact on driver acceptance of automation procedures due to indirect changes in 

driver behaviour thanks to training/HMI 

To this impact mechanisms, the relevant Key Performance Indicators are: 
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Table 54 UC11 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

RA1 

KPI.23 

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

Index 
User Experience 
Questionnaire  

RA1 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

RA1 

KPI.10 User opinion/rating of AVs Index Socio-economic 
Questionnaire 

RA1 

 

4.2.11. In-vehicle HMI & strategies for automated road vehicles (UC4) 

The aim of this Use Case is to test HMI principles inside AVs with a focus on functions dealing with the 
transition from/to autonomous driving. 

Connected UCs are: Training for road transport, AV Conspicuity HMI & strategies for 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 will be tested in: 

• Versailles, France (RO-3A) 

• Warsaw, Poland (RO-4) 

• Rome, Italy (RO-7) 

• Linköping, Sweden (RO-8) 

This UC is expected to affect user acceptance, traffic efficiency and safety thanks to a higher readiness in 
transitions. 

4.2.11.1. User acceptance 

In-vehicle HMI & strategies for road AVs is expected to change acceptance through the following: 

• Better acceptance and trust towards the AV after the takeover requests as drivers are able to 
understand vehicle limitations and are more familiar with this kind of manoeuvre. With 
experience, drivers may also find the benefits of L3 AV not sufficient in certain conditions, and 
return to manual driving most of the time. 

• Direct impacts of the non‐driving related in‐car activities, direct impacts on driving and travel 
experience thanks to the improved in-vehicle HMI (improved comfort, use of automated driving 
function, feeling of safety). 

• Potential impact on drivers' acceptance via changes in traffic performance at intersections due to 
enhanced improvement of intersection management of TMC operators through operators 
training 

• Expected impact on TMC operator acceptance of the new C-ITS service due to training and 
improved HMI 
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• Impacts on bus passenger acceptance due to change in travel experience (easy of use, comfort...) 
thanks to improved HMI 

• Impacts on bus passenger and driver acceptance due to change in interaction between AV and 
passengers at a bus stop thanks to improved HMI 

The following Key Performance Indicators can be considered for impact estimation. 

Table 55 UC4 - User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ 
acceptance on UAS scale 

Index Technology 
Acceptance 
questionnaire  

RO7, RO8 

KPI.3 User acceptance after hands-
on experience of AVs 
(Conflicts between 
automated vehicles and 
other traffic participants) 

Index Technology 
Acceptance 
questionnaire  

RO3A, RO4, RO7, 
RO8 

KPI.4 Comparative WTH/WTP 
before/after the pilots 

Derivation Socio-economic 
Questionnaire 

RO4, RO8 

KPI.14 Consumer willingness to have 
and to pay for autonomous 
vehicles 

Index Socio-economic 
Questionnaire 

RO3A, RO4, RO7, 
RO8 

KPI.23 User experience (user 
experience refers to a 
persuasive, affective, trusted 
and personalized HMI) 

Index User Experience 
Questionnaire  

RO3A, RO4, RO7, 
RO8 

KPI.24 Assessment of comfort and 
stress levels of users by the 
use of wearables during AV 
manoeuvres 

Index Direct observation 
(use of wearables 
during AV 
manoeuvres, 
includes mainly 
bio signal 
capturing and 
camera sensors) 

RO4, RO8 

 Assessment of feeling of 
safety 

Index Socio-economic 
Questionnaire 

RO3A, RO4, RO7, 
RO8 

 Assessment of trust Index Trust scale RO3A, RO4, RO7, 
RO8 

 Usability Index System Usability 
Scale (SUS) 

RO3A, RO4, RO7, 
RO8 

- Take over time seconds Direct observation RO3A, RO4 
  

4.2.11.2. Safety 

The identified impact mechanisms show that the expected impact is: 

• Better comprehension and use of the automated mode, especially at the early stage for trained 
drivers. Less speed changes, lateral deviation, and more appropriate decision (i.e. braking, 
avoiding or accelerating) during the takeovers. On longer trips, drivers may get distracted or 
drowsy, which may increase the risks during takeover phases. 
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• Direct impacts of information and warnings provided by the vehicle sensors to the human driver 
thanks to the new HMI (e.g. Brake reaction time, Instances with hard braking,-number of 
instances where the driver must take manual control, time to take over vehicle control) 

• Potential impact on road safety via changes in average speed and stop time at intersections due 
to enhanced improvement of intersection management of TMC operators through operators 
training and HMI 

• Impact on safety via changes in V2I communication due to enhanced intersection management 
of TMC HMI 

The following Key Performance Indicators can be considered for impact estimation. 

Table 56 UC4 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

 RO4, RO8 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

RO8 

KPI.7 Number of single-vehicle & 
multi-vehicle accidents 

nr./100,000km Direct 
observation 

RO8 

KPI.37 Frequency of emergency stops nr./100km  Direct 
observation 

RO3A, RO4 

KPI.38 Frequency of conflicts. 
Number of traffic conflicts that 
could lead to an accident, 
where TTC between 2 vehicles 
is less than 2 seconds. 

nr./100km  Direct 
observation 

 RO4, RO8 

- Take over time seconds Direct 
observation 

RO3A, RO4 

- Vehicle performance (Speed, 
Acceleration/Deceleration, 
Standstill acceleration, 
Braking/Stopping deceleration, 
Lateral/Longitudinal position, 
Ability to stay on track etc.) 

- Direct 
observation 

RO3A, RO4 

 

4.2.11.3. Traffic efficiency 

Concerning traffic efficiency, the following impacts are identified: 

• Smoother transitions between manual and automated mode after training, which may avoid the 
creation of traffic congestion 

• Potential impact on traffic efficiency via changes in traffic performance at intersections due to 
enhanced intersection management of TMC HMI 

• Improved efficiency of bus driver task, due to assistance, will reduce the amount of time needed 
to load and unload passengers and reduce overall journey time 

• Reduction in severity of control inputs due to use of assistance system will improve fuel efficiency 
during the dock-in and dock-out tasks. 

• Potential impact on traffic efficiency due to change in mode selection (higher capacity of buses) 
caused by increased acceptance and resulting in higher attractive option 

The following Key Performance Indicators can be considered for impact estimation. 



 

D6.1: Impact assessment framework, project KPIs and their 
prioritisation 

October 2020 107 
 

Table 57 UC4 – Traffic efficiency KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

- Vehicle performance (Speed, 
Acceleration/Deceleration, 
Standstill acceleration, 
Braking/Stopping deceleration, 
Lateral/Longitudinal position, 
Ability to stay on track etc.) 

- Direct 
observation 

RO3A, RO4 

 

4.2.12. AV Conspicuity HMI & strategies for interaction of automated 
ships with other non-equipped vessels (UC10) 

This Use Case deals with the interaction of automated and non-automated vessels. The project solution 
developed is tested in Faaborg, Denmark. The aim of this Use Case is to understand and organize the 
operations of automated and non-automated vessels in the same environment. The behavioural 
adaptations of operators and passengers are considered.  

Use Case 13 has two connected Use Cases that are “Training for maritime transport” and “Operators HMI 
& strategies for maritime transport”.  

This Use Case is expected to have an impact in the areas of user acceptance and safety. Indirect impacts  

4.2.12.1. User 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. 

The related Key Performance Indicators are reported below. 

Table 58 UC10 – User acceptance KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.2 Vehicle operators’ acceptance on 
UAS scale 

Index Technology 
Acceptance 
questionnaire  

MA1 

 
KPI.3 

User acceptance after hands-on 
experience of AVs (Conflicts 
between automated vehicles 
and other traffic participants) 

Index Technology 
Acceptance 
questionnaire  

MA1 

 Assessment of trust Index Trust scale MA1 

 

4.2.12.2. 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 AV’s in decision making outside of 

regular programming options. 

For the assessment of this impact, the relevant Key Performance Indicators are: 
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Table 59 UC10 – Safety KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI.5 Rate of accidents caused by 
human errors 

nr./100,000km Direct 
observation 

MA1 

KPI.6 Rate of accidents caused by 
machine errors 

nr./100,000km Direct 
observation 

MA1 

KPI.38 Frequency of conflicts. Number 
of traffic conflicts that could lead 
to an accident, where TTC 
between 2 vehicles is less than 2 
seconds. 

nr./100km  Direct 
observation 

MA1 

 

4.2.12.3. Indirect impacts 

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. 

Table 60 UC10 – Indirect impact KPIs 

KPI code KPI Unit of measure Measurement 
tool 

Related pilots 

KPI 33 Average Daily vehicle energy 
consumption 

kWh Direct 
observation 

MA1 
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5. Results MAMCA evaluation and KPI prioritization 

In this section, the practical organization as well as the results of the stakeholder workshops are 
described. The workshops were coupled to the Drive2theFuture pilot sites. Due to travel restrictions 
regarding COVID19, the workshops all took place online, the meeting application Zoom was used for this 
purpose.  

5.1. Workshop organization 

The workshops were organized in close collaboration with the pilot sites. In first instance, the pilot site 
leader identified representatives for each stakeholder group. Depending on the scenario of the pilot, the 
focus of the workshop was determined: mobility or logistics. Relevant stakeholders were invited according 
to the stakeholder groups. For mobility, the relevant stakeholder groups are users, public transport 
operators, local authorities, manufacturers and mobility service providers. For logistics, the relevant 
stakeholder groups are senders, receivers, logistic service providers, local authorities and citizens. To 
kindle the group discussion in the workshop, pilot site leaders were recommended to invite a minimum 
of 3 representatives per stakeholder group. Local stakeholders were invited through the local pilot site, 
in the local language. Therefore, support from the pilot sites was necessary regarding translation of 
predefined email invitation templates. The language of the workshop was determined in agreement with 
the pilot site, where hybrid approaches were possible. The starting point for each workshop was to 
conduct the plenary part in English and the discussions in the stakeholder groups in the native language.  

As previously described in section 4.1, the MAMCA workshop has several phases. In the first phase 
(plenary), the goal of the project and the scenarios and impact areas are described. Next, the group breaks 
up in the different stakeholder groups (break-out groups) where each of them discusses separately the 
scenarios and impact areas until consensus is reached. The break-out groups were supported by a local 
moderator to lead the discussion and enter the qualitative reflection of the group evaluation in the online 
MAMCA tool. In the last phase (plenary), all participants join in on the discussion of the general results. 
Through the MAMCA online tool, the results of the workshop can be viewed in real-time and thus 
immediately reflected upon. This reflective discussion with all stakeholder groups allows to capture the 
main insights from the group discussion and compare these to the ranking provided by the MAMCA tool. 
Lastly, the participants were requested to fill out an individual online survey. In agreement with the pilot 
site leader on the participants knowledge of English, the survey was either conducted in English or 
translated.   
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Figure 3: Workshop flow 

The course of the workshop as shown in Figure 3 can be described as follows:  

1. Short introduction and overview of the scenarios (plenary) 

• Introduction to the Drive2theFuture project and pilots 

• Brief explanation of the MAMCA approach for stakeholder involvement 

• Overview and description of the scenarios for mobility and logistics 

2. Scoring the importance of the criteria and the performance of the scenarios (per stakeholder group) 

• Brief group discussion on criteria importance for the stakeholder group 

• Confirmation of importance scores for each criterium on a 100-scale in MAMCA tool 

• Brief group discussion of criteria weights (calculated by the MAMCA tool) 

• Brief group discussion on the performance of a scenario in term of the stakeholder criteria. 

• Assignment of a performance score (from 1 to 10) for every scenario for each criterium (SMART 
evaluation method in MAMCA tool). 

3. Collective discussion of the results per stakeholder group and the overall ranking of the scenarios 

across stakeholder groups (plenary) 

4. KPI prioritization through online survey (per participant)  

5.2. Workshop results  

A total of 4 workshops took place, in the timeframe from June 2020 till September 2020. In terms of the 
workshop focus, 3 workshops were focussed on mobility and 1 on logistics. They took place in Austria, 
France, Poland and Slovakia. In the following sections, the MAMCA results from each of the workshops 
will be described. After, some general conclusions in terms of the workshop will be discussed. Lastly, the 
results of the KPI prioritization are discussed.  

5.2.1. Stakeholders’ evaluation workshop 1 (Austria/Mobility) 

The first remote workshop was organized in cooperation with Wiener Linien. Wiener Linien is a public 
transport operator running most of the public transit network in the city of Vienna, Austria. The company 
facilitated the autonomous shuttle bus pilot in Vienna (RO-5). The focus of the workshop was on the 
stakeholders’ evaluation of autonomous mobility scenarios. 
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5.2.1.1. Participants and moderators 

The breakout sessions including the group discussions were held in German, the local language of the 
participants. A total of 23 participants took part in the workshop to represent four stakeholder groups. 
One participant was present to represent the Manufacturers, however, due to time constraints this 
person was not able to attend the full workshop. More specifically, only the weights for the impact areas 
were determined, but the evaluation of the scenarios could not be completed. The survey with KPI 
prioritisation was completed by 17 participants at the end of the workshop. 

5.2.1.2. Insights from MAMCA workshop  

The overall results of the MAMCA evaluation show that the Users and Public Transport Operators share 
the same overall ranking of scenarios (Figure 4). While for the PTO the overall performance scores of the 
scenarios are situated at the top of the rating scale for all scenarios, the overall performance scores of 
the Users are more broadly dispersed. For the Users, there is also a clear gap in the overall scores of the 
automated shared transport services and the automated private car scenarios.  

Similarly, for the Local authorities there is a relatively widespread between automated public services, 
mass rapid transit and first/last mile feeder, and automated private cars. The overall score of automated 
ride sharing is slightly lower than BAU and in the mid-range of the rating scale. 

Lastly, there is a substantial difference between the overall performances scores of all automated 
scenarios and BAU for the Mobility Service Providers. This indicates that the Mobility Service Providers 
believe strongly in automation of all types of mobility options.  

Overall, in Figure 4, we can see that the two automated public services are in the top-3 for all stakeholder 
groups. Automated ride sharing is also strongly positively evaluated, except by the Local Authorities. In 
comparison to the shared scenarios, the privately-owned car scenarios have lower overall performance 
scores for all stakeholder groups. Finally, the current mobility situation or BAU has the lowest overall 
performance score for all stakeholder groups, except the Local Authorities. 

 

Figure 4: Multi-actor view workshop 1 

The criteria weights indicate that the Users place a more or less equal importance on the different impact 
areas Figure 5. 

Looking at the evaluation of the scenarios across the impact areas, we can see that the automated 
scenarios received higher performance scores compared to BAU for most of the impact areas. This general 
trend is in line with the overall performance scores of the scenarios. The Users believe that the automated 
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scenarios will perform better than the current situation in terms of safety, traffic efficiency, 
environmental and societal impact.  

In terms of security, the Users have assigned relatively high-performance scores to all scenarios, but 
assigned the highest score to BAU. This indicates that the Users are still somewhat concerned about the 
security impact of automated vehicles compared to the current situation.  

Lastly, the performance scores for societal and economic impact show a clear gap between the automated 
shared scenarios and the automated private car scenarios. The economic impact of privately-owned 
automated cars is even expected to perform worse than BAU.  

Overall, we find that the Users expect the automated scenarios to improve mobility compared to BAU 
and expect higher positive impacts from shared type of service than privately owned vehicles. 

 

Figure 5 Users average result workshop 1 

The weights of the impact area indicate that safety reflects the most important criterion for the Public 
Transport Operators, as can be seen in Figure 6. It is closely followed by security, environmental, societal 
and economic impact, while market penetration has a relatively low weight.  

Overall, all the scenarios received high performance scores for the different impact areas. It is striking 
that all the scenarios, including BAU, were rated equally in terms of environment, societal and economic 
impact. 

Also, each separate scenario was given the same performance score in terms of safety and security. This 
results in an equal ranking for these criteria, where automated mass rapid transit and automated ride 
sharing received the highest performance scores, followed by the first/last mile feeder and privately-
owned automated car scenario both rated equally. Lastly, in terms of market penetration there is a clear 
gap in the performance rating of the shared automated scenarios and the private automated scenarios 
and BAU.  

Even though the overall performance scores of the automated scenarios are not markedly different than 
BAU, the Public Transport Operators still believe automation can improve mobility in terms of safety and 
security. They also expect the shared automated service to have a more positive impact than the privately-
owned car scenarios, especially in terms of market penetration of the scenarios. 
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Figure 6 PTOs average result workshop 1 

For the Local Authorities, as shown in Figure 7, the weights of the impact areas show that regulatory 
impact reflects the most important criterion, followed by policy and environmental impact. While the 
weight of societal impact also still reflects a high importance, economic impact has a relative low weight 
indicating a lower importance for the Local Authorities.  

The Local Authorities assigned the same performance score to BAU for each impact areas, using it a 
baseline reference for evaluating the impact of the automated scenarios.  

The first/last mile feeder and mass rapid transit scenarios received the highest performance scores across 
all impact areas. The automated ride sharing scenario was also rated better than BAU for all impact areas, 
except for regulatory impact. Additionally, the automated private scenarios perform worse than BAU, 
except for economic impact, where they perform equally to or better than BAU.  

Overall, the Local Authorities believe that shared automated transport will positively impact mobility 
compared to the current situation, however, they expect considerable regulatory challenges for 
automated ride sharing. 
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Figure 7 Local authorities average result workshop 1 

The weights of the impact area reflect that security and economic impact are the most important criteria 
for the Mobility Service Providers, as shown in Figure 8. While policy implications and societal impact are 
also of considerable importance, market penetration is a smaller objective for the Mobility Service 
Providers.  

The performance scores show that all the automated scenarios received markedly higher performance 
scores than BAU. In terms of economic and policy impact the automated shared scenarios clearly 
outperform the automated private scenarios. While in terms of market penetration and societal impact 
the automated private scenarios are considered to have a higher positive impact than the shared 
scenarios. Lastly, all automated scenarios were rated equally in terms of security.  

Overall, the Mobility Service Providers strongly believe that automation will provide positive 
improvement to mobility. Notably, taking into account the weight of the most relevant criteria, the 
automated shared scenarios outperform the private scenarios. 
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Figure 8 MSPs average result workshop 1 

5.2.2. Stakeholders’ evaluation workshop 2 (Slovakia/Logistics) 

The second remote workshop was organized in cooperation with UNIZA, the University of Žilina. The focus 
of the workshop was on the stakeholders’ evaluation of autonomous logistic scenarios. 

5.2.2.1. Participants and moderators 

The breakout sessions including the group discussions were held in Slovak and Czech, the local 
language of the participants. A total of 19 participants took part in the workshop to represent five 
stakeholder groups. The researchers of UNIZA were moderators for the stakeholder groups. The survey 
with KPI prioritisation was completed by 13 participants at the end of the workshop. 

5.2.2.2. Insights from MAMCA workshop 

The overall results of the evaluation, in Figure 9, show that the automated scenarios outperform BAU 
for the Logistic Service Providers, Local Authorities and Senders. Also, the Citizens believe that the 
automated scenarios can provide improved logistic services compared to BAU. They share the same 
overall ranking as the Senders, except for the automated last-mile scenario in the air. 
In contrast, the overall performance of the scenarios for the Receivers indicate that they are still 
doubtful towards the automation of logistic services.  
Overall, the stakeholders are positive towards the performance of the automated scenarios compared 
to BAU, except for the Receivers. The automated long-haul scenario by rail has the highest overall 
score for Citizens, Senders and Logistic Service Providers. 
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Figure 9 Multi-actor view workshop 2 

The weights indicate that security, safety and traffic efficiency are important criteria, while environment 
and societal impact have a lower importance for the Citizens, as shown in Figure 10.  

The final result score for the Citizens shows that automated long-haul transport by rail, automated long-
haul transport over the road and last-mile delivery shared with passenger transport over the road form 
the top 3. BAU has a mid-range score and last-mile transport over the air has the lowest final score. BAU 
received a mid-range score in terms of safety and societal impact, a below mid-range score for security 
and environment and an above mid-range score for traffic efficiency. Compared to BAU the scenarios 
automated long-haul transport by rail, automated long-haul transport over the road and last-mile 
transport shared with passenger transport over the road received higher performance scores for in terms 
of all criteria except societal impact. However, societal impact does not reflect a critical objective for the 
Citizens in this context. The scenario last-mile transport over the air falls behind BAU in terms of safety 
and traffic efficiency, which are two import criteria. Thus, underpinning the outcome of the overall 
ranking of the scenarios. 

Strikingly, all of the automated scenarios receive higher performance scores in term of security compared 
to BAU. This reflects that Citizens believe that the automated systems will be adequately protected 
against external threats or harassment.   

In conclusion, the Citizens are positive towards all automated scenarios except for last-mile delivery per 
aerial vehicle. 
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Figure 10 Citizens average result workshop 2 

The weights indicate that security, economic and environmental impact are of the highest concern for the 
Senders (see Figure 11), while traffic efficiency, user acceptance and societal impact have a lower 
importance in the context of automated freight transport.  

The final result shows that all the automated scenarios have higher overall performance scores than BAU. 
The scenario automated long-haul transport by rail has the highest score.  

Looking at the impact areas, the automated scenarios outperform BAU in terms of economic and 
environmental impact. This suggests that the Senders believe the automated systems can lower the cost 
of shipments and will have a lower impact on the environment compared to the current transport 
services. Automated long-haul transport by rail and road and last-mile delivery per aerial vehicles also 
outperform BAU in terms of traffic efficiency. However, the importance of traffic efficiency is less relevant 
for the Senders in this context. 

When comparing the automated scenarios amongst each other, we see that automated long-haul 
transport by rail often received the highest performance score and last-mile delivery shared with 
passenger transport often got the lowest of second to lowest score.  

Notably, in contract to the Citizens, all the automated scenarios received lower performance score that 
the BAU in terms of security. This possibly reflects their concerns on how the automated systems will be 
protected against external threats or harassment. 
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Figure 11 Senders average result workshop 2 

Although traffic efficiency and economic impact carry a slightly bigger importance, the weights of the 
criteria show that the Receivers are more or less equally concerned with the different impacts, as 
illustrated in Figure 12. The final ranking of the scenarios shows that the automated scenarios all have an 
overall performance score that is lower than BAU. The underlying reasons for this outcome are not 
explained by the evaluation of the different scenarios in a straightforward manner. There are no clear 
trends to be noticed from the performance scores of the scenarios in terms of the criteria. The 
performance scores of BAU and automated long-haul transport by rail are often close together or the 
same. However, BAU outperforms automated long-haul transport by rail in terms of environmental, 
societal and economic impact. Also, automated long-haul transport by road outperforms automated long-
haul transport by rail in terms of the same criteria and in terms of user acceptance. This explains why 
automated long-haul transport by road slightly outranks automated long-haul transport by rail in the final 
result scores.  

Overall, the Receivers seem to expect distinct possible advantages and disadvantages in each of the 
scenarios. The small difference in the overall performance scores also reflects this in final ranking of the 
scenarios. 

Regardless of the small overall performance score differences, we need to point out that BAU has the 
highest overall performance score. This indicates that Receivers have concerns about the automated 
scenarios for the future of freight transport. 
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Figure 12 Receivers average result workshop 2 

For the Logistic Service Providers, the weights indicate that the importance of the criteria is more or less 
equally distributed across the criteria, as shown in Figure 13. Security and economic impact have the 
biggest weights, while environmental and societal impact have the smallest weights. The final ranking 
shows that the automated scenarios have higher overall performances scores than BAU. Even though the 
differences between the scores are relatively small, the top-3 is formed by automated long-haul transport 
by rail, last-mile delivery shared with passenger transport and last-mile delivery per aerial vehicles.  

Also, in terms of each of the criteria the automated scenarios mostly receive higher performance scores 
than BAU. If we look at the two most important criteria, all automated scenarios are equally scored in 
terms of economic impact, while automated long-haul transport by rail outperforms the other automated 
scenarios in terms of security. Furthermore, the evaluation shows that automated long-haul transport by 
road often receives the lowest performance score amongst the automated scenarios and is even 
outperformed in terms of traffic efficiency and environmental impact.  

In conclusion, the Logistic Service Providers are positive towards all automated scenarios compared to 
BAU. 
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Figure 13 LSPs average result workshop 2 

The weights indicate that the importance of the criteria is more or less equally distributed across the 
criteria for the Local Authorities, as illustrated in Figure 14. Safety, traffic efficiency and policy 
implementation have the biggest weights. The overall ranking shows that all the automated scenarios 
outperform BAU and that the differences in overall performance score between the automated scenarios 
is relatively small. Looking at the evaluation of the scenarios in terms of the criteria, we see that the 
automated scenarios consistently outperform BAU on all criteria except on environmental impact and 
traffic efficiency. Local Authorities do not seem to expect performance improvements from the 
automated scenarios in terms of traffic efficiency.  

Overall, we can say that the Local Authorities believe that the automation of freight transport can provide 
positive impacts. However, we must stress that the impact on safety is an important factor for Local 
Authorities. Even though Local Authorities believe automated freight services can provide a positive 
impact compared to BAU, they are still careful in the evaluation their performance in terms of safety. 
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Figure 14 Local authorities average result workshop 2 

5.2.3. Stakeholders’ evaluation workshop 3 (France/Mobility) 

The third remote workshop was organized in cooperation with VEDECOM. VEDECOM is a French institute 
of public/private partnership on research and training dedicated to sustainable mobility. The focus of the 
workshop was on the stakeholders’ evaluation of autonomous mobility scenarios. 

5.2.3.1. Participants and moderators 

The local language of the participants was French. The introduction and the explanation of the 
approach were given in French. The scenarios and the impact criteria were translated on beforehand. 
The breakout sessions including the group discussions were also held in French. A total of 22 
participants took part in the workshop to represent five stakeholder groups. The researchers of 
VEDECOM were moderators for the stakeholder groups. The survey with KPI prioritisation was 
translated to French on beforehand and was completed by 15 participants at the end of the workshop. 

5.2.3.2. Insights from MAMCA workshop 

The overall performance scores, in Figure 15, show that the scenarios first/last mile feeder and 
autonomous mass rapid transport are expected to have higher positive impacts relative to the other 
autonomous scenarios and BAU by all of the stakeholder groups.  
Looking at the overall performance score for BAU, we see that it ranks low for the Public Transport 
Operators, the Mobility Service Providers and the Local Authorities, and it ranks in the mid-range of 
scenarios for the Users and the Manufacturers, in terms of their respective criteria. The private 
automated car and private connected and cooperative car scenarios have relatively low overall 
performance scores compared to the other scenarios for all stakeholder groups. Finally, the automated 
ride sharing scenario has a relatively high overall performance score for the Users, Public Transport 
Operators and Mobility Service Providers, while it has lower performance scores for the Local 
Authorities and the Manufacturers. 
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Figure 15 Multi-actor view workshop 3 

The weights of the criteria indicate that the safety and economic impacts, followed closely by security 
impacts, of mobility services are of high importance to the Users, as illustrated in Figure 16. While the 
societal impact, the traffic efficiency, and the environmental impact have lower weights.  

The performance scores in terms of safety show that the Users do not believe that the automated mobility 
services will be better than BAU. The automated mass rapid transport services are expected to be equally 
safe as BAU, while all other automated services receive lower performance scores. The privately-owned 
automated car is certainly not expected to improve road safety.  

In terms of security, the Users feel safe in the current situation without automated services. The 
performance scores indicate that the Users are concerned about the system security of the automated 
service compared to BAU.  

The three shared forms of automated transport are expected to perform better in term of traffic efficiency 
compared to BAU, while the private scenarios are not expected to improve road traffic. 

All of the automated scenarios are believed to have a more positive impact on the environment compared 
to BAU. This is most likely linked to the electrification of both the shared and private fleets. There is 
however still a clear gap in the performance ratings of the shared versus the privately-owned automated 
scenarios.  

The same can be viewed for the scenarios in terms of their potential societal impact. The shared scenarios 
receive considerably higher performance scores relative to BAU and the private scenarios.  

Finally, the Users seem quite satisfied with the economic impacts of the current mobility situation, but 
believe that automated ride sharing and automated mass rapid transit can provide slight improvement in 
terms of the economic impact on mobility. In contrast, the cost related aspects of private car ownership 
are expected to become even more challenging with automation. 
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Figure 16 Users average results workshop 3 

The weights of the criteria indicate that safety is the most important impact area for the evaluation of 
transport services for Public Transport Operators, as shown in Figure 17. Societal and economic impacts, 
security and market penetration are more or less equally important and environmental impact has the 
smallest weight.  

Looking at the performance scores per impact area, the Public Transport Operators believe that the 
automated scenarios will perform better or at least as good as BAU. The automated mass rapid transit 
has the highest performance score.  

Remarkably, in terms of security all the automated scenarios received higher performance scores than 
BAU. The current situation received the absolute lowest performance score and the automated ride 
sharing scenario the absolute highest score. The other automated scenarios are scored in the mid-range 
of the scale. 

In terms of environmental impact PTOs rated the impact of the shared automated services to be worse 
than BAU and the private scenarios to be as good as BAU. 

PTOs believe that the automated mass rapid transit and first/last mile feeder will have a high positive 
impact in term of market penetration. These scenarios are followed by the automated ride sharing, while 
the two privately owned car scenarios are rated equally to the current situation. Also, in terms of societal 
and economic impacts there is a clear gap between the performance score of the shared automated 
scenarios and the privately-owned car scenarios, which are rated equally good as or worse than BAU. 
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Figure 17 PTOs average result workshop 3 

The weights show that the economic impact is the most important criterion for Local Authorities in the 
evaluation of mobility scenarios, followed by policy implications and societal impact, as shown in Figure 
18. The environmental impact and the regulatory aspects are slightly less important.  

In terms of environmental impact, Local Authorities believe that the current situation is performing badly 
and that automation of mobility transport services will improve this. The privately-owned car scenarios 
are only expected to bring small improvements while the shared scenarios received higher performance 
scores.  

LAs do not believe that automation will bring improvement to the societal impact of mobility. Automated 
mass rapid transit performs equally to BAU, while the other scenarios are rated worse than BAU with 
automated ride sharing receiving the lowest score.  

The automated scenarios are expected to perform better than BAU in terms of economic impact, except 
for the privately-owned automated car scenario.  

Automated mass rapid transit and the first/last mile feeder scenarios are expected to perform very well 
in terms of policy measures that will be implemented to support the services. Automated ride sharing and 
connected and cooperative private vehicles are also still expected to receive some policy support. 
However, BAU and privately-owned automated cars are expected to perform well in terms of policy 
support.  

With respect to the regulatory impact of the scenarios on mobility, the LAs are not very positive towards 
the regulations that will be put in place to protect citizens and businesses. Although it is expected that 
the shared scenarios will have a more positive impact on regulations than the current situation or the 
privately-owned car scenarios. 
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Figure 18 Local authorities average result workshop 3 

For the Manufacturers, see Figure 19, the importance of safety, security and environmental impact on 
mobility is clear from the weights of the criteria. User acceptance, market penetration and economic 
impact are slightly less important.  

All of the automated scenarios are expected to improve the safety of mobility compared to BAU, 
especially the shared scenarios. On the other hand, the OEMs are concerned about the security impact of 
automation on mobility compared to BAU. All scenarios received lower performance scores, especially 
the automated ride sharing scenario.  

Although all automated scenarios are expected to perform better than BAU in terms of environmental 
impact, there is a clear gap between the shared services and the privately-owned car scenarios.  

Looking at the impact on user acceptance, market penetration and the economic aspects of mobility, 
OEMs expect that the automated scenarios will encounter some challenges compared to BAU. While the 
performance scores of automated mass rapid transit, the first/last mile feeder and the connected and 
cooperative car are still relatively high, they are rather low for the private automated car and the ride 
sharing service. In terms of economic impact, the two privately owned car scenarios receive the lowest 
performance scores. 
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Figure 19 OEMs average result workshop 3 

For the Mobility Service Providers, see Figure 20, the weights of the criteria are more or less equally 
distributed, with market penetration and economic impact being slightly more important in the context 
of mobility.  

They expect that the automated scenarios will perform better in terms of security impacts compared to 
BAU, which received a low performance score. However, the gap between the shared scenarios and the 
privately-owned car scenarios indicate that they have some security concerns with the privately owned 
car scenarios. 

All scenarios are expected to perform very well in terms of market penetration, with automated scenarios 
receiving equal performance scores as the current mix of non-automated mobility services. Also, in terms 
of economic impacts, all automated scenarios receive the same performance scores as BAU. The 
performance score, however, is at the mid-range of the rating scale.  

In terms of societal impact, the shared automated scenarios are rated relatively high compared to BAU, 
while the privately-owned car scenarios are rated lower.  

Lastly, all automated scenarios receive higher performance scores than BAU in terms of policy 
implications. However, there is again a gap between the shared scenarios and the privately-owned car 
scenarios. This indicates that the shared scenarios are expected to perform better in terms of policy 
support for these types of services. 
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Figure 20 MSPs average result workshop 3 

5.2.4. Stakeholders’ evaluation workshop 4 (Poland/Mobility) 

The fourth workshop was organized in cooperation with Polski Związek Motorowy (PZM) or the Polish 
Automobile and Motorcycle Federation. PZM deals with the promotion of automotive knowledge and 
culture, carries out activities for road safety, promotes motor and caravanning tourism, and deals with 
historic vehicles. The focus of the workshop was on the stakeholders’ evaluation of autonomous mobility 
scenarios. 

5.2.4.1. Participants and moderators 

The local language of the participants was Polish. The introduction and the explanation of the approach 
were given in both English and in Polish. The scenarios and the impact criteria were translated to Polish 
on beforehand. The breakout sessions including the group discussions were held in Polish. The KPIs 
included in the prioritisation survey were translated by one of the moderators during the workshop.  

A total of 9 participants took part in the workshop and represented two stakeholder groups. The two 
stakeholder groups that were represented were the Users and the Local Authorities. The survey at the 
end of the workshop was completed by 7 participants. Although the stakeholder workshop was well 
promoted and participants from all stakeholder groups were invited, the response rate was low. A low 
awareness of automation in Poland might explain this. 

5.2.4.2. Insights from MAMCA workshop 

Looking at the overall performance scores of the scenarios in Figure 21, we notice that for both the Users 
and the Local Authorities the automated scenarios have higher performance scores than BAU. Except for 
privately owned automated cars, for which the Users do not seem to expect an overall improvement 
compared to BAU. Also, the overall performance scores of the shared services are higher than to privately 
owned cars for both of the stakeholder groups. Next, it is also clear that the performances scores resulted 
in a less dispersed ranking of the scenarios for the Users. Compared to the more substantial differences 
in overall performance scores of scenarios for the Local Authorities, this suggests that the Users are more 
doubtful of the potential benefits of automation. 
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Figure 21 Multi-actor view workshop 4 

The weights of the impact area show that safety of the mobility services and the economic aspects are 
the two most important evaluation criteria for the Users, as illustrated in Figure 22. The weights of 
security, traffic efficiency, environmental and societal impact reflect a more or less equal importance of 
the respective criteria.  

The performance scores of the scenarios in terms of safety indicate that the Users believe all of the 
automated scenarios will have a higher safety impact than BAU. This is not the case for the evaluation of 
the scenarios in terms of security impact. The users evaluated security of the automated scenarios as well 
as the current situation very poorly.  

Furthermore, the performance scores indicate that the Users expect careful improvement in terms of 
traffic efficiency from the automated scenarios compared to BAU, with the exception of the privately-
owned automated cars. Also, in terms of environment and societal impact the Users expect careful 
improvement compared to BAU. In terms of environmental impact, the highest performance is expected 
from automated mass rapid transit, while automated ride sharing received the highest score for the 
societal impact.  

Lastly, the automated services are not expected to improve the economic impact of mobility. While 
automated mass rapid transit is expected to perform as good as BAU, the other automated scenarios all 
received lower performance scores. 
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Figure 22 Users average result workshop 4 

The weight of the impact areas indicate that the Local Authorities place more or less equal importance on 
the environmental and regulatory impact and on the policy and economic impact, as shown in Figure 23. 
The societal impact seems slightly less relevant in their evaluation of the mobility services.  

The performance scores of the scenarios in terms of the impact area show that there is a clear trend in 
the evaluation in line with the result from the overall performance scores. For all criteria the automated 
scenarios are expected to perform better in terms of impact or equally good as BAU. It must be pointed 
out however that the evaluation of the current situation is constant and considerably low across all 
criteria.  

It is clear that the Local Authorities expect the highest performance improvements from the automated 
mass rapid transit scenario. Mass rapid transit is followed by the first/last mile feeder to the transit 
network as the second best performing shared scenario, except in terms of economic impact. Here, the 
feeder is slightly outperformed by the automated ride sharing service. Furthermore, ride sharing is 
considered to perform only slightly less well than the feeder services in term of policy and regulatory 
impact. However, the environmental and societal impact received considerably lower scores.  

Lastly, the performance scores of the two privately owned scenarios show that only small improvement 
or no improvement is expected compared to the current situation for the different criteria. 
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Figure 23 Local authorities average result workshop 4 

5.2.5. Conclusion MAMCA evaluation 

This section summarizes the main results from the MAMCA evaluations across the different workshops. 

Table 61 and Table 62 below provide an overview of the impact area weights per stakeholder group. We 
will first discuss the weights of the impact area in the context of mobility. 

The most important criterion for the Users across the workshops is safety. Furthermore, the economic 
impact and the security of mobility are also important criteria for the Users. For the Public Transport 
Operators, it is clear that offering safe transport is the main objective. After safety, the security of the 
transport systems and their societal impact are two important factors. The Local Authorities are 
concerned with both the policy and regulatory implications of mobility, however, they also place a strong 
importance on the economic and environmental impacts of mobility. Similar to the Users and the Public 
Transport Operators, safety is the most important criterion for the Manufacturers. Additionally, the user 
acceptance and the security of the vehicles are also two important criteria. Finally, for the Mobility Service 
Providers, the important impact area are security and economic impact.  

In the context of logistics, the weights show that the main importance for the Citizens lies in the safety, 
security and traffic efficiency of freight transport. Both the Senders and the Logistic Service Providers 
place the most importance on the security of the freight delivery system and the economic impacts of the 
services. While the Receivers also value the economic impact, they are even more concerned with the 
traffic efficiency of the services. Lastly, the weights for the Local Authorities indicate the need to take all 
the impact area into consideration, however, the two most concern is placed on the traffic efficiency and 
the policy implications of freight transport.
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Table 61: Impact area weights per stakeholder group - Mobility workshops 

Impact Area Users Public Transport 

Operators 

Local Authorities Manufacturers Mobility Service 

Providers 

 WS1 WS3 WS4 WS1 WS3 WS4 WS1 WS3 WS4 WS1 WS3 WS4 WS1 WS3 WS4 

Safety 0.185 0.220 0.263 0.217 0.220     0.216 0.200     

Security 0.175 0.198 0.118 0.196 0.165     0.162 0.200  0.265 0.206  

Traffic Efficiency 0.154 0.110 0.132             

Environment 0.158 0.099 0.132 0.196 0.132  0.214 0.159 0.232 0.081 0.180     

User Acceptance          0.216 0.146     

Market 

Penetration 

   0.043 0.154     0.189 0.126  0.088 0.232  

Socio 0.170 0.154 0.105 0.174 0.176  0.179 0.203 0.146    0.176 0.180  

Economic 0.158 0.220 0.250 0.174 0.154  0.071 0.261 0.195 0.135 0.150  0.265 0.214  

Policy       0.214 0.232 0.207    0.206 0.168  

Regulatory       0.321 0.145 0.220       

 

Table 62: Impact area weights per stakeholder group - Logistics workshop 

Impact Area Citizens Senders Receivers Logistic Service Providers Local Authorities 

Safety 0.281    0.165 

Security 0.351 0.314 0.167 0.205  

Traffic Efficiency 0.246 0.059 0.250 0.182 0.163 

Environment 0.105 0.176 0.125 0.125 0.136 

User Acceptance  0.059 0.097   

Market Penetration    0.182  

Socio 0.018 0.039 0.139 0.102 0.100 

Economic  0.353 0.222 0.205 0.145 

Policy     0.163 

Regulatory     0.127 
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The overall results of the different mobility workshops show that the stakeholder group expect that the 
automated scenarios will be an improvement compared to BAU. The stakeholder groups across the 
workshops agree that the automated shared services will have higher positive impacts on mobility 
compared to the privately-owned automated cars. Notably, for some stakeholders the privately-owned 
car scenarios are not believed to improve mobility.  

The match between the high performing scenarios evaluated by both public and private actors indicates 
that the shared automated mobility services of the future are most likely to receive broad support. The 
actors involved and influenced by the implementation of shared automated mobility services place high 
importance on their impact in terms of safety and security. 

5.2.6. KPI prioritization results 

In this section the results of the KPI prioritization survey from the workshop will be discussed per impact 
area. The included figures contain the normalized weights of the KPIs per impact area. For sensitivity 
analysis purposes, the overall results are given as well as the results per workshop.  

Regarding the safety KPIs (see Figure 24), Rate of accidents caused by human errors was rated as a top 3 
KPI in each workshop. The Rate of accidents caused by machine errors scores in the top 3 in 2 workshops, 
as well as the Number of involved vulnerable road users. The frequency of emergency stops is generally 
considered to be a less important KPI for safety. In the overall weights, it is clear that the mentioned KPIs 
are the most important ones.  

 

Figure 24 Prioritization safety KPIs 

When it comes to security (see Figure 25), it is clear that the Data protection level as well as the Number 
of attacks due to cyber security breaches scores at the top in all workshops. The Number of traffic 
violations is considered to be a less important KPI for security. Overall, this results in almost equal weights 
for the Data protection level and the Number of attacks due to cyber security breaches.  
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Figure 25 Prioritization security KPIs 

Regarding environment (see Figure 26), the opinions are more divided across the different workshops. 
While the Estimation of environmental impacts scores highest in the first workshop, participants in 
workshop 2 and 3 have a clear preference for Local Air quality while the Overall traffic volume is 
considered most important for the participants in workshop 4. This is reflected in the overall weights as 
well, although Greenhouse gas emissions score in the overall top 3.  

 

Figure 26 Prioritization environment KPIs 

Looking at the results for traffic efficiency (see Figure 27), the KPIs that are considered most important 
are Public transport reliability and Vehicle density in congested roads for efficiency of traffic flow and 
infrastructure capacity. On the other hand, the Average commercial speed of AV scores lowest for all 
workshops.  
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Figure 27 Prioritization traffic efficiency KPIs 

For the impact area user acceptance (see Figure 28), there were many KPIs put forward from within 
activity 6.1. Therefore, the weights are more obviously more distributed. Nevertheless, in all workshops 
the Feeling of safety was considered the most important KPI for user acceptance. Also, in the top 3 are 
the Comfort and stress level of the users, the Accessibility for all users and the User acceptance after hands 
on experience of autonomous vehicles. Considered less important was the User perception of privacy as 
well as the Comparative willingness to have/pay before/after the pilots.    

 

Figure 28 Prioritization user acceptance KPIs 

Regarding market penetration (see Figure 29), only 3 KPIs were defined and needed to be prioritized by 
the participants. The KPI that is considered most important in 3 out of 4 workshops, is the Total miles 
spent in automated mode,  
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Figure 29 Prioritization market penetration KPIs 

For the societal impact (see Figure 30), the opinions seem quite divided over the different workshops. 
However, the KPIs User opinion/rating of autonomous vehicles, Impact on elderly and mobility restricted 
people and Travel time savings as well as the are weighed at the top in all workshops.  

 

Figure 30 Prioritization societal KPIs 

For the impact area economy (see Figure 31), there were many KPIs put forward from within activity 6.1. 
Therefore, the weights are more obviously more distributed. However, some KPIs clearly stand out from 
all workshops, the Maintenance cost (vehicle yearly costs, control system, infrastructure), Transport cost 
savings and Infrastructure cost change clearly stand out. Considered less important is clearly the 
Consumer willingness to have and pay for autonomous vehicles. The Estimate of training course costs 
scores lowest in all but the last workshop.  
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Figure 31 Prioritization economic KPIs 

Regarding policy (see Figure 32), only 3 KPIs were defined and needed to be prioritized by the participants. 
The KPI V2I used by automation scores best. Clearly considered less important is the Size and weight 
implications of changed fleet composition.  

 

Figure 32 Prioritization policy KPIs 

Lastly, for the regulatory impact area (see Figure 33), 2 workshops consider the Amount of financial 
support in euro highly important whereas 2 other ones put more weight on the Areas of potential liability.  
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Figure 33 Prioritization regulation KPIs 
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6. Conclusions 

Drive2TheFuture addresses transport automation acceptance of various categories of “drivers”, travellers 
and stakeholders involved in or affected by autonomous vehicles. Due to this, the approach defined for 
the impact assessment framework builds on both objective and subjective measurements. 

The literature review (Chapter 2) considered 28 studies on automation assessment that are related to the 
four transport modes. The review provided a broad picture of the possible KPIs related to the impacts of 
automated transport on several areas. The literature focuses mostly on previous European projects. 
Concerning safety, for instance, the easiest way to calculate the related impact would be to compare the 
number of accidents and their consequences with and without the treatment. However, accidents are, 
luckily, rare events not only in road transport but also in the other modes. Moreover, safety is affected 
by exposure and driving behaviour. Therefore, it is suggested to use further indicators and methods in 
addition to number of accidents. This is reflected in the framework by the use within the pilots of 
surrogate safety measures which can be used as indicators for changes in the number of critical situations. 

Relevant impact mechanisms have been defined for each pilot in the form of impact-matrices. These 
impacts are referred both to the introduction of automated vehicles or to the solutions proposed by the 
project to improve automation acceptance.  

Finally, the Use Cases defined in WP1 are matched to the impacts identified and one or more KPIs are 
proposed for each expected impact. The training Use Cases are highly connected to other Use Cases 
enabling synergies within a pilot. 

The report captured stakeholders’ evaluations of autonomous vehicles scenarios in a mobility and logistics 
setting in the context of the Drive2theFuture pilots. The Multi-Actor Multi-Criteria Analysis approach 
included a different set of impact areas per stakeholder group. The evaluations of users, public transport 
operators, local authorities, manufacturers and mobility service providers present the results of this 
report for mobility. For logistics, citizens, senders, receivers, logistics service providers and local 
authorities were consulted. The MAMCA evaluation was performed through interactive stakeholder 
workshops.  

Due to the COVID19 pandemic, the workshops were all conducted remotely. The Zoom application still 
allowed for interactions and group discussions between the participants. In the end, not all 
Drive2thefuture pilots were able to organise a workshop due to practical constraints, and mainly due to 
a limited number of interested participants. This underlines once more the importance of raising 
awareness on automation with the different stakeholders.  Nevertheless, this report presents the results 
of the MAMCA workshop conducted in 4 different countries. Using the multi-actor multi-criteria analysis 
method, stakeholder criteria were weighted and overall performance scores per scenario were calculated. 
In this sense, the group discussion lead to measurable results per scenario. Furthermore, the participants 
prioritized the KPIs per impact area. The results show that stakeholders are overall positive towards 
autonomous scenarios and often prefer these scenarios over the business as usual. Furthermore, a clear 
preference goes out to shared autonomous solutions for passenger mobility. The insights can be applied 
to evaluate the Drive2theFuture pilots on a future scenario level. 
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