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Executive Summary 

This European Common Evaluation Methodology (EU-CEM) for Connected, Cooperative, and Automated 

Mobility (CCAM) is written for professionals planning and conducting evaluations for CCAM projects, as well as 

for project coordinators and proposal evaluators. EU-CEM provides guidance for establishing a solid foundation 

for successful evaluation already in the project preparation phase with an evaluation plan that is feasible to 

execute. The objective is to ensure high-quality evaluations that provide reliable input for decision- and 

policymaking in both the public and private sectors. 

The EU-CEM Handbook aims to provide guidelines and best practices for planning and conducting CCAM 

evaluations, particularly impact assessments. EU-CEM can be applied in three types of activities: (1) ex-ante 

impact assessments, where it can help to prepare for CCAM deployment and uptake, or to identify unintended 

outcomes that may require mitigation; (2) ex-post evaluations, to assess the impacts of already implemented 

CCAM systems; and (3) the design and deployment initiatives of CCAM systems, with an aim to maximise societal 

benefits. The EU-CEM Handbook provides guidelines for three different phases of a project: Proposal writing, 

the starting phase, and the ending phase. It is important to recognise that this handbook is not a substitute for 

expertise. 

CCAM can have impacts on the level of (1) single vehicles and (2) humans, on (3) the transport system, and on 

(4) the society overall. This handbook covers all four levels of evaluation, totalling 18 evaluation and impact 

areas. To be applicable for different CCAM evaluations, EU-CEM leaves room for projects to adapt it according 

to their specific scope and needs. 

Chapter 1 ΨIntroductionΩ of the EU-CEM Handbook provides the background and scope for EU-CEM. In scope of 

the methodology is higher automation in road transport of people and goods. To claim compliance with EU-

CEM, the project must meet certain minimum requirements, such as including impact assessment activities, 

preparing an evaluation plan, and providing an explanation if any guideline in the EU-CEM Handbook could not 

be followed. 

Chapter 2 ΨGuidelines for the project preparation phaseΩ ƻŦ ǘƘŜ 9¦-CEM Handbook focuses on the essential steps 

for preparing the evaluation in a CCAM project, particularly during the proposal preparation phase and the 

beginning of the project. The guidelines emphasise the importance of scoping the evaluation to ensure that the 

commitments made in the proposal can be executed effectively. This involves understanding the overall project 

goal and the state of the art of CCAM, and being realistic about what can be tested within the project. 

The chapter also highlights the need for a well-organised project structure and governance to manage the 

complexities of large, multi-partner projects. This includes defining clear roles and responsibilities, ensuring 

effective communication, and setting up processes for conflict resolution. The guidelines stress the importance 

of collaboration between the evaluation, technical, and test site teams to ensure alignment and successful 

project outcomes. 

Chapter 3 ΨGuidelines for developing an evaluation planΩ ǇǊƻǾƛŘŜǎ ŘŜǘŀƛƭŜŘ ƎǳƛŘŜƭƛƴŜǎ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀƴ 

evaluation plan in CCAM projects. The process begins with a clear description of the CCAM system under 

evaluation, including its operational design domain and service concept. This is followed by formulating specific, 

answerable, and relevant research questions that align with the evaluation scope and project objectives. 

The chapter emphasises the need for setting up an iterative process of refining research questions, evaluating 

their feasibility, and prioritising them based on relevance, importance, and resource availability. It also covers 

the selection of appropriate evaluation methods, data specification, and experimental design. The goal is to 

ensure that the evaluation plan is feasible, realistic, and capable of providing reliable input for decision-making. 
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Chapter 4 ΨEvaluation-area-specific guidelinesΩ ƻŦ ǘƘŜ 9¦-CEM Handbook supplements Chapter 3. Chapter 4 is 

divided into four main evaluation levels, each containing several impact areas: 

¶ Vehicle Level: This section focuses on the technical functioning and driving behaviour of CCAM systems. 

It includes guidelines for assessing software and hardware functionalities, performance, cyber-security, 

ŀƴŘ ǊŜƭƛŀōƛƭƛǘȅΦ 5ǊƛǾƛƴƎ ōŜƘŀǾƛƻǳǊ ŜǾŀƭǳŀǘƛƻƴ ŎƻǾŜǊǎ ǘƘŜ ǾŜƘƛŎƭŜϥǎ ŘȅƴŀƳƛŎǎΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ƛƴǘŜǊŀŎǘƛons 

with the environment and other road users. 

¶ Human Level: This section addresses interaction of people with CCAM systems, including user opinions, 

expectations, and awareness. It also covers people mobility, examining the effects on availability, 

access, quality, suitability, and affordability of mobility options. Additionally, it includes quality of life, 

considering individuals' physical, mental, social, and financial well-being. 

¶ Transport System Level: This section addresses impacts of CCAM on the broader transport system, 

including services and operation, logistics, transport activity and fleet composition, traffic safety, traffic 

flow efficiency, energy and environment, and accessibility. It provides guidelines for assessing the 

impacts of CCAM on business models, logistics processes, total amount of travel and transport, number 

of accidents, collective traffic patterns, emissions, the potential to reach destinations, and so on. 

¶ Society Level: This section covers the societal impacts of CCAM on land use, liveability, economic activity 

and employment, socio-economics, equity, and sustainability. It provides guidelines for assessing the 

spatial and functional implications of CCAM, the quality of living in studied areas, economic 

development, societal outcomes, and the fairness and inclusivity of CCAM impacts, and the 

sustainability perspective of different impacts. 

/ƘŀǇǘŜǊ р ΨGuidelines for reporting evaluation outcomes and EU-CEM feedbackΩ ŎƻǾŜǊǎ ǘƘŜ reporting of the 

evaluation and impact assessment in CCAM projects. Reporting should be seen as an opportunity to reflect on 

the entire evaluation cycle, document lessons learned, and share insights with the different stakeholders. 

Requirements for reporting the evaluation methodology and its outcomes can vary depending on the study 

commissioner.  

In conclusion, the EU-CEM Handbook provides a comprehensive framework for planning and conducting high-

quality evaluations in CCAM projects. By offering detailed guidelines for various phases of a project and covering 

multiple evaluation levels, EU-CEM ensures that evaluations are well-coordinated, feasible, and impactful. The 

use of EU-CEM not only supports the preparation and execution of evaluation for CCAM projects, but it can also 

maximise societal benefits of CCAM and improve the usefulness of the evaluation results for decision-making in 

both public and private sectors. 

The first complete version of the EU-CEM Handbook was published in 2025. The methodology is planned to 

evolve over time, incorporating new learnings and experiences. The next update is expected in 2028. 
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1. Introduction 

This European Common Evaluation Methodology (EU-CEM) for Connected, Cooperative, and Automated 

Mobility (CCAM) is intended for professionals planning and conducting evaluations for CCAM projects1, as well 

as project coordinators and proposal evaluators. EU-CEM provides guidance for establishing a solid foundation 

for successful evaluation already in the project preparation phase with an evaluation plan feasible to execute. 

The objective is to ensure high-quality evaluations that provide reliable input for decision- and policymaking in 

both public and private sectors. 

1.1. Background 

In 2020, the European Commission defined the Sustainable and Smart Mobility Strategy [1], with the policy 

ambition of large-scale CCAM deployment by 2030. To support the testing of CCAM systems, the Horizon Europe 

programme funded the FAME2 project to establish a European framework for the testing of CCAM on public 

roads (Figure 1). EU-CEM is a part of this framework, providing guidance in the form of a handbook on setting 

up and conducting evaluations of CCAM.  

 

Figure 1. Components of the European framework for testing on public roads. 

 

1 The term ΨCCAM projectΩ refers to any project that tests, evaluates or implements CCAM in road transport. 

2 FAME (2022ς2025). Framework for coordination of automated mobility in Europe (EU HEU CL5-2021-D6-01-06, RIA, Project 

No. 101069898). Horizon Europe. https://cordis.europa.eu/project/id/101069898  

https://cordis.europa.eu/project/id/101069898
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The FAME project supported stakeholder collaboration regarding knowledge sharing, consensus building, and 

facilitating data sharing in European CCAM projects. It built on previous projects: the EU-funded Coordination 

and Support Actions ARCADE3, CARTRE4, VRA5, FOT-Net6, and FESTA7. 

Common evaluation methodologies have previously been developed for driver support systems and driving 

automation. The most well-known is the FESTA methodology, developed for field operational tests (FOT) of 

advanced driver assistance systems (ADAS) and other vehicle information and communication technologies 

(ICT). The FESTA methodology was written for systems that can be used by ordinary drivers in their daily lives 

over long periods of time. It has been successfully used in large-scale FOTs in European and national projects. 

The handbook describing the methodology has been updated several times (most recently to version 8 in 2021 

[2]) and remains a valuable resource when setting up and evaluating FOTs. 

With CCAM, a new approach for evaluation was needed, particularly where low technology readiness could not 

support such testing. Gaps have been identified in FESTA concerning its applicability for evaluation of CCAM. 

There are high expectations about the benefits of CCAM, including wide societal impacts, yet some concerns 

remain related to its use. Therefore, it is important to estimate the potential impacts of CCAM, even if FOTs are 

not yet feasible. EU-CEM was designed to evaluate CCAM systems at any stage of technological readiness. 

A few methodological frameworks specifically for CCAM evaluation existed before EU-CEM. The Trilateral Impact 

Assessment Sub-Group for Automation in Road Transportation [3] made the first effort to harmonise approaches 

and vocabulary in impact assessment globally. However, as a high-level framework, it does not cover all 

ŜǾŀƭǳŀǘƛƻƴ ǎǘŜǇǎΦ tǊƻƧŜŎǘǎ ǳƴŘŜǊ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ нлнл CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ ƘŀǾŜ ōǳƛƭǘ ŜȄǘŜƴǎƛǾŜ ŜǾŀƭǳŀǘƛƻƴ 

methodologies, adapting the FESTA methodology for large-scale automated driving pilots (e.g. L3Pilot [5]). 

However, these methodologies were tailored for the specific project needs and are not generally applicable to 

all projects.  

These frameworks include several good practices. At the start of EU-CEM development, CCAM projects were 

interviewed to identify successful practices, shortcomings, and lessons learned, beyond what was documented 

in their reports. Based on the underlying reasons for the challenges faced, topics for guidelines and the project 

phases requiring methodological support were identified, forming the structure for EU-CEM. In addition, project-

specific best practices were generalised to be applicable to all projects. Thus, the insights and practices from the 

previous methodological frameworks and CCAM evaluations were adapted to establish the foundation for the 

common, generalised evaluation methodology of EU-CEM.  

 

3 ARCADE (2018ς2022). Aligning research & innovation for connected and automated driving in Europe (EU H2020 DT-ART-

2018, CSA, Project No. 824251). Horizon 2020. https://cordis.europa.eu/project/id/824251 

4 CARTRE (2016ς2018). Coordination of automated road transport deployment for Europe (EU H2020 ART06, CSA, Project 

No. 724086). Horizon 2020. https://cordis.europa.eu/project/id/724086 

5 VRA (2013ς2016). Support action for vehicle and road automation network (EU FP7-ICT-2013-10, CSA, Project No. 610737). 

Seventh Framework Programme. https://cordis.europa.eu/project/id/610737 

6 FOT-Net (2008ς2010). Field Operational Tests Networking and Interaction (EU FP7-ICT-2007-2, CSA, Project No. 224088). 

Seventh Framework Programme. https://cordis.europa.eu/project/id/224088 and follow-up Actions: FOT-Net 2 (2011ς

2014). Field Operational Tests Networking and Methodology Promotion (EU FP7-ICT-2009-6, CSA, Project No. 269983). 

Seventh Framework Programme. https://cordis.europa.eu/project/id/269983 and FOT-Net Data (2014ς2016). Field 

Operational Test Networking and Data Sharing Support (EU FP7-ICT-2013-10, CSA, Project No. 610453). Seventh Framework 

Programme. https://cordis.europa.eu/project/id/610453 

7 FESTA (2007ς2008). Field opErational teSts supporT Action (EU FP7-ICT-2007-1, CSA, Project No. 214853), Seventh 

Framework Programme. https://cordis.europa.eu/project/id/214853  

https://cordis.europa.eu/project/id/824251
https://cordis.europa.eu/project/id/724086
https://cordis.europa.eu/project/id/610737
https://cordis.europa.eu/project/id/224088
https://cordis.europa.eu/project/id/269983
https://cordis.europa.eu/project/id/610453
https://cordis.europa.eu/project/id/214853
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The first draft of EU-CEM was published for public consultation one year before its final version. Over 30 external 

experts provided feedback on the draft. To test the handbook with its target audience, a summer school was 

organised for junior members of CCAM evaluation teams. This feedback played a crucial role in finalising the 

handbook. 

1.2. Scope of EU-CEM 

1.2.1. Overall objective and scope 

The primary objective of the EU-CEM Handbook is to provide guidelines and share best practices for planning 

and conducting CCAM evaluation, especially impact assessment. Within the handbook, evaluation is defined as 

άthe systematic process to research the amount, value, quality or consequences of an aspect related to a CCAM 

system and its useέ and impact assessment as άthe evaluation addressing the broader implications of the CCAM 

systems and their use on people and societyέΦ 

The overall scope of EU-CEM is the evaluation and impact assessment of CCAM systems8. However, it is also 

beneficial for the development or deployment of CCAM when decisions between available alternatives are made 

based on their potential impacts. It is important to note that in such cases, clear objectives should be defined to 

allow ranking of the alternatives. This ranking is a political decision and falls outside the scope of EU-CEM. 

The following objectives were set for EU-CEM: 

¶ Ensure high quality evaluation of CCAM. 

¶ Provide common vocabulary and a common basis for CCAM evaluation in different projects. 

¶ Allow all CCAM projects to benefit from methodological lessons learned and best practices. 

¶ Support comparability and complementarity of evaluation activities. 

¶ Ensure exploitation of results of CCAM projects for future research and development. 

¶ Ensure high quality input for decision- and policymaking supporting both industry and authorities. 

EU-CEM puts particular emphasis on helping projects make robust and feasible evaluation plans in collaboration 

with those responsible for implementing the CCAM system in the project (referred to as the 'technical team' in 

this handbook). Thorough planning and effective collaboration set the foundation for successful evaluation and 

project outcomes overall. 

It is important to recognise that this handbook is not a substitute for expertise. Evaluation partners must possess 

the necessary (multidisciplinary) expertise in evaluation. This is also recommended for evaluation work package 

leaders. A common vocabulary is needed to ensure a shared understanding of the evaluation focus and 

objectives, the applied methodology and the results and conclusions drawn. To meet this objective, the EU-CEM 

Handbook is supplemented by the Taxonomy for CCAM [4], which contains the key terminology used in EU-CEM 

and CCAM in general. At the time of publication, the terminology of EU-CEM was aligned with the online 

taxonomy, which is regularly updated. For the latest definitions, it is recommended to refer to the key 

terminology from the Taxonomy tool provided in the Connected and Automated Driving Knowledge Base. 

Five high-level principles were developed for EU-CEM. They are related to setting the minimum requirements 

for evaluation (Guiding star principle), sharing best practices and lessons learned (Collaboration principle), using 

harmonised approaches (Comply-or-explain principle), encouraging agile ways of working (Agility principle), and 

being adaptable to project-specific needs (Flexibility principle). These principles are presented in Figure 2. 

 

8 CCAM system may include a service concept or remote management. 

https://www.connectedautomateddriving.eu/methodology/taxonomy/
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Figure 2. Core principles of EU-CEM. 

1.2.2. Type of projects and CCAM use cases within the scope of EU-CEM 

EU-CEM can be applied in three types of activities:  

(1) Ex-ante impact assessments conducted before the full deployment, where it can help to prepare for 

CCAM deployment and uptake or to identify unintended outcomes that may require mitigation 

(2) Ex-post evaluations to assess the impacts of already implemented CCAM systems 

(3) Design and deployment initiatives of CCAM systems with an aim to maximise societal benefits.  

EU-CEM is designed for large multi-partner projects but can also be applied to smaller ones. These projects may 

be funded by a customer, or they could be internal activities within companies or institutes. EU-CEM is most 

useful for projects where a technical team, separate from the evaluation team, is responsible for collecting (at 

least part of the) data in a field experiment, and especially if this is done at multiple sites. 

EU-CEM includes guidelines for project-internal communication, which is fundamental to creating a feasible 

evaluation plan that aligns with available resources. In smaller projects, differing objectives among partners are 

less problematic, simply because there are fewer partners and communication is easier.  
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EU-CEM is mainly intended for projects addressing CCAM systems with the following focus: 

¶ Automation in road transport of people and goods, covering all motor vehicle categories (specifically 

cars, trucks, shuttles, buses) and private, shared, and public transport 

¶ Higher-level driving automation (SAE [6] level 3 and higher), with and without connectivity 

¶ Use cases on public roads, automated driving systems with a specified operational design domain 

operating in mixed traffic. 

Additionally, EU-CEM is suitable for projects that include, for instance, testing of safety-critical scenarios on test 

tracks to supplement on-road testing, or driving in confined areas where the automated vehicle interacts with 

humans or non-automated vehicles. 

Projects focusing on technical testing or usability can utilise the basic guidelines for building a robust evaluation 

plan. Yet, it is good to acknowledge that EU-CEM addresses technical functioning and user aspects only from the 

perspective of providing necessary input for successful impact assessment.  

EU-CEM does not focus on the following use cases: assisted driving i.e. low-level driving automation (SAE levels 

1ς2), automation of rail, aircraft and watercraft transport, and Cooperative Intelligent Transport Systems (C-ITS) 

without driving automation. However, it is worth noting that most components of EU-CEM are not directly linked 

to a specific use case but can provide valuable input for CCAM evaluation cases beyond its core focus. 

1.2.3. Evaluation areas covered 

CCAM can lead to different effects on the level of (1) single vehicles and (2) humans, on (3) the transport system 

and on (4) the society overall. This handbook covers all four levels. The EU-CEM Handbook provides evaluation 

area-specific guidelines for areas grouped under these four evaluation levels as described in Table 1. In this 

handbook, an evaluation area ƛǎ ŘŜŦƛƴŜŘ ŀǎ άa high-level category for topics addressed under evaluation 

activitiesέΦ ¢ƘŜǎŜ ŀǊŜ technical evaluation, user evaluation and impact assessment. An impact area is defined as: 

άa field of study addressed under impact assessment activitiesέΦ  

Table 1. Evaluation and impact areas covered by the EU-CEM Handbook and their scope. 

Level of 

evaluation 

Area Scope 

Vehicle Technical 

functioning 

Software and hardware functionalities of CCAM systems, especially in 

terms of performance, cyber-security, and reliability. 

Driving behaviour Driving dynamics of a single vehicle, its longitudinal and lateral 

movements, and interactions with the environment and other road 

users. 

Human User Interaction of people (CCAM users and non-users) with CCAM system; 

their opinions, expectations and awareness of the technology, and how 

they use it. 

People mobility Individuals' potential and actual mobility choices; availability, access, 

quality, suitability, and affordability of mobility options. 

Quality of life Individuals' physical, mental, social, and financial well-being. 
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Transport 

system 

Services and 

operation 

Business models and operation of vehicle fleets and transport services, 

effects on the operation of traffic management of the network. 

Logistics Efficiency, effectiveness, and adaptability of the logistics process, 

changes in freight transport, and material flows in supply chain 

processes. 

Transport activity 

and fleet 

composition 

Total amount of realised travel and transport; number and types of 

vehicles used. 

Traffic safety Number of accidents9 and injuries of different severities. 

Traffic flow 

efficiency 

Collective traffic patterns, travel times and throughput on a road 

network. 

Energy and 

environment 

Energy use and emissions of vehicles, air quality and noise pollution. 

Accessibility Potential of population groups to reach destinations and services at 

different times of day; the potential of businesses, facilities, and other 

activity centres to receive people and goods. 

Society 

 

 

 

Land use Spatial and functional implications, land utilisation patterns, including 

infrastructure development. 

Liveability Suitability or quality of living in the studied area(s). 

Economic activity 

and employment 

Economic development and labour dynamics, overall economic vitality, 

evolution of businesses and the job market, and skill requirements of the 

workforce. 

Socio-economics Economic and societal outcomes of CCAM, benefits and costs, societal 

and economic value. 

Equity Fairness, impartiality, and inclusivity, how impacts are distributed across 

different population groups, regions or generations. 

Sustainability Environmental integrity, social well-being, and economic vitality, capacity 

to meet current needs while not compromising resource and opportunity 

availability for future generations. 

 

9 During the writing of this handbook, it was noted that the ǘŜǊƳǎ Ψŀ ŎǊŀǎƘΩ ƻǊ Ψŀ ŎƻƭƭƛǎƛƻƴΩ ǿŜǊŜ often used interchangeably 

with Ψŀƴ ŀŎŎƛŘŜƴǘΩΦ Lǘ ƛǎ perfectly acceptable to use any of these terms. 



 
21   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

1.3. Structure of the EU-CEM Handbook 

The EU-CEM Handbook provides guidelines for three different phases of a project: 

1. When writing the project proposal: Chapter 2 provides guidelines for laying the ground for successful 

evaluation in the proposal preparation phase. It includes guidelines written for the partners responsible 

for the evaluation in the project (referred to as 'the evaluation team' in this handbook), coordinators, 

and proposal evaluators. 

2. When the project starts: Chapter 3 provides guidelines for setting an evaluation plan that is feasible to 

execute, regardless of the evaluation areas in focus (technical evaluation, user evaluation, impact 

assessment). Chapter 4 describes evaluation-area-specific guidelines to support this planning. Chapters 

3 and 4 are intended for the evaluation team. 

3. When the project ends: Chapter 5 provides guidelines for reporting evaluation outcomes, and for 

providing lessons learned, new best practices and feedback for future EU-CEM updates. Chapter 5 is 

intended for the evaluation team. 

The role of each chapter and their outputs are described in Figure 3 below. The outputs include the project plan 

(Description of Action), an agreement on what data to collect and how, the evaluation plan, and feedback for 

future EU-CEM updates. 

 

Figure 3. Role of different chapters of the EU-CEM Handbook (light green) and their outputs (dark green). 
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1.4. Compliance with EU-CEM 

EU-CEM is intended for the evaluation of CCAM use cases in road transport with higher-level driving automation. 

One of the principles that guided the development work was flexibility. To be applicable for different CCAM 

evaluations, EU-CEM must leave room for projects to adapt it to their specific scope and needs. This raises the 

question of how to determine whether a project is compliant with EU-CEM. To claim compliance, the project 

must meet these minimum requirements: 

¶ The project includes evaluation activities, specifically impact assessment, as defined in the EU-CEM 

Handbook (see the first paragraph of Chapter 1.2.1). 

¶ The evaluation plan is prepared by the evaluation team following the guidance in Chapter 3, alongside 

the planning of all other project activities, at the beginning of the project. High-level planning is already 

conducted during the project proposal preparation phase, in accordance with Chapter 2. Specifically, 

the evaluation planning is not left until after the planning of potential field experiments, nor is it carried 

out by anyone outside the evaluation team. 

¶ The guidelines of the EU-CEM Handbook are followed. If a specific guideline cannot be followed, an 

explanation for the deviation is given (comply-or-explain principle).  

¶ A line of communication between the evaluation team and other project partners is established (and 

ǳǘƛƭƛǎŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƭƛŦŜǘƛƳŜύΦ 

¶ The results are analysed from a sustainability perspective in accordance with Chapter 4.4.6. 

¶ The project utilises the Taxonomy for CCAM. 

¶ The project contributes input and feedback for future updates of the EU-CEM Handbook and provides 

recommendations for future research needs in the evaluation report. 

1.5. Outlook 

The first complete version of the EU-CEM Handbook was published in 2025. The methodology is intended to 

evolve over time, incorporating new learnings and experiences. The next update is expected in 2028. 
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2. Guidelines for the project preparation phase 

This chapter provides guidelines for preparing the evaluation in a CCAM project, focusing primarily on the 

ǇǊƻǇƻǎŀƭΩǎ ǇǊŜǇŀǊŀǘƛƻƴ ǇƘŀǎŜΣ ōǳǘ ŀƭǎƻ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴƛǘƛŀƭ ǎǘŀƎŜǎΦ ¢ƘŜǎŜ ƎǳƛŘŜƭƛƴŜǎ ƘŜƭǇ ŜǎǘŀōƭƛǎƘ ŀ ǎǘǊƻƴƎ 

foundation for successful evaluation. They specifically address topics that have proven challenging in previous 

CCAM projects. General project management issues that are not specific to CCAM evaluation are not covered, 

as information on these topics is available in many other publications. In addition to the evaluation team, the 

guidelines below are also useful for coordinators and project proposal evaluators. 

2.1. Scoping of evaluation 

The expected impacts of CCAM are wide-ranging. As it is not possible to assess all potential impacts, scoping and 

prioritisation are necessary. Finding agreement already in the proposal phase ensures that project partners 

share a common understanding on how to address project goals.  

Scoping ensures that the commitments made during the proposal phase can be executed. That is, that the 

consortiumΩǎ ŜȄǇŜǊǘƛǎŜ ŀƴŘ ǘƻƻƭǎ ŀƭƛƎƴ ǿƛǘƘ the ǇǊƻƧŜŎǘΩǎ scope ŀƴŘ ǘƘŜ ǎŎƻǇŜ ŀƭƛƎƴǎ ǿƛǘƘ ǘƘŜ ŎƻƴǎƻǊǘƛǳƳΩǎ 

expertise and tools. Scoping is first required for the project as a whole and then specifically for the evaluation, 

ensuring consistency with the overall scope. The project proposal must clearly demonstrate how evaluation 

activities align with the overall project scope. The guidelines below cover the following topics: 

¶ How to set the overall scope of the evaluation 

¶ How to choose impact areas for evaluation 

¶ How to build a consortium fit for the evaluation scope 

Guideline 2.1. How to set the overall scope of the evaluation 

The overall evaluation scope should align with the overall project goal and the overall project scope. Scoping 

of evaluation requires understanding the overall project goal and scope, the state of the art of CCAM, its 

potential benefits and adverse effects, and being realistic about what can be tested within the project. 

Both the overall project goal and scope are derived from the call text by extracting the essence of the call, 

from the objectives that the client has for it. These objectives may include obtaining information for policy 

and investment decisions, facilitating and stimulating the learning process and knowledge exchange, and 

paving the way towards deployment of CCAM.  

bƻǘŜ ǘƘŀǘ ƛƴ ǘƘƛǎ ƘŀƴŘōƻƻƪ ǘƘŜ ǘŜǊƳ άcall textέ ǊŜŦŜǊǎ ǘƻ ŀƴȅ ŘƻŎǳƳŜƴǘ ƻǳǘƭƛƴƛƴƎ ǘƘŜ ŜȄǇŜŎǘŀǘƛƻƴǎ ŦƻǊ ǘƘŜ 

actions to be carried out in the project. This may include an EU research and innovation programme call text, 

any request for a proposal, or any other expressed wish of the client. 

Define the key terminology in the proposal. Misunderstandings related to the interpretation of the call text 

or the scope of the project and evaluation are hard to resolve afterwards. For clarity, define what is excluded 

from the scope to leave less room for ambiguity, even if these exclusions are not included in the proposal.  

The scoping of evaluation starts by specifying the targeted level of evaluation in the proposal: will it focus on 

the level of single vehicles and humans, the transport system, or society? The scope may extend beyond real-

world testing capabilities. For example, if the project conducts field tests of CCAM vehicles in limited use 

cases, the scope of evaluation can still include broader impacts, such as regional effects. 

The evaluation scope can be structured around numeric targets, expected key impacts, or societal 

challenges, depending on the call text. When the call text allows flexibility in scoping, stakeholder analysis or 
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consultation can help refine it. Ensuring alignment with a clear demand for new knowledge will maximise the 

ǇǊƻƧŜŎǘΩǎ ƛƳǇŀŎǘ ŀƴŘ ǊŜƭŜǾŀƴŎŜΦ 

The evaluation scope can also build upon earlier evaluations by addressing identified knowledge gaps, 

unresolved challenges of earlier projects, or expanding previous evaluations to new impact areas, scenarios 

or stakeholder groups. Additionally, the scope may include repeating certain evaluations to improve the 

validity and reliability of important impact estimates. This can be achieved with systems of higher 

technological readiness, larger or better-quality datasets (e.g. improved evidence from the field), enhanced 

tools or increased resources for evaluation. 

In some cases, call texts may set unrealistic expectations regarding the impacts of CCAM. When this occurs, 

a balance must be found between responding to the call and making realistic commitments.  

Example 

/ŀƭƭ ǘŜȄǘΥ ά¢ƘŜ ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘƛǎ Ŏŀƭƭ ƛǎ ǘƻ ǇǊƻƳƻǘŜ ŀ ǿƛŘŜ ƳŀǊƪŜǘ introduction of highly automated 

ŘǊƛǾƛƴƎ ǎȅǎǘŜƳǎ ǘƻǿŀǊŘǎ {!9 ƭŜǾŜƭ пΦέ [7] 

The consortium sets the following overall goal for the project: άaŀƪŜ ŘǊƛǾƛƴƎ ŀǳǘƻƳŀǘƛƻƴ Ǌƻōǳǎǘ ŀƴŘ ǊŜƭƛŀōƭŜ 

by taking intelligent vehicles technology to conditions and scenarios neither extensively tested nor 

ŘŜƳƻƴǎǘǊŀǘŜŘ ŜŀǊƭƛŜǊ ƛƴ 9ǳǊƻǇŜŀƴ ŀƴŘ ƻǾŜǊǎŜŀǎ ǘǊŀŦŦƛŎΦέ [8] 

In practice, the high frequency of take-over requests was identified as one of the main challenges in achieving 

ǘƘƛǎ ƻǾŜǊŀƭƭ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ŎŀƭƭΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ ŎƻƴǎƻǊǘƛǳƳ ŘŜŎƛŘŜŘ ǘƻ ŀƛƳ ŦƻǊ άdefragmentation and 

extension of the operational design domains (ODDs)έ [9] by introducing technology enablers to support 

automated driving. 

¢ƘŜ ƻǾŜǊŀƭƭ ǎŎƻǇŜ ƻŦ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ǿŀǎ ǎŜǘ ǘƻ ŀǎǎŜǎǎ άǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƘƛƎƘƭȅ ŀǳǘƻƳŀǘŜŘ ŘǊƛǾƛƴƎ ώΧϐ ŀƴŘ 

ǿƘŀǘ ƛǎ ǘƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ŜƴŀōƭŜǊǎ ƻƴ ǘƘŜ ƛƳǇŀŎǘǎέ [10]. 

Guideline 2.2. How to choose impact areas for evaluation 

The details of the evaluation will be defined in the evaluation plan (Chapter 3). However, it is important to 

determine already during the project preparation phase which impact areas (overview in Table 1, full details 

in Chapter 4) will be covered and the main approaches for their assessment. 

This early decision-making ensures sufficient resources are allocated for evaluationτespecially for expensive 

or time-consuming approaches like field experiments, driving simulators, or extensive traffic simulationsτ

and enables the formation of a consortium suitable to the task (see Guideline 2.3). Once the consortium and 

budget are fixed, flexibility in choosing the impact areas becomes more limited. Balancing what impact areas 

to cover and what resources to allocate to evaluation with other project activities is an iterative process. 

Prioritising impact areas based on their importance in addressing the overall scope of evaluation and the 

potential for impact allows researchers to allocate their resources and efforts more effectively. This helps to 

ensure the evaluation is efficient and the findings are relevant and impactful. 

To choose which impact areas to cover, check the call text to see if it specifies impact areas directly or lists 

impacts or indicators that must be assessed. Then, assess whether the high-level scope set for evaluation 

determines the impact areas (see Guideline 2.1).  

Both top-down and bottom-up approaches should be used when determining relevant impact areas: 

Top-down: If the call text explicitly sets requirements for impacts that should be addressed, the 

corresponding impact areas should be included in the evaluation. This often means incorporating other 

impact areas from which input is required for the evaluation of those areas set by the call. For example, traffic 

safety impact assessment requires input from driving behaviour evaluation. If addressed, start with the 
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society-level impact areas, working towards the impact areas included in the transport system, human and 

vehicle levels.  

Bottom-up: If the call text does not specify impact areas, the selection process can start from the CCAM 

system itself by considering how it directly affects road users and driving behaviour, and how these changes 

might affect traffic and transport and, ultimately, how they impact the whole society. 

Drafting impact pathways, from aspects directly affected by CCAM to the impact areas in the evaluation 

scope, can help in this process by identifying linkages and dependencies between impact areas and levels of 

evaluation. Use theories and literature to establish these connections. The illustrations in Chapter 4 may be 

used as supporting material. Prioritise the areas where substantial impacts, benefits and burdens are 

expected. These pathways are a good tool to check against unrealistic expectations and ensure that the 

chosen evaluation scope produces outputs that can be delivered. 

It is good to acknowledge that the impacts of CCAM can be so far-reaching that no single project can address 

them all. Therefore, it is advisable to focus on fewer topics and evaluate them thoroughly. The availability 

of resources for evaluation should align with the choices made and the estimated resources needed. 

The impact areas described in this handbook (see Chapter 4) relate to one or more pillars of sustainability: 

economy, society, and ecologyτor people, planet, profit. Understanding how CCAM systems affect 

sustainability is important. Regardless of the chosen impact areas, all projects are strongly encouraged to 

reflect on their results from a sustainability perspective. Guidelines for this are provided in Chapter 4.4.6.  

Example 

Top-down approach:  

The call text mentions the following topics that the project should address: Road safety, energy use, pollutant 

emissions, traffic congestion, equity. The corresponding impact areas are included in the evaluation. 

Next, the pathways to the listed impact areas are drawn. For example, to see how the impacts are distributed 

among different population groups (impact area: equity), it is important to know the most potential users and 

non-users, in other words, acceptance and possibilities for CCAM use (user) for different groups. Therefore, 

all these aspects should be studied separately.  

Bottom-up approach: 

CCAM influences comfort of travel and value of travel time (user). This leads to changes in travel patterns 

(people mobility), and consequently in vehicle kilometres travelled (VKT, transport activity and fleet 

composition). The impact on total VKT influences the total impact of CCAM on the energy and environment 

at transport system level. 

Scaling up effects at single vehicle level (emissions per distance driven) to traffic flow impacts usually requires 

simulations, which need information on changes in driving behaviour for proper model calibration. 

Finally, the impacts of CCAM on sustainability will be assessed. The sustainability perspective provides a way 

to draw overall conclusions of the impact across all results. 

In summary, the impact areas chosen in this example, using EU-CEM terminology, are: Driving behaviour, 

user, people mobility, traffic safety, energy and environment, traffic flow efficiency, equity, sustainability. 
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Guideline 2.3. How to build a consortium fit for the evaluation scope 

It is important to ensure that the partners on the evaluation team have the necessary expertise for the 

planned evaluation and impact areas. 

Ideally, the evaluation scope and impact areas are defined first, followed by forming a suitable consortium to 

carry out the evaluation. However, in practice, this process is typically iterative, with adjustments to the 

project plan while building the consortium, to create a plan fit for the consortium and a consortium fit for the 

plan. 

Including multiple partners with expertise in specific topics of the evaluation plan enhances its resilience and 

promotes in-depth collaboration. Relying on a single partner to deliver an outcome means there is a risk of 

not being able to execute the plan. It is recommended to consider alternative approaches already during the 

project preparation phase if the plan depends on a method or tool being developed by a partner during the 

project. 

The evaluation team should collectively possess the expertise necessary for all impact areas and complement 

each other in skills and available tools. 

Ensure key stakeholders are included in the consortium or consulted, for example, through an advisory board, 

if their input is essential to the success of the evaluation. 

Example 

The following list of requirements was identified for the evaluation team to address the planned scope of 

evaluation: 

¶ Driving behaviour evaluation 

¶ Understanding of scenario-based evaluation 

¶ Tool scripting skills 

¶ Expertise in driving data analysis 

¶ Traffic safety impact assessment 

¶ Access to accident10 databases 

¶ Availability of simulation tools specialised in safety-critical situations 

¶ Knowledge of injury risk functions 

¶ Expertise in mapping accident types to simulated scenarios 

¶ Understanding of indirect impact mechanisms on safety 

Partners are matched to these requirements. It is verified that at least one, preferably two, partners meet 

each requirement and are willing to contribute, and whether expertise is concentrated in single experts within 

these partners. If the selected partners seem insufficient for a specific requirement, additional partners are 

sought to fill the gap. If this is not feasible, the plan must be adjusted accordingly. 

 

10 During the writing of this handbook, it was noted that the ǘŜǊƳǎ Ψŀ ŎǊŀǎƘΩ ƻǊ Ψŀ ŎƻƭƭƛǎƛƻƴΩ ǿŜǊŜ often used interchangeably 

with Ψŀƴ ŀŎŎƛŘŜƴǘΩΦ Lǘ ƛǎ perfectly acceptable to use any of these terms. 
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2.2. Project structure and governance 

An effective and well-organised project structure and governance are important in CCAM projects, as these 

projects are often large and complex, involving numerous partners and long durations and increasing the 

likelihood of personnel changes during the project. The involvement of multiple partners in preparing and 

conducting experiments, as well as in data collection and analysis, adds to the complexity of the evaluation 

process. Even if different evaluation activities do not share the same precise focal point, their results should 

align to support a cohesive narrative. A well-structured project and effective governance help ensure this 

alignment. 

CCAM is often studied in innovation projects with immature technologies tested in the real world. Data 

collection can be complex and costly, with data flows between partners raising security and confidentiality 

concerns. These issues require attention already during the project preparation phase. Additionally, permits for 

testing on public roads are necessary and impose specific requirements on the execution of the experiments.  

The project structure defines the framework for project execution. It outlines work packages, their timelines, 

activities, milestones, and interconnections. A logical and easy-to-understand project structure facilitates good 

governance and project management.11 

However, even with a suitable project structure, ineffective governance can lead to difficulties. Failures and 

delays in activities that provide input for evaluation and misunderstandings between partners can disrupt the 

evaluation. These issues may arise due to:  

¶ Unrealistic targets within the project timeframe  

¶ An overcomplicated evaluation plan 

¶ Poor execution of key activities 

¶ Weaknesses in project structure or partner capabilities 

¶ Lack of commitment from partners  

¶ Insufficient or infrequent communication.  

During the project preparation phase, the project structure and governance should be designed to allow for 

necessary adjustments while ensuring that the evaluation remains feasible within the time and budget 

constraints, without overburdening the evaluation team members. Project governance also involves managing 

expectations and balancing the perspectives and interests of partners, clients and other stakeholders. The aim 

is to deliver high-quality evaluations with impactful outcomes. 

The following guidelines cover key aspects of project structure and governance: 

¶ How to plan evaluation activities for the proposal 

¶ How to create a project structure that supports evaluation 

¶ How to assign responsibilities across work packages and activities 

¶ How to ensure information exchange to support the evaluation of CCAM 

¶ How to enable adaptivity of the evaluations 

¶ How to ensure the quality of the evaluation 

¶ How to set up a process for mediating conflicts 

 

11 Project management  aims to deliver project results on time and within budget, and therefore focuses on planning, 

organising, and managing resources. This handbook does not provide guidance on what constitutes good project 

management. 
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Guideline 2.4. How to plan evaluation activities for the proposal 

The description of the evaluation work packages (WP)12 must be written by evaluation experts. It would be 

good to involve them from the beginning of the proposal preparation phase. Experience from previous CCAM 

projects is recommended. 

There are multiple options for structuring evaluation activities within the project. All evaluation activities can 

be consolidated into one dedicated evaluation WP, or they can be distributed across other WPs, for example 

by test site (see Guideline 2.5). However, it is strongly recommended to at least dedicate a specific WP to a 

common evaluation methodology. 

Partners preparing the evaluation WP must be in regular dialogue with partners responsible for other parts 

of the proposal. This dialogue ensures that: 

¶ Evaluation partners can provide expertise and experience to maintain realistic commitments, 

particularly when describing the project's expected impacts.  

¶ Evaluation partners understand the technology readiness level (TRL) of the tested systems and the 

feasibility of different testing opportunities. This is particularly important in CCAM projects, where 

ǘƘŜ ǎȅǎǘŜƳΩǎ ¢w[ ŀƴŘ ǘŜǎǘƛƴƎ ǇƻǘŜƴǘƛŀƭ ŀǊŜ sometimes overestimated. 

Clear communication during proposal writing is necessary to ensure alignment in the scope and content of 

WPs contributing to the evaluation. This includes identifying potential risks to the evaluation and agreeing on 

mitigation strategies, especially for delays in data collection or other evaluation inputs. Such delays are 

common, especially in projects with extensive field experiments. 

WP descriptions should specify the impact areas to be covered (see Guideline 2.2) and provide examples of 

possible approaches, methods, indicators, and data sources, aligned with available resources. Establish 

project-level basic principles for collecting and sharing data for evaluation.  

¢ƘŜ ǇƭŀƴƴƛƴƎ Ƴǳǎǘ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜǾŀƭǳŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ 

budget, timeline, duration, and partner expertise. 

Example 

Estimating a realistic effect size to avoid overcommitment of the expected impact: 

¶ A project provides easy-to-use CCAM-based first-and-last-mile transport to a public transport hub.  

¶ Identified theoretical basis for impacts: The service reduces the generalised travel cost of public 

transport by increasing its accessibility, thereby leading to a higher mode share of public transport. 

¶ 9ŦŦŜŎǘ ǎƛȊŜ ŀƴŘ ŜȄǇƻǎǳǊŜ ŜǎǘƛƳŀǘƛƻƴΥ LŦ мл҈ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ǊŜǎƛŘŜǎ ǿƛǘƘƛƴ ǘƘŜ ǎŜǊǾƛŎŜ ŀǊŜŀ 

and 20% already use public transport, the maximum increase in users cannot exceed 8% of the city 

population (10% * (100% - 20%)). 

¶ Comparable data: In a similar city, the new user adoption rate for a comparable service was 10%, 

indicating a similar increase could be expected here. 

Accounting for limited possibilities for real-world testing in the evaluation activities: 

¶ If only professional test drivers are permitted to operate the test vehicles, the evaluation should not 

rely on observing the drivers, as their behaviour will not reflect the behaviour of future users. Test 

drivers follow strict safety protocols, limiting their ability to mimic real user behaviour in automated 

driving. 

 

12 ¦ǎƛƴƎ ǿƻǊƪ ǇŀŎƪŀƎŜǎ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ǎǘǊǳŎǘǳǊŜ ƛǎ ƴƻǘ ƳŀƴŘŀǘƻǊȅΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǎƛȊŜΣ ǘŀǎƪǎ ƻǊ ǎǳō-projects can 

ŀƭǎƻ ōŜ ǳǎŜŘΦ IŜǊŜΣ Ψwork packageΩ ƛǎ ǳǎŜŘ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅΦ 
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¶ Instead, the evaluation could be based on vehicle data collected during automated driving, excluding 

take-over events. 

Ensuring alignment of plans: 

¶ Evaluation-related milestones (see Guideline 2.5ύ ŀǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Dŀƴǘǘ ŎƘŀǊǘΣ 

ensuring alignment with the timing of other project activities. 

Risk mitigation measures: 

¶ To mitigate the risk of evaluation delays, the technical team agrees to provide realistic assumptions 

for the parametrisation of CCAM in simulations. This ensures that if real-world testing is delayed 

beyond the must-start date of simulations, lack of real-world data will not become a bottleneck, 

allowing simulations to proceed using the provided assumptions. 

Guideline 2.5. How to create a project structure that supports evaluation 

The project structure must be designed to support the evaluation work. To achieve this, decisions must be 

made to ensure the following: 

¶ Key persons responsible for conducting evaluations must also be involved in setting the evaluation 

plan from the beginning. 

¶ The work package (WP) structure must facilitate the necessary interaction between the following 

teams: 

o Technical team ς partners responsible for implementing the CCAM system. 

o Test site team ς partners responsible for setting up and performing the field experiments. 

o Evaluation team ς partners responsible for data analysis and impact assessment. 

It must also facilitate internal coordination within the evaluation team to ensure alignment across 

different evaluation areas, impact areas, and evaluation approaches. (See Guideline 2.7) 

¶ The evaluation WP can be organised in different ways, for example, by:  

o Main research questions 

o Levels of evaluation (vehicle, human, traffic and transport, society) 

o Impact areas 

o Test sites  

Regardless of the structure, sufficient and frequent interaction between these organisational 

elements must be ensured. It is highly recommended to dedicate a WP to developing the evaluation 

plan and methodology across all sites, as well as among evaluation and impact area partners. Within 

any structure, it is important to ensure coherence of the overall evaluation plan. 

¶ Project milestones are important for planning and monitoring progress within the project beyond 

the start and end dates of WPs. Thus, milestones related to evaluation and any activities the 

evaluation depends on (such as data delivery) must be incorporated into the project timeline. Below 

is a list of proposed milestones. 

¶ Timelines must show that evaluation activities begin at the start of the project to allow for timely 

discussions and coordination between the technical, test site, and evaluation teams. Sufficient time 

must be allocated for preparing and implementing the evaluation plan, drawing conclusions, and 

reporting. 

Recommended milestones related to evaluation: 

1. A first draft of research questions, early in the evaluation planning to allow sufficient time for 

developing the evaluation plan with all necessary iterations. 

2. Agreement on the experimental design between the evaluation, technical, and test site teams to 

ensure alignment with evaluation needs. 
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3. Agreement on the data provision between the evaluation team and data owners on the test site 

team. Includes timing and details on the provided data, its format, how it is shared, and the data 

provision milestone (5th item below). 

4. Evaluation plan completed and communicated to the consortium, with detailed information provided 

especially to the technical and test site teams. This should be completed before the mid-term review 

of the project. 

5. Data provision for evaluation completedΦ ¢Ƙƛǎ ƳƛƭŜǎǘƻƴŜ ǎƘƻǳƭŘ ōŜ ǎŜǘ ŜŀǊƭȅ ŜƴƻǳƎƘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

timeline to allow some flexibility for delays. After this milestone, no new data will be accepted for 

the evaluation. 

6. Presentation or delivery of interim evaluation results. These should be presented before publishing 

them or progressing to the next evaluation phase. These presentations serve as an internal validation 

of the approaches and results, ensuring consistency and allowing for necessary reviews. 

A common challenge in CCAM projects is the focus on technology at a low readiness level. This often leads to 

prolonged preparation phases for real-world tests due to the time required to obtain permits and resolve 

technical issues. Severe delays are not uncommon during test preparation, which can reduce the time 

available for the evaluation phase or necessitate extension of the project.  

Monitoring project progress is therefore essential. To ensure that the evaluation team has sufficient time for 

analysis and reflection, it is recommended to set cut-off dates after which no new data from experiments will 

be accepted for the evaluation, as noted in the 5th milestone above. 

Example 

The task structure in an evaluation work package: 

¶ Task 1: Methodology ς jointly for all evaluation areas to ensure alignment. 

¶ Task 2: Vehicle level impacts ς for analyses using field experiment data. 

¶ Task 3: Human level impacts ς for evaluation using user experiment data. 

¶ Task 4: Transport system level impacts ς for evaluation mainly using simulations. 

¶ Task 5: Societal impacts ς for evaluation using findings from other evaluation levels and addressing 

them at society level. 

¶ Task 6: Conclusions ς jointly for all levels of evaluation and all test sites to address the high-level 

research questions. 

Guideline 2.6. How to assign responsibilities across work packages and activities 

Once the overall project goal and general approach are established, the consortium must assign clear roles 

to partners and define their responsibilities within different work packages. Evaluation activities require 

active commitment also from partners beyond the evaluation team. For example, the process of collecting 

and processing data from field experiments typically involves multiple work packages, partners, and test sites, 

including at a minimum the technical team, test site team, and data owners (partners in possession of data 

needed for the evaluation). 

From the evaluation team perspective, it is important to identify key dependencies and establish clear 

agreements on the related responsibilities to ensure the availability of the necessary inputs for evaluation. 

Work package leaders must be aware of the dependencies between work packages. Clearly defined processes 

and roles help ensure that all relevant partners understand their responsibilities. 

For cohesive evaluation and integrated resultsτoutcomes no single partner could achieve individuallyτ

overall coordination of both the planning and execution of evaluation is crucial. If evaluation activities are 
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distributed across multiple work packages, consider appointing an evaluation manager to oversee the entire 

evaluation process.  

In very large or long-term projects, leadership of different stages of the evaluation process can be assigned 

to different persons. Responsibilities should be clearly defined, with a structured handover process in place. 

For example, the person responsible for evaluation planning could transfer leadership to another person 

responsible for executing the evaluation.  

Example 

Consider a proposal for a large-scale, collaborative CCAM project involving multiple partners. The following 

steps give an example of the process for identifying and distributing key responsibilities within the 

consortium: 

1. Identifying key dependencies between evaluation, data collection, and transfer  

¶ The consortium maps dependencies between evaluation activities and related work packages 

and tasks to clarify linkages 

¶ The mapping establishes that the evaluation team will require data from multiple field 

experiments conducted at different test sites. 

2. Establishing requirements for data generation and transfer 

¶ To ensure the effective use of all data in the evaluation, the consortium agrees that field 

experiments will be conducted in a harmonised manner. The evaluation team commits to 

including support for specifying the experimental design in their work plan. 

¶ The test site and evaluation teams agree that data will be provided in a common data format, 

which must be confirmed by the data providers and users, along with related procedures for 

handling data. 

3. Distributing specific responsibilities to all relevant partners 

¶ The consortium identifies the relevant partners for each test site and evaluation work package. 

¶ The respective work package leaders assign specific roles to each partner on these teams, 

ensuring that: 

¶ Each partner has a clear, well-defined role, whether related to data collection, 

processing, transfer or evaluation. 

¶ All relevant processes are assigned to clearly responsible partners, including 

harmonising test procedures, converting data, and managing secure data transfer. 

Guideline 2.7. How to ensure information exchange to support the evaluation of CCAM 

Throughout the project, partners must make joint decisions related to evaluation processes. To facilitate this, 

the main structures for active dialogue and collaboration within the evaluation team and with other partners 

should be agreed upon during the project preparation phase.  

The aim is to ensure direct communication between relevant partners. An effective project structure supports 

this by keeping communication lines short. While online collaboration tools facilitate efficient information 

exchange and storage, they cannot replace direct interaction. Regular virtual or in-person meetings are 

important for resolving complex issues and fostering alignment across teams.  

An important component of information exchange is expectation management regarding evaluation.  

The evaluation lead must have expertise to: 

¶ Understand technical and evaluation aspects of the project. 

¶ Support collaborative work. 
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¶ Communicate effectively with partners to align expectations in light of feasibility, timeline, and 

resource constraints. 

¶ Address potential misunderstandings about the evaluation process early on.   

Example 

To ensure continuous alignment, a structured information exchange between work packages is established. 

Biweekly meetings are scheduled from the start of the evaluation planning phase until all data has been 

analysed. These meetings facilitate:  

¶ Dialogue between the evaluation team and related activities, such as technical and test site teams, 

as well as within the teams.  

¶ A shared understanding of the overall project, enabling stakeholders to respond to plans and updates 

effectively. 

¶ Regular updates on the progress of data collection or analysis. 

¶ Discussions on any technical issues affecting evaluation. 

¶ Alignment of expectations, monitoring the progress of milestones, identification of risks. 

Guideline 2.8. How to enable adaptivity of the evaluations 

CCAM and related regulations evolve rapidly, sometimes necessitating adjustments to CCAM test planning 

and execution during the project. As such changes may affect the evaluation, the evaluation scope and 

structure must be designed with adaptivity in mind (see the example for  Guideline 2.1). In practice, the high-

level project plan outlined in the proposal will be elaborated into an evaluation plan early in the project. 

Revisions may be required during the project due to changing needs, possibilities, and challenges. 

Fundamental adaptations require approval from the consortium leader and the client. 

Start evaluation planning early in the project and adapt to what is feasible at test sites (see Guideline 2.5 for 

milestones and timeline). Feasibility may change, so work in close collaboration with test sites until the field 

experiments are completed. In practice, this will be an iterative process (see Chapter 3 introduction).  

When preparing the project proposal, it is important to recognise that iterations will be required during the 

ǇǊƻƧŜŎǘΩǎ ƭƛŦŜǘƛƳŜ ōŜŦƻǊŜ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ Ǉƭŀƴ ƛǎ ŦƛƴŀƭƛǎŜŘΦ ¢ƻ ensure that the evaluation team has sufficient 

time to complete their tasks, a cut-off date should be established, after which major adaptations can no longer 

be accommodated. The cut-off date should be set based on experience regarding the time required for the 

planned key approaches and methods, as outlined in Milestone 5 in Guideline 2.5.  

Example 

An example of ensuring adaptivity to changes in test site plans is to extend the evaluation methodology task 

until the planning phase of the field experiments is completed, or until successful data collection can be 

reasonably verified. 

Guideline 2.9. How to ensure the quality of the evaluation 

Each project strives to deliver high-quality results. Several project governance mechanisms help ensure the 

quality of evaluation activities, and these should be discussed during the project proposal phase and included 

in the work plan: 

¶ Monitoring the quality and validity of the evaluation plan by members of the evaluation team with 

the most experience of CCAM evaluations. The evaluation manager or evaluation work package lead 
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should assign these responsibilities. The plan should be communicated to all relevant stakeholders 

in the consortium. Identify and communicate key decisions in the evaluation plan (e.g. assumptions 

made in the evaluation). Early communication with project partners ensures that everyone is aware 

of critical decisions and has the opportunity to seek clarifications or suggest changes. Failure in this 

regard can lead to inconsistencies that may only become evident after the results have been 

finalised. 

¶ Testing all steps of the evaluation process beforehand should be facilitated by the project plan, 

ensuring that initial data collection and analysis can begin as early as possible. Clearly describe the 

plans for this in the project proposal. 

¶ Ψ9Ǿŀƭǳŀǘƛƻƴ ǇŀǊǘƴŜǊǎƘƛǇǎΩ (see the example of Guideline 3.18) can be used for discussing interim 

results and identifying missing, unlikely or unexplainable results, especially when analysing real-

world data. Allow sufficient time for these collaborative reviews to check for potential 

inconsistencies and to interpret the results accurately. These partnerships can also assist in planning 

the reporting of results, defining both the desired content and the presentation format. 

Example 

In the proposal for a CCAM project, the evaluation team ensures the quality of the evaluation as follows: 

¶ Experienced experts are involved in the evaluation work packages both for development and 

execution of the evaluation plan. The proposal explicitly requires that an experienced expert review 

the evaluation plan early in the project, with necessary revisions made based on their feedback. 

¶ The proposal includes a phase for testing the evaluation process using preliminary data from the test 

sites. Insights from this will be used to refine the evaluation plan and tools before the full-scale 

evaluation begins. 

¶ The proposal explicitly requires interim result reviews to discuss the preliminary findings. These 

reviews are both internal and external to the work package. 

¶ The proposal allocates sufficient time at the end of the project for comprehensive work-package-

internal and -external reviews of the reports. An internal milestone is set, requiring the reports to be 

finalised at least one month before the submission deadline to allow for these reviews. 

Guideline 2.10. How to set up a process for mediating conflicts 

CCAM evaluations typically involve multiple project partners working together towards shared goals. In such 

large, multi-partner or complex projects, conflicts may arise despite robust information exchange processes. 

These conflicts often stem from differences in expectations, goals, values, perceptions, and knowledge levels 

among team members and organisations. To effectively manage such challenges, a conflict resolution 

mechanism should be incorporated into the project preparation phase. 

A well-defined dispute resolution mechanism improves the ability to manage potential conflicts without 

compromising project objectives or causing significant delays. Common dispute resolution mechanisms 

include, for instance: 

¶ Negotiation: Direct discussion between conflicting parties to find a mutually agreeable solution. 

¶ Mediation or conciliation: A neutral third party facilitates discussions between conflicting parties to 

reach a voluntary resolution. 

¶ Arbitration (non-binding or binding): A third party reviews the dispute and provides a decision. Non-

binding arbitration offers a recommendation, while binding arbitration is a final decision the parties 

must accept. 

Conflict resolution mechanisms are needed for situations where conflicts cannot be resolved within or by the 

ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳΦ ¢Ƙƛǎ ƛƴǾƻƭǾŜǎ ŘŜǎƛƎƴŀǘƛƴƎ ŀ ΨŎƻƴŦƭƛŎǘ ǊŜǎƻƭǾŜǊΩΣ ǿƘƻ Ƴŀȅ ōŜ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ǿƻǊƪ ǇŀŎƪŀƎŜ 
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leader, the project coordinator or a specifically appointed person, to liaise with the project coordinator and 

work package leaders.  

Unclear communication lines often contribute to conflicts. Defining and actively using structured 

communication channels minimises this risk. This is why EU-CEM specifies necessary lines of communication 

for the planning of evaluations (see Chapter 3). In addition, ensure that all project partners are aware of their 

designated points of contact for conflict resolution and the steps involved in escalating unresolved issues. 

Example 

1. Conflict within  the evaluation team:  

An evaluation partner does not adhere to the agreed societal scenarios, making it impossible for other 

evaluation partners to use their results as input. In these work package internal issues, the conflict resolver is 

the evaluation work package leader.  

A practical way to address this issue is by organising workshops to define the societal scenarios, allowing 

partners to indicate essential (must-have) and desirable (nice-to-have) features from the perspective of their 

activities. This collaborative process helps build consensus on setting the societal scenario or establishing 

several alternative ones. Once consensus is reached, all evaluation areas can proceed with detailed evaluation 

planning, ensuring alignment across the project. 

2. Conflict between different work packages: 

The evaluation team requests specific data from the test site team. Initially, the data providers agree to deliver 

the requested data. However, later in the project, they report that providing the data is not possible due to 

technical challenges.  

For the evaluation team, the lack of necessary data undermines the validity and completeness of the 

evaluation outcomes. For the test site or technical teams, challenges related to data collection may exceed 

the available resources or may have arisen from unexpected technical limitations.  

As multiple work packages are affected, a project level conflict resolver, such as the project coordinator, 

should facilitate finding a solution.  

For effective mediation, private discussions between the conflict parties and the resolver are preferred to 

more public disputes or confrontational messaging. Close and continuous dialogue between the evaluation 

team and data providers can help prevent such conflicts. 
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3. Guidelines for developing an evaluation plan 

This chapter provides guidelines for developing an evaluation plan in CCAM projects. When mutual 

understanding and agreement among the project team has been reached on the characteristics of the CCAM 

system to be evaluated, the iterative process for developing the plan begins. If new information on the CCAM 

system is acquired, the evaluation plan must be adjusted accordingly, leading to iterations.  

The main elements of the evaluation plan are:  

¶ Description of the CCAM system under evaluation (Chapter 3.1) 

¶ Research questions (Chapter 3.2) 

¶ Evaluation methods (Chapter 3.3) 

¶ Data specification and tools (Chapter 3.4)  

¶ Experimental design (Chapter 3.5). 

These elements are interconnected, making the evaluation inherently iterative. Adaptations are often needed 

for each of these elements based on feedback or requirements identified during the development of the others. 

This process continues until the evaluation plan is finalised. Figure 4 below describes these iterations. Guideline 

3.28 in Chapter 3.6 describes how to compile the evaluation plan once a feasible solution has been found for 

each step. 
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Figure 4. Workflow and iterations in setting the evaluation plan until a feasible plan is established. 

3.1. CCAM system description 

The first step in developing an evaluation plan is to clearly describe the CCAM system that will be addressed in 

the evaluation, along with any related service concept where relevant. In projects addressing multiple CCAM 

systems or service concepts, each must be described individually. This chapter provides a common system 

description for all evaluation areas. 

It is important to recognise that assessing the wider socio-economic impacts of CCAM tested in field experiments 

may not be meaningful if these experiments involve low technology readiness level (TRL) systems. Instead, 

evaluation, especially impact assessment, may focus on a higher-TRL version of the system when implemented 

at scale. 
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Therefore, two descriptions may be needed: one for the CCAM system tested in field experiments and another 

for a higher-TRL version of the system when CCAM is fully deployed. It is important to understand and clearly 

document the differences between these two descriptions. Due to the diversity of CCAM systems, each project 

must determine the relevant aspects to describe, using the guidelines below as a starting point. 

These system descriptions guide the development of research questions, the establishment of experimental 

design, and the planning of data collection. They also provide context when forming conclusions from 

evaluations and help external stakeholders understand and interpret the study and its results. 

The guidelines below cover the following topics: 

¶ How to describe the CCAM system 

¶ How to describe the ODD of an automated driving system 

¶ How to describe the CCAM service concept 

¶ How to describe the gap between the CCAM system tested in field experiments and the system used 

for the impact assessment 

These steps may be linked and require iterations; they are not hierarchical steps done in sequence. Note that 

the best chronological order of tasks may differ from the sequence of guidelines below, depending on the 

project. 

Guideline 3.1. How to describe the CCAM system 

Describe the CCAM system in terms of the following elements, with additional elements added when relevant 

to the specific project. The descriptions should be short but precise. 

¶ Vehicle category: passenger car, shuttle or minibus, bus, truck, etc. 

¶ Level of automation (SAE level [6]): If the system does not align perfectly with any SAE level, describe 

the closest match and explain any discrepancies. 

¶ Automated driving system type: e.g. highway chauffeur 

¶ Connectivity: e.g. communication technology, communicated information 

¶ Capabilities of the automated driving system, covering for example: 

¶ Dynamic driving tasks that the vehicle is able to perform and is not able to perform in 

automated mode (e.g. lateral and longitudinal vehicle control, monitoring the driving 

environment, object and event response execution) 

¶ Type of sensors installed, sensor ranges and operating angles 

¶ Target speed range 

¶ Target time headway, possible time headway settings 

¶ Human-machine interface (HMI), for example related to take-over requestsτwhen and 

how they are directed to the driver; and activation and deactivation of the automated 

driving systemτhow the mode status is indicated, and what is required from the driver) 

¶ Minimal risk manoeuvres, such as coming to a standstill on the side of the road 

¶ Technology Readiness Level (TRL 1-9): In case of low TRL, whether safety drivers or other necessary 

safety procedures (e.g. remote monitoring) is required specifically due to low TRL 

¶ Traffic management and operation required for the CCAM use case, including physical, digital, and 

operational infrastructure 
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Example 

An automated driving system for passenger cars (adapted from [11]): 

Motorway Automated Driving System: 

Vehicle 
category 

Passenger car 

Level of 
automation 

SAE level 3 

Automated 
driving 
system (ADS) 
type 

Highway chauffeur. ADS is capable of driving on a motorway in the current lane. 

Connectivity Vehicle-to-vehicle communication (ETSI MCS) 

Capabilities 
of the 
automated 
driving 
system 

Dynamic 
driving 
tasks  

In automated mode, the system is able to keep the vehicle within its lane 
and maintain a safe distance to vehicles ahead while in automated mode. 
It is not able to perform overtaking manoeuvres in automated mode. 

Sensors,  
ranges and 
operating 
angles 

Mid- and long-range radar, short- and long-range camera, LiDAR 

 

Target 
speed range 

Speed limit up to 120 km/h 

Target time 
headway 

1.6 s 

HMI: 
Activation 
by user 

The driver activates the ADS by pressing a button on the steering wheel. 

Signature auditory sound that automated driving mode is activated. 

HMI: 
Deactivatio
n by user 

The driver deactivates the ADS by pressing a cancel button on the steering 
wheel or through steering input or pedal operation.  

Signature auditory sound that automated driving mode is deactivated. 

HMI: 
Automated 
driving 
mode status 

Automated driving mode status is shown in the instrument cluster, on the 
steering wheel and on the centre display.  
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Takeover 
request  

If the system needs to deactivate automated driving mode, the ADS issues 
a take-over request to the driver.  

The request shows in the instrument cluster, on the steering wheel and on 
the centre display together with signature auditory sound indicating that 
the driver should take over.  

The belt tensioner tugs on the driver's seatbelt if the driver does not 
respond to a take-over request.  

Minimal risk 
manoeuvres 

Safe stop, safety driver to take over control.  

Technology 
Readiness 
Level  

Low TRL. The driver must be a trained safety driver.  

Traffic 
managemen
t and 
operation 

No dedicated traffic management required. 

 

Guideline 3.2. How to describe the ODD of an automated driving system 

The operational design domain (ODD) ŘŜǎŎǊƛōŜǎ ǘƘŜ άoperating conditions under which a given driving 

automation system is specifically designed to function. This includes, but is not limited to, environmental, 

geographical, and time-of-day restrictions, and/or the requisite presence or absence of certain traffic or 

roadway characteristicsΦέ [12] 

Specify the conditions under which the ADS can and cannot operate, considering for example: 

Á Road type: type of public road, closed areas or dedicated corridors 

Á Traffic rules and control: speed limit, traffic signs, traffic lights, overtaking allowed 

Á Infrastructure elements: intersection types, railroad crossings, separation of driving 

directions/lanes, slope of road, tunnels, bridges, presence of roadside parking or roadworks, 

connectivity, availability of space for minimum risk manoeuvres 

Á Quality of infrastructure: lane markings (e.g. faded), traffic sign readability, road surface (potholes, 

longitudinal ruts), quality of digital infrastructure  

Á Weather and road conditions: precipitation, temperature, road surface condition (e.g. standing 

water, snow, ice), fog 

Á Traffic conditions: traffic volume, presence of pedestrians and cyclists in lane 

Á Lighting conditions: daylight, darkness, road lighting 

Describe other relevant aspects as needed, such as abilities for border crossing. 

Example 

Example of the ODD specified for an urban automated driving system (ADS) for passenger cars (adapted from 

[13]): 

The ADS operates on main public streets with separated driving directions and speed limits up to 50 km/h. It 

is capable of navigating signalised intersections, but non-signalised intersections and all rail-road crossings 

are outside its ODD. Roadworks, temporary lane changes, and construction zones are also outside its ODD. 

The ADS requires visible lane markings or a curb on at least one side.  
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The ADS operates in good weather conditions and in light or normal rain (up to 7.5 mm/h). Heavy rain 

(>7.5 mm/h), snow, fog, and extreme weather conditions, as well as icy or snowy road surfaces, are outside 

the ODD.  

The ADS operates in all traffic conditions. It works in daylight and at night, with and without road lighting. 

Further reading 

ISO (2023). ISO 34503:2023 Road VehiclesτTest scenarios for automated driving systemsτ Specification for 

operational design domain. https://www.iso.org/standard/78952.html 

SAE International (n.d.). J3259 (WIP) Taxonomy & Definitions for Operational Design Domain (ODD) for Driving 

Automation Systems. (Integrated in the ISO standard above) 

Koopman, P., & Fratrik, F. (2019). How Many Operational Design Domains, Objects, and Events? Safe AI 2019: 

AAAI Workshop on Artificial Intelligence Safety, Jan 27, 2019. https://ceur-ws.org/Vol-2301/paper_6.pdf 

Guideline 3.3. How to describe the CCAM service concept 

The description of the CCAM system under evaluation should include a description of the service concept in 

terms of the following, where relevant: 

¶ Type of service: private transport, public transport, taxi, on-demand transport with fixed (flexible) 

schedule and fixed (flexible) route, freight transport services  

¶ Vehicle ownership model: vehicles owned privately, by a company or by a public entity 

¶ Vehicle use model: private use, shared uses or shared rides 

¶ Area of operation, size: city centre, built-up area, rural-area, inter-regional operation, size in terms 

of area (km2) or length of routes (km) 

¶ Fleet operation and management: remote operation, remote supervision, vehicle routing  

¶ Service ŘŜǎŎǊƛǇǘƛƻƴ ŦǊƻƳ ŀ ǳǎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ: what are the requirements for use and the steps in 

using or travelling 

¶ Business model, including costs for the user: as part of local public transport, subscription based, 

payment per ride/km 

¶ Target population: All, older adults, disabled people, schoolchildren, etc. 

Describe other relevant aspects as needed.  

Example 

A service description for an automated shuttle service providing last-mile connection to and from a metro 

station: 

Type of service Public transport, fixed route, fixed schedule 

Ownership model Owned by the regional public transport operator 

Use model Shared rides 

Area of operation Lauttasaari area in Helsinki, 4 km2 

Fleet operation and 

management 

Remote supervision of the fleet, centralised routing 

https://www.iso.org/standard/78952.html
https://www.sae.org/standards/content/j3259/
https://www.sae.org/standards/content/j3259/
https://ceur-ws.org/Vol-2301/paper_6.pdf
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Description of service 

from the user's 

perspective 

The user can board the shuttle at one of the predefined stops along a 

predefined route through a residential area, leading to a metro station. A 

shuttle departs from the tram stop every 10 minutes. No driver or operator is 

present on the shuttle, but it is connected to a remote operation centre that 

users can contact via a screen in the shuttle.  

Business model The public transport operator receives a normal public transport fee from the 

users; the service receives the same subsidies as the local public transport  
 

Guideline 3.4. How to describe the gap between the CCAM system tested in field experiments and the 
system used for the impact assessment 

Field experiments in CCAM projects typically involve low technology readiness level (TRL) systems that require 

additional safety measures, such as safety drivers. However, impact assessment focuses on high-TRL systems 

that are widely adopted and used by the general public as drivers or passengers.  

Therefore, the fully developed CCAM system envisioned in impact assessment needs to be defined separately 

from the one tested in field experiments, using the instructions of the previous guidelines. Here, their main 

differences and the resulting implications of these differences must be specified. This should consider: 

¶ Capabilities of the CCAM system, for example in terms of target speed and speed limit, headway, 

human-machine interface (HMI), and dynamic driving tasks. 

¶ Operational design domain and operating domain, compare the conditions under which the CCAM 

system is designed to operate, is tested, and is assumed to function for impact assessment. 

¶ Safety procedures, for example how fallback procedures differ. 

¶ Infrastructure support or requirements, covering physical, digital, and operational road 

infrastructure, traffic management. 

¶ Service concept, such as being part of public transport, on-demand transport, robotaxi, shared 

vehicles for private use. 

Clarify the implications for impact assessment by explaining how these differences affect the evaluation. This 

should allow determining:  

¶ Which field experiment data can be used in impact assessment and for which research topics. 

¶ Where adjustments are necessary to account for the differences. 

¶ Which parts require additional modelling or assumptions due to the gap.  

Example 

This example illustrates how to identify and describe the gap between a tested system (low-TRL automated 

passenger car) and the assumed system (high-TRL automation for impact assessment). 

Aspect Tested system Assumed system 

in impact 

assessment 

Differences and implications 

Dynamic 

driving tasks 

Safety driver 

performs lane 

changes manually, 

other dynamic 

All dynamic 

driving tasks are 

automated. 

Gap: The characteristics and frequency of 

lane changes in the tests does not represent 

true automated behaviour.  

Implications: Data related to lane-change 

driving behaviour cannot be used directly in 
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driving tasks are 

automated. 

impact assessment. Thus, additional data 

sources or assumptions are required 

regarding lane changes. 

Speed and 

headway 

Speed up to 

20 km/h and 

minimum 

headway of 2 s. 

Speed up to 

50 km/h and 

minimum 

headway of 1.6 s 

in urban 

environments.  

Gap: Substantial difference in the maximum 

speed and minimum headway. 

Implications: If used in impact assessment, 

the test data may underestimate effects on, 

for example, congestion or safety. 

ODD Streets up to 

50 km/h speed 

limit, no signalised 

intersections, 

high-quality road 

markings, only in 

good weather 

conditions. 

All speed limits up 

to 60 km/h with 

any kind of 

intersections, all 

weather 

conditions except 

heavy snowfall, 

not on icy or 

snowy roads. 

Gap: Difference in the maximum speed limit 

(likely reflected also in street 

characteristics), exclusion of signalised 

intersections, and good weather is the only 

subset of weather conditions of the high-

TRL system.   

Implications: Limited generalisability. Safety 

and performance in intersections or adverse 

weather cannot be inferred from the field 

data and require simulations or data from 

other sources. 

Driver type Only professional 

safety drivers 

allowed. 

Vehicles operated 

by ordinary 

drivers. 

Gap: Safety drivers are part of the safety 

protocol and trained to anticipate and 

mitigate risks, unlike typical users. 

Implications: Data on frequency of conflicts 

or driver interventions likely 

underestimates real-world risks. Non-

driving related activities cannot be 

addressed. User behaviour studies are 

necessary for a more accurate assessment. 

HMI Activation and 

deactivation by a 

button on the 

steering wheel. 

Activation by a 

button on the 

steering wheel. 

Deactivation via 

cancel button on 

steering wheel, 

steering input, or 

pedal operation. 

Gap: The HMI itself might be different in 

prototype vehicles versus widely used 

products. Safety driver interactions do not 

reflect ordinary driver behaviour. 

Implications: HMI results are not applicable. 

Separate user testing is needed. 

Safety 

protocol 

Safety driver 

serves as fallback 

mechanism. 

Automated safe-

stop manoeuvre 

on the roadside. 

Gap: In field tests, safety  

drivers handle fallback scenarios, whereas 

in high-TRL systems, automated responses 

are expected. 

Implications: Data from field tests on 

fallback mechanisms do not generalise and 

cannot be used in impact assessment. 
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Separate experiments or simulations are 

required. 

Infrastructure 

support 

High-definition 

map only. 

High-definition 

map combined 

with connectivity, 

providing 

information on 

roadworks, for 

example. 

Gap: The tested system lacks the 

connectivity assumed in the high-TRL 

system. 

Implications: Navigation through roadwork 

sites cannot be evaluated based on field 

experiments. Connectivity-related impacts 

need to be addressed separately. 

Service 

concept 

No service 

concept. 

Vehicle used as 

part of shared car 

fleet. 

Gap: Field tests provide no data for 

evaluating the service concept.  

Implications: Impacts related to the service 

concept cannot be assessed directly from 

test data. These impacts require additional 

methods or assumptions. 
 

 Further reading 

Innamaa et al. (2020). L3Pilot Deliverable 3.4: Evaluation plan. Chapter 2.2. 

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-

Evaluation_plan-v1.0_for_website.pdf 

3.2. Research questions 

Formulating and selecting specific, answerable, and relevant research questions refines the evaluation scope 

established during the project preparation phase (see Chapter 2.1) and ǎǇŜŎƛŦƛŜǎ Ƙƻǿ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƪŜȅ ƻōƧŜŎǘƛǾŜǎ 

will be addressed. Research questions are the primary inquiries the study aims to answer, directing every step 

from planning to conclusion. They provide a foundation for planning subsequent evaluation steps, such as 

method selection, data specification, and experimental design (see Chapters 3.3 to 3.5).  

When the evaluation scope is broad, a hierarchical structure of research questions is recommended. This 

involves organising research questions in a structured manner that reflects their level of detail and scope, 

breaking down large, complex topics into smaller, more precise sub-questions. 

For research questions in CCAM projects to be effective, they should be: 

¶ Specific: Clearly defined and focused on a particular aspect of CCAM, its use or impacts. 

¶ Measurable: Designed to yield qualitative or quantitative results. 

¶ Relevant: Aligned with the evaluation scope and project objectives.  

Research questions should address knowledge gaps, challenges, or key issues in CCAM. Their development must 

be based on a thorough understanding of the technology and its operational scale, the deployment context (see 

Chapter 3.1), and the potential and expected users and impacts. 

Developing a practical evaluation plan is inherently iterative. It involves repeated cycles of refining research 

questions and incorporating feedback based on feasibility checks for methods, experimental design, and data 

collection. This process continues until the evaluation plan is ready for execution (see Milestone 4 in Guideline 

2.5).  

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
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Evaluating the feasibility of research questions and prioritising them are essential to ensure the evaluation is 

realistic and achievable. Feasibility checking is not a quick or superficial process. It requires substantial 

groundwork across multiple evaluation plan components before it can be conducted, essentially drafting a full 

ŜǾŀƭǳŀǘƛƻƴ ǇƭŀƴΦ ¢ƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǘƘŜǊ ŀ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴ Ŏŀƴ ōŜ ŀŘŘǊŜǎǎŜŘ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎƻƴǎǘǊŀƛƴǘǎΣ 

the following elements of the evaluation plan must be checked for their feasibility (see Guideline 3.8 for the 

complete set of instructions): 

1. Availability of necessary data (see Chapter 3.4) 

2. Possibility to implement required experimental design (see Chapter 3.5)  

3. Availability of appropriate tools and methods (see Chapter 3.3) 

Only after significant progress in the evaluation methodology planning can a proper feasibility check be 

conducted. This structured process ensures project-level commitment to realistic and achievable research 

questions by engaging the entire project team in discussions. However, these steps are interconnected and 

iterative rather than strictly sequential, and the order may differ from the sequence of guidelines given below, 

ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎƻƳǇƭŜȄƛǘȅΣ ǎŎƻǇŜΣ ŀƴŘ ƎƻŀƭǎΦ 

Research questions may originate from a variety of sourcesτsuch as brainstorming sessions, collaborative 

workshops or individual expert contributionsτresulting in a diverse and sometimes extensive list. Two 

complementary approaches can guide the refinement process: 

¶ Prioritisation first: If the initial list is extensive, it may be effective to first prioritise the questions based 

ƻƴ ŎǊƛǘŜǊƛŀ ǎǳŎƘ ŀǎ ǊŜƭŜǾŀƴŎŜΣ ƛƳǇŀŎǘΣ ŀƴŘ ŀƭƛƎƴƳŜƴǘ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ōŜŦƻǊŜ ǇǊƻŎŜŜŘƛƴƎ 

with planning of the methodology and feasibility check. This step helps to focus attention to the most 

promising questions. 

¶ Preliminary feasibility screening first: If a significant number of questions are suspected to be 

impractical, an initial screening can filter out unworkable ones, before proceeding with prioritisation 

and more detailed planning of the methodology. This is less intensive than full feasibility checking but 

ensures that only questions with a reasonable chance of being answered proceed to prioritisation. 

In practice, whether to prioritise or screen first depends on the nature of the input. Often, a hybrid approachτ

iteratively alternating between prioritisation and feasibility screeningτworks best. The list of research questions 

will undergo multiple iterations before the evaluation planτand the final, feasible, focused, achievable, and 

aligned set of research questionsτis finalised. Thus, it is important to be prepared for this in the planning 

process. 

The guidelines below cover the following topics: 

¶ How to elaborate the scope of evaluation 

¶ How to formulate and organise research questions 

¶ How to prioritise research questions 

¶ How to check the feasibility of research questions 

¶ How to set hypotheses 

Guideline 3.5. How to elaborate the scope of evaluation 

Elaborating the evaluation scope begins with the initial, overall evaluation scope defined during the project 

preparation phase (Guideline 2.1). This process involves further refining the understanding of knowledge 

gaps, opportunities or concerns related to the CCAM system under evaluation. The aim is to reassess the 

relevance of the initial evaluation scope and propose adjustments, if necessary, to the consortium and client.  
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This process is iterative and requires continuous alignment with the overall project goals to ensure the 

evaluation stays focused, feasible, and impactful.  

Key steps in elaborating the scope: 

1. Review the project proposal or work plan: Ensure that the project goals and evaluation scope, as 

agreed with the client, serve as the foundation for drafting research questions. Also, check if any 

(high-level) research questions have been specified in the proposal. 

2. Analyse the state of the art: Analyse the current state of the CCAM technology under evaluation, 

guided by the system description of Chapter 3.1. Leverage insights from CCAM industry partners 

involved in its development.  

3. Identify knowledge gaps and key research topics: The aim is to find areas needing further 

exploration and questions that remain unanswered. Utilise existing evaluation expertise, experience 

from previous projects, and literature related to the impact areas (see Guideline 2.2).  

Example 

This example continues from the one presented in Guideline 2.1 where the project proposal set the scope of 

ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ǘƻ ŀǎǎŜǎǎ άǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ƘƛƎƘƭȅ ŀǳǘƻƳŀǘŜŘ ŘǊƛǾƛƴƎ ώΧϐ and what is the contribution of the 

technology enablers on the impactsέ [10]. The impact areas are selected for evaluation as outlined in the 

example of Guideline 2.2, included driving behaviour, user, people mobility, traffic safety, energy and 

environment, traffic flow efficiency, equity, and sustainability. 

To further refine this scope, the evaluation team ǎǇŜŎƛŦƛŜǎ ǘƘŀǘ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘ ǿƛƭƭ ŦƻŎǳǎ ƻƴ άspecific scenarios 

and on European level after their market introductionέ [10]. In addition, it is ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ άIn addition to 

the direct impacts, the aim is also to assess the indirect impacts which cover the broader effects of individual 

direct impacts and result from a chain of impacts, often with complex interactions and external factorsέ [10]. 

A literature review is then conducted to understand the existing research on the impacts of selected 

technology enablers. This review reveals a lack of systematic assessment that combines these enablers with 

high automation. Key topics that should be addressed in relation to the selected impact areas are identified 

from the literature, including: 

¶ CO2 emissions (relevant for the energy and environment impact area). 

¶ Value of travel time (important for people mobility).  

This refined focus on specific research topics and impact areas forms the elaborated scope for evaluation. 

Guideline 3.6. How to formulate and organise research questions 

Research questions (RQ) must be specific and answerable using qualitative or quantitative methods and 

relevant to the evaluation scope. They should be articulated in clear and precise language. 

The phrasing of RQs affects the type of information the evaluation will provide. Here are examples to show 

how wording shapes the scope of responses: 

¶ What is the impact of CCAM on [X]? Answer: Result indicator and effect size. 

¶ How does CCAM affect [X]? Answer: Result indicator and effect size, or a list of impact mechanisms. 

¶ What are the main factors influencing [X]? Answer: A list of factors. 

¶ Will CCAM halve the number of [X] compared to [Y]? Answer: Yes or no. 

When the evaluation scope is broad, a hierarchical structure of RQs is recommended. This structure 

organises them to reflect their level of detail and scope. This helps break down large, complex topics into 

more specific and precise sub-questions.  
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¶ High-level RQsΥ ¢ƘŜǎŜ ƘŀǾŜ ŀ ǿƛŘŜ ǎŎƻǇŜ ŀƴŘ ǎƘƻǳƭŘ ōŜ ǿǊƛǘǘŜƴ ƛƴ ŀ ōǊƻŀŘ ƳŀƴƴŜǊΣ ŜΦƎΦ άWhat is 

the effect of CCAM on traffic safety?έΣ άHow does CCAM affect equity?έ  

¶ Medium-level RQs: These explore specific dimensions of the broader topic. For example, under the 

traffic safety RQ, a medium-ƭŜǾŜƭ ǉǳŜǎǘƛƻƴ ŎƻǳƭŘ ōŜΣ άHow does CCAM affect accident rates in urban 

environments?έ 

¶ Low-level RQsΥ ¢ƘŜǎŜ ǘŀǊƎŜǘ ŜǾŜƴ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ǘƻǇƛŎΦ CƻǊ ƛƴǎǘŀƴŎŜΣ άWhat is the 

change in rear-end collision frequency at intersections with CCAM compared to the baseline 

without?έ 

This way, a clear hierarchy is created: high-level RQs set the main themes, medium-level RQs break the 

themes into more focused topics, and low-level RQs dive into the specifics. The answers to the low-level RQs 

should collectively provide a comprehensive answer to their respective higher-level ones. 

Identifying relevant RQs involves combining a top-down approach, starting from the chosen impact areas, 

with a bottom-up approach that begins from the tested CCAM systems and their expected direct impacts, 

working towards the impact area level RQs. The purpose is to ensure that the RQ list is complete and covers 

all relevant aspects. 

Aim for few high-level RQs, even in large, comprehensive projects. Ensure that each impact area considered 

has at least one high-level RQ and avoid grouping multiple impact areas under one question. 

RQs are inherently scenario-bound (see Guideline 3.10 and Guideline 3.11). The societal scenarios define 

the population, timeframe, and geographical context for the impact assessment. This contextual information 

does not need to be explicitly specified in the RQs but should be reflected in their interpretation. 

The development of feasible RQs starts with drafting an initial list of RQs as a basis for discussions. The RQs 

are finalised through multiple cycles of: 

¶ Formulation and organisation of RQs (Guideline 3.6). 

¶ Prioritisation of RQs (Guideline 3.7). 

¶ Feasibility checking of RQs (Guideline 3.8).  

Well-structured and well-formulated RQs form a solid foundation for building the rest of the evaluation plan. 

They also help draw comprehensive conclusions from the evaluation results by showing the relationships 

between different evaluation topics within an impact area. 

Example 

A CCAM system is expected to improve equity within and between rural and urban areas by enhancing 

accessibility for underserved people and regions. There is also a knowledge gap on how travel modes that 

do not require driving affect travel mode choices. Based on these considerations, the following three high-

level RQs are drafted, along with their corresponding lower-level questions and scenario types in which they 

will be addressed: 

¶ RQ1: How does CCAM affect accessibility in urban and rural areas?  

Scenario: Societal scenarios and service scenarios set for urban and rural areas. 

¶ RQ1.1: What is the impact of the robotaxi service on the number of reachable activities in 

different areas?  

¶ RQ1.2: How does the robotaxi service affect the affordability of mobility for different 

population groups? 

¶ RQ2: How does the CCAM system affect people mobility?  

Scenario: User scenarios in both urban and rural contexts, including public transport users, car 

owners, different age groups. These match the context set by the societal scenario above. 

¶ RQ2.1: What is the impact of the robotaxi service on mode choice?  
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¶ RQ3: How does the CCAM system affect equity? 

Scenario: Same societal scenarios as above. 

¶ RQ3.1: How does acceptance of the CCAM system differ between different population 

groups?  

¶ Addressing differences between user scenarios. 

¶ RQ3.2: How does CCAM affect accessibility for different underserved population groups in 

rural and urban areas? 

An example of how the phrasing of RQs influences the scope of results: 

¶ Does CCAM affect accessibility?  

¶ Answer: Yes. 

¶ What is the impact of CCAM on accessibility?  

¶ Answer: The CCAM system increases the number of reachable destinations by X% for non-

car-owners in [specific area]. 

¶ How does CCAM affect accessibility?  

¶ Answer: The CCAM system improves accessibility by offering an alternative means of 

transport in areas with poor public transport coverage, particularly benefiting persons 

ǿƛǘƘƻǳǘ ŀ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴŎŜΦ 

Further reading 

¶ High- and medium-level RQs: 

Metz et al. (2023). Hi-Drive Deliverable D4.1: Research Questions. https://www.hi-

drive.eu/app/uploads/2023/05/Hi-Drive-SP4-D4.1-Research-questions-v1.0_for_website-1.pdf 

¶ High-, medium-, and low-level RQs: 

Innamaa et al. (2020). L3Pilot Deliverable D3.4: Evaluation Plan. 

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-

SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf 

Guideline 3.7. How to prioritise research questions 

The process of defining research questions may raise more questions than the project has resources to 

address properly. To develop a feasible and focused evaluation plan, prioritisation is essential. This ensures 

that the selected research questions align with the project goals and available resources. Base prioritisation 

on: 

1. Relevance:  

Ensure that each research question aligns with the project goals and the agreed evaluation scope. 

tǊƛƻǊƛǘƛǎŜ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ Ŧƛƭƭ ƛƳǇƻǊǘŀƴǘ ƪƴƻǿƭŜŘƎŜ ƎŀǇǎΣ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ Ŏŀƭƭ ǘŜȄǘΣ ŀƴŘ ŦǳƭŦƛƭ ǘƘŜ ŎƭƛŜƴǘΩǎ 

requirements.  

2. Importance: 

Focus on questions that relate to the expected main impacts of the CCAM system or that have the 

potential to produce high-impact findings. These could be related to societal priorities, regulatory 

requirements or technological breakthroughs. Stakeholders outside the consortium may be 

consulted if it is otherwise difficult to determine the importance. 

3. Dependency within  the hierarchy:  

Prioritise questions whose outcomes contribute to answering other higher-priority questions. For 

example, foundational questions on driving behaviour may be necessary to answer broader 

questions on traffic flow efficiency. 

https://www.hi-drive.eu/app/uploads/2023/05/Hi-Drive-SP4-D4.1-Research-questions-v1.0_for_website-1.pdf
https://www.hi-drive.eu/app/uploads/2023/05/Hi-Drive-SP4-D4.1-Research-questions-v1.0_for_website-1.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
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4. Feasibility: 

tǊƛƻǊƛǘƛǎŜ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ ŀǊŜ ǊŜŀƭƛǎǘƛŎŀƭƭȅ ŀƴǎǿŜǊŀōƭŜ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜǎΣ ǘƻƻƭǎΣ 

timeline, experimental design, and data (see Guideline 3.8). Consider the complexity and 

development needs of the required research methods.  

Example 

Consider a CCAM project focused on the impacts of automated driving on urban mobility. Initially, the 

consortium proposed 15 research questions. However, due to limited resources, it uncertain whether all of 

them could be properly evaluated. Thus, the evaluation team followed the four steps outlined in the guideline 

to prioritise the list and exclude research questions of low priority:  

Step 1: Relevance. 

¶ The team brainstormed the research question for all impact areas within the evaluation scope (see 

the example in Guideline 2.2).  

¶ Research questions that did not directly align with the project's goal of assessing impact on urban 

mobility were deprioritised.  

¶ Example: Questions focused on rural areas were deprioritised, as the project specifically 

targeted urban environments. 

Step 2: Importance. 

¶ Through a literature review and experience with past projects, the evaluation team identified the 

most likely impact mechanisms related to CCAM on urban mobility. 

¶ Example: Research indicated that automation in privately-owned cars could increase car 

ǘǊŀǾŜƭΣ ŀŦŦŜŎǘƛƴƎ ŎƻƴƎŜǎǘƛƻƴΦ ¢ƘǳǎΣ ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎ άHow does CCAM affect urban 

congestion patterns?έ ǿŜǊŜ ǇǊƛƻǊƛǘƛǎŜŘΦ 

Step 3: Dependency within the hierarchy. 

¶ The team mapped interdependencies between research questions based on the impact pathways 

(see Chapter 4).  

¶ Example: Questions on driving behaviour and interactions between different vehicle 

categories in traffic were seen as necessary for evaluating traffic flow efficiency.  

¶ ¢ƘǳǎΣ ŦƻǳƴŘŀǘƛƻƴŀƭ ǉǳŜǎǘƛƻƴǎ ƭƛƪŜ άHow does CCAM influence car-following behaviour in urban 

settings?έ ǿŜǊŜ ǇǊƛƻǊƛǘƛǎŜŘΣ ŀǎ ǘƘŜȅ ǎǳǇǇƻǊǘŜŘ ŀƴǎǿŜǊƛƴƎ ǘƘŜ Ƴƻǎǘ ǊŜƭŜǾŀƴǘ ŀƴŘ ƛƳǇƻǊǘŀƴǘ ǊŜǎŜŀǊŎƘ 

questions. 

Step 4: Feasibility. 

¶ The evaluation team assessed available resources, tools, and data collection and analysis methods. 

9ŀŎƘ ǉǳŜǎǘƛƻƴΩǎ ǊŜǎƻǳǊŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ǿŜǊŜ ŎǊƻǎǎ-checked against them.  

¶ Example: Some questions required resource-intensive tool development or extensive new 

Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ ǿƘƛŎƘ ŜȄŎŜŜŘŜŘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ōǳŘƎŜǘ ŀƴŘ ǘƛƳŜƭƛƴŜΦ 

¶ vǳŜǎǘƛƻƴǎ ǘƘŀǘ ŎƻǳƭŘ ƴƻǘ ōŜ ŀƴǎǿŜǊŜŘ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŎƻƴǎǘǊŀƛƴǘǎ ǿŜǊŜ ŜȄŎƭǳŘŜŘ ŦǊƻƳ ǘƘŜ Ŧƛƴŀƭ 

list. 

After applying these prioritisation steps, the evaluation team had identified eight research questions that 

were relevant, important, and feasible given the resources. The rest were documented but not pursued within 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŜǾŀƭǳŀǘƛƻƴ ǇƭŀƴΦ 
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Guideline 3.8. How to check the feasibility of research questions 

Once a draft evaluation plan is ready, it is essential to check the feasibility of each research question. 

CŜŀǎƛōƛƭƛǘȅ ŎƘŜŎƪƛƴƎ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ Ŏŀƴ ōŜ ŜȄŜŎǳǘŜŘ ŜŦŦŜŎǘƛǾŜƭȅ ǿƛǘƘƛƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎƻǳǊŎŜǎΣ 

timeline, and technological constraints. If changes to the project plans occur at later stage, such as during the 

testing phase, the feasibility of the planned research questions should be re-evaluated. This process involves 

assessing several critical components: 

1) Data provision (see Chapter 3.4):  

Verify that all required data for evaluation are covered by the data-sharing agreements. Ensure that 

the planned external data sources are available, accessible, and appropriate, and that the provided 

quantity of data is sufficient for the methods foreseen. Confirm the required inputs for relevant 

methods and tools, their calibration and validation, and proper contextual data. 

2) Experimental design (see Chapter 3.5): 

Ensure that the experimental design meets the minimum requirements of the envisioned methods, 

including the type and number of participants, as agreed with the test site teams. Check if the 

technological readiness level of the tested system is sufficient for the envisioned testing.  

3) Evaluation tools and methods (see Chapter 3.3): 

Confirm that the necessary tools are available to the responsible evaluation team members. If tool 

development is required, verify that the planned development timeline and resource allocation 

(time, funding, personnel) are reasonable. 

4) Timeline alignment (see Chapter 3.6): 

Verify that the time allocated for each element of the evaluation process is realistic. Consider the 

dependencies between different stages of the evaluation and how they align with the overall 

proposed project timeline. 

5) Resource availability (see Chapter 3.6): 

Check that evaluation team partners are available for evaluating each research question with 

sufficient resources (time, researchers, budget). 

If important research questions are deemed unfeasible, check the following adaptations:  

¶ Is it possible to adapt the data collection (see Chapter 3.4)? For example, by acquiring additional data 

sources or modifying the existing data collection process to meet the requirements. 

¶ Is it possible to adapt the experimental design (see Chapter 3.5)? 

¶ Can the team develop new methods or tools or adapt the existing ones (see Chapter 3.3)? 

¶ Can the research question be reformulated (see Guideline 3.6)?  

If no feasible solution can be found, the research question should be removed from the evaluation plan. 

To build a resilient evaluation plan, prioritise high-level research questions that: 

¶ Have a feasible plan for execution. 

¶ Do not depend on a single researcher, data provider, or unique tool. 

¶ Require minimal development of new evaluation tools.  

Higher risks and more uncertainties can be tolerated for low-level RQs unless they are vital to answering a 

higher-level RQ.   

Example 

These examples illustrate how a CCAM project conducted feasibility checks from the five perspectives 

outlined in the guideline, along with examples of solutions to overcome different barriers to evaluation. 
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Data provision: 

¶ ChallengeΥ ! ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ //!a ǎȅǎǘŜƳΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ŘŜǎƛƎƴ ŘƻƳŀƛƴ όh55ύ ƛƴ 

varying weather conditions. However, no weather or road condition data were available from the test 

sites, preventing the evaluation of this research question.  

¶ Solution: An external source for road and weather condition data was identified, allowing the 

research question to remain in the evaluation.  

Experimental design:  

¶ Challenge: A research question addressed user acceptance of the CCAM system with the intention to 

ǎǘǳŘȅ ǳǎŜǊǎΩ ƻǇƛƴƛƻƴǎ ŀŦǘŜǊ ŜȄǇŜǊƛŜƴŎƛƴƎ ǘƘŜ ǎȅǎǘŜƳ ƛƴ ŀ ŦƛŜƭŘ ŜȄǇŜǊƛƳŜƴǘΦ IƻǿŜǾŜǊΣ ƻƴƭȅ ǇǊƻŦŜǎǎƛƻƴŀƭ 

safety drivers employed by the developer of the system were allowed to operate the test vehicles. 

Their experience does not reflect that of ordinary users. 

¶ Solution: The experimental approach was adjusted to place the participant in the passenger seat 

instead of the driver seat. This change retained the research question, and limitations from 

experiencing the system as a passenger rather than as a driver were planned to be addressed in the 

evaluation report. 

Evaluation tools: 

¶ Challenge: A research question focused on traffic safety required simulation-based evaluation. 

However, one partner lacked validated safety simulation software.  

¶ Solution: The partner committed to investing resources (time, funds) into validating their in-house 

simulation tool. Two backup plans were developed in case the validation failed: it was ensured that 

another partner also had the means to conduct these simulations and that an alternative tool could 

be used for the evaluation. 

Timeline: 

¶ Challenge: A research question required the results of other research questions for its evaluation to 

even begin, and also several months of execution time. This would exceed the total time allocated 

for evaluation in the project, meaning this research question was deemed unfeasible.  

¶ Solution: The timeline was adjusted by scheduling the assessment of the other research questions a 

few months earlier. 

Resources: 

¶ Challenge: A research question required access to a driving simulator, which was costly and not 

included or budgeted in the original project plan.  

¶ Solution: The project coordinator reallocated the budget through an amendment to the project 

agreement, allowing the research question to remain in the evaluation plan. 

Guideline 3.9. How to set hypotheses 

Hypotheses are statements about the state of the world and about the causal relationships between 

variables.  

Scientific hypotheses should be both falsifiable and testable. Falsifiability means that the hypothesis can be 

proven false, while testability means that the hypothesis can be evaluated based on collected data. A 

hypothesis supported by evidence is typically accepted as true until new evidence potentially refutes it. 

Hypotheses should describe what will be measured and estimate the magnitude of the impact. The measure 

can be either quantitative (e.g. percentage change in travel time) or qualitative (e.g. increase, decrease or no 

effect). The expected magnitude might inǾƻƭǾŜ ǇǊŜŎƛǎŜ ǾŀƭǳŜǎΣ ƭƛƪŜ άŀ нл҈ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘǊŀǾŜƭ ǘƛƳŜέΣ ƻǊ ƎŜƴŜǊŀƭ 

ǘǊŜƴŘǎΣ ǎǳŎƘ ŀǎ άŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǳǎŜǊ ǎŀǘƛǎŦŀŎǘƛƻƴΦέ ²ƘŜƴ ŀǇǇƭƛŎŀōƭŜΣ ƘȅǇƻǘƘŜǎŜǎ ǎƘƻǳƭŘ describe the conditions 
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under which the impact is expected and the causal mechanisms that explain why the anticipated impact is 

expected. 

Hypotheses can be derived from previous research or propose entirely novel ideas. In both cases, the link 

between existing knowledge and the current hypothesis should be explained to position the evaluation within 

the broader scientific context.  

Deriving hypotheses can contribute to the development and phrasing of research questions. A single research 

question may give rise to several hypotheses. Well-articulated hypotheses help design experiments (Chapter 

3.5), structure data collection (Chapter 3.4) and analysis methods (Chapter 3.3) to answer research questions, 

though they are not mandatory for CCAM evaluation. They are valuable when the goal is to test specific causal 

relationships or quantify how independent variables (e.g. CCAM implementation) affect dependent variables 

(e.g. travel time, number of accidents). However, hypotheses may not be suitable for purely exploratory 

questions or for research focused on describing properties, phenomena, or simply measuring values without 

establishing causal links. Ultimately, whether to use hypotheses depends on the goals of the evaluation.  

Hypotheses can be evaluated using null hypothesis significance testing, where the null hypothesis assumes 

ƴƻ ŜŦŦŜŎǘ ƻǊ ƴƻ ŘƛŦŦŜǊŜƴŎŜ όŜΦƎΦ ά//!a Ƙŀǎ ƴƻ ƛƳǇŀŎǘ ƻƴ ǘǊƛǇ ŦǊŜǉǳŜƴŎȅέύ ŀƴŘ ǘƘŜ ŀƭǘŜǊƴŀǘƛǾŜ ƘȅǇƻǘƘŜǎƛǎ Ǉƻǎƛǘǎ 

ŀƴ ŜŦŦŜŎǘ όάŜΦƎΦ ά//!a ƛƴŎǊŜŀǎŜǎ ǘǊƛǇ ŦǊŜǉǳŜƴŎȅέύΦ wŜǎŜŀǊŎƘŜǊǎ ƻŦǘŜƴ ǳǎŜ Ǉ-values to assess statistical 

significance. A p-value below a chosen threshold suggests that, assuming the null hypothesis is true, the 

observed effect (or one more extreme) would be unlikely to occur due to random variability in the data. This 

result typically leads to rejecting the null hypothesis. While very prevalent in scientific research, null 

hypothesis testing is not the only method for evaluating data in CCAM projects. Depending on the context, 

alternative approachesτsuch as constructing confidence intervals, focusing on effect sizes, or using Bayesian 

analysesτmay be more appropriate. 

Example 

High-level research question: 

What is the impact of the CCAM service on people mobility? 

This can be refined into specific hypotheses: 

1. //!a ǎŜǊǾƛŎŜ ǳǎŜǊǎΩ ƳƻƴŜǘŀǊȅ ǾŀƭǳŜ ǘƻ ǘǊŀǾŜƭ time is, on average, 20% lower than of the users of 

conventional human-driven vehicles. 

2. The average number of trips per week is 10% higher for CCAM service users than for a comparable 

group of non-users. 

3. The average trip distance for CCAM service users is 20% greater than that for a comparable group of 

non-users. 

4. Within the operating area of the CCAM service, 50% of the trips that would otherwise have been 

undertaken using private cars are instead completed using the CCAM service. 

In practice, the drafters of the hypotheses should provide a justification for the specific percentages used 

based, for example, on theoretical reasoning or pilot data. 

Further reading 

FESTA. (2021). FESTA Handbook (Version 8). Chapter 6.1.1. 

https://www.connectedautomateddriving.eu/methodology/festa/ 

https://www.connectedautomateddriving.eu/methodology/festa/
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3.3. Evaluation methods 

This chapter provides guidelines for selecting methods and tools to assess the impacts of CCAM. The primary 

goal of impact assessment is to estimate the magnitude of effects on specific indicators when a CCAM system is 

introduced or in use (treatment), compared to the situation before its introduction or when it is not in use 

(baseline). An effect refers to the relative difference in an indicator value that results from the use of CCAM. 

Effects can be expressed in quantitative terms (e.g. ±10%), qualitative terms (e.g. 'more', 'less', 'higher', 'lower'), 

or absolute terms (e.g. 100 injury accidents13, 1000 vehicle kilometres travelled, 20 tons of CO2).  

Careful planning is required to define what is being compared and under which conditions. Since the evaluation 

ŦƻŎǳǎŜǎ ƛƴ ǘƘƛǎ ƘŀƴŘōƻƻƪΩǎ ŎŀǎŜ ƻƴ CCAM systems, their use and related impacts, it is important to isolate the 

changes caused by CCAM from other simultaneous changes and parallel trends, such as fleet electrification or 

transport service digitalisation. Therefore, the baseline and treatment conditions must be comparable and 

specified such that the assessment reflects only the effects of CCAM. 

It is also important to understand the differences between the CCAM system tested in field experiments and the 

CCAM system addressed in the impact assessment (see Chapter 3.1). Many CCAM field experiments involve 

systems with low technology readiness level (TRL), making it less meaningful to study the broader socio-

economic impacts of these early-stage implementations. Instead, impact assessments should focus on higher-

TRL versions of the systems, often assuming widespread adoption with a significant share of transport or 

mobility. These differences impose certain requirements on method selection, particularly in considering what 

can be directly measured from field experiments and how to bridge the gap between tested low-TRL systems 

and high-TRL systems targeted in the impact assessment. 

Once the research questions are established (see Chapter 3.2), indicators are defined to answer them. Indicators 

translate research questions into concrete, measurable metrics that can be evaluated using different methods. 

They bridge the gap between theoretical research questions and the practical, measurable dimensions of what 

those questions aim to capture. If hypotheses have been formulated, they may also influence the selection of 

indicators. 

The next step involves selecting suitable methods and tools for estimating the indicator values. The evaluation 

method specifies how each research question will be addressed after data collection from CCAM experiments. 

While some research questions might be answered using indicators that can be directly measured or calculated, 

others may require several stages with intermediary indicators before the primary indicator of interest can be 

assessed. Each step in this process may involve different methods, tools, and datasets to derive or assess interim 

and final outcomes.  

Scenarios are useful for structuring evaluations, as they enable detailed scoping and provide reference points 

for ensuring systematic coverage. In EU-CEM, a scenario is defined as a structured depiction, specified by a set 

of pre-determined conditions and variables, representing actual or theoretical states, situations, or interactions. 

All evaluation and impact areas require scenario setting, though the scope and detail of scenarios may differ 

across areas.  

 

13 It is acknowledged that the ǘŜǊƳǎ ΨŎǊŀǎƘΩ ŀƴŘ ΨŎƻƭƭƛǎƛƻƴΩ ŀǊŜ often used interchangeably with ΨŀŎŎƛŘŜƴǘΩΦ tǊƻƧŜŎǘǎ may use 

any of these terms. 
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EU-CEM defines seven distinct scenario categories for evaluation (see Guideline 3.10 and Guideline 3.11 for 

more details): 

¶ Societal scenarios describe the broader societal context, including the envisioned CCAM system and its 

usage. 

¶ Service scenarios describe a single CCAM service or a chain of transport services that CCAM is part of, 

such as logistics services, public transport services, and shared mobility services. 

¶ Traffic scenarios represent traffic characteristics and road infrastructure on specific road segments or 

networks. Vehicles in a traffic scenario are involved in different, non-predefined driving scenarios. 

¶ Driving scenarios depict short, specific periods of driving defined by primary driving tasks (e.g. car 

following, lane change) or triggered by specific events (e.g. an obstacle in the lane) [13]. These describe 

smaller, more focused traffic contexts compared to traffic scenarios. They cover shorter periods of time 

and fewer road users. For example, interaction between two vehicles over a few seconds. In contrast, 

there may be hundreds or thousands of vehicles in an hour-long traffic scenario. 

¶ Test scenarios describe sequences of triggers, events, and actions among road users (e.g. ego vehicle, 

adjacent vehicles, pedestrians) to achieve a specific testing goal. This scenario type relates only to the 

evaluation of technical functioning (see Chapter 4.1). 

¶ User scenarios describe population segments and their state related to CCAM, such as mobility 

behaviour, attitudes, and socio-demographic characteristics. 

¶ User behaviour scenarios describe the direct or indirect interaction between different users and the 

CCAM system. 

While other scenario classifications exist (e.g. ISO 34501 [14] and ASAM OpenSCENARIO [15]), the one presented 

here is tailored to describe the diverse perspectives necessary for impact assessment of CCAM. In this handbook, 

traffic, driving, user, and user behaviour scenarios are considered as lower-level scenarios and societal scenarios 

as high-level scenarios. 

It is important to recognise that the scope of scenarios directly determines the scope of conclusions drawn from 

the results. Narrow scenarios, or a narrow set of scenarios, will only yield specific, context-bound conclusions. 

Broader societal conclusions require correspondingly broad societal scenarios. 

Field experiments typically address lower-level scenarios, such as driving or user scenarios, on a particular road 

section or within a limited area or based on a limited group of participants. However, broader societal impacts 

of CCAM require assessing them within societal scenarios that cover entire networks and all trips made in them, 

including non-automated vehicles and non-motorised travel.  

Depending on the impact areas and research questions, it may be necessary to scale up the impacts from lower-

level scenarios to broader societal contexts reflected by the societal scenario. This requires a method for scaling 

up results to a societal level, reflecting a broader spatial and temporal frame than the lower-level scenarios. 

In addition to direct impacts, it is important to consider cascading indirect and possibly unintended impacts of 

CCAM. These include increased car usage due to improved comfort and behavioural adaptations among non-

users. These indirect impacts can be difficult to detect and quantify, as they may result from gradual processes. 

For example, behavioural adaptations among CCAM users and non-users can take months or years to fully 

manifest. Nevertheless, qualitative considerations of these impacts are recommended. 

In summary, this chapter guides the development of methods for answering defined research questions within 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘƛƳŜƭƛƴŜ ŀƴŘ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜǎΦ Lǘ ŜƴǎǳǊŜǎ ǘƘŀǘ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘ όǎŜŜ /ƘŀǇǘŜǊ 3.4) is 

fully exploited during evaluation. Developing robust evaluation methods involves careful selection of suitable 

indicators, methods, and tools. This process is iterative, requiring coordination between the different elements 

of the evaluation plan described in Chapter 3 (see Figure 4). Once these iterations are complete, the final method 

is documented in the evaluation plan (see Guideline 3.28). 
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Further guidance, specific to each evaluation and impact area, is provided in Chapter 4. This includes terminology 

definitions, background overviews, recommendations for result indicators, different methods and approaches, 

and best practices to avoid common pitfalls. These guidelines should be used alongside the general ones given 

here. 

The guidelines below cover the following topics: 

¶ How to describe the societal scenarios for impact assessment 

¶ How to define mid- and low-level scenarios: traffic and driving scenarios, user and user behaviour 

scenarios 

¶ How to define relevant indicators for impact assessment 

¶ How to set a method for answering a research question 

¶ How to consider the scaling up of results in the methodology 

¶ How to consider intended direct impacts, indirect and unintended impacts, and the impacts on non-

users 

These steps are interconnected and may require iterations; they are not strictly hierarchical or sequential. Note 

that the best chronological order of tasks may also differ from the sequence of guidelines below, depending on 

the project. 

Guideline 3.10. How to describe the societal scenarios for impact assessment 

The societal scenarios define the broader context and setting for impact assessment. They specify the region 

and timeframe of interest and describe how CCAM systems relate to existing transport infrastructure and 

supply. A societal scenario must be established for all baseline and treatment conditions planned for 

assessment (see Guideline 3.27). When defining societal scenarios, it is important to consider what 

requirements the research questions place on them. Evaluation can focus on one societal scenario or several 

alternative ones. 

Even if socio-economic or other broader societal impacts are not within the evaluation scope, defining a 

societal scenario is beneficial. Using shared societal scenarios across all evaluation and impact areas as a 

foundation for developing more relevant, targeted scenarios (see Guideline 3.11) ensures consistency. It 

ensures that results from different areas complement rather than contradict each by aligning assumptions 

across different evaluation steps or areas.  

If societal-level impact areas (see Chapter 4.4) are planned, the societal scenarios used in those assessments 

form the basis for the scenarios across all impact areas. The assessment of society-level impacts relies on 

results from other impact areas, which must align. To ensure feasibility across all impact areas, scenario 

development should be a joint activity. While maintaining consistency with the overarching societal scenario 

is essential, other impact areas include additional scenarios of specific interest. 

To define a societal scenario, set the characteristics of the high technology readiness level (TRL) CCAM system 

for which the impact assessment is made (see Chapter 3.1), the transport system it operates within, the CCAM 

users, and the targeted scope of evaluation in terms of time, place, and population. 

The process starts with the research questions, as their phrasing can specify the necessary scope of the 

societal scenario. If they do not specify all aspects, these must be agreed upon at this phase. The broadest 

ŘŜŦƛƴŜŘ ǎŎƻǇŜ ǎŜǘǎ ǘƘŜ ƎŜƴŜǊŀƭ ŎƻƴǘŜȄǘΣ ǎǳŎƘ ŀǎ άƛƴ ǘƘŜ 9¦έΣ άƻƴ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ǊƻŀŘǎέΣ άƛƴ city Xέ. 

The following table provides key elements to consider when defining societal scenarios. These elements 

provide a starting point, but are not exhaustive, and additional aspectsτsuch as economic activity, political 

factors or socio-cultural trendsτmay be relevant. In the impact assessment, the impact of CCAM should be 

isolated from other changes in these elements. 
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Element of societal 

scenario 

Examples of considerations 

Temporal scope ¶ CCAM introduced into current transport system 

¶ Specific future year targeted (e.g. 10 years from now) 

¶ Specific period (e.g. from now until 2050) 

¶ Specific deployment milestone (e.g. 50% CCAM penetration rate in 

vehicle fleet)  

Spatial scope Specific city, region or country; all motorways in the EU 

Transport system and 

role of CCAM 

¶ Travel and transport service offerings and usage patterns 

¶ CCAM as a complementary service or disruptive replacement 

¶ Impacts on other transport modes 

¶ Fleet composition and vehicle characteristics 

¶ Systematic differences between CCAM and other vehicles, e.g. all 

CCAM vehicles being electric 

¶ Penetration rate of CCAM vehicles in traffic flow or vehicle stock 

CCAM target users ¶ Car drivers, persons without a driving licence, certain demographic or social 

groups 

¶ Service and fleet operators, traffic management operators, professional 

drivers 

Other road users ¶ Car drivers, public transport users, pedestrians, cyclists, micromobility 

users, certain demographic or social groups 

¶ Service and fleet operators, traffic management operators, professional 

drivers 

Dedicated 

infrastructure for 

CCAM 

¶ Dedicated lanes 

¶ Pick-up and drop-off zones 

¶ V2X and telecommunications equipment 

Regulations and 

policies 

¶ Need for a driving licence 

¶ Policies promoting shared mobility, electric vehicles or other 

¶ Taxation and insurance policies 
 

Example 

The project addresses one societal scenario with the following characteristics: 

Element Description 

CCAM system High technology readiness level as defined in Guideline 3.4 for the system 

addressed in impact assessment 

Temporal scope The current transport system (year 20xx with latest statistics available) 
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Regulation and 

policies 

As in the temporal scope year 

Dedicated 

infrastructure to 

CCAM 

Infrastructure-to-vehicle connectivity available on motorways of the Trans-

European Transportation Network (TEN-T) to support temporary routing (e.g. 

roadworks) 

Transport supply Privately owned SAE Level 3 automated passenger cars replacing current 

privately owned conventional cars. Vehicles replacement occurs randomly, and 

the automated vehicles maintain the same size and powertrain as the replaced 

vehicles. 

No changes to public transport supply or freight transport compared to 

situation without automated vehicles. 

Targeted area All motorways in EU-27. 

Penetration rate of 

ADS among 

passenger cars in 

traffic 

10% (short-term realistic) 

50% (long-term realistic) 

100% (theoretical maximum potential) 

 

Guideline 3.11. How to define mid- and low-level scenarios: traffic and driving scenarios, user and user 
behaviour scenarios 

The previously defined societal scenario serves as a basis for defining the mid-level service, traffic, and user 

scenarios, as well as low-level driving and user behaviour scenarios (see scenario definitions in the 

introduction to Chapter 3.3).  

The mid-level scenarios must align with the conditions set in the societal scenario, and the low-level scenarios 

with the mid-level scenarios. These scenarios add necessary detail for the impact areas that use them for 

evaluation, and several parallel scenarios can be used to study various conditions of interest.  

The selected mid- and low-level scenarios together should represent exposure (e.g. travel activity, vehicle 

kilometres travelled), road network, traffic patterns, fleet composition, as well as CCAM users, non-users, and 

their interaction with CCAM within the societal scenario. 

Although different evaluation areas focus on various impacts, their results should be complementary. 

Consequently, the chosen scenarios should not contradict one another across impact areas. 

The required number of scenarios depends on the evaluation scope, research questions, context addressed, 

and available resources. When balancing the depth of analyses with resources, the estimated effect size and 

exposure should guide scenario setting. It is advised to include scenarios where both positive and negative 

effects might occur. 

Relevant aspects to describe per scenario type include: 

¶ Traffic scenarios: 

¶ CCAM penetration rates, at least those required by the societal scenarios 

¶ Road environment and layout (intersection types, length of sections, number of lanes, 

speed limits) 

¶ Features of digital infrastructure (coverage and features of connectivity, etc.) 

¶ Traffic volumes 
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¶ Fleet composition in traffic (size, category, age of vehicles, engine and fuel types, 

pedestrians, cyclists)  

¶ Service scenarios: 

¶ Service concept 

¶ Business or funding concept 

¶ Vehicle category 

¶ Operating environment 

¶ Driving scenarios: 

¶ Vehicle whose behaviour is being addressed (ego vehicle) 

¶ Another vehicle or object to interact with 

¶ Road environment 

¶ User scenarios: 

¶ Mobility behaviour (motorised and non-motorised travel modes) 

¶ Attitudes 

¶ Socio-demographic characteristics 

¶ User behaviour scenarios:  

¶ User interacting with the system 

¶ Non-user affected by the system 

¶ Interaction with CCAM 

¶ Context for interaction (e.g. where it happens, in which conditions) 

Within one traffic scenario, several driving scenarios typically take place. Within one traffic scenario, several 

parallel service scenarios may also take place. One user behaviour scenario may apply to one or several user 

scenarios. 

If use of low-level scenario results is planned to address higher-level scenarios, it is advisable to plan it at this 

stage. This may involve scaling up to regional estimates or societal scenarios. Scaling up refers to estimating 

the impacts over a broader region and a longer time period compared to the lower-level scenarios. See the 

separate guideline on scaling up.  

If scaling up from low-level scenario results to higher-level scenarios is considered, this should be planned at 

this stage. Scaling up refers to estimating impacts over broader regions and longer periods compared to the 

lower-level scenarios (see Guideline 3.14).  

Example 

Example of the process for defining traffic scenarios: 

One impact assessment objective was to estimate the impacts of automated passenger cars on emissions. 

The societal scenario covered the European motorway network with 50% automated passenger cars in traffic, 

which included passenger cars and heavy goods vehicles. The baseline was the traffic and vehicle fleet of 

today. 

Traffic simulations and an emissions tool were chosen for estimating impacts. The societal scenario specified 

European motorways, passenger cars and heavy goods vehicles, and the penetration rate of automated 

vehicles among passenger cars. Representative traffic scenarios were derived to align with the societal 

scenario by: 

¶ Analysing the whole European motorway network to identify speed limit and number of lanes 

combinations covering at least 1% of the network length, resulting in 10 different combinations. 

¶ Determining traffic volumes by calculating motorway capacities (2250 vehicles/hour/lane) and 

dividing the volume range into four simulation input flows (500, 1000, 1500, and 2000 

vehicles/hour/lane).  
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¶ Determining the share of heavy goods vehicles from traffic data. It was found to vary with traffic 

volume. 

¶ Including baseline (0% CCAM) and treatment (50% CCAM) conditions, the process resulted in 80 

traffic scenarios (2 penetration rates * 10 motorway types * 4 traffic volumes). 

Example of a traffic scenario: A 5 km section of a 3-lane motorway with an entrance and exit, 130 km/h speed 

limit, 1500 vehicles/hour/lane, and 8% of heavy vehicles. 

Vehicles in traffic scenario simulations can perform various driving scenarios [16], such as following a vehicle, 

motorway merging or performing a lane change. Example of a driving scenario description of a discretionary 

lane change: 

 

Examples of service scenarios:  

1. Robotaxi service (shared and single-user rides), fully automated passenger cars, operating within city 

boundaries 

2. Public transport service (shuttle buses), integrated with tourism tickets, operated between transport 

hubs and tourist sites 

3. Logistics service (autonomous delivery robots), part of online delivery system, operating within 2 km 

of a supermarket 

Examples of user scenarios:  

1. Regular car commuter, low new technology acceptance, good income, older adult, suburban resident 

2. Regular public transport user, multimodal mobility, high technology acceptance, low income, 

younger adult, urban resident 

Examples of user behaviour scenarios: 

1. Relevant for User scenario 1: Car commuter using automated driving system: 

¶ Activating the system when entering a motorway 

¶ Taking over control when approaching an exit ramp 

2. Relevant for User scenario 2: CCAM-based on-demand public transport user: 

¶ Request a ride via app 

¶ Locating and entering the vehicle 

¶ Exiting the vehicle in an unfamiliar area 
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Guideline 3.12. How to define relevant indicators for impact assessment 

There are two primary types of indicators: result indicators, which directly answer the research questions, 

and intermediary indicators, which are necessary for deriving the result indicators. Some research questions 

may require several intermediary indicators, while others can be directly determined through result indicators 

without intermediary indicators. 

Evidence of the changes induced by CCAM is gathered by comparing indicator values under the same 

scenarios for both baseline and treatment conditions. Indicators can be assessed either quantitatively or 

qualitatively, depending on the available methods, tools, data, and resources. 

In some impact areas, defining result indicators is straightforward. Specific indicators may already be specified 

in the project proposal and must be included in the evaluation plan. Policymakers may have set clear targets 

or policy goals for certain impacǘ ŀǊŜŀǎΣ ǎǳŎƘ ŀǎ ǘƘŜ 9¦Ωǎ ƻōƧŜŎǘƛǾŜǎ ŦƻǊ ǊŜŘǳŎƛƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ 

from transport. Therefore, if environmental impacts are within the evaluation scope, a suitable indicator for 

their assessment would be greenhouse gas emissions.  

Result indicators should be contextualised with a denominator that clarifies the temporal and spatial scope, 

such as per year in the EU or per kilometre driven. This enables meaningful comparisons of indicator values 

between treatment and baseline conditions or across different scenarios. The choice of denominator depends 

on the research question and the nature of the indicator. The denominators can be an area (e.g. city, country 

or the EU), a specific road section or type, the total vehicle kilometres travelled (VKT), a specific user or 

population group, or a combination of these. Examples of result indicators include greenhouse gas emissions 

per VKT on motorways in the EU or number of passenger car trips per day per user. For intermediary 

indicators, the method usually provides the context. 

In cases where identifying indicators is more complex, the following steps can be useful: 

1. Break down each low-level research question into key concepts and dimensions to identify what 

needs to be measured. Note any information on scope or relevant user groups within the question. 

2. For each key concept, identify indicators that effectively measure or describe the phenomenon. 

Choose indicators relevant to the project and consider those used in other studies for comparability. 

Expertise in the evaluation and impact area is essential, as is reviewing the recommended indicators 

for each impact area in Chapter 4. 

3. From the identified indicators, select those that are measurable with the available data, methods, 

tools, and resources. This requires iteration with other evaluation planning steps and a feasibility 

check of the overall evaluation plan. 

4. Contextualise the indicator with a suitable denominator, such as emissions per VKT on motorways in 

the EU or passenger car trips per day per user. 

See Chapter 4 for recommended result indicators for each impact area.  

Example 

Research question: What are the impacts of the CCAM system on the number of accidents? 

Result indicator: Number of prevented accidents per year in EU27 (specified based on project scope). 

Setting intermediate indicators: 

1. Key concepts identified: number of target accidents, accident risk, exposure, severity.  

2. The evaluation was based on the number of target accidents, with changes in risk, exposure, and 

severity reflected in this number. 

3. Safety simulation software was chosen to estimate accident risk in simulated driving scenarios 

leading to the intermediary indicator: accident risk per driving scenario. 
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4. Intermediate indicators were similarly defined also for exposure (e.g. total VKT or frequency of 

relevant conflicts) and severity. 

5. The result indicators defined in step 2 were calculated based on the intermediate indicators from 

steps 3 and 4. 

Guideline 3.13. How to set a method for answering a research question 

Each research question needs a method that can provide an answer. Selecting suitable methods and tools 

requires considering: a solid theoretical background, validity for the intended purpose, and feasibility within 

available resources. 

For each evaluation and impact area, begin by drafting an overview of the evaluation process steps, including 

data sources and relevant tools and methods, to assess the required indicator values and effects. Ensure this 

overview covers all research questions within the area. Setting up this process and identifying potential gaps 

is iterative, continuously elaborated throughout the evaluation planning phase. 

A single method or tool can answer one or multiple research questions with overlapping needs. Conversely, 

some research question may require multiple methods and tools. 

The scope of each research question can guide important considerations, such as spatial extent or relevant 

user groups. For each question, start by conducting an overview of suitable evaluation methods and tools 

available to the project team. Describe the input requirements and output indicators of each tool. Then check 

whether these outputs match the input needs of subsequent evaluation steps. 

Describe the limitations and assumptions of each method and tool, verifying their suitability for addressing 

the indicators to be evaluated. For example: 

¶ Macroscopic traffic simulation can assess regional impacts but may lack sufficient detail for 

assessing specific changes in traffic flow level (see Chapter 4.3.5 for more on simulation 

approaches). 

¶ Microscopic traffic simulation can assess traffic flow impacts but may not be suitable for accident 

analysis unless it aligns with the modelling of safety-critical situations. 

¶ Conventional driver models in microscopic traffic simulations, describing human driving behaviour 

in normal traffic, may not accurately model automated driving in conflict situations. 

¶ Expert assessment can provide qualitative insight but may lack precise and accurate quantitative 

estimates. The complexity of scenarios assessed by experts should not exceed their ability to 

reasonably employ pattern-matching based on past experiences. 

Estimate the required resources (human resources, time, and budget) for applying each method or tool and 

producing indicator values. Check the feasibility of external data needs, including acquisition of the required 

data, its costs, and processing requirements. Designate responsible partners for each impact area and 

research question to ensure proper coverage. 

Ensure the validity, meaning that indicators measure what they are supposed to measure, and reliability, 

meaning that the methods produce consistent results under consistent conditions, for all indicator-method 

combinations. 

Prepare alternative plans for methods with potential uncertainties (e.g. in terms of success of tool 

development, availability of input data, or sufficiency of resources). The plans may also change after feasibility 

checking (see  Guideline 3.8). If direct inputs for a method are unavailable or unreliable, consider proxy 

indicators from other measurements or literature-based estimates, or use qualitative assessments to 

estimate the magnitude and direction of changes. 

It is recommended to test the methods as early as possible to verify that they function as intended and are 

feasible within the resource constraints. Chapter 4 provides further details on methods applicable to different 
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research questions for different evaluation and impact areas, as well as their strengths, limitations, and 

requirements. 

Example 

The impact of a CCAM system on CO2 emissions is planned to be estimated using an emission calculation tool, 

which has been found valid for this purpose if the evaluation team has sufficient resources to use it. This tool 

requires output from microscopic traffic simulations used in the impact assessment of traffic flow efficiency. 

Adjusting simulation parameters requires input on the driving behaviour of automated vehicles, such as data 

derived from the analysis of field-experiment vehicle data. 

The societal scenario sets the temporal scope to the year 2023. The emission calculation tool needs statistics 

on the vehicle fleet and its ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŦǊƻƳ нлноΦ ¢ƘŜ ǘƻƻƭΩǎ ƻǳǘǇǳǘ ƛƴŘƛŎŀǘƻǊΣ /h2 emissions per VKT per 

vehicle category, ŀƭƛƎƴǎ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƴŜŜŘǎΦ 

This process is illustrated graphically below, presenting data sources and steps in chronological order. 

 

Guideline 3.14. How to consider the scaling up of results in the methodology 

Scaling up is necessary when estimating impacts on the societal scenario based on results from lower-level 

scenarios. Different methods can be applied for scaling up of CCAM impacts, with the choice depending on 

the impact area and available tools. The main approaches include statistics-based and macroscopic modelling-

based upscaling. 

The statistics-based approach uses available data from statistics or other datasets to scale up impacts 

observed in lower-level scenarios. For example, data on vehicle kilometres travelled (VKT) by road type, 

vehicle category, and traffic conditions, on the frequency of certain events, or on the distribution of people 

across user population segments.  

When using this statistics-based approach, it is recommended to set up lower-level scenarios that are 

representative of the region and timeframe targeted in the societal scenario. Defining representative 

scenarios requires determining the prevalence of each scenario, such as the frequency of a single scenario in 

the broader context. 
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Microscopic simulation can serve as an intermediary step when using VKT for the prevalence of traffic 

scenarios. The effects of CCAM observed in the simulations of the traffic scenarios can then be scaled up to 

the region targeted in the societal scenario by weighting the prevalence of these scenarios across space, time, 

and population. Identifying the necessary external data or statistics early is important to ensure sufficient 

time for sourcing, accessing, collecting, and formatting the data if required.  

If a macroscopic model is available for the region targeted in the societal scenario, it can directly provide 

results on CCAM impacts, provided that the implications of CCAM can be adequately represented in the 

model. However, this approach requires the availability of a suitable model for the area of interest, and such 

models can be difficult to develop or obtain. 

Both statistical and modelling approaches can require substantial effort if no existing dataset or model is 

available. However, they provide insights that field experiment data and expert judgement alone cannot 

achieve. Often, the evaluated scenarios do not cover the full societal scenario spectrum, requiring 

assumptions to fill in the gaps. Basic sensitivity analyses are recommended to estimate the influence of these 

assumptions, and all assumptions must be transparently reported along with the results of the sensitivity 

analyses.   

Example 

Examples of data needs for scaling up CCAM impacts: 

¶ Traffic safety impact assessment: Data is needed on the frequency, type, and severity of accidents 

within the CCAM operational domain during the period of interest. Scenario-specific effects can be 

weighted using the share of target accidents per scenario to scale them up. Official accident 

databases, such as national or in-depth accident databases, are valuable data sources.  

¶ Traffic flow impact assessment: Data on typical traffic volumes in the target region and network is 

required to weigh and scale the traffic scenario-specific effects to regional level. This data can be 

obtained, for example, from national or regional road operators. 

¶ People mobility impact assessment: Data on travel patterns and needs of different socio-

demographic groups in the target region is needed to scale the user scenario-specific effects to the 

entire population of interest. Regional or national travel surveys are common data sources.  

Guideline 3.15. How to consider intended direct impacts, indirect and unintended impacts, and the impacts 
on non-users 

Ensuring a comprehensive evaluation of the effects of CCAM requires considering intended and unintended, 

direct and indirect, short-term and long-term impacts, as well as impacts on both users and non-users. The 

evaluation process should incorporate the nine impact mechanisms identified for CCAM [17]. It is 

recommended that these mechanisms are used in all impact areas of CCAM studies: 

1. Direct modification of the driving task, driving behaviour or travel experience 

2. Direct influence of infrastructure  

3. Indirect modification of CCAM user behaviour 

4. LƴŘƛǊŜŎǘ ƳƻŘƛŦƛŎŀǘƛƻƴ ƻŦ ƴƻƴπǳǎŜǊ ōŜƘŀǾƛƻǳǊ 

5. Modification of interaction between CCAM systems and other road users (non-users of CCAM) 

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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The evaluation team should explicitly identify in the evaluation plan which mechanisms can be addressed in 

the project, specifically:  

¶ The impacts of which mechanisms can be measured in the field experiment.  

¶ The impacts of which mechanisms can be addressed by simulation or by other data collection 

methods. 

¶ The impacts of which mechanisms are relevant for the CCAM system under evaluation but should be 

addressed by other means. 

If some mechanisms cannot be addressed quantitatively, a qualitative assessment of likely long-term impacts 

could be feasible. This can involve expert insights from system developers and testers or findings from the 

literature. Even if a study cannot address each mechanism, acknowledging all relevant impact mechanisms is 

advised. By combining quantitative assessments with supporting evidence from the literature, it is possible 

to estimate the implications of all mechanisms, at least on a qualitative scale (e.g. direction of impact: 

increase, decrease or no change; estimated magnitude: small, medium or large).  

Example 

The evaluation team of a large-scale project on automation of passenger cars mapped how the nine impact 

mechanisms [17] were considered in traffic safety impact assessment. Some mechanisms were addressed 

through simulations or driving simulator studies, while others were covered by results of other impact areas 

or external literature. These results were then qualitatively analysed for the direction of the impact (increase, 

no change, decrease) and its size (small, medium, large). 

Further reading 

Innamaa, S., Smith, S., Barnard, Y., Rainville, L., Rakoff, H., Horiguchi, R., & Gellerman, H. (2018). Impact 

mechanisms. In Trilateral Impact Assessment Framework for Automation in Road Transportation: Version 2.0 

(pp. 15ς24). Trilateral Impact Assessment Sub-Group for Automation in Road Transportation Working Group. 

https://www.connectedautomateddriving.eu/wp-

content/uploads/2018/03/Trilateral_IA_Framework_April2018.pdf 

Bjorvatn, A., et al. (2021). L3Pilot Deliverable 7.4: Impact Evaluation Results. Annex A1.6. 

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_14102021/L3Pilot-SP7-D7.4-

Impact_Evaluation_Results-v1.0-for_website.pdf 

3.4. Data specification and data tools 

The guidelines for data specification and data tools outlined in this chapter facilitate alignment of the data 

collection and processing with the requirements of the evaluation. The outcome of this planning phase provides 

guidance on:  

¶ What data needs to be collected 

¶ Why the data is collected 

¶ How data is processed and stored  

¶ Who are the actors involved.  

https://www.connectedautomateddriving.eu/wp-content/uploads/2018/03/Trilateral_IA_Framework_April2018.pdf
https://www.connectedautomateddriving.eu/wp-content/uploads/2018/03/Trilateral_IA_Framework_April2018.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_14102021/L3Pilot-SP7-D7.4-Impact_Evaluation_Results-v1.0-for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_14102021/L3Pilot-SP7-D7.4-Impact_Evaluation_Results-v1.0-for_website.pdf
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This ensures that the collected data14 will support the evaluation. 

The data specification and data tools guidelines in this chapter are relevant if any of the cases below apply: 

1. An evaluation method has specific requirements for its input data to be collected within the project, 

and the evaluation partner is not directly collecting that data. 

2. It is planned that multiple partners will collect comparable data. 

3. Data is shared between partners. 

The data specification and data tools step may not be as relevant when a dataset is collected by an evaluation 

partner to support their own work and is not shared among multiple partners, as the data harmonisation aspect 

is less critical in these cases.  

Data specification describes what kind of data the project collects, how it is formatted, and how it is stored. It 

ensures that data can be exchanged and used seamlessly among project partners. While data specification does 

not describe the experimental design of the data collection (see Chapter 3.5),  it should describe contextual data 

that facilitate correct understanding of the design and usage and interpretation of the data. This includes 

whether the data was collected under baseline or treatment conditions, and situational variables relevant for 

the planned method (see Chapter 3.3). The data specification is the basis for a common data format,15 which is 

used for storing and processing the data with common tools.  

Data collection tools refer to devices and programs used for data collection, such as data loggers installed in 

vehicles. In some cases, partners must agree on using common tools and how they are calibrated and configured 

to ensure comparable results. In other cases, simply harmonising the data format may be sufficient. 

Data processing tools refer to a chain of scripts or programs used to process the data. Processing includes 

converting logged data into the common data format and calculating derived measures.16 A project may also 

need to agree on data storage and exchange tools. Examples of data storage tools are (federated) databases and 

data spaces which facilitate the exchange of data between stakeholders. Interfaces for uploading and 

downloading data may also be part of the tools.  

It is recommended that data specification and tools are clearly documented, either as part of the evaluation plan 

or in a dedicated data management document. Version control systems are highly recommended to ensure that 

every partner is using the same version of the specification and tools at all times. A documented data 

specification and a description of data tools is essentially an agreement between the data providers and the 

evaluation team on the technical characteristics of the data. 

The guidelines in this chapter do not mandate any specific data formats or data handling methods, leaving it for 

each project to decide. The CCAM Data Sharing Framework [18] gives detailed advice on data sharing, both from 

technical and contractual perspectives.  

 

14 Collected data: Data collected with sensors, questionnaires or by other means. Also called acquired data. The collected 

data is also often referred to as 'raw data', but the term might be misleading, because some data processing might be 

performed by the sensors or other devices collecting the data. 

15 Common data format: Provides the data specification in a manner that allows for computer-readable and writable 

implementation. It defines variables, their units, data types and other relevant specifications (see Guideline 3.17)  

16 Derived measures: Measures not directly collected but calculated from the collected data. 
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The guidelines below cover the following topics: 

¶ How to set up a process for defining data specification and data tools 

¶ How to define common data formats 

¶ How to define the roles and access rights related to data 

¶ How to define the data flow in the processing chain 

¶ How to overcome common pitfalls related to data 

These steps may be interconnected and require iterations; they are not necessarily hierarchical or sequential. 

Note that the best chronological order of tasks may differ from the sequence of guidelines below, depending on 

the project. 

Guideline 3.16. How to set up a process for defining data specification and data tools 

A documented data specification and a description of data tools is essentially an agreement between the data 

providers and data users on the technical characteristics of the data. To ensure that all perspectives are 

included, it is recommended that the evaluation team establishes a working group with representatives from 

partners responsible for providing, processing, and using the data. This group must also include partners 

working on the evaluation methods, not just data owners. Thus, the members of a data specification working 

group include: 

¶ Data user (evaluation team): Specifies the data needs of evaluation and understands dependencies 

between methods and data. 

¶ Data provider: Assesses the feasibility of providing requested data and under which conditions. 

¶ Data processor: Develops or uses scripts to process shared data into an agreed format.  

¶ Database developer: Implements and maintains a database for storing the agreed data.  

The process of defining data specification and tools is likely to be iterative. Use version control to track all 

changes, ensuring every partner is aware of what has been agreed upon, when, and by whom.  

Data specification and tools must be aligned with the evaluation plan. Therefore, the starting point for 

defining data specification is the data requirements identified for the planned evaluation methods (Chapter 

3.3). It is important to: 

¶ Determine the data required (including combinations of data) and the contextual data (metadata) 

needed.  

¶ Engage in iterative discussions to balance what data providers can collect with what is required for 

calculating indicators and conducting evaluations.  

¶ Be flexible and open to alternatives if specific data is unavailable. On the other hand, sometimes 

available data collection or processing technologies may inspire new evaluation approaches.  

¶ Facilitate continuous dialogue between the technical team and evaluation team throughout the 

project to mitigate risks of failing to deliver suitable data for evaluation. Early dialogue helps align 

expectations and clarify data needs between providers, processors, and users. 

Request that data providers share an example dataset in the common data format to the evaluation team as 

early as possible. This ensures a shared understanding and verifies that the workflow functions correctly. 

Likewise, the evaluation team should provide an example of the preferred data format. Early conversion of 

collected data into the common data format can help identify inconsistencies between collected and required 

data.  

Harmonisation and agreement on the common data format and test data help data processing and evaluating 

partners to better anticipate what is achievable with the collected data. Therefore, test the data flow as soon 

as possible. 
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It is essential that the agreed data specification and tools are also communicated to all data providers, clearly 

outlining the requirements and providing the rationale behind specific data formats. For each data provider, 

identify the operational point of contact, ensuring someone familiar with the data collection process, 

specifications and tools is available to address issues. Once the agreements are established, any deviations 

from the agreed specifications should be documented and communicated.   

Example 

Data specification process: 

1. Specification of data requirements: Identification of the necessary data for the planned evaluation 

methods, translation of the needed indicators and related contextual data into a list of signals to be 

collected, specification of the preferred data format. 

2. Explanation of data requirements: Detailing what will be evaluated with the requested data and the 

consequences of missing data. 

3. Discussion on feasibility: Assessment of whether the collected data and relevant contextual data 

can be shared in the specified format and under what conditions. 

4. Iteration if needed: Return to step 1 if data cannot be provided (e.g. due to a lack of suitable sensors 

or critical data sensitivity). 

5. Communication of agreements: Sharing of the final data specification and tools with all data owners, 

allowing for questions and feedback. 

6. Refining if necessary: Revisit step 1 if critical issues are identified. 

7. Provision of sample data: Sharing data samples in the agreed format to verify understanding and a 

functioning workflow, and to spot inconsistencies between collected and required data. 

8. Maintaining dialogue: Ensuring continuous communication between data providers and users, 

documenting any deviations from the agreements until all data has been provided. 

Guideline 3.17. How to define common data formats 

A common data format provides the data specification in a manner that allows for computer-processable 

implementation. Various file formats can be used, including ASAM MDF, HDF5, XML or CSV, sometimes 

referred to as data formats. In EU-CEM, the file format is only one aspect of the common data format. 

The definition of the common data format includes at least the following: 

¶ File format  

¶ Name of variables 

¶ Description of variables 

¶ Data types of variables (e.g. integer, floating point number, text), size (if applicable) 

¶ Unit, frequency, and resolution of variables 

¶ Upper and lower limits of possible values of variables 

¶ Coordinate systems in which the variables are to be interpreted (e.g. the version of GPS coordinates, 

ego-centric or allocentric, direction of axes) 

¶ Timestamps used  

¶ Coding of missing values (e.g. NaN, -1) 

¶ Coding of categorical values (e.g. response options in a questionnaire, 1 = Yes, 0 = No) 

Establishing common file naming conventions is recommended to facilitate data usage. File names might 

include identifiers such as experiment identifications (IDs), driving scenarios, use cases or vehicle IDs. 

The common data format may also include details such as calibration values used in data collection or 

interpolation methods for handling missing values (e.g. zero-order hold, linear interpolation). For complex 
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data processing, it is advisable to develop and share common data processing tools (e.g. as scripts) to ensure 

consistency in data handling.  

Multiple common data formats may be necessary within a project. For example, one format may be used for 

collected data and another for the derived measures used in evaluation after the data processing chain has 

been applied. 

The CCAM Data Sharing Framework [18] gives recommendations on the file formats. 

Example 

An example is the L3Pilot Common Data Format [19], which includes the following elements: 

¶ Top Level (name)  

¶ Second Level (name) 

¶ Datatype 

¶ Size [byte] 

¶ Size on top level [byte] 

¶ Description (written description, explanation for the coding, e.g. 0 = baseline, 1 = treatment)  

¶ Unit 

¶ Frequency (Hz) 

¶ Resolution 

¶ Lower limit (minimum value) 

¶ Upper limit (maximum value) 

¶ n/a (coding of the missing values, e.g. NaN or -1) 

¶ Interpolation (the method which should be used to replace missing values, e.g. zero-order hold or 

linear) 

The L3Pilot Common Data Format can be implemented, for example, using the HDF5 file format. 

Guideline 3.18. How to define the roles and access rights related to data 

Defining the actors involved in the data flow17 clarifies responsibilities and ensures everyone knows who does 

what and who has access to the data. Typically, at least three roles are defined:  

¶ Data providers collect the data, for example through field experiments, participant interviews or 

simulations. 

¶ Data processors convert the collected data into usable formats for evaluation, such as by cleaning 

the data and calculating derived measures. 

¶ Data users utilise the data within the project; these may be members of the evaluation team. 

A single partner may take on multiple roles, but not all stakeholders need equal access rights, even when the 

data is stored in a common database. For example, data providers, and possibly a specified data-processing 

partner, may only have access to their own data. 

Some data may be too sensitive to share with the data-processing partners or data users. For example, data 

containing personal information may be subject to data protection regulations such as the General Data 

Protection Regulation (GDPR) [20]. Additionally, data may affect the business interests of partners if it is 

commercially sensitive and enables benchmarking the tested system against competitors.  

 

17 Data flow: The process where collected data are transformed for and within the evaluation process through a chain of 

processing scripts utilising common data formats. 
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The CCAM Data Sharing Framework [18] provides detailed guidance on establishing agreements between 

stakeholders in a project and on ensuring the privacy of the data. 

Example 

The roles assigned in a project with confidential data [20]: 

Each data-providing partner selected a dedicated data processor from the evaluation team. Each data 

processor had full access to the data from the respective data provider. This arrangement allowed the 

development and testing of common data processing scripts without requiring the data provider to 

repeatedly run the scripts on behalf of the evaluation team.  

The data-processing partners converted the collected data into the agreed common data format. Before 

sharing the data with the evaluation team, all processed data were pooled across data providers to prevent 

benchmarking between them. This role assignment ensured that the data were reviewed by someone other 

than the data provider without revealing potentially confidential data across all partners. 

In projects with non-confidential data, data providers can directly upload their data to a data sharing platform 

for processing and evaluation. 

Guideline 3.19. How to define the data flow in the processing chain 

The data flow process may include multiple processing and storage steps, and it should be thoroughly 

documented and reproducible.  

A key principle is ensuring that all analyses can be rerun easily if the original data are updated. In practice, 

this means all processing steps should be implemented as software scripts, avoiding manual modifications or 

interventions. Scripts should be maintained in a version control repository (e.g. GitLab) to ensure that all 

developers and users work with the same versions. Common databases or collaboration platforms can be 

used for data exchange among partners. 

It is recommended to split the processing into a series of modular scripts with clearly defined inputs and 

outputs, rather than using one large script. This simplifies maintenance, allows parallel development, and 

facilitates the creation of alternative scripts if necessary. If different partners are responsible for different 

parts of the data processing chain, intermediate outputs and inputs should be included in the data 

specification, with a common data format to ensure compatibility.  

Quality checks should be integrated into the data flow. These can include: 

¶ Data quality checksΣ ǎǳŎƘ ŀǎ Ǿƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴ όƛΦŜΦ άŜǾŜǊȅǘƘƛƴƎ ƭƻƻƪǎ ƎƻƻŘέύ ƻǊ automatic checks to 

ensure that values fall within expected ranges and that the amount of missing data remains 

acceptable.  

¶ Script quality checks, such as unit tests for individual script functions and integration tests for 

combined modules, using both test data and real project data.  

These checks should flag any issues with the data or with the data processing before the data is used for 

evaluation. 

Filtering, such as signal smoothing, is often necessary during data processing and must be clearly defined 

within scripts, as it can significantly affect results. Consistent filtering criteria should be applied across all data 

sources, and data users must be informed of any filtering performed on the data to ensure correct 

interpretation.  

In some projects, additional processing steps before data sharing, such as anonymisation and 

pseudonymisation, may be required to avoid exposing the origin of the data or personal information of the 

participants. This step can be performed by data providers or by dedicated data-processing partners under 
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appropriate non-disclosure agreements if needed. Sometimes this is only necessary when data is shared 

externally. The Data Sharing Framework [18] gives detailed guidance on this. 

Example 

A dedicated working group maps the whole data flow of the project, detailing each step from data collection 

and conversion into a common data format to quality checks, filtering, annotation, and calculation of 

indicators. The indicator data are then stored in a cloud database accessible to all relevant partners with 

appropriate access rights. 

Next, each step of the mapped flowchart is established as a project in Gitlab, enabling the creation of small, 

manageable, and modular scripts to automate the data flow. Inputs and outputs of each script are explicitly 

defined, and version control ensures that only data processed with the latest script versions are accepted for 

subsequent steps. Quality checks cover both data and scripts, with unit and integration tests verifying 

functionality. 

Clear documentation for each script details its purpose, functionality, and usage instructions. The 

documentation is stored both as README files within the version control system and in a collaborative 

document management tool accessible to all project partners. 

This approach enables partners to apply the scripts regardless of their involvement in software development, 

ensuring data are shared in a harmonised format and processed in an automated, transparent, and 

reproducible way. The final processed data are stored in a cloud database, allowing the entire evaluation 

team to access them for evaluation purposes. 

Guideline 3.20. How to overcome common pitfalls related to data 

CCAM projects often encounter specific pitfalls related to data collection, processing and usage: 

1) A derived measure required for evaluation cannot be calculated from the collected data. 

Involve the evaluation team early in the data specification process to allow them to specify what collected 

data or derived measures they need. The data providers should assess whether they can meet these 

requirements. Flexibility from both sides is required if adjustments are needed. See Guideline 3.16 for how 

to handle this situation. 

2) Collected data lack sufficient contextual information on the data collection conditions for correct 

interpretation.  

Data specification must include contextual data such as weather conditions, road and infrastructure 

characteristics, traffic conditions, and user groups involved. This information is essential for selecting relevant 

data, understanding variability in the results, and determining the extent to which they can be generalised to 

other contexts.  

Document any deviations from the data specification and unexpected events during data collection, as they 

may influence data interpretation. For example, minor deviations from a designated route may not render 

the data unusable, but determination of this requires documenting the deviations. 

3) Data collected or processed by different partners is not comparable.  

Ensure that all partners follow the agreed experimental design (see Chapter 3.5), use a common data format 

(see the Guideline 3.17), and apply shared, version-controlled processing scripts.  
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Example 

Common pitfalls and solutions: 

Pitfall: The derived measure cannot be calculated from the collected data.  

¶ ExampleΥ ¢ƘŜ ŜǾŀƭǳŀǘƛƻƴ ǘŜŀƳ ǊŜǉǳƛǊŜǎ ŀ ŘŜǊƛǾŜŘ ƳŜŀǎǳǊŜ άŘƛǎǘŀƴŎŜ ǘƻ ƭŀƴŜ ƳŀǊƪƛƴƎǎέ ǘƻ ǎǘǳŘȅ ǘƘŜ 

lane-keeping performance, but the field test vehicles do not detect lane markings and instead follow 

a pre-determined centre line from a high-definition map. 

¶ SolutionΥ !ŦǘŜǊ ŘƛǎŎǳǎǎƛƻƴǎΣ ǘƘŜ Řŀǘŀ ǇǊƻǾƛŘŜǊǎ ŀƎǊŜŜŘ ǘƻ ǎƘŀǊŜ ǘƘŜ ǾŜƘƛŎƭŜǎΩ ŘŜǾƛŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ 

centre line. With an assumed lane width, the evaluation team estimated the distance to the lane 

markings from this information. 

Pitfall: The conditions under which the data were collected are not sufficiently known to ensure accurate 

interpretations when calculating a derived measure. 

¶ Example: Speed measurements show significant differences between days, but without contextual 

data (e.g. traffic conditions during the experiments) it is unclear whether the differences result from 

vehicle behaviour or external factors like congestion. Therefore, the measurements are less valuable 

for evaluation purposes. 

¶ Solution: Collect and document contextual data to ensure accurate interpretation of collected data. 

Pitfall: Data collected by different partners are not comparable. 

¶ Example: Data was collected on roads with different speed limits, or one experiment collected data 

only in free flow situations and another in congestion. 

¶ Solution: Harmonise experimental design and document all variations to ensure comparability. 

Pitfall: Data processed by different partners are not comparable. 

¶ Example: ²ƘŜƴ ŦƛƭǘŜǊƛƴƎ ƻǳǘƭƛŜǊǎΣ ƻƴŜ ǇŀǊǘƴŜǊ ŀǇǇƭƛŜǎ ǎǘǊƛŎǘ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ŀ άǾŀƭƛŘέ Řŀǘŀ ǇƻƛƴǘΣ ǿƘƛƭŜ 

ŀƴƻǘƘŜǊ ŦƛƭǘŜǊǎ ƻƴƭȅ ǘƘŜ ŎƭŜŀǊƭȅ άǿǊƻƴƎέ ƳŜŀǎǳǊŜƳŜƴǘǎΦ ¢Ƙƛǎ ŘƛŦŦŜǊŜƴŎŜ ƭŜŀŘǎ ǘƻ ŘƛŦŦŜǊŜƴǘ ǊŜǎǳƭǘǎΦ 

¶ Solution: Agree on standardised data processing protocols and filtering criteria across all partners. 

3.5. Experimental design 

This chapter provides guidelines for designing appropriate experiments to collect the data needed to answer 

each research question. Selecting methods for data collectionτwhether through field experiments, simulations 

or other approachesτrequires careful planning to ensure the validity and reliability of data. Key considerations 

include defining treatment and baseline conditions, determining sample sizes, selecting participants, and 

structuring data collection phases.  

Agreement on the experimental design is important for the feasibility of the evaluation plan execution in CCAM 

projects. Real-world testing opportunities are often limited to systems of low technology readiness level (TRL), 

making it impossible to accommodate every preference of the evaluation team. Some experimental design 

elements may have been established during the project preparation phase, particularly if they are also key 

project characteristics. This chapter focuses on selecting suitable design elements that can still be determined 

during the project.  

The experimental design must support the data collection required for each research question. If not, iterative 

adjustments to the evaluation plan are necessary (see Figure 4 and Guideline 3.8). For example, if a research 

question requires data from ordinary drivers but regulations prohibit such testing on public roads, alternative 

sources, such as test track experiments, should be considered. 
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A single CCAM project may involve multiple experiments, each potentially involving several teams, such as a 

technical team, a test site team, and an evaluation team. Early and consistent communication is key to ensure a 

feasible evaluation plan and efficient use of resources, and to avoid a mismatch between evaluation needs and 

the practicalities at test sites. Establishing standardised working procedures with clearly defined roles, 

responsibilities, goals and schedules early on is highly beneficial. Additionally, ensuring a common understanding 

through test site visits or direct discussions between evaluation and test site teams is recommended. 

The experimental design must specify the baseline and treatment conditions. In some cases, the baseline may 

reflect future rather than current conditions. Factors such as demographic shifts (e.g. aging population or more 

non-motorists), increased adoption of automation, and vehicle fleet electrification can significantly alter the 

results if unaccounted for. Predicting these shifts when defining a future baseline helps ensure that the 

experimental design captures the emerging impacts caused by CCAM only. 

The guidelines below cover the following topics: 

¶ How to choose the experimental approach for a research question 

¶ How to consider the elements of the experimental design in the evaluation plan 

¶ How to plan the experimental design of field experiments 

¶ How to plan the experimental design for virtual environments with participants 

¶ How to select participants for your experiment 

¶ How to provide participants with the most realistic user experience possible 

¶ How to define the treatment and baseline conditions  

These steps may be interconnected and require iterations; they are not necessarily hierarchical or sequential. 

Note that the best chronological order of tasks may also differ from the sequence of guidelines below, depending 

on the project. 

Guideline 3.21. How to choose the experimental approach for a research question 

Evaluating a single research question may utilise data from several approaches. CCAM projects typically use 

several approaches for data collection, including: 

¶ Field experiments (from limited to full CCAM system experience) 

o On test tracks 

o In confined zones  

o On public roads 

¶ Virtual environments, such as virtual reality or (mechanised) driving simulators. 

¶ Modelling and simulations, including microscopic or macroscopic traffic simulations, activity-based 

modelling, emissions models, and air quality and noise models. 

¶ Subjective approaches, such as written descriptions, user studies, expert consultations, and citizen 

engagement. 

Field experiments can be complemented with other approaches like virtual environments, modelling, and 

subjective studies to assess the potential impacts at higher CCAM penetration rates than currently possible 

ƛƴ ŦƛŜƭŘ ŜȄǇŜǊƛƳŜƴǘǎ ƻǊ ǘƻ ŎƻǾŜǊ ŀ ǿƛŘŜǊ ǊŀƴƎŜ ƻŦ ŎƻƴŘƛǘƛƻƴǎΦ 9ŀŎƘ ƳŜǘƘƻŘΩǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ǘƘŜ 

results must be understood. Field experiments can also complement other approaches, for example, by 

offering input for impact assessment simulations or other virtual environments to improve their realism. 

Ideally, field experiments would use CCAM systems of high technology readiness level in real-world 

conditions. This includes testing on public roads or in an environment where the future systems will be 

deployed, with potential future users of the system. However, since this is often not yet possible, alternatives 

like controlled environments, test tracks, simulated environments, or on-road tests with safety drivers or 
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operators are used. If local regulations permit public road testing, it is possible to collect data on driving 

behaviour and automated vehicle interaction with other road users in real traffic. Still, acknowledge that 

safety drivers are part of the safety protocol and have a different role and behaviour than future CCAM users. 

If real-world CCAM testing with real users is not possible, alternatives like test rides with vehicles driven by 

safety drivers, use of test-tracks, or in extreme cases use of storyboards, videos or written descriptions can 

be used to describe the system to participants, with opinions gathered through interviews, questionnaires or 

focus groups. 

¢ƘŜ ŜȄǇŜǊƛƳŜƴǘŀƭ ŘŜǎƛƎƴ ǎƘƻǳƭŘ ƛŘŜŀƭƭȅ ŎƻǾŜǊ ǘƘŜ //!a ǎȅǎǘŜƳΩǎ ŜƴǘƛǊŜ operational design domain (ODD) 

with sufficient variability in conditions. At minimum, it should cover key parts of the ODD relevant to the 

societal scenario addressed by the research questions. If comprehensive coverage is not possible, the 

evaluation plan must clarify which ODD conditions were included in the experiment and how the data 

collected reflect those conditions. 

See Chapter 4 for details on different approaches per impact area. 

Example 

Example research question: What is the impact of CCAM on the accident risk? 

The consortium initially considered collecting real-world data from automated passenger cars on public roads. 

However, due to the safety protocols of the data providers, only safety drivers were permitted, and safety-

critical situations had to be avoided. Thus, the field experiments alone would not provide sufficient data for 

a thorough assessment of the impacts on accident risk. 

To overcome this, simulation of the safety-critical events was identified as the main method to complement 

the field experiments. Field data would provide information on incident frequency in regular driving 

conditions and support the parameterisation and validation of the simulation model, which would then assess 

accident risk across various driving scenarios. 

Guideline 3.22. How to consider the elements of the experimental design in the evaluation plan 

The experimental design consists of several elements, each of which must be considered during evaluation 

planning. Research questions and data needs determine the essential (must-have) and desirable (nice-to-

have) requirements for each element, alongside external constraints such as:  

¶ Local and national regulation related to location, driver type, timing, border-crossing, permissions, 

insurance constraints or data protection 

¶ Ethics and safety procedures 

¶ Available resources, including equipment, budget, time, people, and skills 

¶ Technology readiness of the CCAM system 

Each element should be optimised to fulfil the research question requirements within these constraints. 

Backup plans should be developed, and the impact of alternative choices on results validity and applicability 

must be assessed and documented. Describe the non-ideal factors and how they affect the results in the 

report that describes the evaluation method.  

Iteration between experimental design, evaluation methods, and data specification is necessary until a 

suitable evaluation plan is achieved. 

The table below lists the elements of the experimental design and their consequences on the evaluation. The 

experiment is a Field Operational Test (FOT) when all its elements are on the more complex or larger scale of 

the range. 
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Element Range Consequences on evaluation 

Sample size  Small to large Smaller sample sizes in terms of e.g. number of participants, 

observations, vehicles, test environments, or scenarios, allow 

in-depth analysis of complex interactions. 

Larger samples provide more generalisable results and 

statistical power. Power analysis can determine appropriate 

sample size. 

Sample 

demographics 

Limited to diverse Limited demographics allow focusing on specific user 

segments. Diverse demographics enable population-level 

estimates. 

Nature of 

data 

Subjective to objective Subjective data are often qualitative, more open to 

interpretation, and time-sensitive, but can provide rich 

insights. Objective data are often quantitative, consistent, 

and repeatable. They can be more constrained by CCAM TRL 

than subjective data. 

Data 

measurement 

Proxy to direct Direct measurements are preferable, but proxy 

measurements can be used when direct data are unavailable 

or unreliable. Proxy methods must be well-documented (see 

Chapter 3.4). 

Degree of 

realism of the 

experience 

Written description to 

real-life experience of 

CCAM use 

Higher realism (e.g. real-world tests) improves reliability but 

depends on technology readiness. Virtual environments 

(simulators, virtual reality) can mimic reality but have 

limitations in participant responses. Written descriptions 

offer lowest realism but can be easily provided to large 

populations. 

User 

experience in 

field 

experiments 

Single demonstration 

ride to non-supervised 

automated vehicle use 

Safety protocols limit testing possibilities. Ideally, participants 

would use CCAM unsupervised over longer periods. 

However, sometimes it is only possible to provide single 

demonstration rides. These offer limited but valuable 

insights.  

Experimental 

environment  

Short fixed test route 

to extensive road 

network 

Short, fixed test route limit generalisability. Extensive road 

networks provide broader insights under varied conditions. 

Technology 

readiness 

level (TRL) 

Low to high TRL Low TRL may not fully reflect the future system but can offer 

preliminary insights.  

Gradual testing by incremental pilot phases can mitigate the 

gap between low-TRL technology tested in the real world and 

a high TRL assumed for impact assessment. Likely requires a 

sequence of projects. 
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Duration Short to long (e.g. 

from single drives to 

several months or 

more) 

Longer durations provide more depth and can capture 

changes in user behaviour over time and more varying 

conditions. Short durations are more cost-effective but less 

comprehensive.  

Baseline and 

treatment 

condition 

Multiple alternatives 

(see Guideline 3.27) 

Baseline and treatment conditions are required for impact 

assessment. Without them, impacts cannot be determined. 

Other evaluation areas, such as technical functioning and 

user evaluation, do not always require baseline data. 
 

Example 

Decisions for an experimental design and the reasoning behind the choices, to answer research questions 

addressing subjective experience of CCAM use: 

Element Decision Reasoning 

Sample size  At least 100 

observations per topic 

Power analysis indicates this sample size is sufficient for 

statistical power. 

Sample 

demographics 

Three age categories 

with a similar number 

of participants 

Novice, experienced, and older drivers are important for the 

evaluation scope. Thus, representative groups are included. 

Nature of 

data 

Combination of 

objective and 

subjective data 

Objective CCAM measurements on interaction are collected 

and, to address limitations in field user studies, focus groups 

are used to explore reasons behind the observed behaviour. 

Data 

measurement 

Proxy Mental challenges with CCAM interaction cannot be 

measured. Thus, time needed for different activities during 

CCAM use is used as a proxy for ease of use. 

Degree of 

realism of the 

experience 

Real-world CCAM 

vehicle but not used in 

a real-life situation  

A large-scale FOT is beyond available resources, but a 

smaller-scale real-world experience is provided to assess 

ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ //!a ǎȅǎǘŜƳΦ 

User 

experience in 

field 

experiments 

Single demonstration 

rides 

Maximises the number of participants while providing direct 

CCAM exposure. 

Experimental 

environment  

Short fixed test route Harmonises the experience across participants. Supports 

comparability in focus group interviews. 

TRL Medium TRL Fairly realistic experience, sufficient for planned evaluation 

focus. 

Duration  Short  Cost-effective. 
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Baseline and 

treatment 

conditions 

Treatment only .ŀǎŜƭƛƴŜ Řŀǘŀ ƛǎ ƴƻǘ ƴŜŜŘŜŘ ǘƻ ŀǎǎŜǎǎ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ōŜƘŀǾƛƻǳǊ 

without CCAM. Participants reflect directly on the difference 

between their CCAM experience compared to their current 

mobility. 
 

Guideline 3.23. How to plan the experimental design of field experiments 

The test site team responsible for field experiments and the evaluation team should engage in continuous 

dialogue to define the experimental conditions and assess how much these can be adjusted to provide data 

suitable for evaluation, balancing the evaluation needs with test site practicalities. Research questions, the 

//!a ǎȅǎǘŜƳΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ŘŜǎƛƎƴ ŘƻƳŀƛƴ όh55ύ ŀƴŘ ǘŜǎǘƛƴƎ ǇŜǊƳƛǎǎƛƻƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŦŜŀǎƛōƭŜ ŎƻƴŘƛǘƛƻƴ ŦƻǊ 

field experiments, while the scale of the field experiment depends on factors such as the resources available 

at the test site. 

The evaluation team should prepare for this dialogue by:  

¶ Collecting preliminary plans from the test sites early. 

¶ Defining must-have and nice-to-have requirements for evaluation. 

¶ Identifying methodological challenges if the optimal design cannot be implemented.  

This preparation helps balance evaluation needs with the practical constraints of field testing.  

Elements of the experimental design for field experiments and related guidelines: 

Element Description Guidelines 

Geographical 

location/size 

City or region, shuttle route, 

typical journeys, operational 

domain, number of kilometres 

The test location should represent the 

operational domain of future CCAM use. A 

limited test area may affect the 

generalisability of results. 

Road types Road category, such as 

motorway, single carriageway 

road, one-way road, urban road, 

rural road 

Road classifications differ between countries, 

no standards exist. A map and a database 

with harmonised descriptions should be 

established for the roads included in the field 

experiments. 

Traffic conditions, 

interactions with 

other road users 

Congested/free flow/ sparse 

traffic; vehicle categories and 

non-motorised road users 

present in the test area 

Traffic conditions should represent typical 

CCAM operating conditions. Document any 

changes or unusual events to ensure correct 

data use.  

Road/infrastructure 

features 

Pavement condition, signage, 

lane markings, intersection 

types  

Record road condition and other 

infrastructure features to ensure similar 

conditions in analysis. Define boundaries for 

intersection and other elements. 

Weather conditions Precipitation, cloud cover, 

visibility, temperature; road 

If specific weather conditions are required by 

research questions or ODD, consider their 
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surface condition (snowy, icy, 

wet) 

likelihood when planning experiment timing 

and location. 

Temporal 

conditions 

Date, time, day of week Temporal conditions should represent the 

envisaged CCAM operation (e.g. operation in 

peak hour conditions). 

Baseline and 

treatment 

conditions 

See Guideline 3.27 Both conditions should ideally occur under 

similar conditions. 

  

If user tests are planned, participants should ideally use CCAM frequently or over extended periods, in an 

operational domain as close as possible to the intended future use. The main characteristics of real-world 

experiments are often determined during project preparation.  

In field experiments, not all conditions can be controlled; some must be logged and considered during 

analysis (see Chapter 3.4). The experimental design should control for the most relevant conditions per 

research question. 

The elements above also apply to test track and confined space experiments, but some elements may be 

dictated by the restricted environment. Experiments should represent the intended use case as closely as 

possible. 

Securing permissions for public road testing [22] is often time-consuming but can be streamlined with early 

preparation. Identify and contact the municipal, regional or national authorities responsible for granting 

permits. Prepare a concise but thorough description of the test procedure, safety measures, and insurance 

coverage. Engage in early dialogue with the authorities to reduce last-minute surprises. Conduct risk 

assessment of potential system failures and user hazards. 

Example 

Elements considered during the planning of the experimental design: 

Element Specification Rationale 

Geographical location/ 

size 

Medium-sized city with 

mixed urban and suburban 

areas. ~50 km of test routes. 

Represents expected CCAM operational 

environment. Sufficient size for capturing varied 

traffic conditions and infrastructure. 

Road types   Urban and rural roads, 

urban motorway segment 

with on/off-ramps. 

Reflects the ODD, which includes different road 

types. 

Traffic conditions, 

interactions with other 

road users 

Data is collected during both 

peak and off-peak hours. 

Captures relevant varying traffic conditions. 

Roads/infrastructure 

features 

Good lane markings (urban 

roads), missing lane 

markings (suburban roads), 

various traffic signs and 

Mapped with detailed coordinates for map-

matching during data processing and alignment 

with the ODD. 
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intersections, bike paths and 

bike lanes 

Weather conditions Experiments run on sunny, 

rainy, and foggy days. 

Allows evaluation under varied weather 

conditions, aligned with the ODD. 

Temporal conditions Tests conducted during 

weekdays, at different times 

of day but office hours only.  

Covers peak and off-peak hours, constrained by 

personnel work hours. 

 

Guideline 3.24. How to plan the experimental design for virtual environments with participants 

Driving simulators and virtual reality offer a safe and controlled environment for studying road user 

interaction with infrastructure, other road users, and CCAM systems. They can also help evaluate user 

acceptance and behavioural adaptation. Field experiment observations can guide virtual environment design 

by incorporating real-world driver, pedestrian, and cyclist interaction behaviour.  

The realism of virtual environments depends on the available tools, resources, and the fidelity of the CCAM 

system representation. It is important to consider the level of fidelity required for meaningful results. Include 

as many elements of the operational design domain (ODD) as possible in the virtual environment.  

While many considerations for virtual experiments are similar to those for field experiments, virtual 

environments also have unique elements, as shown in the table below.   

Element Description Guidelines 

Scenario 

authoring 

Virtual 

environment 

conditions 

Consider test area size, road types, traffic conditions, road 

infrastructure, weather conditions, lighting conditions, etc., in 

accordance with Guideline 3.23. 

Use established scenario formats (e.g. OpenDRIVE, OpenSCENARIO) 

or consistent naming conventions to facilitate data exchange and 

scenario re-runs. 

Scenario 

control 

Critical events in 

scenarios 

Include critical events unfeasible in real-world situations, such as 

take-over control or safety-critical situations. 

Repeatability Consistent 

participant 

experience 

Simulators offer the ability to re-run identical scenarios. Expose 

participants to identical scenarios and control for variability.  

Replicability Real-world 

fidelity 

Virtual environments do not need to perfectly replicate the real 

world but should provide sufficient fidelity for findings to be 

validated through real-world testing. 

Peripheral 

devices 

Eye trackers, 

biometric 

sensors 

Augment experiments with peripheral data collection devices, like 

eye trackers or biometric sensors; enrich the data, provided they do 

not create unrealistic operating conditions for the participant. 
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Example 

Example specification for the experimental design of a virtual experiment. The experiment was designed to 

address a research question on the driving performance of human drivers during sudden events on 

motorways. 

Element Specification Rationale 

Scenario 

authoring 

Model of a 20 km segment of a real 

motorway. Three lanes, two speed limits, 

low to high traffic volumes. 

Replication of a real-world motorway 

environment for increased realism and 

relevance. 

Scenario 

control 

Sudden lane closure, following a vehicle 

that performs a harsh braking manoeuvre, 

foggy weather conditions.  

Controlled safety-critical events that can be 

challenging for a CCAM system. 

Repeatability All participants exposed to the same 

scenarios under the same conditions. 

Ensures consistent and comparable data 

across participants. 

Replicability High-fidelity environment (textures, 

vehicle dynamics, traffic behaviour) but 

not an exact replica. 

Balances realism with simulator capabilities 

and resource constraints. 

Peripheral 

devices 

Head-tracking and steering force 

feedback. 

Data gathering for control precision and 

reaction times. Resource constraints did not 

allow for other equipment. 

Limitations Lack of eye trackers, limited motion 

simulation, limited set of safety-critical 

events. 

Focus on core aspects of the research 

question without compromising the validity 

of the results. 
 

Guideline 3.25. How to select participants for your experiment 

Determine the expected future users of the CCAM systemτordinary drivers, passengers, professional drivers 

(e.g. truck drivers) or specific user segmentsτand ensure that participant recruitment covers these user 

profiles. Research questions may specify particular participant groups, such as older adults, mobility-

impaired, general population, people living in a certain area, or truck drivers. Recruit participants who 

represent these relevant characteristics. If it is not possible to recruit participants from these exact target 

groups, select those with characteristics as closely aligned as possible.  

For specific user groups, such as people with disabilities, involve representatives during the planning phase 

to ensure their needs and constraints are reflected in the experimental design.  

Ensure that the sample is representative of the expected future CCAM users in terms of demographics like 

socio-economic status, gender, and age. Also, consider whether other road users potentially affected by the 

CCAM system should participate in the experiment. They could be observers of the experiment or participants 

in qualitative studies on acceptance, expectations, and perceived impacts. 
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Balance the number of recruited participants with the sample size needed for the planned evaluation 

methods and the available resources. Include an attrition rate, as participants may withdraw from the study 

before it concludes. 

Maintain open dialogue with test sites to assess their feasibility of recruiting the desired participants. Initiate 

recruitment planning early, including outreach methods, media coverage, participant remuneration, and 

inclusion/exclusion criteria.  

Example 

The CCAM shuttle service project aimed to provide first- and last-mile access to a train station, encouraging 

mode shifts to public transport on work, school, errand, and leisure trips. Participants were recruited to 

represent the general population of the region, ensuring diversity in terms of age, gender, and socio-economic 

status to reflect the future user base of the shuttle service. 

Guideline 3.26. How to provide participants with the most realistic user experience possible 

Providing a realistic user experience of the CCAM system can be achieved through various methods, including 

real-world experiments, driving simulators, virtual reality, real-world demonstrations, videos, storyboards, 

and written descriptions. The aim is to provide sufficient context for user evaluation while adhering to safety 

regulations. Provide users with an experience that is as immersive and contextualised as possible, even when 

real-world experiments are not feasible. 

The most realistic user experience is achieved when the participants drive or ride in a real-world experiment, 

ideally with the participants seated in their intended role within the automated vehicle. However, safety 

regulations may require a safety driver, placing the participant in the passenger seat. In such cases, the safety 

driver should not assist or converse with the participant, as the aim is full immersion of an automated vehicle. 

This also applies to public transport vehicles intended to be driverless and operatorless. Consider the scope 

and detail of instructions and information provided to the participants before the experiment, to ensure they 

are sufficiently prepared without introducing bias. 

Achieving full realism is challenging for systems with low technology readiness level or constrained public 

road testing. In such cases, controlled experiments can offer a realistic experience. One approach is the 

Wizard of Oz method, where a hidden driver ƻǇŜǊŀǘŜǎ ǘƘŜ ǾŜƘƛŎƭŜ ǿƘƛƭŜ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΣ ǎŜŀǘŜŘ ƛƴ ǘƘŜ ŘǊƛǾŜǊΩǎ 

seat, believes the vehicle is driving itself. This can provide preliminary user feedback while the technology is 

under development. 

More details on the pros and cons of different approaches in user evaluation can be found in Chapter 4.2.1.  

Example 

A project aimed to evaluate user performance during take-over control situations in automated vehicles but 

was not granted permission to perform this experiment on public roads with automated vehicles. The project 

team considered using a test track or a driving simulator but prioritised the presence of real-world traffic. 

Thus, they opted for the Wizard of Oz approach. 

Participants were seated in the driver's seat with the safety driver concealed behind a partition, leading 

participants to believe they were in an automated vehicle. During the drive, participants were instructed to 

perform a secondary task and respond to take-over alerts presented via in-vehicle displays and auditory clues 

designed to mimic those in automated vehicles.  

Before the experiment, participants were briefed on automated vehicle concepts, including take-over 

procedures and secondary tasks. They were not made aware of the safety driver. 
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Guideline 3.27. How to define the treatment and baseline conditions 

The baseline serves as the reference point for comparison with the treatment condition during impact 

assessment. Defining both conditions and determining indicator values for them is essential. The treatment 

condition refers to the CCAM system operating in a defined environment or context, while the baseline 

condition refers to the situation against which the impacts of CCAM are assessed, such as a situation without 

the CCAM system.  

Baselines can be established in several ways: 

¶ A baseline without CCAM compared to a treatment with CCAM.  

¶ A current operational design domain (ODD) baseline compared to an extended ODD treatment.  

¶ Multiple baselines for comparing different levels of automation.  

Treatment conditions can be set in several ways, such as varying CCAM penetration rates or with multiple 

CCAM service variants. 

The experimental design should ensure that the planned differences between treatment and baseline 

conditions are the only differences present, avoiding other systematic differences which might bias the 

results. In field experiments, the baseline and treatment periods should ideally be of equal length and in 

similar conditions. This allows the baseline period to capture the same variations that occur during the 

treatment period. These variations could concern seasonal effects, time of day or inexperience of the test 

subjects.  

Collecting more data for both baseline and treatment conditions strengthens result robustness. Conducting 

a statistical power analysis prior to data collection helps determine the required volume of data for reliably 

detecting a specified minimum detectable effect size. Rough estimation of the effect size can be based on 

prior studies, preliminary data or domain expertise. 

Pre-existing data, like naturalistic driving studies from prior projects, might serve as viable baselines in some 

specific instances. However, ensuring that the existing data is comparable to the treatment data collected in 

field experiments requires careful consideration of the vehicle, traffic environment, environmental 

conditions, driver population, data logging details, and so on. 

There are several ways to set the baseline and treatment conditions of societal scenarios. Multiple alternative 

baselines may be suitable. Choosing an appropriate baseline and treatment conditions for societal scenarios 

requires balancing between realism, workload, available resources, and the uncertainties involved.  

A present-day societal scenario requires that both baseline and treatment conditions reflect the current 

ǎƛǘǳŀǘƛƻƴ ƛƴ ŀƭƭ ǊŜǎǇŜŎǘǎ ŜȄŎŜǇǘ ŦƻǊ //!a ǇǊŜǎŜƴŎŜΦ ¢Ƙƛǎ ƛƴǾƻƭǾŜǎ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǊŜƎƛƻƴΩǎ ǘǊŀǾŜƭ ǇŀǘǘŜǊƴǎ ŀƴŘ 

vehicle fleet using statistics, travel surveys, and other similar sources. Although assuming widespread CCAM 

adoption today may be unrealistic, it eliminates the need for uncertain predictions.  

Societal scenarios employing a future baseline can be more complicated, as they require forecasting the 

development of traffic systems and travel patterns for the specified future period. Be aware of the 

consequences of the baseline choice. For example, predicting future baseline conditions adds workload if 

suitable predictions are not available from existing sources.  

Each impact area and data type may require specific baseline definitions, such as: 

¶ Accident data: Number of accidents in traffic without automated vehicles. 

¶ Traffic data: Total vehicle kilometres travelled in the region by the current vehicle fleet 

¶ Energy and environment impact area: Engine types for emission calculations as predicted for year 

20xx. 

¶ Mobility impact assessment: Public transport service offering in the area before the introduction of 

CCAM. 
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A baseline may not be required when only observing behaviour or technical performance, like in user 

evaluation or technical functioning. Expertise is required to select the relevant elements of baseline and 

treatment conditions for each research question and impact area.   

Example 

Case #1: Automated shuttle bus service in city centre  

¶ Treatment: Automated shuttle bus service transporting people between public transport hubs and 

points of interest in the city centre. 

¶ Baseline: Current mobility services in the area. 

Case #2: Automated shuttle bus service in a newly built business park  

¶ Treatment: Automated shuttle bus service in a newly built business park. 

¶ Baseline: No direct baseline can be collected from the business park, as it is new and has had CCAM 

since its completion. Alternatives include performing observational studies or finding comparable 

data from similar business parks. 

Case #3: SAE L4 motorway automated driving for passenger cars 

¶ Treatment: Passenger cars with motorway ADS of SAE L4 at 10% penetration of traffic flow. 

¶ Baseline A: Traffic flow of human-driven cars, no automation. 

¶ Baseline B: Traffic flow of human-driven cars with adaptive cruise control (ACC). 

¶ Baseline C: Traffic flow of 10% ACC-equipped and 90% non-automated cars. 

Case #4: Societal scenario: Automated passenger cars 

¶ Treatment: 20% automated cars in traffic, projected 10 years into the future. 

¶ Baseline: Traffic prediction for same period without CCAM. 

3.6. Evaluation plan compilation 

This chapter provides guidelines for compiling an evaluation plan, which integrates all the steps of the planning 

phase: CCAM system description (Chapter 3.1), research questions (Chapter 3.2), evaluation methods (Chapter 

3.3), data specification and tools (Chapter 3.4), and experimental design (Chapter 3.5). 

Given the multiple iterations involved in the planning process, it is recommended to compile the formal report 

on the final evaluation plan only after completing the iterative process and establishing a feasible plan. This 

prevents unnecessary revisions when making adjustments during the planning phase. 

The evaluation plan serves as a guide for the evaluation work throughout the project. It is recommended that 

the evaluation plan be published as a public report of the project, specifying the final list of research questions 

and the methods for answering them. This facilitates dissemination of the planned evaluations and allows for 

concise method descriptions in the evaluation results report. 

Despite thorough planning, adjustments to the methodology may be necessary during its execution. It is 

important to document any changes and the rationale behind them in the evaluation results report, particularly 

if the evaluation plan has already been published. This ensures that the final methodology is accurately 

documented for future use and correct interpretation of the results. If the evaluation plan is included in the final 

results report, only the executed methodology is published. 

Any deviations from the EU-CEM guidelines, along with their justifications, should be specified in the reports. 

Additionally, explain the reasoning behind the selection of evaluation and impact areas. 
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The guidelines below cover the following topics: 

¶ How to compile the evaluation plan 

¶ How to describe the linkages between different evaluation and impact areas 

¶ How to ensure resilience of the evaluation plan 

Note that the best chronological order of tasks may also be different from the sequence of guidelines below, 

depending on the project. 

Guideline 3.28. How to compile the evaluation plan 

Describe the decisions and outcomes of all elements of the evaluation plan (Chapters 3.1 to 3.5) in a concise 

and coherent report. Briefly explain the rationale behind decisions and assumptions, including references 

used or expert assessment made within the project. 

Below is a suggested outline for the evaluation plan report: 

¶ Overall aim and scope of evaluation, including impact areas covered and a description of the CCAM 

system under evaluation (see Guidelines 3.1, 3.2, 3.3, 3.4). 

¶ Experimental design(s) applied. 

¶ Societal scenarios in both baseline and treatment conditions (see Guidelines 3.10, 3.27). 

¶ For each evaluation and impact area: 

¶ Overall approach and how the common scope is applied in this context (see Guidelines 3.5, 

3.13, 3.14, 3.15). 

¶ Research questions and indicators used to answer them (see Guidelines 3.6, 3.7, 3.8, 3.12). 

¶ Evaluation methods for each research question, including tools, experimental design, input 

data, and the scenarios addressed (see Guidelines 3.11, 3.13, 3.14, 3.15, 3.17, 3.23, 3.24, 

3.25, 3.27). 

It is advisable to draw a timeline of the different evaluation phases, such as a Gantt chart for internal project 

use, though it does not need to be published. 

Since developing the evaluation plan involves iterative refinement, the report should include only the final 

specifications and their justifications. When reporting the results of the evaluation after its implementation, 

document any changes made to the original plan and the reasons behind them (see Chapter 5.1), especially 

if a separate evaluation methodology report was published earlier. Final methodological details are often 

refined during implementation and must be included in the evaluation results report. 

Example 

Example outline of an evaluation plan report: 

¶ Overall scope of evaluation and impact areas covered 

¶ Description of the CCAM system(s), ODD, and service concept  

¶ Common societal scenarios in baseline and treatment conditions  

¶ For each evaluation and impact area (where relevant): 

o Overall approach and scope, including what impacts are in and out of scope. 

o Research questions and indicators used to answer them  

o Experimental design per research question  

o Evaluation method per research question, including tools, input data, and relevant traffic, 

driving, user, and user behaviour scenarios  

o Data formats used  

¶ Comply or explainτdescribe deviations from the EU-CEM guidelines and their justifications. 
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Further reading 

Innamaa et al. (2020). Evaluation plan. L3Pilot Deliverable D3.4. 

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-

Evaluation_plan-v1.0_for_website.pdf 

Vater et al. (2023). Effects evaluation methods. Hi-Drive Deliverable D4.5. https://www.hi-

drive.eu/app/uploads/2023/09/Hi-Drive-SP4-D4.5-Effects-evaluation-methods-v1.0-.pdf 

Guideline 3.29. How to describe the linkages between different evaluation and impact areas 

Each research question requires its own evaluation, but synergies often exist within or across impact areas. 

Multiple research questions may rely on the same input data, while some require outputs from other impact 

areas as input. Identifying and accounting for these interdependencies early ensures consistency of 

evaluation results and a coherent, timely evaluation process for all impact areas and research questions. 

Begin by listing the necessary input data and expected output indicators for each evaluation and impact area, 

considering all relevant methods and tools. A visual sketch of these linkages is recommended to help illustrate 

the processes and dependencies. 

For each impact area, specify whether the required inputs come from within the projectτeither directly 

produced or collectedτor from outputs or interim results of other evaluation and impact areas. Identify any 

external sources if applicable. Clearly define the expected contributions from each partner and the tools 

involved. 

When compiling the evaluation plan, consider the time required for each step in the methods used to produce 

results for each evaluation and impact area. Allocate sufficient time for each step, especially when an 

evaluation area depends on outputs from another area. Both areas need adequate time for tool setup, data 

collection and processing, analysis, validation, and feedback loops.  

Avoid overly tight scheduling to accommodate potential delays or adaptations in methods or tools. Identify 

critical steps early and set additional internal milestones for their completion. These internal milestones are 

complementary to project-level milestones and serve to monitor progress.  

Example 

Linkages between impact areas: 

¶ Driving behaviour impact assessment: Evaluates the impact of driving automation on the average 

headway during car following. 

o Analysis of headway differences between manual and automated driving using field 

experiment data. 

¶ Traffic flow efficiency impact assessment: Evaluates the impact of different headways on total delays 

in a region. 

o Simulations estimate the impact of headway differences on traffic flow at high penetration 

rates, using headway results from driving behaviour assessment when setting up the 

simulations. 

¶ Socio-economic impact assessment: Monetises total delay impacts for use in cost-benefit analysis. 

o Traffic-flow impact results are monetised and used as input in cost-benefit analysis. 

https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://www.hi-drive.eu/app/uploads/2023/09/Hi-Drive-SP4-D4.5-Effects-evaluation-methods-v1.0-.pdf
https://www.hi-drive.eu/app/uploads/2023/09/Hi-Drive-SP4-D4.5-Effects-evaluation-methods-v1.0-.pdf


 
84   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

 

Guideline 3.30. How to ensure resilience of the evaluation plan 

Resilience of the evaluation plan refers to its ability to withstand minor changes during the project without 

requiring significant adaptations. A resilient plan minimises reliance on single experiments, development of 

new tools, individual team members, or tools available to only one partner. Feasibility and resilience are 

distinct concepts: a plan can be feasible without being resilient, or resilient without being feasible. Both 

should be assessed separately. 

The evaluation plan should be designed to accommodate unforeseen challenges, including issues with data 

collection, changes in project personnel, and timeline adjustments. To strengthen resilience: 

¶ Involve multiple team members in each topic area, even if one plays a smaller role, to ensure 

continuity in case the primary responsible person leaves the project. 

¶ Establish contingency plans for all new developments, using existing tools and methods as backup, 

even if they yield less reliable results or require adaptations, such as reducing the number of 

scenarios or altering result indicators. 

Additional recommended measures include: 

¶ Assigning clear responsibilities early on, ensuring that all partners can plan necessary resources for 

method and tool development.  

¶ Appointing responsible persons for each evaluation and impact area, research questions, and phase 

of the evaluation. Assign them the task of timely plan development and execution. 

¶ Verifying that all partners have sufficient resources (time, budget, tools) to meet their commitments, 

and conducting risk analysis of method and tool development to assess different levels of success 

and consequences of failure. 

¶ Piloting the methodology in advance to confirm that each step works as intended, that outputs align 

with subsequent needs, and that all required data sources are verified. 

¶ Agreeing on the priority of research questions and scenarios, while ensuring that high-priority items 

are addressed first in case the project runs out of time and evaluation cannot be completed. 

¶ Presenting the methodology to the consortium, especially the research questions and data needs, 

and finding solutions to any potential disagreements. Maintain dialogue throughout the process, but 

ensure that discussions take place before finalising the evaluation plan. 
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¶ Ensure that necessary ethical approvals, legal requirements, and risk assessments are in place. 

Although this may be the responsibility of the test site team, the evaluation team should verify this. 

Example 

Context: The project aims to study the impact of automated driving on car sickness using driving simulators. 

Potential risks identified: Reliance on a single partner for simulator adaption; the motion sickness 

measurement tool might break or provide noisy data; a single data source for physiological measurements; 

limited time for data collection and analysis; high variability in participant susceptibility to car sickness. 

Measures implemented: 

¶ The consortium selected two partners with access to a driving simulator, with three additional 

ǇŀǊǘƴŜǊǎ ŎƻƭƭŀōƻǊŀǘƛƴƎ ƛƴ ŀŘŀǇǘƛƴƎ ǘƘŜ ǎƛƳǳƭŀǘƻǊ ǎƻŦǘǿŀǊŜ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀǇǇǊƻŀŎƘΣ ŀƭƭƻǿƛƴƎ ƻƴŜ ǘƻ 

take over if another faced delays. 

¶ Critical tasks were identified and backup partners assigned, and deadlines for the main tasks were 

set. Linkages within the project were explicitly established. 

¶ A questionnaire was developed as backup for measuring car sickness if the primary tool failed. 

¶ Additional physiological measurement devices were installed as proxies for car sickness. 

¶ An early pilot test identified and addressed issues before the main data collection, ensuring 

adherence to the tight schedule and allowing for better control of simulator settings and participant 

variability. 

 

 



 
86   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

4. Evaluation-area-specific guidelines 

This chapter expands the generic guidelines for the development of the evaluation plan (see Chapter 3) with 

evaluation-area-specific guidelines. These 18 areas cover evaluation at the level of a vehicle, a human, a 

transport system, and the entire society (Figure 5). For each evaluation area, the following is provided: 

¶ Introduction  

o Definition for the evaluation area and scoping of the chapter. 

o Background with explanation of the key concepts, how CCAM relates to these impacts and a 

short overview of the theory where applicable. 

¶ Guidelines  

o Recommendations for common result indicators to be calculated by all CCAM projects. (A full 

list of recommended indicators is provided in Appendix with links to the corresponding 

chapters.) 

o Impact pathways that show the linkages with other evaluation areas. 

o Overview of different approaches and methods with their pros, cons, and requirements. 

o Pitfalls related to the methods and approaches and actionable best practices to address them. 

The linkages between different evaluation areas are visualised in the impact pathways, which show aspects 

leading to the impacts of CCAM in each specific evaluation area. 

 

Figure 5. Evaluation areas addressed in Chapter 4. 
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Sustainability is placed under other impact areas as a cross-domain (Figure 5) which takes a holistic look at the 

impacts found for the environment, society and the economy, as most of the impact areas described in this 

handbook relate to it. EU-CEM makes a strong recommendation that all the projects reflect on their results from 

the viewpoint of sustainability, regardless of the impact areas chosen for evaluation. The guidelines for 

sustainability impact assessment can be found in Chapter 4.4.6. 

4.1. Vehicle 

4.1.1. Technical functioning 

4.1.1.1. Introduction 

Definition and scope 

EU-CEM defines technical evaluation as follows: 

Technical evaluation addresses the functioning of the software and hardware of a CCAM system.  

In EU-CEM, technical evaluation is distinct from the technical validation and verification of CCAM systems and 

testing processes, such as data logging. Validation and verification are assumed to have been completed by the 

system developer or a third party prior to technical evaluation in EU-CEM. It is also assumed that the CCAM 

system has been built, tested, and is either deployed or deployment-ready before its use in the project. 

In this chapter, CCAM system refers to either a vehicle or a system installed in or used by a vehicle. Consequently, 

the primary focus of the technical evaluation is the vehicle itself. However, technical evaluation may be 

conducted in stagesτinitially evaluating individual components and later expanding to evaluate the entire 

system as an integrated whole. Whenever this chapter references the evaluation of a CCAM system, it 

simultaneously pertains to the evaluation of its individual components. 

Thus, the technical evaluation focuses on: 

¶ CCAM systems installed in vehicles: For example, a newly developed and tested system integrated into 

a commercial or pre-existing vehicle. 

¶ CCAM vehicles themselves: For instance, a new entire vehicle prototype.  

Where relevant, the evaluation also includes the functioning of vehicle-to-infrastructure connectivity and 

vehicle-to-vehicle cooperation. User-related considerations are excluded from technical evaluation and are 

addressed in Chapter 4.2.1. Although technical functioning may have implications on driving behaviour, such 

aspects are addressed in Chapter 4.1.2. 

Therefore, the scope of this chapter includes: 

¶ Evaluation of a built, tested, and deployed or deployment-ready CCAM system. 

¶ Objective and quantitative measures of technical parameters that address specific research questions. 

¶ Guidance for evaluating technology-related aspects. 

The scope of this chapter does not include: 

¶ Pre-deployment verification and validation processes. 

¶ Subjective or qualitative measures on perceived technical functioning. 

¶ Driving-behaviour-related measures (see Chapter 4.1.2) 

¶ User-related evaluation, such as user interaction with the technology or service (see Chapter 4.2.1). 
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Background 

Technical evaluation focuses on the technology that makes the CCAM system functional, while functional 

evaluation ŜȄŀƳƛƴŜǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ŜȄǇŜŎǘŜŘ ƻǳǘŎƻƳŜ ǳƴŘŜǊ ŘŜŦƛƴŜŘ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ 

specified inputs. Additional perspectives may include performance-related evaluation, which investigates:  

¶ How effectively the system produces the expected result.  

¶ ¢ƘŜ ǎȅǎǘŜƳΩǎ ǘƻƭŜǊŀƴŎŜτits ability to generate consistent results under varied conditions.  

¶ Its sensitivity, that is, the degree to which changes in input affect the output. 

Given the variability in complexity and technological readiness among CCAM systems, technical evaluation 

employs diverse approaches and methodologies. Ideally, it assesses objective indicatorsτwhether numerical, 

categorical, or otherwiseτthat quantify a certain amount, value, quality or consequences of the system relative 

to the research question. Overall, technical evaluation is understood as a series of structured and systematic 

tests. 

Technical evaluation shares conceptual similarities with the verification and validation [23] processes in systems 

development, yet there are subtle but notable differences: 

¶ Verification is an internal process conducted by the system developer during the development phase, 

with the goal to evaluate the accuracy, robustness, and other technical aspects of the system. 

±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦǘŜƴ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŘŜǾŜƭƻǇŜǊΩǎ ǉǳŜǎǘƛƻƴΣ άAre we building the system rightΚέ 

¶ Validation is an external process carried out during the testing phase by the system consumer, with the 

Ǝƻŀƭ ƻŦ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ŀƎŀƛƴǎǘ ŘŜŦƛƴŜŘ ǳǎŜǊ ƴŜŜŘǎΦ Lǘ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǳǎŜǊΩǎ 

ǉǳŜǎǘƛƻƴΣ άAre you building the right systemΚέ 

¶ Technical evaluation in EU-CEM is an external process conducted during the operational use of a built, 

tested, and deployed or deployment-ready CCAM system to evaluate the value, performance or other 

objective measurements of the systemΦ Lǘ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΥ άHow does this CCAM 

system performΚέ 

Although the purpose of technical evaluation of EU-CEM differs from that of verification and validation, similar 

approaches and concepts can be applied. Without going into the specifics of software, hardware or other 

service-level processes, common evaluation approaches include: 

¶ Scenario-based evaluation: The preparation of specific, manually created, purpose-built or pre-

produced definitions of the environment, actors, expected sequence of actions, triggers, conditions, 

and other contextual information that constrains the evaluation to a controlled domain. These test 

scenarios may be derived from expert knowledge, accident databases (e.g. accidentology or dedicated 

scenario databases) or other documental sources. 

¶ Data-driven evaluation: The utilisation of data generated during the operational execution of the 

system, or from an equivalent reference system, to evaluate its technical functioning. 

Each approach has advantages and limitations. Data-driven evaluation tends to be more reflective of real-world 

conditions, since it captures live operational data; however, it may fail to capture infrequent but critical edge 

cases. Such edge cases can be challenging to encounter in real-world conditions due to their rarity, the expense 

or danger associated with replicating them, or ethical and legal constraints, implying unreasonable risks for the 

test site team or participants, especially pedestrians or other vulnerable road users. In these cases, scenario-

based tests can efficiently target these edge cases, albeit with simplified representations of reality. 

A combined approachτintegrating both scenario-based and data-driven evaluationsτmay balance these 

benefits and drawbacks. Nevertheless, no single approach can entirely eliminate or fully quantify the gap 

between the evaluation stage and real-world functioning. Edge cases, by their very nature, are often unknown 
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because they have not occurred before, are difficult even for experts to imagine, or are too complex or rare to 

be thoroughly represented in current models. 

The testing method used in the technical evaluation is an important consideration. In both scenario-based and 

data-driven approaches, various testing methods can be applied to achieve the same goal. Current verification 

and validation approaches often combine the following types of test methods either sequentially or in a 

customised manner: 

¶ Virtual testing: Tests are conducted on a simulated system that employs virtual environments, virtual 

models of vehicles, and simulated actors. Virtual components may run independently or be integrated 

into a single simulation framework. In the latter, the tests follow a method or test definition procedure 

that establishes all the contextual information and captures the expected output variables to produce 

test results. 

¶ X-in-the-Loop: The generalisation of specialised test methods such as Model-in-the-Loop, Software-in-

the-Loop, Hardware-in-the-Loop, Driver-in-the-Loop, and Vehicle-in-the-Loop [24]. X-in-the-Loop 

implies that part of the evaluation is virtual while other parts are real (e.g. physical or in their final 

form). This requires specialised equipment or facilities that connect the virtual and non-virtual 

components. Representative tests for validating technical functioning require their natural co-

existence. For instance, Vehicle-in-the-Loop systems connect real physical vehicles to a mechanism that 

mimics the road, environmental conditions or other aspects the vehicles may encounter in reality. 

Similarly, Hardware-in-the-Loop connects a physical device to interfaces for receiving simulated data, 

mimicking its actual deployment environment (e.g. an electronic control unit in a vehicle) [25]. 

¶ Proving ground: Controlled real-world settings where CCAM systems can be technically evaluated 

without facing live traffic situations. Controlled test tracks are closer to reality than virtual testing or X-

in-the-Loop, but the tests are limited by the test track capabilities. Proving grounds can be prepared to 

emulate varied environmental and contextual conditions. These include different types of roads, 

dummies simulating real pedestrians, effects of water, rain and dedicated wireless communication 

networks. 

¶ Real-world testing: The ultimate testing method for CCAM systems prior to their large-scale 

deployment in the real world. Real-world testing implies dedicated pilots or field operational tests 

(FOTs) that require careful preparation of permissions, analysis of routes, involvement of other actors, 

traffic conditions, and so on. 

One or more of these testing methods may be necessary depending on the research question. Harmonisation of 

results across different methods is a challenge, as the results may vary per method, reflecting the gap between 

the testing method and the expected technical functioning of the system in reality. The harmonisation should 

address these gaps, either by trying to decrease them, trying to understand and interpret them, or at a minimum 

being aware of their magnitude. 

Finally, technical evaluation can also be framed within the context of different technology development models: 

¶ V-Model: Often associated with waterfall approaches, where user needs guide the requirements and 

specifications for development. This is followed by testing, including unit and system tests, and 

validation of user needs. In EU-CEM, the system is assumed to be already built and tested, so the V-

Model may be applied to produce technical evaluations by developing and verifying the required 

components. 

¶ Agile (iterative): A cyclical or iterative approach without beginning or end, with cycles of continuous 

development, testing, deployment, and monitoring phases, which can accommodate rapid adjustments 

and iterative improvements. 
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Five main factors are identified for the technical evaluation of CCAM systems: connectivity, data, security, 

hardware and software, and operational design domain (ODD) (see Figure 6). These factors are influenced by 

several external elements: 

¶ Environment: Weather conditions and the characteristics of both the physical and digital infrastructure 

in which the CCAM system operates. 

¶ Vehicle: Features and functions of the vehicle, the automation level associated with each function, 

equipped sensors, and overall system setup. 

¶ Society: Regulations and technology acceptance levels that define rules and requirements for the CCAM 

system. 

¶ Road users: The behaviour of other road users, traffic patterns, and unexpected events within the 

operational area, such as road works and personnel, emergency vehicles, and special events. 

 

Figure 6. Main components of the technical functioning evaluation area. 

4.1.1.2. Guidelines 

Indicator recommendations 

The indicators recommended to be evaluated by every project addressing technical functioning are listed in 

Table 2 below. They aim to cover general aspects of any technical evaluation process, such as latency, reliability, 

availability or cybersecurity. If producing some of the indicators is not possible, the reasons for this should be 

ǊŜǇƻǊǘŜŘ ǇŜǊ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ 9¦-CEM. In addition to these indicators, each project should 

define its own indicators in line with Guideline 3.12. The table below may provide only absolute units, but to 
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communicate the results effectively and to allow for better compatibility between studies, it is recommended 

to calculate the indicators in relative units, such as percentages and values per vehicle kilometre travelled (VKT). 

Table 2. Indicators recommended to be evaluated by every project addressing technical functioning.  

Indicator short 
name 

Definition Unit 

Frequency of 
system failures 

Number of system failures per 100 km (i.e. errors). A system 
failure is any malfunction that prevents the automated driving 
system (ADS) from reliably performing a component of the 
dynamic driving task. 

Count per km driven 
and description (i.e. 
report on the failure 
and possible causes) 

Disengagement 
rate 

Disengagement refers to situations where the ADS transfers 
control to the driver. These systems cannot adapt to all 
circumstances and challenging situations, usually leading to 
vehicle system disengagement, which could result in a traffic 
safety issue. The transfer can be initiated either by the vehicle 
or the human driver. 

Count per km driven (or 
inverse, km per 
disengagement, e.g. 
10 km between 
disengagements) 

Frequency of 
minimal risk 
manoeuvres 
(MRM) 

Number of MRMs per 100 km. MRM involves the vehicle 
taking action to minimise risk when it determines that the 
system cannot perform adequately. This includes bringing the 
vehicle to a safe stop or moving to a less risky position on the 
road. This indicator describes the frequency when the normal 
expected disengagement failed. 

Count per km driven 
and description (i.e. 
report on the possible 
cause) 

Current 
operational 
domain (COD) 
success rate 

Success rate with which the CCAM system correctly identifies 
whether the COD is within the ODD (%). The current 
operational domain is expressed as a temporal sequence of 
ODD attributes, enabling determination of whether the CCAM 
system is within its ODD.  

% of km driven  

 

Disengagement is an intended behaviour of the ADS when the vehicle exits its ODD. In such cases, 

disengagement indicates proper system performance, and the disengagement rate reflects the fragmentation 

of the ADS' operational design domain.  

Impact pathways 

The technical functioning evaluation area is not directly influenced by factors addressed in other EU-CEM 

evaluation areas. Figure 7 shows the output indicators. 
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Figure 7. Output indicators of technical functioning. 

Overview of approaches and methods 

¢ŜŎƘƴƛŎŀƭ ŜǾŀƭǳŀǘƛƻƴ ŀǇǇǊƻŀŎƘŜǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǾŀƭƛŘŀǘƛƻƴ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ ŀǇǇǊƻŀŎƘŜǎ ƛƴ ŀ ǎȅǎǘŜƳΩǎ ǘŜǎǘƛƴƎ ǇƘŀǎŜΦ 

Therefore, the suggested methods for technical evaluation lean on testing methods, but with the specific 

purpose of addressing specific research questions. The different approaches and methods are described in the 

introduction to this chapter above.  

Selecting the right method for evaluating technical functioning ensures relevant and reliable results. The choice 

ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 

Table 3 provides an overview of various approaches used in technical evaluations. It highlights the strengths, 

ǿŜŀƪƴŜǎǎŜǎΣ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŜŀŎƘ ƳŜǘƘƻŘΣ ƘŜƭǇƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘƻǎŜ ǘƘŀǘ ōŜǎǘ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

objectives, resources, and specific evaluation aspects. It is important to note that even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  

Table 3. An overview of approaches and methods for evaluation of technical functioning. 

Approach/method Pros Cons Requirements 

Virtual testing Cost- and time-efficient.  

Enables large-scale 
scenario coverage 
(including edge cases) 
relatively fast. 

High flexibility; easy to 
modify parameters like 
vehicle speed. 

Provides a safe and 
controlled environment. 

Limited realism; may 
omit unpredictable real-
world factors like 
unexpected human 
behaviour. May lead to 
bias in evaluation. 

May require substantial 
computing resources.  

Model development 
can be labour-intensive. 

Simulation software and 
validated models for 
functions, vehicles, other road 
users, sensors, environments, 
scenarios, etc. 

Sufficient computing 
resources. 

Skilled personnel for 
modelling, setting up the 
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Facilitates detailed data 
capture and 
measurement. 

Potential modelling bias 
if insufficient real-world 
data for calibration. 

simulations, and maintaining 
the computing infrastructure. 

X-in-the-Loop Same pros as virtual 
testing, but with 
increased realism as 
one or more real 
components are 
incorporated into the 
loop. 

Testing can progress 
e.g. from Software- to 
Hardware- to Driver- to 
Vehicle-in-the-Loop. 

Complex physical setups 
that require special 
testing equipment. 

Integration challenges 
in interfaces with virtual 
and non-virtual 
components. 

May not represent real-
world conditions 
accurately. 

Mechanism to interface the X 
(Software, Hardware, Driver or 
Vehicle) with the evaluation 
loop. Usually as a physical 
setup to immerse the X into 
the simulation. 

Specialised testing facilities or 
platforms. 

Proving ground Higher realism than 
virtual testing and X-in-
the-Loop due to real 
vehicles and physical 
environment. 

Can be used to identify 
effects of reality not 
included in the virtual 
models. 

Safe environment 
compared to public 
roads. 

Allows for controlled 
tests and iterative 
testing. 

Expensive and time-
consuming to organise 
and operate. 

Coordination 
challenges, logistical 
complexities, 
specialised setups 
(dummies, simulating 
slippery conditions). 

May not be feasible to 
replicate all virtual 
scenarios or public road 
situations. 

Test track or physical 
environment where the CCAM 
system can operate, 
representing the road type 
(i.e. motorway, urban, rural). 

Resources if the proving 
ground must be rented, 
travelling with all equipment if 
the test track is not close by. 

Physical simulated elements 
(e.g. dummies, environment). 

Trained staff to operate 
vehicles and set up the test 
track. 

Complex orchestration of test 
execution. Can be affected by 
weather if the test track is 
outdoors. 

Data collection 
instrumentation. 

Real-world testing 
(on public roads) 

Maximum realism with 
minimal bias. 

Exposure to new 
situations that cannot 
be simulated or 
controlled or that might 
be unknown. 

Necessary for large-
scale deployment. 

Expensive and time-
consuming, especially 
when collecting data in 
rare but challenging 
scenarios. 

Elevated risk compared 
to controlled situations. 

Complex regulatory and 
ethical constraints. 

Data and results are 
hard to obtain. 

Permissions to operate on 
public roads. 

Definition of privacy, ethical, 
accountability and other 
aspects related to conducting 
the experiment in the real 
world with the potential of 
affecting people and goods. 

Comprehensive 
instrumentation and logging 
to gather data for evaluation. 

Contingency plans for 
unexpected situations. 
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Pitfalls and best practices related to different methods 

Evaluation of technical functioning requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings or unintended biases. By proactively addressing the pitfalls these can 

be avoided. 

Table 4 provides some common pitfalls of technical functioning evaluation and presents actionable best 

practices to address them. 

Table 4. Pitfalls in evaluation of technical functioning and best practices to avoid them. 

Topic Pitfall Related best practice 

Virtual 
testing 

¶ Using insufficiently realistic models, not 
validating models. 

¶ Over-simplifying environments or 
contextual systems. 

¶ Ignoring critical scenarios, potentially 
biassing towards overly favourable 
results. 

¶ Assess model realism and match with 
simulation engine capabilities, use 
real-world data to calibrate and 
validate models. 

¶ Interoperate models via standard 
interfaces. 

¶ Adopt critical-analysis methods to 
address or find edge cases within 
simulations. 

X-in-the-
Loop 

¶ Simulated components are not 
sufficiently realistic. 

¶ Non-standard interfaces between real 
and virtual components might cause 
delays. 

¶ Insufficient calibration of sensors can 
lead to biased results.  

¶ Use real-world data to calibrate and 
validate the simulated components. 

¶ Anticipate integration issues and 
perform pre-testing, use standard 
protocols for data exchange. 

¶ Plan for expected measurement 
outcomes to notice anomalies and 
possible issues. 

Proving 
ground 

¶ Over-simplifying or narrowing 
environmental conditions and driving 
scenarios. 

¶ Evaluation data differ in format, model, 
scope or other properties with respect 
to virtual testing or other methods, 
making harmonisation or comparison 
difficult. 

¶ Partial or inconsistent scenario 
coverage. 

¶ Specify relevant ODD conditions that 
the proving ground will replicate. 

¶ Establish consistent data collection 
mechanisms and protocols across 
testing methods. 

¶ Document and log environmental 
conditions and test scenarios. 

Real-world 
testing (on 
public 
roads) 

¶ Focusing on normal driving and missing 
edge cases or critical situations. 

¶ Over-simplifying open world conditions 
by running evaluation on favourable 
environmental or system conditions. 

¶ Insufficient attention to privacy, 
accountability or other ethical aspects, 
leading to unnecessary risks.  

¶ Limited test duration that fails to 
capture a representative range of 
events. 

¶ Select diverse road routes and plan 
tests across various times, days, and 
conditions.  

¶ Identify and define ODD conditions 
under which the evaluation is valid. 

¶ Conduct ethical, legal, and privacy 
reviews prior to data collection. 

¶ Extend testing duration if feasible to 
allow collecting rare events or edge 
cases or combine with targeted 
proving-ground or simulation-based 
tests. 
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All ¶ Diverse set of sensors, data sources, 
locations, and formats make it difficult 
to merge and analyse data. 

¶ Poor reutilisation of processing 
pipelines. 

¶ Unclear traceability of results to 
specific test conditions. 

¶ Enforce utilisation of standards or 
common procedures and formats, 
with certified equipment if possible. 

¶ Implement processing pipelines that 
are aware of possible data format 
heterogeneity. Include converters 
where needed. 

¶ Maintain comprehensive 
documentation of each test to ensure 
traceability from results to test 
conditions. 

 

4.1.2. Driving behaviour 

4.1.2.1. Introduction 

Definition and scope 

EU-CEM defines the driving behaviour impact area as follows: 

The driving behaviour impact area addresses the driving dynamics of single vehicles with and without CCAM 

system by examining their longitudinal and lateral movements and their interaction with the environment 

and other road users. 

Driving behaviour evaluation focuses on the driving dynamics of the vehicle under study (the ego vehicle). These 

dynamics are the product of how the vehicle and driver interact with the environment and other road users. In 

other words, driving behaviour evaluation observes how a vehicle moves on the road within the traffic flow. 

An automated driving system (ADS) may partly or completely replace the human driver. The vehicle may be 

driverless, or, when partially substituted, the human driver may take or be given back control of the vehicle. In 

ǘƘƛǎ ŎƘŀǇǘŜǊΣ άdriverέ Ƴŀȅ ǊŜŦŜǊ ŜƛǘƘŜǊ ǘƻ ŀ ƘǳƳŀƴ ƻǊ ǘƻ ǘƘŜ !5{Τ ƛƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǘƘŜ Ŝƴǘƛǘȅ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ 

ŘŜŎƛŘƛƴƎ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ƭƻƴƎƛǘǳŘƛƴŀƭ ŀƴŘ ƭŀǘŜǊŀƭ ƳƻǾŜƳŜƴǘǎΦ Lƴ Ƴŀƴǳŀƭ ǾŜƘƛŎƭŜǎ ƛǘ ƛǎ ŀ ƘǳƳŀƴΣ ŀƴŘ ƛƴ ŀǳǘƻƳŀǘŜŘ 

vehicles operating in automated mode it is the ADS.  

Driving behaviour can be observed in the real world in field experiments and, to some extent, with driving 

simulators and microscopic traffic simulations. Virtual methods allow for analysis of driving scenarios that are 

difficult to test in real-world conditions, such as safety-critical situations, platoons of automated vehicles, or 

near-capacity traffic flows. It is essential, however, to validate the extent to which the simulation accurately 

reflects the vehicle's real behaviour. 

Often, the driving behaviour of automated vehicles is compared to that of fully human-driven vehicles. 

Additional comparisons can be made between the driving behaviours in different environments, including when 

entering and exiting the operational design domain, under varying sensor configurations, or with and without 

vehicle-to-everything communication. Finally, the evaluation can include both how the automated vehicle 

affects nearby road users and how the driving behaviour of other road users influences that of the automated 

vehicle.  

Within the scope of this chapter are: 

¶ Ego vehicle and how it drives through traffic: vehicle trajectories, speed and acceleration, lateral 

movement including lane change, position in lane, following behaviour, interaction with other road 

users and objects nearby. 
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¶ Frequency of and duration spent in specific driving scenarios: how often and for how long the 

automated vehicle engages in certain driving scenarios. For example, whether the vehicle makes fewer 

lane changes, more cut-ins occur, or the vehicle spends more time following a lead vehicle. 

Not within the scope of this chapter are: 

¶ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ ǘŜŎƘƴƛŎŀƭ ŦǳƴŎǘƛƻƴƛƴƎ όǎŜŜ /ƘŀǇǘŜǊ 4.1.1), as the vehicle is expected to be 

functionally working as intended. 

¶ Evaluation of human driving behaviour except as a baseline, or human driver states and traits (see 

Chapter 4.2.1). 

¶ Interaction between the automated vehicle and entities beyond its immediate vicinity, including 

vehicles and other road users. 

¶ Traffic flow efficiency (see Chapter 4.3.5). 

¶ Accident18 investigation following an incident during real-world testing. 

Background 

Driving behaviour is often described as the result of interactions between the driver, the vehicle, and the 

environment (see Figure 8). In automated vehicles operating in automated mode, the driver is the automated 

driving system, and in manual vehicles, the driver is a human. Automated driving systems are anticipated to 

exhibit different driving behaviour compared to human drivers. Furthermore, different systems may vary in their 

characteristics or requirements, such as the operational design domains (ODDs). Automated vehicles may also 

differ from manually driven ones in terms of dimensions, mass, and equipment such as sensors and actuators. 

Relevant environmental aspects include infrastructure requirements and driving conditions, such as weather 

and traffic flow status. 

 

18 During the writing of this handbook, it was noted that the ǘŜǊƳǎ Ψŀ ŎǊŀǎƘΩ ƻǊ Ψŀ ŎƻƭƭƛǎƛƻƴΩ ǿŜǊŜ often used interchangeably 

with Ψŀƴ ŀŎŎƛŘŜƴǘΩΦ Lǘ ƛǎ perfectly acceptable to use any of these terms. 
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Figure 8. Main components of the driving behaviour impact area. 

Longitudinal and lateral movements of vehicles can be observed in the real world, or in virtual environments 

such as driving simulators. Determining the context around the movements is necessary for correct 

interpretation of the indicators and for justified comparisons. For example, comparing merging manoeuvres 

from a ramp onto the motorway with other mandatory lane changes on the motorway might be misguided due 

to different contexts in terms of urgency of the manoeuvre, even though both feature a mandatory lane change 

to the left. 

The contextualisation requires examining trajectories, calculating indicators, and collecting data on vehicle 

properties, surrounding objects, and the environment (e.g. road infrastructure, weather). The data should allow 

for segmentation of driving scenarios. This can require knowing, for example, the road type, prevailing speed 

limit, traffic state (free flow vs. congestion), and weather conditions. In addition, the data can include human 

driver traits and states, but this is not covered by this chapter.  

It is necessary to log the mode of the vehicle at every moment: manual driving, manual driving supported by 

ADAS, automated, or connected and automated (e.g. using vehicle-to-everything) or transitioning between 

these modes. These variables should also be logged in simulations, depending on the simulation complexity and 

availability of data and models. 

Automated vehicles can influence the behaviour of other road users, for example by leaving larger gaps for other 

vehicles to cut in to due to minimum headway settings. The implications of these interactions for traffic flow 

efficiency are considered in Chapter 4.3.5, but they are not limited to changes in efficiency. For example, changes 

in the frequency of very short gaps can affect the number of critical situations. Note that for setting the driver 

models for the simulations in other impact areas, input is likely required from driving behaviour analyses.  
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4.1.2.2. Guidelines 

Analysing and explaining field observations of driving behaviour requires understanding of the context around 

the observations. This includes the technological readiness level of all systems, the technical functioning of the 

CCAM system (see Chapter 4.1.1), considering the type of participants involved (e.g. are participants in the 

vehicles professional safety drivers or members of the general public?) and the openness or restrictions of the 

environment. Determine who is in control at each moment during a tripτthe human or the ADS. That is, log 

whether the vehicle is in automated or manual mode at each point in time. In addition, identify the moments 

when control shifts between the modes. If remote operation of the ADS is involved, its status should be logged 

as well. 

In virtual environments, it is important to know the limitations of all driver models. Determine which parameters 

are defined already in the automated vehicle model, and which parameters can be assessed in the virtual 

environment. For example, identifying the target headway of an automated vehicle during car following by 

simulation is redundant when the headway is a parameter in the simulation configuration. Rather, evaluate 

aspects arising from the changed parameter settings of the simulated vehicles, such as the frequency of cut-ins 

and lane changes in different traffic compositions.  

5ǊƛǾƛƴƎ ǎŎŜƴŀǊƛƻǎ ǎƘƻǳƭŘ ōŜ ŘŜǘŜŎǘŜŘ ŀƴŘ ǎŜƎƳŜƴǘŜŘ ŦǊƻƳ ǘƘŜ Řŀǘŀ ƻƴ ǘƘŜ ŜƎƻ ǾŜƘƛŎƭŜΩǎ longitudinal and lateral 

movements and its surrounding objects. Driving scenarios can be predefined or staged in controlled and virtual 

environments, or they can result from triggering events or interactions. Examples of events are harsh braking of 

a preceding vehicle, a request for take-over of control, an obstacle ahead, and a vehicle cutting in. An event can 

also be an interaction between the automated vehicle and an emergency vehicle or a human traffic controller 

overriding traffic signals or signs. These events can be predefined, generated or occur naturally during an 

experiment. When using real traffic data, the events and, thus, the driving scenarios need to be detected during 

post-processing. 

Indicator recommendations 

Table 5 lists the indicators recommended to be evaluated by every project addressing driving behaviour. They 

cover the main features of driving behaviour needed for simulations (speed and headway) and proxies for energy 

and environmental (acceleration sum) and traffic safety (harsh breaking) impacts, as well as other changes in 

traffic flow dynamics, such as frequencies of different driving scenarios. In addition, each project should define 

indicators of their own in accordance with Guideline 3.12. Indicators should be calculated, when relevant, as 

both absolute and relative values (e.g. per vehicle kilometre). Impacts are differences or changes in these 

indicators between the baseline and treatment. Distinguish each indicator per relevant categories of situational 

variables, such as road type, traffic state, and weather conditions. For example, studying the average speed per 

speed limit can additionally focus on calculating it under different weather conditions. The ´comply or explain´ 

principle of EU-CEM necessitates reporting reasons when some indicators are not evaluated. 

Table 5. Indicators recommended to be evaluated by every project addressing driving behaviour. 

Indicator short 
name 

Definition Unit 

Average speed per 
speed limit 

Average speed of the ego vehicle during free driving, 
categorised by speed limit. 
 
If privacy is a concern (e.g. the speed limit may reveal the 
ǾŜƘƛŎƭŜΩǎ ƭƻŎŀǘƛƻƴύΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 
ǾŜƘƛŎƭŜΩǎ ǎǇŜŜŘ ŀƴŘ ǘƘŜ ǎǇŜŜŘ ƭƛƳƛǘ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ 
instead. [21] 

m/s or km/h 
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Median headway 
during car 
following 

¢ƘŜ ƳŜŘƛŀƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ŜƎƻ ǾŜƘƛŎƭŜΩǎ ƘŜŀŘǿŀȅ όƛƴ ǎŜŎƻƴŘǎύ 
to the preceding vehicle in car-following situations. 

Seconds and % 

Acceleration sum Sum of positive longitudinal and lateral accelerations per 
vehicle-km, measured separately per driving scenario. 

Longitudinal accelerations allow studying forward motion 
behaviour, such as acceleration or deceleration patterns. 
Lateral accelerations help evaluate, for example, lane 
keeping during free driving and car following and handling 
and stability during side-to-side manoeuvres like lane 
changes or intersection driving. 

m/s2/vehicle-km  

Frequency of harsh 
braking events 

Number of ego vehicle decelerations exceeding a threshold 
of 5 m/s², measured per distance driven. 

Number/vehicle-km or 
number/h  

Frequency of 
and/or % of 
distance driven in 
driving scenarios 

Both frequency and distance driven are relevant for several 
driving scenarios. For example, for lane change scenarios 
the frequency (number of occurrences per distance driven) 
is applicable. For prolonged driving scenarios (e.g. car 
following), the proportion of distance driven in that driving 
scenario provides more value. 

Number/vehicle-km or 
% (of distance) per 
driving scenario 

 

Data is assumed to be available on the automated driving mode status and whether tele-operation occurred. 

Additional indicators relevant for specific driving scenarios may include the number of take-over requests, 

position in lane, number of unscheduled or unnecessary stops, speed variation, and other indicators of 

longitudinal and lateral driving behaviour.  

For more dynamic driving scenarios (e.g. a braking lead vehicle or when approaching slower traffic), recording 

conflict measures such as minimum Time-to-Collision (TTC) may be appropriate. Traffic conditions (e.g. free flow 

vs. congested traffic) affect many of the indicators and should be considered when known or obtainable. 

Self-reported observational data can provide further valuable insights, while being less resource-intensive to 

obtain, compared to vehicle data analysis. 

Impact pathways 

The driving behaviour impact area is not directly influenced by factors addressed under other EU-CEM evaluation 

areas. However, the technical functioning of the system should be known (see Chapter 4.1.1). Figure 9 shows 

the output indicators of the driving behaviour impact area. 
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Figure 9. Output indicators of driving behaviour. 

Table 6 provides examples of output from driving behaviour evaluation that serve as inputs for other impact 

areas. Some of these outputs overlap with the recommended indicators above, while others need to be added. 

Please note that the required input needs must be specified in detail, as they are unique to each project. The 

table below is not exhaustive. 

Table 6. Outputs from driving behaviour evaluation required as input for other impact areas. 

Impact area 
requiring input  

Needed input Impact area 
requiring input  

User Longitudinal and lateral driving behaviour related to comfort of 
driving. 

Frequency of take-over requests. 

User 

Traffic safety 

 

Longitudinal and lateral driving behaviour, new types of situations 
(e.g. minimal risk manoeuvres) that did not occur before the 
introduction of ADS. 

Traffic safety 

 

Traffic flow 
efficiency 

Longitudinal and lateral driving behaviour. Traffic flow 
efficiency 

Overview of approaches/methods 

Selecting the right method for evaluating driving behaviour ensures relevant and reliable results. The choice is 

ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘƻƻƭǎ 

and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further details). 

Table 7 provides an overview of various approaches used in driving behaviour evaluations. It highlights the 

strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦƛŎ ŜǾaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  
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Table 7. An overview of approaches and methods for evaluation of driving behaviour. 

Approach/method Pros Cons Requirements 

Observing driving behaviour 
of the ego vehicle (real 
world)τObjective 
measurements of the 
movements of the ego 
vehicle and the interaction 
with nearby road usersτ
from the ego vehicle or from 
fixed locations.  

True, real-world data 
representing actual 
system behaviour in 
traffic. 

Limited variety of traffic 
situations in small field 
experiments. 

Extensive data 
collection required. 
Time-consuming and 
costly data processing 
(especially camera 
data). 

Lateral movement adds 
complexity, like lane 
line detection, for 
collecting enough 
context and for 
processing. 

Extensive and high-
quality data 
collection and 
logging capabilities. 

Access to vehicle 
data in an agreed 
format. 

 

Segmenting the driving data 
into distinct driving scenarios 
(e.g. approaching a vehicle, 
cut-in, lane change, etc.) 
allows targeted comparisons 
between similar situations 
under different conditions. 

Driving scenario 
segmentation allows for 
more precise, fair 
comparisons and easier 
indicator calculation for 
relevant events. It also 
makes combining data 
from different test 
routes easier. 

Scenario segmentation 
can be complicated, 
especially when 
analysing sequential 
scenarios. Precise 
definitions and 
thresholds are 
necessary. 

Advanced data 
processing pipeline. 

Collection of driving 
scenarios with 
precise definitions 
[16]. 

Observing driving behaviour 
of the ego vehicle (real 
world)τSelf-reported 
measurements, e.g. the 
Driver Behaviour 
Questionnaire [26]. 

 

No need for monitoring 
equipment.  

Avoids time-consuming 
and costly data 
processing. 

Allows collection of 
subjective insights. 

Entirely subjective data, 
depends on participant 
accuracy and honesty. 

Only certain traffic 
situations and 
indicators can be 
surveyed. 

Less accurate than 
quantitative 
measurements. 

A well-designed 
questionnaire or 
interview protocol. 

A trained 
administrator or 
clear instructions if 
self-administered. 

Ideally combined 
with objective data 
for validation. 

Observing situational 
variables (supplementary 
activity, part of other 
methods)τMeasured by in-
vehicle or roadside sensors or 
derived from external 
databases.  

For connected automated 
vehicles, it can be relevant to 
collect information on 
incoming messages. 

Collecting situational 
variables allow for:  

- avoiding bias in the 
results due to different 
conditions 

- contextualising the 
observed vehicle 
movements 

- defining proper 
comparisons (e.g. only 

Costly to collect and 
process, especially 
situational variables. 

Matching data to 
external sources can be 
difficult. 

Roadside or in-
vehicle data logging 
capabilities. 

Accurate 
synchronisation of 
timestamps and 
geolocation.  

Procedures to match 
vehicle movement to 
situational factors, 
including 
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compare under similar 
weather conditions). 

Useful for assessing 
whether the vehicle is 
driving within or outside 
its ODD, if that is not 
logged. 

(map)matching with 
external databases. 

Compatibility 
between data 
formats. 

 

Observing driving behaviour 
of the ego vehicle (in a 
driving simulator)τto 
investigate how the user 
influences the vehicle 
dynamics, including in 
potentially dangerous 
situations, and to analyse the 
transfer of control. 

Allows studying the 
impact of the user on 
ǘƘŜ ǾŜƘƛŎƭŜΩǎ ŘǊƛǾƛƴƎ 
behaviour in a 
controlled environment. 

Safe testing of rare or 
dangerous traffic 
situations that are 
difficult or unsafe to 
replicate in field 
experiments (e.g. if the 
user takes over control 
of the vehicle in a 
critical situation). 

Repeatable staged 
scenarios in a controlled 
environment allow for 
consistent data 
collection and 
comparison. 

Emotional or cognitive 
responses of the users 
may differ from real-
world driving, 
particularly in 
dangerous situations. 

A limited number of 
situations can be 
tested.  

Simulator fidelity can 
limit analysis of high-
frequency, fine-grained 
driver behaviour (e.g. 
low-level control 
actions like steering 
corrections). 

Learning effects can 
invalidate repeated 
tests if not carefully 
designed. 

Some indicators equal 
simulator settings and 
are thus not meaningful 
to analyse.  

A realistic, high-
fidelity driving 
simulator (and 
scenarios) with 
realistic automated 
driving functions and 
user interface. 

Thorough and 
validated study 
design to ensure 
validity of results. 

Human factors and 
vehicle dynamics 
expertise for 
interpreting results 
and adjusting 
simulator 
parameters. 

Traffic scenario simulation  Allows for analysis with 
higher or variable 
penetration rates, 
mixed-traffic, and 
different traffic 
conditions. 

Substantial data can be 
generated quickly. 

Good supplement to 
limited field 
experiments. 

Costly to develop, 
calibrate, verify, and 
validate a model that 
realistically simulates 
automated and manual 
vehicle interaction. 

Indicators that match 
simulation settings 
provide no new 
insights. For example, 
setting a 1.6s target 
headway and analysing 
the data to find a 
median target headway 
of 1.6s. 

Extensive traffic 
simulation 
knowledge. 

Realistic models for 
both automated 
driving and manual 
drivers (especially if 
take-over-control 
processes are 
simulated). 

Proper calibration 
with real-world data. 

Simulation with Hardware- or 
Software-in-the-Loop ς using 
ŀ ΨǊŜŀƭΩ !5{ ŀǎ ƛǘ ǿƻǳƭŘ ōŜ 

Realistic usage of the 
actual ADS in a 
simulated traffic 
environment. 

Challenging to integrate 
real ADS into the 
simulation. 

Team with extensive 
traffic simulation 
expertise and 



 
103   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

built into an automated 
vehicle. 

Tests how the system 
performs in a variety of 
scenarios without 
risking safety in the real 
world. 

May require support 
from the ADS developer 
that understands its 
internal workings. 

May require large 
computational power. 

thorough knowledge 
of the ADS. 

Integration of the 
real ADS with the 
simulated traffic (e.g. 
object detection 
needed). 

Sufficient 
computational 
capacity. 

Pitfalls and best practices related to different methods 

Evaluating driving behaviour requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings, or unintended biases. By proactively addressing the pitfalls, these can 

be avoided. 

Table 8 provides some common pitfalls of driving behaviour evaluation and presents actionable best practices 

to address them. Many of the pitfalls could be avoided if the guidelines in Chapter 3 are carefully followed. 

Table 8. Pitfalls in the evaluation of driving behaviour and best practices to avoid them. 

Topic Pitfall Related best practice 

Measuring 
driving 
behaviour 

Unsuitable logging system. For example, 
insufficient resolution or frequency, or 
unreliable logging. 

Reserve sufficient resources and planning for a 
suitable logging system. 

Pilot-test the logging early to confirm data 
quality. 

Undecipherable data from CAN-bus, 
automotive Ethernet, ROS messages, 
etc. For example, due to proprietary 
encoding, non-standard 
implementation, complex data 
structure, and safety measures like 
encryption or obfuscation. 

Agree on the data format, content, and sharing 
protocol from test site to evaluation, in line with 
recommendations in Chapter 3.4. 

Reserve sufficient budget and expertise for data 
analysis. 

The logging system is not piloted, 
leading to late discovery of poor data 
quality. 

Develop and follow a good piloting plan.  

Adapt the project timeline if necessary to allow 
for pilot tests. 

Unclear whether automated mode was 
active, or which automated driving 
functions were in use. 

Log automation mode status explicitly, including 
transition of control: e.g. take-over requested, 
take-over completed, initiated by driver, at ODD 
border, within ODD, and so on. 

Verify correctness of the logging during piloting. 

Incompatible test routes with 
substantial differences in conditions and 
characteristics. 

Collect baseline and treatment data from all test 
routes under similar conditions. 
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This makes combining data from all test 
routes difficult and comparison of 
calculated indicators misleading. 

Segment the driving data into distinct, well-
defined driving scenarios with accurate 
contextual metadata. 

Calculate indicators for the driving scenarios and 
find similar scenarios across the combined data.  

Compare the treatment and baseline indicators 
from similar scenarios. They should reflect the 
driving behaviour rather than the conditions 
around the vehicle. 

Comparing data of different lengths. For 
example, one car-following scenario can 
be very long, another very short, leading 
to e.g. incomparable variances. 

Standardise scenario lengths. 

Split long scenarios into multiple ones of 
standardised lengths. For example, car-following 
scenarios of 40 s are split into two 20 s ones. 

Analysing 
video data 

Unclear video data annotation process, 
no video annotation tools, or insufficient 
resources for annotation. 

Specify annotation requirements in advance. 
That is, what should be labelled, how, and why, 
per research question. Note what kind of video 
is required (internal, external, viewing angles, 
frame rates). 

Reserve sufficient resources for planning and 
performing the annotation work, including 
potential lane marking detection. 

Adhere to privacy requirements. For example, 
blur faces or licence plates and note restrictions 
for filming in sensitive areas. 

Ensure that appropriate software tools for video 
annotation are available and compatible with 
required input and output formats. 

Traffic 
scenario 
simulation 

Inaccurate vehicle models (both human- 
and ADS-driven) 

Calibrate, verify, and validate models using real-
world data. Use data from pilots and/or existing 
datasets.  

Collaborate with ADS developers to configure 
parameters that cannot easily be calibrated. 

Inaccurate or unrealistic driver, 
passenger or pedestrian models 

Calibrate, verify, and validate models using real-
world data. Supplement with literature for best-
fit parameters. 

Insufficient time and resources for 
calibration and validation. 

Include calibration and validation in the work 
plan with a dedicated budget and milestones. 

No data available for calibration and 
validation. 

Plan reference data acquisition to be included in 
the agreement of data that the project will 
provide for evaluation. 

Formalise data sharing agreements early (see 
Chapter 3.4). 
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4.2. Human 

4.2.1. User 

4.2.1.1. Introduction 

Definition and scope 

EU-CEM defines the user evaluation area as follows: 

User evaluation addresses the interaction of people with the CCAM system: their opinions, expectations, and 

awareness of the technology, and how they use it.  

Interaction with the CCAM system is understood broadly here. Users can be drivers interacting directly with the 

CCAM system, for example when taking over control of the vehicle when the ODD conditions are no longer met. 

Users can be passengers interacting with a CCAM system, for example via an app or screen, or even by just sitting 

in the vehicle. Users may also be receivers or senders of goods being delivered by CCAM systems. User 

evaluation may also address "non-users", namely people who are affected by CCAM but do not directly use it; 

for example, other road users (both motorised and non-motorised) and residents of an area where CCAM 

operates. User evaluation provides important input to many impact areas, such as people mobility and traffic 

safety. User evaluation results can also be used for further development of CCAM systems or for developing 

business cases and marketing. 

The user evaluation chapter has the following scope:  

¶ User behaviour with a CCAM system, for example take-over control situations (reaction time, take-

over time, changes in driving behaviour like sudden deviation in speed or position in lane), use of time 

in the vehicle (non-driving-related activities), observation or measurements of interaction via interfaces 

and in-vehicle systems, and observation or measurements of the effects on behaviour of "non-users". 

¶ Experience, for example the user experience (pleasant, easy, useful, etc.) and the physical and mental 

state during the drive or ride (comfort, convenience, stress, motion sickness, feelings of safety and 

security, concerns about cybersecurity, data protection and privacy, etc.), trust in the system, suitability 

of the system for specific target groups (disability, age groups, etc.), and feelings and experiences of 

"non-users" confronted with CCAM. 

¶ Expectations, for example, on willingness to use the CCAM system, concerns about societal impacts 

and consequences for users and non-users, usefulness for individuals in their envisaged future 

situations, or usefulness for specific groups. 

User evaluation in EU-CEM does not include: 

¶ Technical validation of user interfaces (see Chapter 4.1.1) or usability testing. 

¶ Financial implications or business modelsτSee Chapter 4.3.1. 

¶ Experiences or opinions of service providers, managers, operators, and other stakeholdersτSee 

Chapter 4.3.1. 

¶ Equity impacts for different user groupsτSee Chapter 4.4.5. 

Background 

The three components of the user evaluation (Figure 10) have a rich and diverse theoretical background. 

Behaviour, experience, and expectations of users are studied in many disciplines like behavioural science, social 

science, economics, human factors, engineering, marketing, and so on. Each of them has their own focus, 
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theories, and methods. User evaluation usually requires a multi-disciplinary specialist team. Some examples of 

factors of interest are given below. 

¶ Behaviour with the system (take over control, non-driving-related activities in the car, gaze direction, 

engagement, etc.), which is observable and measurable once the vehicle is 'ready'. Various 

psychological theories or models can be applied to explain and predict the behaviour, such as mental 

models, situation awareness, models of visual attention or multitasking.  

¶ Subjective experience (comfort, ease of use, stress, etc.), which can be measured by subjective scales 

in questionnaires, interviews, and so on. 

¶ Expectations toward the system (technology acceptance, willingness to use, etc.), which can be 

measured by subjective scales in questionnaires, interviews, focus groups, and so on. 

 

Figure 10. Main components of the user evaluation area. 

4.2.1.2. Guidelines 

Experiments must always be safe for the participants. Participants should give informed consent to participate 

in the experiments. Ethical approval must be obtained when required and the data collection and processing 

must be compliant with applicable data protection legal frameworks, such as the General Data Protection 

Regulation (GDPR).  

A challenge in user evaluation of CCAM is that the systems may not be fully mature when tested (see Chapter 

3.1). Thus, the user experience may be partial or patchy, and users may encounter technical problems when 

interacting with the CCAM system. User evaluation specialists must work closely with the technical team to 

obtain a true overview of the capabilities of the system and its issues and agree when the system is ready for 

user evaluation. 
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Additional methods may be required when a full user experience cannot be provided, such as simulations, videos 

or storyboards. These can complete the picture of how the system is supposed to function. 

When a project has different test sites aiming to have the same evaluation activities, coordination is needed to 

ensure that the user experience is comparable and that data gathered is compatible (see Chapters 3.4 and 3.5).   

Indicator recommendations 

Indicators recommended to be evaluated by every project conducting a user evaluation are listed in Table 9. 

Most indicators may be ascertained using standardised questionnaires. As there are many questionnaires, and 

new ones are being developed regularly, it is not possible to recommend one over another to be used by all 

projects. Questionnaires or scales should be described and selected in the method specification (see Chapter 

3.3). If it is not possible to evaluate some of the indicators below, the reason for this should be reported as part 

ƻŦ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ 9¦-CEM. The indicators listed below are not exhaustive; in addition to 

them, each project should define indicators of their own in accordance with Guideline 3.12. 

Table 9. Indicators recommended to be evaluated by every project addressing user evaluation. 

Indicator short 
name 

Definition Unit 

Behaviour with 
the system 

¦ǎŜǊǎΩ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳΣ ŎƻǾŜǊƛƴƎ ōƻǘƘ 
intended and unintended use.  

Report, mix of qualitative and 
quantitative data. 

Acceptance Willingness of users to adopt and continue using the 
CCAM system in the future. There is a variety of 
acceptance and usefulness questionnaires/scales. 

Measure on a relevant scale. 

Measure on a standardised 
scale, if possible. 

User 
experience 

¦ǎŜǊǎΩ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎȅǎǘŜƳ 
(e.g. pleasant, easy, workload, perceived safety and 
security, etc.). There is a variety of standard scales to 
measure this. 

Measure on a relevant scale. 

Measure on a standardised 
scale, if possible. 

Non-user 
experience 

Views and experiences of non-users affected by the 
system. 

Measure on a relevant scale. 

Measure on a standardised 
scale, if possible.  

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to acknowledge if certain 

aspects fall outside the assessment. 

User behaviour with the CCAM system is influenced by the driving behaviour (Chapter 4.1.2) of the CCAM 

system. This is depicted in the impact pathway below (Figure 11). The figure offers a general overview that can 

be adapted or extended to specific CCAM systems studied. Each project should adapt it by specifying relevant 

indicators and units. 
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Figure 11. Input needed from the other impact areas for user evaluation and its outputs. 

Table 10 shows examples of outputs of user evaluation that serve as inputs for other impact areas. Some of 

these outputs overlap with the recommended indicators above, while others need to be added. Please note that 

the required input needs must be specified in detail, as they are unique to each project. The table below is not 

exhaustive. 

Table 10. Outputs from user evaluation required as input for other impact areas. 

Impact area requiring input  Needed input 

People mobility Acceptance 

Traffic safety Use of system including take-over situations, behavioural adaptation 

Accessibility Needs and preferences 

Equity Subjective experience 

Subjective ideas about potential use 

Overview of approaches and methods 

Selecting the right method for user evaluation ensures relevant and reliable results. The choice is influenced by 

ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘƻƻƭǎ ŀƴŘ Řŀǘŀ 

shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further details). 

Table 11 provides an overview of various approaches used in user evaluations. It highlights the strengths, 

ǿŜŀƪƴŜǎǎŜǎΣ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŜŀŎƘ ƳŜǘƘƻŘΣ ƘŜƭǇƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘƻǎŜ ǘƘŀǘ ōŜǎǘ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 
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objectives, resources, and specific evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  

Table 11. An overview of approaches and methods for user evaluation. 

Approach/method Pros Cons Requirements 

Use of standardised 
questionnaires, e.g. 
technology 
acceptance scales. 
 

Results can be 
compared across 
projects or studies.  

Lower resource 
needs for 
questionnaire 
design. 

An established 
theoretical 
framework. 

May not precisely fit 
all project-specific 
research questions.  

Adding or translating 
questions may 
invalidate the 
questionnaire or 
scale. 

Use a standardised questionnaire 
but recognise when it is not 
appropriate and use additional 
measures (dedicated questionnaire, 
interviews, etc.). 

If no standard questionnaires are 
available, then a questionnaire may 
be designed based on an 
established tradition or theory, e.g. 
Unified Theory of Acceptance and 
Technology Use (UTAUT) [27] or 
Technology Acceptance Model 
(TAM) [28][29], rather than starting 
from scratch. 

Driver and Occupant 
Monitoring with in-
cabin sensors 

Provides highly 
detailed 
information about 
user status and 
intentions, 
potentially in real 
time. 

Resource intensive. 

May be perceived as 
intrusive. 

Analysis of 
behavioural or 
physiological data 
can be complex. 

Observable physiological variables 
of the driver and other passengers, 
including low-level features. For 
example, body posture, eye 
tracking, heart rate, and so on. 
Additionally, high-level features 
computed from low-level features 
using models or regressions, e.g. 
stress level, fatigue level, 
attentiveness, emotional state. 

Observation, inside 
and outside vehicle, 
e.g. video 

Provides contextual 
understanding of 
the interaction with 
the system and 
between other road 
users. 

Can provide 
qualitative cues like 
gestures that 
questionnaires can 
miss. 

Video data requires 
significant resources 
for storage and 
analysis.  

Potential issues in 
compliance with 
data protection 
regulations, such as 
GDPR [20]. 

Infrastructure for 
privacy protection 
can be costly and 
time-consuming. 
Especially when 
collecting data 
outside the vehicle. 

Observational instrumentation of 
vehicle, infrastructure, etc. 

Suitable data post-processing tools. 

Ethical and legal approval for data 
collection. 

Plan for data protection. 
 

Virtual and 
augmented reality, 
driving simulators 

Can generate a wide 
variety of controlled 
situations, including 
rare ones. 

The user experience 
is less realistic and 
may elicit different 
emotional or 
cognitional 

A sufficiently realistic simulator 
environment. 
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Allows safe testing 
of dangerous 
events. 

responses than real-
life driving. 

Skilled simulation engineers and 
human factors experts for scenario 
design. 

Participatory 
approaches: surveys, 
focus groups, 
interviews 

Relatively easy to 
organise and 
administer. 

Provides insight into 
the ideas, concerns, 
and emotions of 
users. 

Flexible. 

Highly subjective 
data. 

May have limited 
correlation with real 
CCAM experience if 
participants have not 
used or encountered 
the system 
extensively. 

Well-structured methodology. 

Moderation or interviewing skills. 

Expertise in analysing qualitative 
data and designing surveys and 
focus groups. 

Pitfalls and best practices 

User evaluation requires consideration of the methods and approaches used, as these can significantly influence 

the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed conclusions, 

misinterpretation of findings, or unintended biases. By proactively addressing the pitfalls, these can be avoided. 

Table 12 provides some common pitfalls of user evaluation and presents actionable best practices to address 

them. 

Table 12. Pitfalls in user evaluation and best practices to avoid them. 

Topic Pitfall Related best practice 

User experience  System underdeveloped or 
absent. 

Provide a rich context and description to focus 
the user on the CCAM experience with 
approaches like using storyboards. 

"Fake" the system with techniques like Wizard 
of Oz.  

Technical problems during the 
experiment. 

Proper technical validation and extensive 
piloting before the real experiment to identify 
potential problems and their workarounds.  

Insufficient information or CCAM 
experience to complete 
questionnaires and produce valid 
results. 

Be careful with drawing firm conclusions. Ask 
questions that users can relate to from their 
own experience, without manipulating them 
with the given information. 

Exposure time and 
frequency of use 

Short exposure times do not 
allow users to fully experience 
CCAM, and the novelty factor is 
large. On the other hand, long 
exposure times with immature 
systems may lead to rejection of 
the system. 

Aim to have users experience CCAM for a 
sufficient duration. Consider in the study 
design that the experience of the system may 
change over time. 

Representativeness Users are not representative of 
the target group. 

Detailed analysis of the potential users and 
affected non-users of CCAM aiming to realise 
representative participants. Consider that the 
target service may operate relatively far into 
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the future. For example, current older 
participants may not have the same attitudes 
or technological experience as those who will 
be elderly when the service is deployed. 

Expertise of 
evaluators 

Not enough expertise in human 
and societal factors within the 
team. 

Experts or specialists are needed. They should 
have been selected during the proposal or 
consortium building phase. Think of disciplines 
such as psychology, sociology, and economics. 

 

4.2.2. People mobility 

4.2.2.1. Introduction 

Definition and scope 

EU-CEM defines the people mobility impact area as follows: 

The people mobility impact area addresses how the CCAM system influences individuals' potential and actual 

mobility choices by examining effects on availability, access, quality, suitability, and affordability of mobility 

options.  

People mobility refers to travel behaviour but also considers the reasons behind itτhow individuals make the 

journeys to their chosen destinations. Therefore, the impacts of CCAM on people mobility are assessed from the 

perspective of different individuals. 

The scope of this chapter includes: 

¶ ¢ǊŀǾŜƭ ōŜƘŀǾƛƻǳǊ ŦǊƻƳ ŀ ǎƛƴƎƭŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ŜƴŎƻƳǇŀǎǎƛƴƎ ŦƻǊ ŜȄŀƳǇƭŜ ƳƻŘŜ ŎƘƻƛŎŜΣ ǊƻǳǘŜ 

choice, and amount of travel over distance or time. 

The scope of this chapter does not include: 

¶ The efficiency of traffic flow (see Chapter 4.3.5), although the level of congestion may influence an 

ƛƴŘƛǾƛŘǳŀƭΩǎ ǘǊŀǾŜƭ ōŜƘŀǾƛƻǳǊΦ 

¶ Goods deliveries (Chapter 4.3.2ύΣ ŀƭǘƘƻǳƎƘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ƎƻƻŘǎ ŘŜƭƛǾŜǊȅ Ƴŀȅ ƛƴŦƭǳŜƴŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

mobility choices. 

¶ Transport activity, vehicle and passenger kilometres travelled in total on a specific part of the road 

network, as it is covered in the transport activity and fleet composition impact area (see Chapter 4.3.3). 

Background 

Travelling is usually seen as a derived demand, as people need to move between locations to undertake activities 

and fulfil their daily needs. Travel behaviour is affected by individual needs and preferences, the location of 

residence and activities, and the opportunities and constraints of the transport system. 

Opportunities refer to the travel options available to individuals. Constraints include the different kinds of costs 

travelling incurs, in terms of time, money, mental and physical effort, and the perceived safety and security of a 

travel mode, collectively known as travel resistance. The constraints can also be described as generalised 

transport costs (GTC). Generally, the lower the generalised travel costs, the higher the use of a mobility option. 

The travel behaviour of individuals, such as the number of trips, trip timing, length, and mode choice, is affected 

by both general and trip-specific factors including: 
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¶ Personal situation in terms of financial means, (dis)ability, employment, family, etc. 

¶ Residential setting and distance to activities, transport infrastructure 

¶ Trip purpose, such as commute, leisure or shopping 

¶ Availability of travel modes, vehicle ownership 

¶ Habits, motivations, and attitudes toward travel modes 

¶ Familiarity with travel modes, availability of information about travel modes 

¶ (Perceived) quality, comfort, ease of use, safety and personal security of available modes 

¶ Costs of available travel modes 

¶ Weather 

¶ Real-time traffic information, such as congested routes 

//!a Ƴŀȅ ŀŦŦŜŎǘ ǎŜǾŜǊŀƭ ƻŦ ǘƘŜ ŀōƻǾŜ ŦŀŎǘƻǊǎ ŀƴŘ ǘƘŜƛǊ ǊŜƭŜǾŀƴŎŜ ǘƻ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǘǊŀǾŜƭ ŎƘƻƛŎŜǎΦ CƻǊ ŜȄŀƳǇƭŜΣ 

if the generalised travel costs of personal cars drop, people may travel more by car. More flexible mobility 

services may lead to combining trips previously done separately. Better access to different locations may also 

affect the activities that people engage in, and new services can change the need for certain types of trips. For 

example, robot deliveries can replace trips to shops or restaurants. The most important components of the 

people mobility impact area are summarised in Figure 12. 

 

Figure 12. Main components of the people mobility impact area. 

People mobility impacts at the level of an individual traveller aggregate to impacts on the transport system level 

(see Chapter 4.3) in terms of modal split and amount of travel on the network over a longer period. They can 

have direct impacts on other areas as well, such as quality of life (Chapter 4.2.3), traffic safety (Chapter 4.3.4), 

energy and environment (Chapter 4.3.6), and traffic flow efficiency (Chapter 4.3.5). In the long term, changes in 

generalised travel costs influence the accessibility (Chapter 4.3.7) of different activities and their locations. This 

is can lead to changes in land use (Chapter 4.4.1) and the liveability of areas (Chapter 4.4.2). CCAM may not only 
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impact its users but can also influence the travel behaviour of non-users if, for example, increased car usage 

reduces the willingness to walk or cycle due to safety concerns.  

Whether increasing people mobility is a societal goal depends on whether increased people mobility aligns with 

other outcomes that the society may have prioritised, such as economic vitality, improved environmental 

conditions, and equity. These objectives relate to questions such as whether CCAM will generate more 

(motorised) traffic or increase travel costs. The impacts of CCAM must be evaluated within the broader context 

of other trends in transport and mobility.  

4.2.2.2. Guidelines 

Indicator recommendations 

Indicators recommended for evaluation in every project addressing people mobility impacts are listed in Table 

13 below. The indicators describe individual choices and behaviours. Impacts are measured as differences or 

changes between the baseline and treatment scenarios for these indicators. Impacts can be reported as absolute 

values (with the unit below) or relative value (%). If certain indicators cannot be evaluated, the reason must be 

ŘƻŎǳƳŜƴǘŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ 9¦-CEM. The listed indicators are not exhaustive; in 

addition to these, each project should define its own indicators in accordance with Guideline 3.12. 

Table 13. Indicators recommended to be evaluated by every project addressing people mobility. 

Indicator short 
name 

Definition Unit 

Mode share Share of trips of individuals by travel mode, 
potentially per trip purpose. 

% 

Amount of 
travel 

Number of trips or kilometres or hours an 
individual travels in total within a specific time, like 
one year.  

Number, kilometres, hours, 
minutes  

Length of trips Average distance or duration of trips.  Kilometres, hours, minutes  

Timing of trips Hourly distribution of trips (starting time).  Number of trips performed at 
defined time ranges 

Value of travel 
time 

Perceived costs of travel time; including accepted 
additional travel time with a CCAM system, change 
in the monetarised value of travel time. 

ϵκǘƛƳŜ ǳƴƛǘ 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps to scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed, where collaboration with other impact areas is required, or where certain aspects fall 

outside the scope of the assessment. 

People mobility is influenced by impacts on users (Chapter 4.2.1), services and operation (Chapter 4.3.1) and 

economic activity and employment (Chapter 4.4.3). This is depicted in the impact pathway below (Figure 13). 
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The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each 

project should tailor it by specifying relevant indicators and units. 

 

Figure 13. Input needed from the other impact areas for people mobility impact assessment and its outputs. 

Table 14 provides examples of people mobility impact assessment that serve as inputs for other impact areas. 

Some of these outputs overlap with the recommended indicators above, while others need to be added. Please 

note that the required input needs must be specified in detail, as they are unique to each project. The table 

below is not exhaustive. 

Table 14. Outputs from people mobility impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Quality of life Amount of active and sedentary travel 

Services and operation 

 

Travel behaviour and needs 

Transport activity and fleet composition Travel patterns, vehicle ownership 

Traffic safety Travel patterns 

Traffic flow efficiency (macroscopic models) Value of travel time 

Accessibility Destinations 
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Overview of approaches and methods 

Selecting the right method for evaluating people mobility ensures relevant and reliable results. The choice is 

ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 

Table 15 provides an overview of various approaches used in people mobility evaluations. It highlights the 

strengths, weaknesses and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦƛŎ ŜǾŀƭǳation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons. 

Table 15. An overview of approaches and methods for people mobility impact assessment. 

Approach/method Pros Cons Requirements 

Subjective 
methods 
(questionnaires, 
interview, focus 
groups, etc.) 

/ŀǇǘǳǊŜǎ ǇŜƻǇƭŜΩǎ 
subjective ideas, 
feelings, etc.  

Relatively easy and cost-
efficient. 

Flexible. 

Existing or standard 
questionnaires enable 
consistency. 

Subject to response 
biases: subjective bias, 
non-response, social 
desirability bias, 
interviewer bias, etc. 

Quality of data depends 
on participant honesty 
and recall. 

Survey platform or tools 
(online or paper). 

Trained staff for designing 
and moderating focus 
groups. 

Stated preference 
survey and choice 
modelling 

Can determine 
willingness to pay or use 
CCAM systems by 
characteristics. 

Bias in answering and lack 
of representativeness. 

Stated preference answers 
may not provide reliable 
descriptions of how 
mobility-related habits 
would change. 

Potentially costly to 
recruit a representative 
participant group for data 
collection. 

Large-scale participation 
from a representative 
population for reliable 
results.  

Expertise in design of stated 
preference experiment. 

Suitable expertise and 
software for modelling the 
data.  

Accurate description of 
CCAM system needed. 

Modellingτ
Activity-based 
models 

Can run individual-trip-
level simulations. 

Captures complex 
behaviours. 

Data- and setup-intensive. 

Potentially long simulation 
run times. 

Model requires calibration 
to ensure realism. 

Model needs to be 
developed or available and 
suitable for use. 

Sufficient data for 
calibration. 

Expertise in network 
simulation. 

Modellingτ
System dynamics 

Handles scenarios 
representing long time 
periods (months or 
years). 

Aggregated population 
approach: less detail on 
individuals. 

Needs clear boundaries 
for model scope. 

Established system dynamics 
tool. 

Model needs to be available 
and suitable for use. 
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Once set up, quick 
scenario runs are 
possible. 

Includes feedback loops. 

Requires historic data for 
calibration. 

Data- and time-intensive 
to set up. 

Historic data for calibration. 

Expertise in system dynamics 
modelling. 

Travel surveys, 
revealed 
preferences data, 
census data and 
other historical 
external data for 
understanding 
current mobility 
patterns (baseline) 

Established methods. 

Long-term historic data. 

Often representative at 
a population level. 

Typically population-
aggregated; hard to obtain 
highly detailed data. 

Typically a "snapshot" and 
may be outdated. 

Agreements for data 
provision. 

Carefully planned baseline 
for the societal scenario. 

Data privacy plan. 

New and emerging 
data forms, such 
as mobile phone 
or social media 
tracking, for 
understanding 
current mobility 
patterns (baseline) 

Can develop a 
contemporary and 
dynamic baseline of 
real-world behaviour. 

Can gather data on 
ƛƴŘƛǾƛŘǳŀƭǎΩ ōŜƘŀǾƛƻǳǊ 
and preferences. 

Limited 
representativeness. 

May lack personal details, 
like characteristics or trip 
purpose. 

Possible data privacy 
issues. Difficult to acquire 
access. 

Agreement on data 
provision. 

Create synthetic populations 
alongside other data, such as 
census data. 

Data privacy plan. 

Gamification, 
serious games 

Can produce rich data 
without exposure to real 
CCAM. 

Interactive scenarios.  

Development can require 
substantial resources. 

Game environment may 
not capture real-world 
constraints (time, cost, 
risk). 

Developers for game design. 

Experienced facilitators. 

Pilot testing to confirm 
realism and data validity. 

Pitfalls and best practices  

Evaluating people mobility impacts requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings or unintended biases. By proactively addressing the pitfalls, these can 

be avoided. 

Table 16 provides some common pitfalls of people mobility impact assessment and presents actionable best 

practices to address them. 

Table 16. Pitfalls in people mobility impact assessment and best practices to avoid them. 

Topic Pitfall Related best practice 

Future mobility 
options 

People may struggle to imagine new 
options or accurately assess their future 
behaviour. 

Aim to make the user experience as 
immersive as possible. Consider virtual 
reality and immersive experiences. 

Use stories and scenarios to make abstract 
ideas more concrete. 

Ask specific questions rather than 'what 
ifs'. 
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Subjective scales Variations in how participants interpret 
scales, especially in large, multicultural or 
multilingual surveys. 

Include guidelines or examples to anchor 
responses. 

Use standardised surveys. 

Use cross-cultural adaptation methods.  

CCAM impact Failing to distinguish between impact of 
the CCAM system being tested and other 
concurrent system impacts (that may 
occur without CCAM). 

Define a societal scenario that clearly 
distinguishes what changes with the 
introduction of CCAM and what other 
transport developments may take place. 

If relevant, identify changes in the 
environment or socio-economic situation, 
or envisaged changes in personal life such 
as retirement. 

Habits and 
cultural norms 

Established habits and cultural norms may 
remain unchanged or shift slowly, while 
future generations could differ from 
current ones. 

Recognise limitations and applicability of 
generalisations from specific 
population/socio-demographics of study 
participants. 

Recruiting 
representative 
user groups 

Difficulty in recruiting a representative 
user group relevant to the target 
population. Recruitment may skew 
towards people with interest in the 
technology and time available. 

Adjust target population to characteristics 
of recruited respondents.  

Develop synthetic populations. 

 

4.2.3. Quality of life 

4.2.3.1. Introduction 

Definition and scope 

EU-CEM defines the quality-of-life impact area as follows: 

The quality-of-life impact area addresses the holistic effects of the CCAM system on individuals' physical, 

mental, social, and financial well-being.  

The quality-of-life impact area addresses the holistic effects of CCAM on individuals' physical, mental, social, and 

financial well-being. In the assessment, both objective and subjective perspectives are considered and 

interpreted relative to an individuaƭΩǎ ǾŀƭǳŜǎ ŀƴŘ Ǝƻŀƭǎ [30]. 

This chapter considers quality of life and describes how the concept can be assessed in the CCAM context. The 

well-being of communities is addressed in Chapter 4.4.2 (Liveability). 

Background 

vǳŀƭƛǘȅ ƻŦ ƭƛŦŜ ŘŜǎŎǊƛōŜǎ άƛƴŘƛǾƛŘǳŀƭǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜƛǊ Ǉƻǎƛǘƛƻƴ ƛƴ ƭƛŦŜ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ŎǳƭǘǳǊŜ ŀƴŘ ǾŀƭǳŜ ǎȅǎǘŜƳǎ 

in which they live and in relation to their goals, expectations, standards, and concernsέ [31]. Quality of life is a 

multidimensional construct, and its measurement is complex. It encompasses both subjectively experienced 

satisfaction and objectively measurable achievements [32]. A simple sum of positive and negative factors does 

not adequately capture quality of life, as individuals may experience identical conditions differently depending 

on their perception of what they could achieve in life [33]. 
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The concept of quality of life emerged to address the shortcomings of more simple measures. For example, in 

the medical literature, quality of life emphasises the fact that just extending the length of life might not be a 

meaningful goal if the remaining life is of poor quality [34]. Within the transport domain, it could be similarly 

argued that minimising fatalities and injuries sustained in traffic is not enough for ensuring a good level of quality 

of life. For example, replacing a zebra crossing at a busy road with a bridge may prevent accidents between cars 

and vulnerable roads users, but at the same it may reduce convenience and accessibility, if using the bridge 

means additional climbing or taking a detour. This means that such a traffic safety measure may strengthen the 

community severance effect of the road. Community severance means that a transport infrastructure creates a 

physical or psychological barrier between two areas, which impairs the well-being of people moving between 

them [35][36]. 

Quality of life can be studied in terms of individuals' physical, mental, social, and financial well-being. Physical 

well-being refers to fitness, or the ability to perform everyday tasks in daily life, and years lived without illness 

or disabilities. Mental well-being refers to positively experienced mental states and the perception of being able 

to reach goals, whilst having positive expectations towards life and experiencing a good standard of life. Social 

well-being means having meaningful and supportive relationships and feeling a sense of belonging to groups. 

Finally, financial well-being means having sufficient financial assets or purchasing power to meet personal needs, 

and being able to earn more assets, for example by working. The main components of the quality-of-life impact 

area are summarised in Figure 14. 

 

Figure 14. Main components of the quality-of-life impact area. 

The four dimensions of well-being (physical, mental, social, financial) are influenced by accessibility or access to 

needed locations, the built environment, and traffic [30].  Therefore, CCAM systems may affect all these well-

being dimensions. For example, automated cars could improve access of individuals to specific locations and 

thus improve their economic, social, and mental well-being. On the other hand, increased car usage might lead 

to more sedentary travel and a reduction in active travel [37]. As active travel is an important source of physical 

activity [38], CCAM systems could thus decrease the physical well-being and possibly also mental well-being of 
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its users. Automated driving could also change what activities can be performed while travelling [39] (see 

Chapter 4.2.1). This can make multitasking while travelling easier than before. The ability to engage in activities 

during travel may increase flexibility but may also induce stress by creating an expectation to use travel time 

ǇǊƻŘǳŎǘƛǾŜƭȅΦ ¢Ƙƛǎ Ƴŀȅ ǊŜŘǳŎŜ ǘƘŜ ΨǇƻǎƛǘƛǾŜ ǳǘƛƭƛǘƛŜǎΩ ƻŦ ǘǊŀǾŜƭ ǘƛƳŜΣ ǎǳŎƘ ŀǎ ǊŜƭŀȄŀǘƛƻƴ ƻǊ ǘƛƳŜ ƻŦŦ [40]. This can 

have complex influences on mental, social, and financial well-being.  

CCAM systems could also change the amount of time people spend travelling (see Chapter 4.2.2). Some people 

might perceive the travel time as enjoyable or relaxing on its own [41]. Therefore, minimising travel time may 

not be an important objective for everyone [42]. However, excessive travel time has a negative effect on the 

subjective experience of commuting and overall well-being [41]. 

Satisfaction with life is a related (but narrower) concept than quality of life. It focuses on subjective experiences 

of well-being [43], which are positively correlated with objectively measurable factors recognised as relevant to 

well-being. For example, severe injuries from crashes often reduce both subjectively experienced and objectively 

measured well-being. Thus, the subjective experience of well-being can reflect tangible, objectively measurable 

factors. Consequently, satisfaction with life or travel could be used as a proxy for quality of life. 

Subjective experiences while travelling, access to activities, and activities performed while travelling can 

influence subjective well-being [44]. Satisfaction with travel can be relevant for the acceptance of CCAM 

systems. Low satisfaction with the current mode of travel is linked to a greater willingness to use automated 

vehicles [45]. 

4.2.3.2. Guidelines 

Indicator recommendations 

EU-CEM does not currently provide recommendations for quality-of-life indicators that should be used by all 

projects. It is recommended that the projects measure quality of life with scores calculated based on published, 

previously validated questionnaires and scales and that they are explicit in how the scores have been calculated. 

Standardised scores are useful when comparing quality of life between groups of people, for example when 

assessing the equity impacts (Chapter 4.4.5). Projects could also conduct qualitative assessment of the quality-

of-life dimensions, such as expected changes in physical, mental, social and financial well-being. 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Quality of life is influenced by impacts on people mobility (Chapter 4.2.3), accessibility (Chapter 4.3.7), liveability 

(Chapter 4.4.2), and traffic safety (Chapter 4.3.4). This is depicted in the impact pathways below in Figure 15. 

The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each 

project should tailor it by specifying relevant indicators and units. 
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Figure 15. Inputs needed from the other impact areas for the quality-of-life impact assessment. 

Table 17 provides examples of quality-of-life impact assessment that serve as inputs for other impact areas 

require. Some of these outputs overlap with the recommended indicators above, while others need to be added. 

Please note that the required input needs must be specified in detail, as they are unique to each project. The 

table below is not exhaustive. 

Table 17. Outputs from quality-of-life impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Liveability Well-being of individuals 

Equity Distribution of quality-of-life impacts across different groups of people 

Overview of approaches and methods 

Selecting the right method for evaluating quality of life ensures relevant and reliable results. The choice is 

ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 

Table 18 provides an overview of various approaches used in quality-of-life evaluations. It highlights the 

strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦƛŎ ŜǾŀƭuation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons. 
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Table 18. An overview of approaches and methods for evaluation of quality of life. 

Approach/method Pros Cons Requirements 

Focus groups and 
interviews 

Allows for consideration of 
the multidimensionality and 
complexity of quality of life. 

Participants may 
not have 
experience with 
the CCAM system. 

Only subjective 
results. 

Participants should be 
provided a good 
experience or description 
of the CCAM system. 

Careful selection of 
participants. 

Surveys Previously validated survey 
instruments are available in 
the literature 
[46][47][48][49]. 

Validated questionnaire 
available. 

Participants may 
not have 
experience with 
the CCAM system. 

Only subjective 
results. 

Participants should be 
provided a good 
experience or description 
of the CCAM system. 

Expert assessment of 
the impact pathways to 
quality of life 

Efficient to implement. 

Can cover a wide range of 
impacts. 

Limited to the 
impact pathways 
recognised by 
experts. 

Only subjective 
results. 

Assessment of the 
relevant areas with impact 
pathways to quality of life. 

Multidisciplinary team of 
experts.  

Pitfalls and best practices  

Evaluating quality of life impacts requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings, or unintended biases. By proactively addressing the pitfalls, these can 

be avoided. 

Table 19 provides one common pitfall of quality-of-life evaluation and presents actionable best practices to 

address them. 

Table 19. Pitfalls in evaluation of quality of life and best practices to avoid them. 

Topic Pitfall Related best practice 

Limited 
viewpoint 

Evaluation concerns only a few related 
impact areas, like traffic safety and 
people mobility, not enabling holistic 
assessment of the quality of life. 

Quality of life is a broad concept that should not 
be evaluated from narrow perspectives.  

If a comprehensive evaluation is not feasible, it is 
more appropriate to discuss the potential impact 
on quality of life through the impact pathways 
rather than claiming to evaluate it. 
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4.3. Transport system 

4.3.1. Services and operation 

4.3.1.1. Introduction 

Definition and scope 

EU-CEM defines the services and operation impact area as follows: 

The services and operation impact area addresses the impacts of CCAM on the business models and operation 

of vehicle fleets and transport services, as well as on the operation of traffic management of the network.  

The area addresses the impacts of CCAM on individual companies or organisations that provide travel and 

transport services or manage vehicle fleets, as well as network-wide changes in traffic operations through traffic 

management measures. 

The services and operation impact assessment evaluates how CCAM affects: 

¶ The offering of travel and transport services for people and goods  

¶ The operation and management of these services 

¶ The value propositions of these services for all stakeholders 

¶ Traffic management operations at the road network level. 

This chapter discusses the impacts of CCAM on logistics service offerings and their operations, while the impacts 

on logistics itself are covered in Chapter 4.4.3. 

The changing role of professional drivers and the potential for new professional roles, such as remote operators 

or monitors or on-ōƻŀǊŘ ǎǳǇǇƻǊǘ ǇŜǊǎƻƴƴŜƭΣ ŀǊŜ ŀŘŘǊŜǎǎŜŘ ƛƴ ǘƘŜ ΨŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅ ŀƴŘ ŜƳǇƭƻȅƳŜƴǘȰ ƛƳǇŀŎǘ 

area (see Chapter 4.4.3). 

Impacts beyond the scope of this chapter are those on travel patterns resulting from changes in the availability 

and operation of mobility and transport services (see Chapter 4.3.1), on logistics (see Chapter 4.3.2), on fleet 

composition (see Chapter 4.3.3), and on traffic flow efficiency (see Chapter 4.3.5). Additionally, this chapter does 

not provide guidelines for describing CCAM services (see Chapter 3.1) or assessing how changes in service 

operation or traffic management affect other impact areas. For this reason, they must be addressed under the 

corresponding impact area, for example: 

¶ Traffic safety impact assessment (Chapter 4.3.4) for a robotaxi service must consider ADS actions and advice 

from the fleet operation centre.  

¶ Traffic flow efficiency impact assessment (Chapter 4.3.5) must consider differences in outcomes between 

CCAM-enabled traffic management and baseline situations.  

Background 

The viewpoints of several stakeholder groups are considered in this impact area: individual travellers, shippers 

and receivers of goods, freight and other fleet operators, public transport operators and other service providers, 

and traffic management operators. 

The service offering for people and goods describes the available travel and transport services in a certain region 

or area. CCAM may allow for new service concepts that were not possible or feasible before, and existing services 

may be replaced or complemented with CCAM vehicles. For example, automated shuttles can complement the 

public transport offering, and CCAM vehicles can provide new ways to deliver goods. The entry of new 
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companies exclusively offering CCAM services into the market can reshape the business landscape. Assessing 

how these services meet market demands may offer valuable insights.  

From ŀƴ ƛƴŘƛǾƛŘǳŀƭ ǳǎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ //!a ǎŜǊǾƛŎŜǎ Ŏŀƴ ŀŦŦŜŎǘ ǘƘŜ ǘǊŀǾŜƭ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ǎŜǊǾƛŎŜ ƻŦŦŜǊƛƴƎΣ ǘƘŜ 

costs of travel, and the travel experience. For example, automated shuttles can expand public transport 

coverage to previously unserved areas, enhancing the service offering from the user perspective. On the other 

hand, new types of considerations may be necessary for service providers. CCAM vehicles may have different 

constraints compared to conventional travel and transport services, requiring new operational practices and 

considerations, such as addressing the need for assistance with entering and exiting the vehicles, or ensuring 

perceived safety and security of passengers on board shared mobility services operated without personnel. 

CCAM may also influence the experience of multimodal travel chains, even when only part of them is operated 

with automated vehicles. These factors shape user perceptions of service quality and require careful 

consideration by service operators. 

The impact of CCAM systems on efficient operation of services can be examined from the perspectives of 

individual services and fleet operators, as well as traffic management and network operators. 

Regarding travel and transport services and fleet operators, the operational costs, vehicle utilisation and service 

reliability are of interest. Operating and managing fleets with CCAM vehicles may have different requirements 

than conventional fleets. On the other hand, it may also enable new more efficient practices related, for 

example, to route planning and navigation, vehicle and cargo tracking (location request, track and trace), vehicle 

deployment and summoning, pick-up and drop-off management, and remote monitoring and operation. More 

efficient operational and maintenance services for handling breakdowns, system failures, repairs, and rescues 

could be enabled. New practices may allow better utilisation of the fleet and optimising energy use. 

From the road network operation perspective, CCAM may enable or necessitate the development and adoption 

of new traffic management practices, which could improve the efficiency of network management. At the 

network level, traffic management involves measures to maintain road capacity and improve the security, safety, 

and reliability of the entire road network [50]. These measures are traditionally implemented via physical 

infrastructure, such as road layout and traffic signs, but digital infrastructure is gaining in relevance as 

digitalisation and communications technology advance. CCAM vehicles could communicate up-to-date 

information on the traffic situation to the traffic management operators, or traffic management centres could 

provide advice on speeds and routes to CCAM vehicles or even coordinate their movements. Adjustments in 

operations may be needed, for example, if certain lanes are dedicated to CCAM vehicles, or if low-speed shuttles 

are introduced into mixed traffic. The future role of traffic management could also include participation in 

operating the distributed ODD attribute Value Awareness dataset [51]. 

The viability and value proposition of CCAM services for all stakeholders describes whether CCAM services can 

operate reliably at scale, are economically viable, and attract customers willing to use and pay for them. Here, 

viability refers to evaluating business-level benefits and their mid- and long-term financial viability. Businesses 

aim to generate sustainable value for stakeholders while remaining competitive in the evolving mobility market. 

CCAM services are often first introduced on a small scale, such as in a limited city area or with only a few vehicles. 

A long-term goal to expand coverage requires scalable services and business models. Note that studying the 

viability of the scaled service, rather than the piloted one, may be more feasible. Additionally, the service 

concept and business model should be transferable and adaptable to different contexts or cities. 

The viability of business models needs to consider, beyond financial viability, design principles, established 

business rules, and underlying assumptions. For example: 

¶ Viability in terms of value: A business model is viable when it delivers sufficient value to all stakeholders, 

motivating their participation, and ultimately leveraging market adoption [52]. 
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¶ Technological viability: A long-term viable business model with CCAM services requires a CCAM system 

of high technology readiness level (TRL 9) with long-term support. 

¶ Validity, coherence, and completeness: The viability of a business model relies on valid, coherent, and 

complete business rules19 and agreements. Validity means they are realistic and capable of producing the 

desired outcomes. Coherence means they align with the objectives and expectations of all stakeholders, 

fostering a unified and purpose-driven approach. Completeness ensures the rules and agreements 

ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŦŦŜŎǘƛƴƎ ǘƘŜ ōǳǎƛƴŜǎǎ ƳƻŘŜƭΩǎ Ǿƛŀōƛƭƛǘȅ ŀǊŜ ƛŘŜƴǘƛŦƛŜŘ ŀƴŘ ŀƴŀƭȅǎŜŘΦ 

Figure 16 shows the main components of the services and operation impact area. 

 

Figure 16. Main components of the services and operation impact area. 

4.3.1.2. Guidelines 

Indicator recommendations 

Indicators recommended to be evaluated by every project addressing impacts on services and operation are 

listed in Table 20 below. Impacts are differences or changes between the baseline and treatment scenarios in 

these indicators. An impact can be reported as an absolute value (with unit below) or relative value (%). If it is 

not possible to evaluate some of the indicators below, the reason for this should be reported as part of the 

ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ 9¦-CEM. The indicators listed below are not exhaustive; in addition to these 

and those listed in Chapter 4.4.3, each project should define indicators of their own in line with Guideline 3.12. 

 

19 Business rules define conditions that govern a business model. 
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Table 20. Indicators recommended to be evaluated by every project addressing services and operation. 

Indicator short 
name 

Definition Unit 

Vehicle utilisation  Amount of tonne- or passenger-kilometres 
transported per vehicle, reflecting the efficiency of 
vehicle usage. 

Tonne-km/veh/time unit or 
passenger-km/veh/time 
unit 

Operational costs Costs of operating a service ϵκǘƛƳŜ ǳƴƛǘ 

Quality of service Perceived ǎŜǊǾƛŎŜ ǉǳŀƭƛǘȅ ŦǊƻƳ ǘƘŜ ǳǎŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜΦ Measure on a relevant 
standard scale  

Scalability and 
replicability 

Potential to expand and replicate the CCAM service 
(model) to a wider area or other locations, evaluated 
ŦǊƻƳ ǘƘŜ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜΦ 

Description, with 
qualitative and quantitative 
metrics when applicable. 

Viability of the 
business model 

.ǳǎƛƴŜǎǎ ƳƻŘŜƭΩǎ Ǿƛŀōƛƭƛǘȅ ƛƴ ǘŜǊƳǎ ƻŦ ǾŀƭǳŜ ŎǊŜŀǘƛƻƴΣ 
technological viability, and the validity, coherence, and 
completeness of business rules and agreements. 

Description, with 
qualitative and quantitative 
metrics when applicable. 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Services and operation are influenced by impacts on people mobility (Chapter 4.2.2), land use (Chapter 4.4.1), 

logistics (Chapter 4.3.2), and traffic flow efficiency (Chapter 4.3.5). This is depicted in the impact pathway below 

(Figure 17). The figure offers a general overview that can be adapted or extended to specific CCAM systems 

studied. Each project should tailor it by specifying relevant indicators and units. 
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Figure 17. Input needed from the other impact areas for evaluation of services and operation and its outputs. 

Table 21 provides examples of services and operation impact assessment that serve as inputs for other impact 

areas. Some of these outputs overlap with the recommended indicators above, while others must be added. 

Please note that the required input needs must be specified in detail, as they are unique to each project. The 

table below is not exhaustive. 

Table 21. Outputs from services and operation impact assessment required as input for other impact areas. 

Impact area requiring input  Required input 

People mobility Mobility service offering 

Accessibility Availability and cost of travel and transport modes 

Logistics Vehicle utilisation, operational practices 

Transport activity and fleet composition Services and fleet, routing 

Traffic flow efficiency Traffic management measures, fleet management measures 

Land use 

Liveability 

Travel and transport services 
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Overview of approaches and methods 

Selecting the right method for evaluating services and operation ensures relevant and reliable results. The choice 

ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details).  

Table 22 provides an overview of various approaches used in services and operation evaluations. It highlights 

the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦic evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons. 

Table 22. An overview of approaches and methods for evaluation of services and operation. 

Approach/method Pros Cons Requirements 

Methods of traffic flow 
impact assessment (see 
Chapter 4.3.5) 

Systematic study of the 
effects of different 
CCAM penetration rates 
and traffic scenarios, 
considering various 
traffic management or 
service design 
alternatives. 

Allows for sensitivity 
analysis. 

Validity depends on the 
ƳƻŘŜƭΩǎ ŀŎŎǳǊŀŎȅΣ 
including assumptions 
about traffic 
management, CCAM 
vehicle behaviour and 
interaction, and service 
usage. 

Valid automated driving 
model or available data 
for its validation. 

Ability to model and 
simulate traffic 
management and 
services in sufficient 
detail. 

Real-time monitoring of 
(piloted) service 
operation 

Provides reliable real-
world evidence, 
especially if the pilot 
deployment is realistic. 

Time-consuming and 
resource intensive. 

May be limited to a 
specific location or 
operational context. 

Real-world deployment 
of the CCAM service. 

Mechanisms for 
monitoring operational 
data. 

Interviews with service 
providers and operators 

Captures first-hand 
experiences and 
perceptions from 
various stakeholders. 

Provides views on CCAM 
impacts on the mobility 
market and related 
services. 

Can identify operational 
challenges and barriers 
to scalability or 
replicability. 

Subjective results that 
may be biased towards 
the ƛƴǘŜǊǾƛŜǿŜŜǎΩ 
perception. 

Cover sufficient number 
of stakeholders that 
represent a diverse set 
of actors, roles, and 
perspectives. 

Preparation of 
structured interview 
protocols. 

Survey of end-users 
(CCAM users, customers 
of logistics using CCAM, 
etc.) 

Relatively easy to 
implement if contact 
with end-users can be 
established. 

Subjective views 
influenced by multiple 
factors, some of which 
may not be fully 
captured by the survey. 

Low response rates can 
introduce bias, 

Expertise in survey 
design and evaluation. 

Contact with end-users. 

Sufficient number of 
responses. All relevant 
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especially if some user 
groups are 
underrepresented. 

user groups properly 
represented. 

Use of incentives or 
targeted outreach. 

Pitfalls and best practices  

Evaluating impacts on services and operation requires consideration of the methods and approaches used, as 

these can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead 

to flawed conclusions, misinterpretation of findings, or unintended biases. By proactively addressing the pitfalls, 

these can be avoided. 

Table 23 provides some common pitfalls of services and operation evaluation and presents actionable best 

practices to address them. 

Table 23. Pitfalls in evaluation of services and operation and best practices to avoid them. 

Topic Pitfall Related best practice 

Traffic management in 
mixed traffic 

Changes in traffic management due to 
CCAM can affect other road users as well. 
A solution that is best for CCAM might be 
suboptimal for the overall network. 

Decisions on traffic management may vary 
between operators. 

Evaluate both direct and indirect 
impacts on all road users across 
relevant impact areas, such as 
traffic flow efficiency and safety. 

Conduct sensitivity analyses to 
evaluate how different traffic 
management strategies influence 
outcomes. 

Carefully define the societal 
scenario and the scope of 
evaluation. 

Confidentiality of 
business models 

Stakeholders may be unwilling to share 
details of their business models for 
evaluation. 

Carefully frame research questions 
to avoid confidentiality issues 
while still addressing the 
evaluation goals. 

Establish special partnerships 
between service providers and 
evaluators to maintain 
confidentiality while sharing 
valuable insights. 

Insufficient stakeholder 
engagement 

Evaluation results may lack depth or 
relevance if key stakeholders are not 
adequately involved. 

Identify all relevant stakeholders 
early. 

Facilitate early and active 
involvement of all relevant 
stakeholders. 
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4.3.2. Logistics 

4.3.2.1. Introduction 

Definition and scope 

EU-CEM defines the logistics impact area as follows: 

The logistics impact area addresses how CCAM affects the efficiency, effectiveness, and adaptability of the 

logistics process. It examines how CCAM can change the freight transport, and material flows in supply chain 

processes. 

The logistics impact area examines how CCAM can affect goods transport in different environments, including 

on public roads with mixed traffic and in confined areas such as ports and terminals. CCAM has the potential to 

improve the reliability of operations and increase their efficiency, for example by optimising energy use and 

allowing operations during off-peak hours. In addition, worker safety could be enhanced. 

In this chapter, logistics covers at least the following use contexts: 

¶ Operating environments 

o Motorway driving in mixed traffic, for example auto-follower, platooning, entering and 

exiting motorways, lane changing, managing lane closures, and navigating roadworks. 

o Driving in confined areas, for example ports, terminals, industrial areas, construction sites, 

and mining or quarry sites, which typically have limited and controlled access. Mixed traffic 

and the presence of vulnerable road users may be included. 

¶ Functions 

o Gate Access, for example procedures for planning, approaching, parking, cargo unit 

identification, waiting, and managing entry and exit to confined areas. 

o Inspections by customs and other authorities, for example international border crossings, 

customs inspections, and other road controls (e.g. weight checks, goods inspections, 

smuggling control) and handling at international ports and terminals. 

o Parking and movements of truck-and-trailer combinations at slow speeds in narrow or 

confined environments. 

o Charging, for example automated charging processes for truck and trailers at both public and 

private locations. 

o Automated loading and unloading of containers and cargo, including connecting and 

disconnecting trailers. 

o Remote operation, for example remote monitoring, take-over, and control by fleet managers, 

transport managers or authorities. 

¶ Logistics service concepts 

o First-and-last-mile logistics in urban, regional or rural transport using all types of road vehicles, 

including public service vehicles, such as waste collection and recycling. 

o Hub-to-hub logistics, covering both short- and long-distance operations on dedicated, 

restricted or public roads, often requiring permits. 

o Intermodal and transshipment, for example transfer of goods between different transport 

modes, particularly in ports and terminals. 

o Logistics using new innovative concepts with CCAM, for example low-speed transport using 

small vehicles and load units, 24/7 operations, and implications for warehouses, logistics hubs, 

and so on. 
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Across different use contexts, the impacts of CCAM on continuity in logistics operations should be considered. 

New situations potentially affecting continuity, such as changes in the ODD requirements of CCAM systems or 

system disruptions, may arise.  

Several other impact areas address viewpoints complementary to this chapter. For example, impacts of CCAM 

on logistics services and their operation are addressed in Chapter 4.3.1 on services and operation, and the 

economic aspects in Chapter 4.4.3 on economic activity and employment. The environmental efficiency of 

transportation is addressed under environment and energy in Chapter 4.3.5.  

Background 

[ƻƎƛǎǘƛŎǎ ŎƻƴŎŜǊƴǎ άthe efficient transfer of goods from the source of supply through the place of manufacture to 

the point of consumption in a cost-effective way while providing an acceptable service to the customerέ [53]. 

Thus, it deals with the movement and management of materials, products, and resources in supply chains, from 

production to delivery to end customers. Effective logistics requires balancing supply and demand, managing 

inventories, and ensuring consumer satisfaction, whether the customer is another company or an end-

consumer. The goal is to deliver the correct products on time, add value for customers, and minimise costs for 

all parties involved. Cost-effectiveness and customer service need to be balanced effectively. 

Logistics is related to road transport, as a substantial part of goods is transported as road freight. Relevant 

considerations include vehicle and delivery operation choices, load planning, and route selection. Logistics 

vehicles such as trucks can require significant long-term investments. Logistics companies strive for efficient use 

of assets by utilising vehicles that are fit for purpose and optimising utilisation rates while minimising both fixed 

and variable costs.  

Logistics encompasses different ways of moving goods, depending on the transported volume and type of goods, 

costs of transport, and transit speed. It includes (a chain of) physical flows between ports, terminals, hubs, 

warehouses, and distribution centres. Physical flows are supported by the flow of information, which is 

especially important in the context of automation and digitalisation.  

CCAM impacts on logistics can be studied for entire logistics chains, or for their separate parts, for example 

logistics operations on public roads, in warehouses, terminals, ports, customs or interchanges (Figure 18).  



 
131   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

 

Figure 18. Main components of the logistics impact assessment. 

A transport chain typically includes multiple phases, each encompassing specific tasks [54]: 

¶ Composition: Assembling loads on pallets, containers or tankers, depending on the type of cargo. 

¶ Modality and inter-modality: Moving cargo along the transport chain using one or more transport 

modes. Intermodal transport includes terminals where trailers or containers are transhipped onto 

another transport mode, such as rail, ship or air. Rail terminals, seaports and airports serve as key 

facilities for these transfers. 

¶ Road transport: Conducting line haul operations between depots or performing multi-stop trips 

originating and concluding at a depot. 

¶ Border crossing: Managing the movement of cargo into another country, including customs inspections. 

¶ Last mile: Refers to the final stage of the transport chain involving the distribution of goods to their final 

ŘŜǎǘƛƴŀǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǎǘƻǊŜǎΣ ŎƻƴǎǳƳŜǊǎΩ ƘƻƳŜǎ ƻǊ ǇƛŎƪ-up locations. This segment has grown rapidly 

due to the rise in online sales. With the shift toward a circular economy, first-mile logistics activities, 

such as pick-ups at the beginning of the transport chain, have also gained increasing importance. 

All phases of the transport chain include uncertainties related to transported volumes, delays, quality, demand, 

and access to information. One substantial challenge in logistics management is the complexity of the supply 

network, which involves multiple actors in different roles and various types of activities. Additionally, road 

transportation is continuously exposed to traffic and weather conditions that affect delivery times and routing, 

causing delays. 

Workforce shortages, especially among drivers, and a disparity between required and available skills are 

affecting road transport capacity and efficiency. A consequence may be delays in deliveries, inefficient vehicle 

use, and high fluctuations in transport costs. Additionally, vehicles often remain idle due to mandatory driver 

rest periods. CCAM has the potential to address workforce shortages and mitigate inefficiencies associated with 

rest times.  
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Last-mile deliveries and first-mile pick-ups have distinct challenges, such as low delivery volumes, tight time 

schedules, and high costs per delivery. CCAM could offer new and more cost-efficient options for addressing the 

challenges of last- and first-mile deliveries. 

4.3.2.2. Guidelines 

Indicator recommendations 

The result indicators recommended to be evaluated by every project addressing logistics are listed in  

Table 24 below. Impacts are measured as differences/changes between the baseline and treatment scenarios 

for these indicators. Impacts can be reported as absolute values (with unit below) or relative values (%). If it is 

not possible to evaluate some of the indicators below, the reason for this should be reported as part of the 

ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ 9¦-CEM. The indicators listed below are not exhaustive; in addition to these, 

each project should define indicators of their own in line with Guideline 3.12. 

Table 24. Indicators recommended to be evaluated by every project addressing logistics. 

Indicator short name Definition Unit 

Transport efficiency  Tonne-km transported per vehicle-kilometre driven Tonne-km/vehicle-
km  

Duration Sum of transshipment time, waiting time, and driving time Hours 

Punctuality Deviation from the targeted delivery time % and time 

Transshipment time Change in transshipment time at terminals, ports, customs, 
interchanges, etc. 

% and time 

Waiting time Change in waiting time at terminals, in road transport, etc. % and time 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Logistics is influenced by changes in operations, such as driving speed and accommodation of speed to the next 

logistics process, and use of infrastructure during off-peak hours. These are addressed under services and 

operation (Chapter 4.3.1). In addition, road transport is affected by traffic flow efficiency (Chapter 4.3.5). The 

demand for goods transport is affected by economic activity and employment (Chapter 4.4.3). These linkages 

are depicted in the impact pathway in Figure 19. The figure offers a general overview that can be adapted or 

extended to the specific CCAM systems studied. Each project should tailor it by specifying relevant indicators 

and units. 
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Figure 19. Input needed from the other impact areas for logistics impact assessment and its outputs. 

Table 25 provides examples of outputs of logistics impact assessment outputs that serve as inputs for other 

impact areas. Some of them overlap with the recommended indicators above, while others need to be added. 

Please note that the required input needs must be specified in detail, as they are unique to each project. The 

table below is not exhaustive. 

Table 25. Outputs from logistics impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Services and operation 

Traffic safety 

Energy and environment 

Transport patterns 

Transport activity and fleet composition Transport patterns, vehicle fleet 

Overview of approaches and methods 

Selecting the right method for evaluating logistics ensures relevant and reliable results. The choice is influenced 

ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘƻƻƭǎ ŀƴŘ Řŀǘŀ 

shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further details). 

Table 26 provides an overview of various approaches used in logistics evaluations. It highlights the strengths, 

ǿŜŀƪƴŜǎǎŜǎΣ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŜŀŎƘ ƳŜǘƘƻŘΣ ƘŜƭǇƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘƻǎŜ ǘƘŀǘ ōŜǎǘ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

objectives, resources, and specific evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons. 
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Table 26. An overview of approaches and methods for evaluation of logistics. 

Approach/method Pros Cons Requirements 

Field experiment on 
public roads 

Involves real 
stakeholders and 
operations, yielding 
genuine, real-world 
data. 

Allows calibration and 
validation of 
simulations models. 

Conducting a test in real traffic 
is difficult, time-consuming, 
and expensive. 

The safety of participants and 
other road users requires 
careful planning. 

Equipped vehicles. 

Access to logistics 
areas and relevant road 
network. 

Permits to perform 
tests and collect data. 
 

Test track More controlled 
environment than on 
public roads. 

The safety of 
participants and other 
road users is easier to 
ensure. 

More realistic than a 
simulator. 

Simplified environment. 

Less natural traffic flow. 

Test effect leading to 
participants being more alert, 
traffic rule compliant, or 
trusting the system more than 
in the real world. 

May still be difficult, costly, 
and time-intensive to arrange. 

Equipped vehicles. 

A suitable test track 
with a layout to match 
the tested logistics 
operation. 

Budget for track rental, 
staffing, and setup. 

Simulation of 
logistics operations 

Systematically explores 
multiple scenarios with 
minimal risk. 

Low-cost iteration 
compared to field 
experiments. 

The simulation depends on 
model accuracy. 

Model accuracy depends on 
correct assumptions about 
vehicles, the environment, and 
behaviours. 

A realistic model of the 
logistics operation and 
operational domain. 

Accurate data for 
calibration. 

Simulation expertise. 

Pitfalls and best practices  

Evaluating impacts on logistics requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings or unintended biases. By proactively addressing the pitfalls, these can 

be avoided. 

Table 27 provides some common pitfalls of logistics evaluation and presents actionable best practices to address 

them. 

Table 27. Pitfalls in evaluation of logistics and best practices to avoid them. 

Topic Pitfall Related best practice 

Simulations of 
logistics 
operations 

Different models provide 
contradictory results due to 
inconsistent assumptions or 
incomplete datasets. 

Validate and calibrate models with real-world 
data. 

Involve domain experts to check the realism of 
assumptions. 
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Test track The test environment does not fully 
cover all the important aspects of 
the logistics operation under 
evaluation. 

Identify different alternative test environments 
and locations suitable for the operation under 
evaluation.  

If necessary, split the testing across different 
tracks to evaluate different aspects or parts of the 
logistics operations. 

Document any limitations due to controlled 
settings and consider additional validation if 
needed for realism. 

Field 
experiment on 
public roads 

The real world is complex, multi-
fold, and unpredictable, making it 
challenging to capture all factors 
that affect logistics operations. 

Lack of permits and support from 
authorities and needed 
stakeholders. 

Identify key corridors and demonstration sites 
where local stakeholders are invested in CCAM or 
logistics development.  

Collaborate with living-labs with an existing 
network of partners and regulatory pathways. 
Leverage these collaborations to ensure the 
results have real impact for users, stakeholders, 
businesses, and society. 

Allow sufficient time for permit applications and 
stakeholder agreements. 

 

4.3.3. Transport activity and fleet composition 

4.3.3.1. Introduction 

Definition and scope 

EU-CEM defines the transport activity and fleet composition impact area as follows: 

The transport activity and fleet composition impact area addresses the impacts of CCAM on the total amount 
of realised travel and transport as well as on the number and types of vehicles used. 

Transport activity refers to the total amount of realised travel on a road network over a certain period. It can be 

expressed in terms of vehicle kilometres travelled (VKT) (also called mileage or kilometrage), passenger 

kilometres travelled (PKT), or tonne-kilometres travelled (TKT). It results from the movements of people (People 

mobility, Chapter 4.2.2) and commercial transport of goods (Logistics, Chapter 4.3.2) subject to the constraints 

posed by service supply (Services and operation, Chapter 4.3.1) and network conditions (Traffic flow efficiency, 

Chapter 4.3.5).  

Transport activity covers potential effects of CCAM on the total VKT, PKT or TKT. This includes changes in modal 

split and spatial and temporal distributions both within and outside the operational design domain (ODD) of the 

CCAM system. Vehicle fleet composition focuses on how CCAM influences the total number and characteristics 

of the vehicles in the transport system. 

Background 

Van Wee [55] defines four main characteristics of the transport system: 

1. The transport volume or total transport activity 

2. The composition of traffic and transport in terms of modal split and vehicle categories 

3. The spatial division of transport activity per vehicle category 
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4. The temporal division of transport activity per vehicle category. 

Spatial division refers to how traffic is distributed across the road network, whereas temporal division describes 

when travel occurs, such as the time of day, week or month. 

CCAM can affect these characteristics through several mechanisms, depending on which systems are introduced, 

how they operate, and how they are taken into use. The resulting changes in transport activity, whether an 

increase or a decrease in total VKT or shift between travel modes, can vary widely: 

¶ People mobility (Chapter 4.2.2): Automation of passenger cars may cause travellers to use cars more often 

or over longer distances, leading to higher car VKT. Conversely, automated public transport could draw 

users away from personal cars, decreasing overall VKT. 

¶ Logistics (Chapter 4.3.2): Shifting from larger vehicles to multiple smaller delivery robots can increase VKT, 

but the additional kilometres could be covered by smaller, electric vehicles. 

CCAM may also change the spatial and temporal distribution of VKT. For example, limited operational design 

domains might lead to automated car users preferring motorways where automation can be used, even if travel 

times increase. Smaller delivery robots could shift freight traffic to new routes or to operate at different times 

of day compared to trucks and vans. The possibility of automated truck platoons driving at night or working 

while travelling could affect trip schedules. 

Transport activity and fleet composition impacts have important consequences for other impact areas. For 

example, the overall impact of CCAM on energy use and emissions (Chapter 4.3.6) heavily depends on how VKT 

changes per mode. Automated personal cars may drive more efficiently than human-driven vehicles, but any 

gains could be offset if the total car VKT increase sufficiently to raise total emissions and energy consumption. 

Figure 20 shows the main components of the transport activity and fleet composition impact area. 

 

Figure 20. Main components of the transport activity and fleet composition impact area. 
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4.3.3.2. Guidelines 

Indicator recommendations 

The result indicators recommended to be evaluated by each project addressing transport activity and fleet 

composition are listed in Table 28 below. Impacts are differences/changes between the baseline and treatment 

scenarios for these indicators. An impact can be reported as an absolute value (with unit below) or relative value 

(%). If it is not possible to evaluate some of the indicators below, the reason for this should be reported as part 

ƻŦ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ 9¦-CEM. The indicators listed below are not exhaustive; in addition to 

these, each project should define indicators of their own in accordance with Guideline 3.12. 

Table 28. Indicators recommended to be evaluated by each project addressing transport activity and fleet composition. 

Indicator short 
name 

Definition Unit 

Total kilometres 
travelled 

The total kilometres travelled in a defined road network over a specified 
period of time, per travel mode and specified units of time and 
space within and outside of the operational design domain. 

VKT, PKT, 
and/or 
TKT 

Distribution of 
kilometres 
travelled over 
time 

The distribution of total kilometres travelled over time (e.g. during and 
outside peak hours). 

% 

Fleet composition Number (or share) of vehicles per category and per key characteristic. 

Categories are e.g. passenger vehicle, truck. 

Key characteristics are e.g. age, motive power, mass, dimensions, 
emission factors. 

Reported per region and per year, or for a specific road (type) at a 
specific moment in time. 

Number of 
vehicles, 
% of total 
fleet 

Modal split Share of each travel or transport mode, per specified time and space of 
VKT, PKT, TKT. 

%  

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Transport demand and fleet composition are influenced by impacts on people mobility (Chapter 4.2.2), services 

and operation (Chapter 4.3.1), as well as logistics (Chapter 4.3.2). This is depicted in the impact pathway below 

(Figure 21). The figure offers a general overview that can be adapted or extended to specific CCAM systems 

studied. Each project should tailor it by specifying relevant indicators and units. 
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Figure 21. Input needed from the other impact areas for transport activity and fleet composition impact assessment and 

its outputs. 

Table 29 provides examples of outputs of transport activity and fleet composition impact assessment that serve 

as inputs for other impact areas. Some of these outputs overlap with the recommended indicators listed above, 

while others must be additionally considered. Please note that the required input needs must be specified in 

detail, as they are unique to each project. The table below is not exhaustive. 

Table 29. Outputs from transport activity and fleet composition impact assessment required as input for other impact 

areas. 

Impact area requiring input  Needed input 

Traffic safety 

Traffic flow efficiency 

Energy and environment 

Total kilometres travelled per mode, fleet composition 

Overview of approaches and methods 

Selecting the right method for evaluating transport activity and fleet composition ensures relevant and reliable 

ǊŜǎǳƭǘǎΦ ¢ƘŜ ŎƘƻƛŎŜ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ 

Additionally, the available tools and data shape the feasibility and effectiveness of different approaches (see 

Chapter 3.3 for further details). 

Table 30 provides an overview of various approaches used in transport activity and fleet composition 

evaluations. It highlights the strengths, weaknesses, and requirements of each method, helping to identify those 
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ǘƘŀǘ ōŜǎǘ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦƛŎ ŜǾŀƭǳŀǘƛƻƴ ŀǎǇŜŎǘǎΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ 

that, even when the cons outnumber the pros, one pro can outweigh multiple cons. 

Table 30. An overview of approaches and methods for transport activity and fleet composition impact assessment. 

Approach/method  Pros Cons Requirements 

Travel surveys  

(Passengers: VKT, 
fleet, PKT) 

Relatively easy and cost-
efficient to administer. 
 
Large samples can yield 
robust indicators. 

Usually, only measure 
trips that actually 
occurred (with established 
modes of transport), 
without asking how CCAM 
would change travel 
habits, or how they have 
changed (this would 
require a very mature 
CCAM service to be 
available on a large scale). 

Respondents may struggle 
to estimate changes 
resulting from CCAM. For 
example, in their number 
of trips and choice of 
mode. 
 
Self-reported travelled 
distances can be 
imprecise. 

Representative sample of 
target population. 
 
Conduct surveys before 
and after CCAM 
introduction. 

Clear instructions (e.g. 
ŘŜŦƛƴƛƴƎ ŀ άǘǊƛǇέ ǘƻ 
increase distance 
reporting accuracy). 

Transport surveys  

(Freight: VKT, fleet, 
TKT) 

Relatively easy and cost-
efficient to administer. 
 
Large samples can yield 
robust indicators. 

Subject to survey bias. 

 
Challenging to cover 
several freight transport 
categories 
comprehensively. 

Representative sample 
across freight categories. 
 
Conduct surveys before 
and after CCAM 
introduction. 

Statistics-based 
approach 

Relatively easy and cost-
efficient. 

Utilisation of existing 
datasets. 

Inconsistent definitions or 
data collection methods 
can limit the comparability 
of statistics. 

May lack detail for CCAM-
specific questions. 

Availability of detailed, 
standardised statistics. 

Verification of data 
sources and definitions. 

Four-stage 
macroscopic 
modelling  

(VKT, PKT, modal 
split in specific 
region) 

Can simulate and compare 
multiple scenarios with 
CCAMs of differing ODDs. 

Well-established method 
requiring moderate data 
input. 

Macroscopic models 
directly provide the 
required indicators. 

Limited capacity reflects 
nuanced changes in 
personal activities and 
related travel. 

Requires a model of the 
region. May be difficult to 
obtain or develop. 

Access to or development 
of a detailed, validated 
macroscopic model. 

Calibration with real data. 

Clear definitions of 
scenarios (e.g. specifying 
ODD constraints). 

Detailed demand 
segments needed. 
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Can cover impacts on 
multiple impact areas. 

Activity-based or 
land-use 
macroscopic 
transport modelling  

(modal split) 

Can simulate and compare 
multiple scenarios with 
CCAMs of differing ODDs. 

Allows for modelling 
changes in personal 
activities and related 
travel. 

Less established method. 

Model requires 
calibration. 

Often resource-intensive 
to set up and calibrate. 

Modelled rather than 
observed values. Requires 
careful interpretation. 

Software capable of 
simulating activity-based 
or land-use macroscopic 
transport models. 

Access to or development 
of a calibrated and 
detailed model. 

Data for calibration. 

Pitfalls and best practices  

Evaluating impacts on transport activity and fleet composition requires consideration of the methods and 

approaches used, as these can significantly influence the validity and reliability of the results. Overlooking 

potential pitfalls may lead to flawed conclusions, misinterpretation of findings, or unintended biases. By 

proactively addressing the pitfalls, these can be avoided. 

Table 31 provides some common pitfalls of transport activity and fleet composition impact assessment and 

presents actionable best practices to address them. 

Table 31. Pitfalls in transport activity and fleet composition impact assessment and best practices to avoid them. 

Topic Pitfall Related best practice 

Travel surveys Respondents find it hard to understand 
the CCAM concept and thus how it 
would change transport activity and 
fleet composition. 

Put considerable effort into describing 
and visualising the CCAM system to 
make it understandable to 
respondents. 

Data for generalising 
survey results to a 
societal scenario 

Sufficiently detailed statistics not 
available for the targeted area. 

Use the best available statistics, e.g. 
from similar cities or regions. 
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4.3.4. Traffic safety 

4.3.4.1. Introduction 

Definition and scope 

EU-CEM defines the traffic safety impact area as follows: 

The traffic safety impact area addresses the impacts of CCAM on the number of accidents20 and injuries of 

different severities. 

Traffic safety is measured by the number of fatalities or injured persons within or relative to a specific entity, 

such as area, road section, road user or population group, vehicle or vehicle kilometre travelled (VKT). These 

measurements are chosen because the traffic safety policy objectives of Vision Zero [56]  aim to eliminate 

injuries and minimise the severity in road traffic accidents, even if they still occur. Here, road traffic accidents 

are defined as accidents occurring on public or private roads, involving at least one motor vehicle, and resulting 

in injury or property damage [57]. 

This chapter does not cover safety validation, as it falls outside the scope of EU-CEM, nor does it address the 

technical functioning of CCAM systems (for details on that, see Chapter 4.1.1). This chapter addresses the ex-

ante evaluation of the safety impact in societal scenarios with CCAM of typically high technological readiness, 

assuming the systems have already been safety validated. Chapter 4.1.2 discusses differences in driving 

behaviour between manually driven and automated vehicles. 

Procedures for accident investigation following real-world testing are beyond the scope of EU-CEM. In the event 

of an accident during real-world testing, test sites should adhere to the road accident protocols established 

within the jurisdiction where the accident occurred. 

Background 

The number of fatalities and injuries is determined by three key factors: exposure, risk and consequence [58]. 

Exposure refers to the amount of activity where an accident could potentially occur, like vehicle kilometres or 

hours travelled, number of vehicles or frequency of incidents. Risk is the expected number of accidents per unit 

of exposure. Consequence refers to the outcome or severity of the accident in terms of injuries or property 

damage. These dimensions have a multiplicative relationship, as shown in Figure 22, where the volume of the 

box represents the number of fatalities or injuries of a specific severity.  

 

20 Lǘ ƛǎ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŀǘ ǘŜǊƳǎ ΨŎǊŀǎƘΩ ŀƴŘ ΨŎƻƭƭƛǎƛƻƴΩ ŀǊŜ ǳǎŜŘ ōȅ Ƴŀƴȅ ŀǎ ǎȅƴƻƴȅƳǎ ŦƻǊ ΨŀŎŎƛŘŜƴǘΩΦ tǊƻƧŜŎǘǎ Ŏŀƴ ǳǎŜ ŀƴȅ ƻŦ 

these synonyms. 
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Figure 22. Three dimensions of traffic safety (redrawn from Nilsson [58]). 

Traffic safety can be influenced by changes in any of the three dimensions. Thus, the number of fatalities or 

injuries can be lowered by reducing exposure (E) or accident risk (R), or by mitigating consequences (C). Reducing 

exposure to accidents means, for example, reducing the amount of travel or shifting to travel modes with a 

lower accident risk (see Chapter 4.2.2). Changing driving behaviour (Chapter 4.1.2) can reduce accident risk. 

Mitigating consequences means reducing the severity of accidents, for example, by better protecting people 

from serious injuries or death [59]. Figure 23 illustrates the factors affecting the three dimensions of traffic 

safety.  

 

Figure 23. Main components of the traffic safety impact area. 
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The three-dimensional viewpoint, derived from systems theory, states that traffic accidents result from failures 

ƛƴ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ǎȅǎǘŜƳΩǎ ŎƻƳǇƻƴŜƴǘǎΥ ǘǊŀŦŦƛŎ ŜƴǾƛǊƻƴƳŜƴǘΣ ǾŜƘƛŎƭŜΣ ŀƴŘ ǊƻŀŘ ǳǎŜǊǎΦ 

Traffic safety interventions can directly or indirectly affect various parts of the transport system and the three 

dimensions. The direct impacts of CCAM result from short-term changes in driving or travel, such as differences 

in the desired time gap or target speed between automated vehicles and human-driven ones. Indirect impacts 

occur when road users, both CCAM users or non-users, inadvertently change their behaviour through 

adaptation. This can, in turn, compensate for the direct impacts. Behavioural adaptation due to CCAM includes 

changes in driving skills in the long term and imitation of CCAM driving behaviour among non-users or users 

driving in manual mode. These aspects must be considered when assessing the traffic safety impacts of 

interventions such as CCAM systems. The safety assessment framework, initially developed for intelligent 

transport systems (ITS) [60][61] and later refined for automated vehicles [17], covers both direct effects and 

behavioural adaptation, providing guidance for this assessment. The framework consists of nine impact 

mechanisms:  

1) Direct modification of the driving task, driving behaviour or travel experience 

2) Direct influence by physical and/or digital infrastructure 

3) Indirect modification of CCAM user behaviour 

4) Indirect modification of non-user behaviour 

5) Modification of interaction between CCAM vehicles and other road users 

6) Modification of exposure/amount of travel 

7) Modification of modal split  

8) Modification of route choice 

9) Modification of consequences due to different vehicle design. 

Traffic safety can be viewed through the traffic safety pyramid (Figure 24), which categorises events by their 

frequency and severity [62]. The broad base represents frequent, regular, low risk encounters and interactions. 

Moving up, events become less frequent but more severe. Potential conflicts such as near misses occupy a 

smaller layer above the base. The higher layers represent increasingly severe accidents, culminating in fatal 

accidents at the top. This hierarchical structure shows the relationship between frequency and severity in traffic 

situations. Interventions addressing the lower layers, such as promoting safer driving behaviour, can prevent 

more serious accidents. CCAM could be one such intervention. 
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Figure 24. Traffic safety pyramid (adapted from Hydén [62]). 

A related concept is subjective safety, ǿƘƛŎƘ ǊŜŦŜǊǎ ǘƻ ŀ ǇŜǊǎƻƴΩǎ ŦŜŜƭƛƴƎ ƻŦ ǎŀŦŜǘȅ. The relationship between 

subjective and objective safety is complex [63]. Typically, better objective safety improves subjective safety, 

while decreased objective safety worsens it, but mismatches occur. For example, objectively safer conditions 

may still feel unsafe, while unsafe conditions might feel safe due to a lack of awareness. These changes can lead 

people to alter their behaviour, for example through risk compensation. In EU-CEM, subjective safety is 

addressed under user evaluation in Chapter 4.2.1. 

4.3.4.2. Guidelines 

Indicator recommendations 

Result indicators recommended to be evaluated by each project addressing traffic safety are listed in Table 32 

below. Impacts are differences or changes between the baseline and treatment scenarios for these indicators. 

An impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to 

evaluate some of the indicators below, thŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ǎƘƻǳƭŘ ōŜ ǊŜǇƻǊǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ 

principle of the EU-CEM. The indicators listed below are not exhaustive; in addition to these, each project should 

define indicators of their own in accordance with Guideline 3.12. 

Table 32. Indicators recommended to be evaluated by each project addressing traffic safety. 

Indicator short 
name 

Definition Unit 

Road injuries or 
injury accidents 

Number of road injuries or injury accidents, subdivided by severity (fatal, 
serious, slight). Often reported annually for the target societal scenario 
and fleet. 

Number 

Property damage 
only accidents 

Number of property damage only accidents. Often reported annually for 
the region of the target societal scenario and fleet.  

Number 
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Accident risk Frequency of accidents relative to an exposure measure (e.g. vehicle 
kilometres travelled, hours driven, number of scenario instances). This 
quantifies how often accidents occur under specified conditions (vehicle 
type, environment, conflict scenario).  

Number 
per 
exposure 
unit 

Accident severity Probability of a given accident severity level (fatal, serious, slight) once an 
accident has occurred. May be further broken down by environment (e.g. 
urban/rural/motorway) or scenario type (e.g. merging conflict, lane-
change conflict). 

% 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Traffic safety is influenced by the impacts of CCAM on driving behaviour (Chapter 4.1.2), users (Chapter 4.2.1), 

people mobility (Chapter 4.2.2), and logistics (Chapter 4.3.2). This is depicted in the impact pathways below 

(Figure 25). The figure offers a general overview that can be adapted or extended to the specific CCAM systems 

studied. Each project should tailor it by specifying relevant indicators and units. 

 

Figure 25. Input needed from the other impact areas for traffic safety impact assessment and its outputs. 
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Table 33 provides examples of outputs of traffic safety impact assessment that serve as inputs for other impact 

areas. Some of these outputs overlap with the recommended indicators listed above, while others must be 

additionally considered. Please note that the required input needs must be specified in detail, as they are unique 

to each project. The table below is not exhaustive. 

Table 33. Outputs from traffic safety impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Quality of life 

Equity 

Number of fatalities and injuries 

Socio-economics Number of fatalities, injuries, and property damage only accidents 

Overview of approaches and methods 

Selecting the right method for evaluating traffic safety ensures relevant and reliable results. The choice is 

ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 

Table 34 provides an overview of various approaches used in traffic safety evaluations. It highlights the strengths, 

ǿŜŀƪƴŜǎǎŜǎΣ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ŜŀŎƘ ƳŜǘƘƻŘΣ ƘŜƭǇƛƴƎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘƻǎŜ ǘƘŀǘ ōŜǎǘ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

objectives, resources, and specific evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  

When analysing surrogate safety measures, the validity of the results also relates to the validity of the measure 

itself (i.e. it should be proven that the number of conflicts as specified in the study correlates with the number 

of accidents in the scenario of interest).  

Simulating safety-relevant scenarios is a common method for assessment, with their main approaches detailed 

in Table 35. For more information about simulation-ōŀǎŜŘ ŀǇǇǊƻŀŎƘŜǎΣ ǎŜŜ L{h нмфоп ΨwƻŀŘ ǾŜƘƛŎƭŜǎτ

Prospective safety performance assessment of pre-ŎǊŀǎƘ ǘŜŎƘƴƻƭƻƎȅ ōȅ ǾƛǊǘǳŀƭ ǎƛƳǳƭŀǘƛƻƴΩΦ 

Table 34. An overview of approaches and methods for evaluation of traffic safety. 

Approach/method  Pros Cons Requirements 

Simulation of 
safety-relevant 
scenarios 

Allows systematic 
exploration of ahigh 
number of safety-
relevant scenarios.  

The validity of the result 
ŘŜǇŜƴŘǎ ƻƴ ƳƻŘŜƭΩǎ 
validity, the assumptions 
made and the input data 
quality.  

Software suitable for 
simulation of safety-critical 
situations. 

Road user behaviour model 
suitable for safety-critical 
situations. 

Valid model of the 
automated vehicle.  

Suitable injury risk functions 
to model change in accident 
severity.  
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Driving simulator, 
e.g. for studying 
human reactions in 
take-over 
situations (direct 
effect) or usage of 
automated driving 
systems (indirect 
effect).  

Potential to safely 
explore safety-critical 
situations.  

Good control of 
conditions and 
repeatability. 

The validity of the result 
ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǎƛƳǳƭŀǘƻǊΩǎ 
validity enabling realistic 
perception of speed and the 
visual environment.  

People take more risks in 
simulators than in real life. 

Simulator (hardware and 
software) suitable for 
testing of safety-critical 
situations, with potential 
additional features based 
on specific scenarios. 

Analysis based on 
accident statistics 
for estimating 
impacts on 
fatalities or 
injuries, or target 
accidents 
potentially 
influenced by 
CCAM. 

Allows scaling up to 
larger regions and 
longer time periods. 

Allows estimation of 
the maximum potential 
safety impact. 

Poor data quality and 
quantity. 

Lack of contextual accident 
data to account for e.g. the 
ODD, various causes or 
underlying reasons for the 
accidents. 

The impact of new systems 
is not reflected in statistics 
until they are widely used. 

Availability of suitable 
accident statistics. 

Effect sizes must be 
estimated in combination 
with accident statistics.  

Target accidents must be 
derived from accident 
statistics.  

 

Table 35. An overview of approaches to simulation of safety-relevant scenarios. 

Approach Description Pros Cons 

Baseline approach 
with Monte-Carlo 
sampling 

Simulating all road 
users with sampling 
from existing 
distributions of pre-
conflict situations.  

Suitable for 
simulation of safety 
critical situations.  

Can consider 
surrounding traffic. 

High simulation effort. 

Distributions of pre-conflict 
situations must be available. 

Counterfactual 
Baseline approach 

Simulation of 
variation of real-
world accident with 
different objects: 
ego-vehicle and 
conflicting road 
user(s).  

Suitable for 
simulation of safety-
critical situations. 

Not possible to consider 
surrounding traffic.  

Limited availability of detailed data 
of vehicle movements in real-
world accident cases. 

Microscopic traffic 
simulations and 
trajectory analysis 
tool (e.g. SSAM tool 
[64]) 

Analysis of conflicts 
based on trajectories 
from microscopic 
traffic simulations. 

Good software 
availability. 

Possibility for 
scenario testing. 

Software generally not suitable for 
simulation of safety-relevant 
situations, as models typically 
assume safe driver behaviour and 
may not accurately capture the 
complexities of unsafe driving.  

Unrealistic result if the software is 
not designed to simulate realistic 
behaviour in conflict situations. 
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Pitfalls and best practices  

Evaluating traffic safety impacts requires consideration of the methods and approaches used, as these can 

significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed 

conclusions, misinterpretation of findings or unintended biases. By proactively addressing the pitfalls, these can 

be avoided. 

Table 36 presents some common pitfalls of evaluation traffic safety evaluation and presents actionable best 

practices to address them. 

Table 36. Pitfalls in the evaluation of traffic safety and best practices to avoid them. 

Topic Pitfall Related best practice 

Using appropriate 
simulation tools 
and models 

Using tools and models not designed for 
simulating conflicts or safety-relevant 
situations, or outside their defined range, 
can lead to incorrect or invalid outcomes. 

Use the simulation tool and model 
developed specifically for studying 
conflicts or safety-relevant situations, 
and only in the context they are defined 
for. 

Using speed as a 
surrogate 
measure for safety 

Using speed as a safety proxy only from a 
single-vehicle and not traffic-flow 
perspective. Lower driving speed is safer 
only if all vehicles drive slower. 

Understand how different surrogate 
measures can and cannot be used. 
Select a surrogate measure that is valid 
for the situation.  

Using conflicts as 
surrogate 
measure for safety 

No validated specifications for conflicts for 
all traffic environments. 

Understand how different surrogate 
measures can and cannot be used. 
Select a surrogate measure that is valid 
for the situation. 

New safety-critical 
situations 

Insufficient evidence of the frequency and 
nature of new safety-critical situations 
caused specifically by driving automation. 

Estimate the impact as a function of 
frequency (per situation type) to show 
a range of results.  

If the frequency of the new accidents 
becomes known later, read the impact 
from these results. 

Accident statistics No access to suitable accident databases. Include partners with access to 
necessary databases in the consortium, 
or acquire access. 
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4.3.5. Traffic flow efficiency 

4.3.5.1. Introduction 

Definition and scope 

EU-CEM defines the traffic flow efficiency impact area as follows: 

The traffic flow efficiency impact area addresses the impacts of CCAM on collective traffic patterns, travel 

times and throughput on a road network. 

Traffic flow efficiency describes the ability of the road network to serve the required demand for travel and 

transport without unnecessary delays. This chapter covers the effects of CCAM on average travel times and 

delays of different road user groups, on the throughput of roads, and on the resilience of road networks in terms 

of recovery after interruptions. Traffic flow characteristics emerge from the behaviours of and interactions 

between individual drivers and vehicles (driver-vehicle units). The interactions create patterns that are 

ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ōŜƘŀǾƛƻǳǊŀƭ ŘŜǘŀƛƭǎΦ This impact area thus concerns the movement of a group of 

vehicles or the traffic stream as a whole, rather than individual vehicles alone.  

Not within the scope of this impact area, but linked to it, are impacts on services and operations (see Chapter 

4.3.1), people mobility (see Chapter 4.2.2), and logistics (see Chapter 4.3.2). The impacts of CCAM on mobility 

and logistics service provision influence travel and transport patterns, which in turn affect traffic flow efficiency. 

Additionally, changes in fleet operations and traffic management (see Chapter 4.3.1), such as platooning or 

signal control priorities, implemented alongside CCAM systems, may also impact traffic flow efficiency. As a 

result, the methods used to assess traffic flow efficiency impacts can help identify optimal traffic management 

or fleet operation measures and parameters.  

Network theory, which describes the structure and dynamics of networks at different scales, can be combined 

with traffic flow analysis. For example, changes in network topology (can be addressed under impacts areas of 

land use (see Chapter 4.4.1) and services and operation (see Chapter 4.3.1)) can enable new links between 

locations and lead to reallocation of traffic, affecting also travel times on different links. Methods of traffic flow 

efficiency assessment can be used to plan these changes in topology if traffic flow optimisation is desired. 

Additionally, impacts on traffic safety (Chapter 4.3.4) directly affect the amount of congestion caused by 

accidents, but are beyond the scope of this chapter.  

This chapter does not cover the effects of CCAM on the driving behaviour of individual drivers or vehicles, such 

as speed preferences, acceleration and deceleration abilities, and headway settings. These are part of the driving 

behaviour impact area (see Chapter 4.1.2). Impacts on emissions and energy use stemming from changes in 

traffic flow dynamics are covered in Chapter 4.3.5. 

Background 

Traffic flow theory studies the collective movement of vehicles on roads. Collective movement results from 

interactions between individual driver-vehicle units and their interaction with the road environment and can 

lead to emergent effects and traffic patterns [65].  

The main levels of analysis are microscopic and macroscopic traffic theory, which differ in their scope and 

approach to representing reality [65]. The microscopic level ŘŜǎŎǊƛōŜǎ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ ǾŜƘƛŎƭŜΩǎ ōŜƘŀǾƛƻǳǊ 

separately, in terms of (targeted and actual) speed and headway (in space or time), lane changes and braking 

patterns. On the macroscopic level, traffic flow is analysed as a continuous flow, similar to how liquids behave 

in motion. Instead of individual vehicles, corresponding variables describe aggregated flow: density in terms of 

vehicles per road kilometre corresponds to space headway, flow in terms of vehicles per hour to time headway, 

and average speed to acceleration and deceleration dynamics of vehicles. 
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Traffic models based on the macroscopic and microscopic, as well as their intermediate mesoscopic, levels have 

been developed and are commonly applied in traffic simulation software to assess traffic flow efficiency on roads 

ŀƴŘ ƴŜǘǿƻǊƪǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ΨǇǊŜŘƛŎǘΩ ǇƻǘŜƴǘƛŀƭ ŎƘŀƴƎŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƛƴǘŜǊǾŜƴǘƛƻƴǎΦ ¢ƘŜ ƳƛŎǊƻǎŎƻǇƛŎΣ 

macroscopic and mesoscopic levels of analysis include changes of the traffic state over time [66]. Another way 

to describe and analyse traffic flow is by flow-density diagrams, which can be used to study the average 

behaviour of driver-vehicle units, or to determine the level of service or roads and their capacity (maximum 

throughput) [65]. A special form of this diagram is the fundamental diagram of traffic flow, which describes the 

theoretical pairwise relationships between density, flow, and speed in stationary, homogeneous traffic, 

assuming identical driver-vehicle units [65]. Fundamental diagrams represent the traffic state at a certain road 

section. A related concept is the macroscopic fundamental diagram, or network fundamental diagram, which 

represents the relationship between area-wide traffic flow, density, and speed. It can be used when 

assessing the overall capacity and efficiency of a network. 

Additionally, resilience theory Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŀǎǎŜǎǎ ŀ ƴŜǘǿƻǊƪΩǎ ŀōƛƭƛǘȅ ǘƻ ǿƛǘƘǎǘŀƴŘ ŀƴŘ ǊŜŎƻǾŜǊ ŦǊƻƳ 

disruptions caused by external factors such as accidents or weather events. 

In general, the characteristics of traffic flow on a road or network depend on several elements: 

¶ The size and characteristics of vehicles and their variation among vehicles on the road network 

¶ Driving behaviour and its variation among vehicles on the road 

¶ The demand for road travel and transport distributed over space and time 

¶ The road infrastructure and environment 

¶ Environmental and other variable conditions. 

Figure 26 shows the main components of the traffic flow efficiency impact area. 

 

Figure 26. Main components of the traffic flow efficiency impact area. 
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4.3.5.2. Guidelines 

Indicator recommendations 

The result indicators recommended to be evaluated by each project addressing traffic flow efficiency are listed 

in Table 37. Impacts are differences/changes between the baseline and treatment scenarios in these indicators. 

An impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to 

evaluate some of the indicators below, the reŀǎƻƴ ŦƻǊ ǘƘƛǎ ǎƘƻǳƭŘ ōŜ ǊŜǇƻǊǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ 

principle of the EU-CEM. The indicators listed below are not exhaustive; in addition to these, each project should 

define indicators of their own in accordance with Guideline 3.12. 

Table 37. Indicators recommended to be evaluated by each project addressing traffic flow efficiency. 

Indicator 
short name 

Definition Unit 

Travel time Average travel time per vehicle kilometre travelled (VKT), per vehicle 
category. 

Seconds/VKT 

Delay Difference between actual travel time and travel time according to 
speed limit. 

Seconds/VKT 

Throughput Volume of vehicles per hour or passengers per hour that travel through 
a given section of a network.  

Vehicles/h (per 
lane) or pax/h 

Travel time 
reliability 

Travel time reliability quantifies the variation of travel time for a given 
trip and time period over a selected time horizon [67]. 

50th and 95th 
percentile of 
travel time 

Resilience Resilience is measured as time to recovery, i.e. the time it takes for a 
traffic system to return to normal or acceptable operating conditions 
following a disruption, e.g. an accident. The time to recovery starts 
when the accident site is cleared and vehicles can move again (i.e. the 
time needed for emergency handling is not counted). 

Minutes, hours 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system, and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Traffic flow efficiency is influenced by driving behaviour (Chapter 4.1.2), transport activity and fleet composition 

(Chapter 4.3.3), and services and operation (Chapter 4.3.1). This is depicted in the impact pathway in Figure 27. 

The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each 

project should tailor it by specifying relevant indicators and units. 
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Figure 27. Input needed from the other impact areas for traffic flow efficiency impact assessment and its outputs. 

Table 38 provides examples of outputs of the impact assessment of traffic flow efficiency that serve as inputs 

for other impact areas. Some of these outputs overlap with the recommended indicators above, while others 

must be additionally considered. Please note that the required input needs must be specified in detail, as they 

are unique to each project. The table below is not exhaustive. 

Table 38. Outputs from traffic flow efficiency impact assessment required as input for other impact areas.  

Impact area requiring input  Needed input 

Services and operation 

Logistics 

Travel time and its predictability 

Traffic flow efficiency Travel time, Delay 

Energy and environment Speed patterns 

Accessibility Travel time per mode 

Overview of approaches and methods 

Selecting the right method for evaluating traffic flow efficiency ensures relevant and reliable results. The choice 

ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 
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Traffic simulation is a widely used tool for analysing traffic flow efficiency and assessing changes resulting from 

different interventions, as it enables cost-effective study of the movements of large numbers of vehicles over a 

road or network. Impacts of changes to any of the elements, such as driving behaviour, road layout or traffic 

management measures on traffic flow characteristics, can be estimated. In line with the microscopic and 

macroscopic traffic flow theories, different simulation models have been developed with different application 

scopes. 

Microscopic models describe trajectories of individual vehicles over space and time. They can, to some extent, 

model vehicles with a range of driving behaviours, and may therefore be suitable for studying the impacts of 

driving automation or connectivity on traffic flow efficiency [65].  

Microscopic traffic simulation typically considers road sections or small networks, simulating single traffic 

scenarios. If the societal scenario requires assessing impacts on a regional scale, results from these traffic 

scenario simulations can be scaled up to the target region using available statistics and other data. 

Macroscopic traffic models consider collective patterns across a network. These models can be used to estimate 

effects on the societal scenario directly, provided that a suitable model and required input are available on the 

macroscopic level of potential changes resulting from different microscopic behaviour. 

The mesoscopic level combines elements of the microscopic and macroscopic viewpoints. Several questions 

related to CCAM services may require trip-based dynamic traffic models, which allow for changing mode and 

ǊƻǳǘŜ ǿƘƛƭŜ ŎƻƴǎƛŘŜǊƛƴƎ ŀ ǘǊŀǾŜƭƭŜǊΩǎ Ŧǳƭƭ Řŀȅ of movement. They also account for different modes and CCAM 

services for various trips throughout the day. 

It is important to note that, since traffic is always influenced by human behaviour and external conditions, no 

model can achieve perfect accuracy. It is, therefore, necessary to be clear about the assumptions and limitations 

when interpreting the results of simulation studies, while making sure to employ the theories and models with 

best descriptive power for the research questions and scenarios set in the project [68]. This is especially true for 

CCAM systems that are not yet widely deployed, and several assumptions are required when implementing their 

behaviour into traffic models. 

Table 39 provides an overview of various approaches used in traffic flow efficiency evaluation. It highlights the 

strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦic evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  

Table 39. An overview of approaches and methods for evaluation of traffic flow efficiency. 

Approach/method Pros Cons Requirements 

Field experiment Enables direct observation 
of the effects of CCAM on 
traffic flow, if the 
penetration rate under 
evaluation can be tested. 
Feasible in use cases where 
the number of CCAM 
vehicles is low also in the 
targeted societal scenario, 
such as public transport 
services. 

Can be used as a way to 
collect input for calibration 

Quantitative 
observations of some 
traffic phenomena are 
challenging to 
reproduce consistently 
[67].  

Requires significant 
effort. 

Often, a sufficient 
penetration rate of 
automated driving in 

Real-world 
implementation of 
CCAM system of 
sufficient TRL. 

Clear view on how 
tested situations link 
to traffic flow 
efficiency impacts. 

Similar baseline and 
treatment conditions 
(with respect to traffic 
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of the simulation models 
when the TRL of the CCAM 
system in the field 
experiment allows. 

the traffic flow cannot 
be achieved. 

Accuracy of the results 
depends on the size of 
the test site (road km, 
vehicles, users) and 
duration of the 
experiment. 

demand, weather 
etc.). 

 
 

Microscopic traffic 
simulation for assessing 
impacts in different 
traffic scenarios (e.g. 
Vissim [69], Aimsun [70], 
SUMO [71]) 

Produces time-space 
trajectories of all individual 
vehicles. 

Describes movements of 
individual driver-vehicle 
units and interactions 
between them, road 
characteristics, and static 
and dynamic traffic control 
[68]. 

Effects of different CCAM 
penetration rates and 
traffic scenarios can be 
studied systematically. 

More resource-efficient for 
studying traffic flow than 
real-world measurements. 

Highly dependent on 
the accuracy of driver 
models and 
assumptions. 

Models require input 
data that may not be 
available; often rely on 
assumptions. 

May not be accurate 
enough for describing 
all relevant aspects. 

Calibration can be 
difficult, e.g. due to lack 
of detailed driving 
pattern data, especially 
for CCAM vehicles 
(future driving patterns 
not known, proprietary 
issues). 

Model for automated 
driving behaviour incl. 
realistic longitudinal 
and lateral behaviour. 

Modelling single 
vehicle behaviour 
correctly, for studying 
the effects of 
different driving styles 
on road capacity [65].  
 

Scaling up of impacts 
from microscopic traffic 
simulation to a city or 
region by weighting the 
impacts per traffic 
scenario with the VKT in 
the area of interest. 

Allows estimation of 
regional impacts when no 
suitable macroscopic 
models are available. 

Required data may not 
be available and 
approximations are 
necessary. 

Statistics on VKT per 
road and vehicle 
category in the area 
of interest. 

Macroscopic traffic 
simulation for assessing 
impacts in a city or region 
(e.g. Visum [72], Aimsun) 

Potential to explore 
systematically the impacts 
of CCAM at aggregated 
level. 

Offers the potential to 
study impacts on several 
impact areas in one model, 
as they can integrate 
elements of mode choice 
and travel patterns 
(Chapter 4.2.2) and traffic 
flow efficiency.  

 
 

Approximates the 
results that would be 
obtained from analysing 
individual vehicle 
trajectories.  

Aggregation may 
decrease the accuracy 
of results and limit 
insight into the causes 
of impacts. 

The impact of CCAM 
should first be known at 
microscopic level to 
estimate the impact of 
traffic flow level on 
parametrisation of the 
macroscopic model (e.g. 

Macroscopic model of 
the region of interest, 
including road 
network, travel 
modes and schedules, 
demographics, origins 
and destinations. 

Expected changes in 
traffic flow must be 
observable at 
macroscopic level. 

Results from 
microscopic 
simulations (or 
comparable data) 
needed as input, such 
as effects on driving 
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Pitfalls and best practices  

Evaluating traffic flow efficiency impacts requires consideration of the methods and approaches used, as these 

can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to 

flawed conclusions, misinterpretation of findings or unintended biases. By proactively addressing the pitfalls, 

these can be avoided. 

Table 40 provides some common pitfalls of traffic flow efficiency evaluation and presents actionable best 

practices to address them. 

Table 40. Pitfalls in evaluation of traffic flow efficiency and best practices to avoid them. 

Potential Topics Pitfall Related best practice 

Indicators: 
Travel time 
reliability and 
Resilience 

These indicators are difficult to capture with 
current traffic simulation models, or in field 
tests with few CCAM vehicles. 

Real-world implementation. 

For resilience impacts, qualitative 
assessment by interviewing relevant 
experts, e.g. from road authorities, 
can give an indication of the direction 
and magnitude of potential impacts. 

Field 
experiments  

Field tests rarely provide sufficient data to 
enable assessment of traffic flow impacts, 
especially with large penetration rates of CCAM 
vehicles and in a variety of traffic scenarios. 

Combine field experiments with traffic 
simulation. 

Microscopic 
simulation tools 

Models may not be accurate enough to depict 
driving behaviour of automated and human-
driven vehicles in all traffic situations, and 
especially their differences. 

Include sensitivity analysis and 
variation in simulation parameters and 
assumptions. 

Use the expertise of the technical 
team in defining parameters. 

Consider the limitations of the models 
when analysing results and drawing 
conclusions. 

Macroscopic 
simulation tools 

Macroscopic models may not be able to 
accurately depict the differences in driving 
behaviour of automated and human-driven 
vehicles and resulting traffic flow patterns. 

Limit the simulation to microscopic 
models or use results from 
microscopic models as input. 

Prototypes While CCAM technologies are in the advanced 
stages of development and undergoing real-
world testing, field experiments may still 
involve rather low TRL prototypes. Thus, their 

By combining a clear understanding of 
low readiness level aspects with 
insights from the technical team, a 

in terms of passenger 
car units). 

Macroscopic models are 
costly to create or 
acquire. 

behaviour in terms of 
passenger car units. 

Information on the 
change in value of 
travel time or 
attractiveness of the 
mode.  
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impact assessment and evaluation using traffic 
models could be prone to inaccuracies and 
errors when the societal scenario under 
evaluation includes high readiness CCAM. 

model can be developed for 
representing automated vehicles. 

It is beneficial to delineate the types of 
assumptions required, distinguishing 
between scenarios where real-world 
data inform the models and those 
relying solely on simulations, which 
might necessitate a broader range of 
assumptions. 

 

4.3.6. Energy and environment 

4.3.6.1. Introduction 

Definition and scope of evaluation area 

EU-CEM defines the energy and environment impact area as follows: 

The energy and environment impact area addresses the impacts of CCAM on energy use and on emissions of 

vehicles, air quality, and noise pollution.  

The impacts addressed under this impact area are:  

¶ Greenhouse gas (GHG) emissions, such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) 

¶ Energy use 

¶ Pollutant emissions and air quality 

¶ Noise exposure. 

This area studies the potential of CCAM to reduce overall energy use, emissions, and noise from road traffic, and 

to contribute to related environmental goals. It evaluates whether CCAM offers better alternatives to current 

travel modes and mobility services, guiding policymakers on how (and how not) to implement CCAM. 

Undesired environmental impacts, such as poor air quality and high noise levels, harm physical and mental 

health. These impacts are addressed in the quality of life (Chapter 4.2.3) and liveability impact areas (Chapter 

4.4.2). Indirect environmental impacts also include those related to climate change like flooding, and resource 

extraction like cobalt mining. 

Assessing the overall impacts of CCAM on energy use and the environment requires accounting for potential 

changes in travel behaviour (see Chapter 4.2.2), logistics (see Chapter 4.3.2), total vehicle kilometres travelled 

(VKT) and fleet characteristics (see Chapter 4.3.3), as well as driving behaviour (see Chapter 4.1.2). Impacts on 

sustainability are addressed in Chapter 4.4.6, which should be referred to for detailed guidelines.  

Background 

The main environmental impacts related to CCAM are: 

¶ Greenhouse gas emissions. CO2 and other GHGs (CH4, N2O) can be expressed as CO2 equivalents using 

the global warming potential (GWP) index [73]. Since the role of non-CO2 gases in road transport is 

often minimal, projects may choose to focus only on CO2 emissions.  

¶ Energy use. Includes energy for vehicle operations and physical and digital infrastructure, such as data 

centres. CCAM could increase VKT with electric vehicles, requiring higher charging station capacities 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Global-warming_potential_(GWP)
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and potentially new station locations for better grid integration. Energy use of automation-enabling 

systems, such as sensors and back-end systems, should also be considered. 

¶ Pollutant emissions and air quality. Includes tailpipe emissions and wear-related pollutants (e.g. brake 

and tire wear) such as carbon monoxide (CO), nitrogen oxides (NOx), particulate matter (PM10 and 

PM2.5), hydrocarbons (HC), and sulphur dioxide (SO2). 

¶ Noise exposure. Includes tire, engine, brake, acceleration, and aerodynamic noise. 

Assessing a vehicle's greenhouse gas emissions and fuel or electricity use typically focuses on tank-to-wheel 

ŜƳƛǎǎƛƻƴǎ όάǘŀƛƭǇƛǇŜέ ŜƳƛǎǎƛƻƴǎύ ŘǳǊƛƴƎ ǘƘŜ ǳǎŀƎŜ phase. A comprehensive assessment should include well-to-

tank emissions, which are indirect emissions from fuel or electricity production and distribution. Beyond GHG 

emissions, assessing pollutant emissions and air quality can be relevant. 

Beyond the usage phase, other lifecycle stages such as manufacturing of vehicles and their components, and 

deployment and operation of physical, digital and operational infrastructure, also generate GHG emissions. 

Lifecycle assessment (LCA) is recommended for estimating emissions across all stages.  

Tailpipe emissions can be further analysed by distinguishing between warm-phase and cold-start emissions, the 

latter being especially relevant for urban areas and short trips. Non-tailpipe emissions, such as those from 

evaporation and tire wear, may be relevant as well. 

The role of material use becomes more prominent if CCAM is introduced alongside advancing vehicle 

electrification. New vehicle and infrastructure investments require assessing how resource use across 

manufacturing, maintenance, and physical and digital infrastructure implementation affect the environment. 

Additionally, CCAM components may increase energy demand, reduce electric vehicle range and battery life, 

and add to material waste. 

Other potential21 environmental impacts of CCAM include soil and water quality, such as nitrogen deposition, 

and vibrations. Vibrations are especially relevant when heavy automated vehicles operate in residential areas at 

night. 

Environmental agreements, policies, and directives at local, national, and European levels aim to reduce the 

environmental impact of transport by setting legally binding targets for climate, air quality, and noise reduction. 

Key European Agreements as of 2024 are the Paris Agreement,22 the European Green Deal,23 the Zero Pollution 

Action Plan,24 and EU Directives on air quality [77] and environmental noise [78]. 

GHGs and energy use of a road network over time are influenced by the carbon or energy intensity of vehicles, 

as well as the total travel and transport activity as visualised in Figure 28. CCAM can affect emissions and energy 

use through both direct and indirect mechanisms, with both long- and short-term consequences: 

¶ Driving behaviour (see Chapter 4.1.2). Changes in speed patterns, acceleration, and other driving 

patterns can affect energy use and emissions per VKT. 

 

21 Although relevant only for specific cases and, therefore, not addressed in detail in this chapter. 

22 The Paris Agreement is an international treaty on climate change, covering climate change mitigation and adaptation with 

the long-term temperature goal of limiting the increase to 1.5°C [74]. 

23 The European Green Deal is a set of proposals adopted by the European Commission with the aim to reduce net GHG 

emissions by 2030 by 55% compared to 1990 levels [75]. 

24 The Zero Pollution Action plan sets key 2030 targets for reducing air, water and soil pollution by 2050 to levels that are no 

longer considered harmful [76]. 

https://unfccc.int/process-and-meetings/the-paris-agreement
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¶ Shared vehicles (see Chapters 4.3.1 and 4.2.2). Changes in the use of shared vehicles can alter the total 

VKT if the occupancy rate is affected. Additionally, this may result in changes in the number of vehicles 

required for the same amount of passenger kilometres. 

¶ Logistics patterns (see Chapter 4.3.2). Changes to delivery vehicle size, usage, and logistics operations 

can influence energy use and emissions per VKT, and tonne-kilometres travelled. 

¶ Travel modes (see Chapter 4.2.2). CCAM can influence travel mode choices, impacting the number of 

people using each mode and altering the modal split (see Chapter 4.3.3). Emissions and energy use per 

person kilometre travelled vary between modes.  

¶ Travel options (see Chapters 4.3.1, 4.3.7 and 4.2.2). Changes in available travel options influence trip 

counts, mode choice, routes, total kilometres driven and transported, and timing. 

¶ Vehicle fleet composition (see Chapter 4.3.3). Changes in vehicle characteristics, such as the size and 

power chain, impact emissions and energy use, as they affect carbon intensity (second-order effects). 

 

Figure 28. Main components of the energy and environment impact area. 

4.3.6.2. Guidelines 

Indicator recommendations 

The result indicators recommended to be evaluated by each project addressing energy and environmental 

impacts are listed in Table 41. Impacts are differences/changes between the baseline and treatment scenarios 

in these indicators. An impact can be reported as an absolute value (with unit below) or relative value (%). If it 

is not possible to evaluate some of the indicators below, the reason for this should be reported as part of the 

ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ ƻŦ ǘƘŜ 9¦-CEM. The indicators listed below are not exhaustive; in addition to these, 

each project should define indicators of their own in line with Guideline 3.12. 
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Table 41. Indicators recommended to be evaluated by each project addressing energy and environment. 

Indicator 
short name 

Definition Unit 

CO2 
emissions 

CO2 emissions divided by the metric of operation per vehicle 
category.  

The metric of operation can be e.g. the number of vehicle-, 
passenger- or tonne-kilometres travelled. 

Other GHG emissions can be considered by using CO2 
equivalents instead of CO2 emissions. 

g/VKT/vehicle category 

g/pax-km, g/tonne-km 

Energy use Required energy to operate vehicles per metric of operation 
per vehicle category.  

The metric of operation can be e.g. the number of vehicle-, 
passenger- or tonne-kilometres travelled. 

kWh/VKT/vehicle 
category, kWh/pax-km, 
kWh/tonne-km 

Pollutant 
emissions 

Pollutant emissions divided by the metric of operation per 
vehicle category.  

The metric of operation can be e.g. the number of vehicle-, 
passenger- or tonne-kilometres travelled. 

g/VKT/vehicle category, 
g/pax-km, g/tonne-km 

Air quality 
exposure 

Concentrations of pollutants in the air (or air quality levels) 
and exposure. 
 

µg/m3 

Number of inhabitants 
exposed to concentration 
levels exceeding legal 
limits or defined 
thresholds. 

Noise 
exposure 

Noise levels at specific locations, expressed as Lden (day-
evening-night level) and Lnight and exposure. 

dB(A) 

Number of inhabitants 
exposed to noise levels 
exceeding legal limits or 
defined thresholds. 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Environmental and energy impacts are influenced by driving behaviour (Chapter 4.1.2), people mobility (Chapter 

4.2.2) and logistics (Chapter 4.3.2). Additionally, transport activity and fleet composition (Chapter 4.3.3) can 

affect, either directly or indirectly, energy use and emissions of GHG, air pollutants, and noise. Figure 29 shows 

these main impact pathways. The figure offers a general overview that can be adapted or extended to specific 

CCAM systems studied. Each project should tailor it by specifying relevant indicators and units. 

https://www.eea.europa.eu/help/glossary/eea-glossary/lden
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Figure 29. Input needed from the other impact areas for energy and environmental impacts of CCAM systems. 

Table 42  provides examples of outputs of the energy and environmental impact assessment that serve as inputs 

for other impact areas. Some of these outputs overlap with the recommended indicators listed above, while 

others must be additionally considered. Please note that the required input needs must be specified in detail, 

as they are unique to each project. The table below is not exhaustive. 

Table 42. Outputs from energy and environmental impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Quality of life Noise exposure, pollutant emissions, air quality. 

Socio-economics Total CO2 (and/or greenhouse gas) emissions for area and 
period of societal scenario. 

Equity Noise exposure, pollutant emissions, air quality, energy use. 

Overview of approaches and methods 

Selecting the right method for evaluating energy and environmental impacts ensures relevant and reliable 

ǊŜǎǳƭǘǎΦ ¢ƘŜ ŎƘƻƛŎŜ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ 

Additionally, the available tools and data shape the feasibility and effectiveness of different approaches (see 

Chapter 3.3 for further details). The most feasible method to use depends on many factors, which relate to the 

specific scenarios, the research questions and the methods available for data collection. 
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While addressing emissions is important, prioritising what is feasible based on the expected impact is necessary. 

If data are difficult to retrieve or methodologies are challenging to execute, warm phase tailpipe GHG emissions 

should be prioritised, followed by cold-start emissions, other pollutants and air quality indicators. 

Table 43 provides an overview of various approaches used in energy and environment evaluations. It highlights 

the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 

ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎΣ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǎǇŜŎƛŦic evaluation aspects. It is important to note that, even when the cons 

outnumber the pros, one pro can outweigh multiple cons.  

Table 43. Overview of different methods that can be used for evaluation of energy and environmental impacts. 

Method Pros Cons Requirements 

Direct measurements 

(in-vehicle and 
roadside) 

Provides empirical, real-
world values for energy 
use, pollutant and GHG 
emissions, and noise 
production. 

Conducted under real-
world conditions. Reflects 
actual operational 
variability. 

Cost-intensive due to 
sensor equipment and 
installation. 

Difficult to deploy 
(especially for emissions) 
and keep calibrated. 

Limited to specific 
vehicles and tested 
scenarios, making 
broader generalisation 
challenging. 

Experimental conditions 
are hard to control. 

Deployed CCAM with 
sufficient TRL.  

Well-calibrated, robust 
sensor equipment. 

Comparable baseline and 
treatment conditions 
(e.g. traffic, weather). 

Long-term, diverse 
measurement periods to 
capture variety. 

Emission and energy 
use calculation tools 
(e.g. EnViVer [79], 
PHEM [80], Quartet 
[81])  

Resource-efficient 
alternative to field 
measurements for fleet-
average impacts. 

Capable of simulating 
multiple scenarios, more 
detailed than macroscopic 
approaches (considers 
traffic conditions, driving 
styles, road topography, 
etc.). 
 

Models can be hard to 
obtain, costly (licence 
fees), and resource 
intensive. 

Input data gaps require 
assumptions, which may 
affect accuracy. 

May not accurately 
represent future vehicle 
technologies (e.g. Euro 7) 
or real-world driving 
variability (e.g. speed 
patterns). 

High-resolution 
microscopic driving data 
(e.g. 1 Hz speed data per 
vehicle) from either 
direct measurements or 
microscopic traffic 
simulations. 

Emission factors or 
functions for all vehicle 
categories. 

Macroscopic 
modelling of emission 
and energy use for 
aggregated traffic 
flows in the network 
(e.g. HBEFA [82]) 

Effective for assessing 
impacts at regional level 
(by road type, vehicle 
category, or mode). 

Useful for evaluating 
changes in overall VKT and 
aggregated energy use. 
 

Complex and resource-
intensive models. Can be 
hard to obtain for large 
regions. 

May mask micro-level 
variations. 

Potential licence fees 
and computational 
demands. 

Access to regional 
macroscopic traffic 
model with link-level 
outputs (volumes, 
capacities, speeds). 

Emission factors for all 
vehicle categories and 
road types. 

Sufficient computational 
resources and modelling 
expertise. 
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Air quality modelling 
(pollutant emissions) 
for aggregated traffic 
flows in the network 

Allows studying pollutant 
dispersion and overall air 
quality changes due to 
CCAM without extensive 
field sensors. 

Integrates traffic 
emissions with 
environmental factors 
(buildings, terrain, 
population). 

Useful for policy 
assessment regarding air 
quality. 

Allows to assess impacts 
beyond what is feasible in 
the real world. 

Often involves expensive 
software and model 
licence fees. 

Highly dependent on 
detailed, multi-
dimensional input data. 

Model predictions can 
carry significant 
uncertainties in 
dispersion outcomes. 

Comprehensive data on 
traffic emissions and 
detailed geographic data 
on buildings, terrain, and 
population exposure. 

Robust dispersion model 
validated against 
measured air quality 
data. 

Sufficient computational 
resources and modelling 
expertise. 

Noise modelling for 
aggregated traffic 
flows in the network 

Allows studying noise level 
changes due to CCAM 
without extensive field 
measurements. 

Can simulate noise 
impacts over diverse 
urban layouts and 
scenarios. 

Useful for policy 
assessment regarding 
urban noise pollution. 

Allows to assess impacts 
beyond what is feasible in 
the real world. 

Requires advanced noise 
propagation models and 
high-quality input data 
on noise sources. 

Often entails costly 
software or licence fees. 

Model outputs can be 
highly sensitive to 
assumptions regarding 
source characteristics 
and environmental 
conditions. 
 

Detailed data on traffic 
noise production (tire, 
engine, brake, etc.) 

GIS data on urban 
topography, building 
geometry, and 
population exposure. 

Validated noise 
propagation model. 

Sufficient computational 
resources and modelling 
expertise. 

Expert judgement 
(based on outputs 
from other impact 
areas or from similar 
studies) 

Provides qualitative 
insights when empirical 
data or models are lacking, 
for example into expected 
direction and size of 
impact. 

Allows integration of 
multidisciplinary 
knowledge. 

Lacks quantitative 
precision and can be 
subjective. 

Outcomes may vary 
significantly between 
experts. 

Difficult to apply 
consistently in complex 
cases, multidimensional 
impact assessment. 

Access to a panel of 
experts across relevant 
fields. 

Use of structured 
elicitation techniques to 
reduce bias. 

Availability of 
comparable outputs 
from other impact areas 
or studies. 

 

National legislation, guidelines, methods, and instruments should be considered or utilised when assessing the 

effects of CCAM on air quality, noise pollution, and carbon emissions. These are often applied at the macroscopic 

network level, such as using noise maps for cities or major roadways. 

Pitfalls and best practices 

Evaluating impacts on energy and the environment requires consideration of the methods and approaches used, 

as these can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may 
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lead to flawed conclusions, misinterpretation of findings or unintended biases. By proactively addressing the 

pitfalls, these can be avoided. 

Table 44 provides some common pitfalls of energy and environmental impact assessment and presents 

actionable best practices to address them. 

Table 44. Pitfalls in the evaluation of energy and environment and best practices to avoid them. 

Topic Pitfall Related best practice 

Direct measurements  Field experiment emissions and 
energy use data considered too 
sensitive to share. 

Instead of relying solely on sensitive data, 
integrate modelling of automated driving 
patterns with emission models. This hybrid 
approach helps in simulating real-world 
behaviour while protecting sensitive 
information. 

Emission factors and 
models 

Utilising outdated or unsuitable 
emission factors and models can 
result in inaccurate or misleading 
assessments. 

Ensure that the latest versions of emission 
factors and models are used, including 
projections for future scenarios. 

Additionally, consult experts in emission 
factors and modelling to validate the 
selection and application of these factors. 

Representativeness 
of outcomes 

Drawing conclusions for the entire 
transport network based on data 
from small or specific sections, a 
narrow set of traffic scenarios, or 
only CCAM vehicles may lead to 
overgeneralisation. 

Clearly define and specify the conditions (e.g. 
ODD) under which the results apply. 

Evaluate and document how representative 
these conditions are of the broader traffic 
environment. 

Baseline comparison Validity of comparisons 
compromised due to insufficient 
baseline data, such as ignoring 
existing fleet compositions, traffic 
flow patterns or travel demand. 

Utilise available resources and diverse 
datasets from multiple locations. Adjust for 
discrepancies, model incomplete datasets by 
sampling from statistical distributions, and 
employ averages when detailed input is 
unavailable. 

System boundaries in 
lifecycle assessment 
(LCA) 

Neglecting indirect impacts in 
lifecycle assessment. 

Define system boundaries carefully, including 
relevant lifecycle stages. 

Overlooked indirect 
impacts 

Focusing only on direct emissions 
or energy use and ignoring indirect 
effects, such as changes in travel 
demand, fleet composition or 
logistics patterns. 

Include both direct and indirect impacts in 
the evaluation, considering factors like 
induced demand, modal shifts, and logistics 
changes. 

Temporal and spatial 
scope 

Neglecting variations in emissions 
and energy impacts over time (e.g. 
time of day, weather conditions) or 
across regions. 

Ensure evaluation covers a variety of 
temporal and spatial conditions to capture 
variations and improve the generalisability of 
results. 
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4.3.7. Accessibility 

4.3.7.1. Introduction 

Definition and scope 

EU-CEM defines the accessibility impact area as follows: 

The accessibility impact area addresses the impacts of CCAM on the potential of population groups to reach 

destinations and services at different times of day, and the potential of businesses, facilities and other activity 

centres to receive people and goods. 

Accessibility reflects how easily people can engage in activities at various locations and how efficiently goods be 

transported between them [83]. It shows how well the transport system connects individuals and businesses, 

enables participation in activities across varied places and times, and facilitates the exchange of information, 

goods, and services [84]. 

The level of accessibility is influenced by [83]: 

¶ The location of activities 

¶ The characteristics of infrastructure and available travel or transport options 

¶ The needs and financial means of people and businesses. 

Accessibility varies across different spatial locations and for different trip purposes. Accessibility assessment 

considers: 

¶ Travel resistance or disutility: the ease, difficulty or affordability of reaching various locations.  

¶ Attractiveness of opportunities: the appeal or desirability of activities and services available at those 

locations.  

Accessibility represents the potential for interaction within the transport system. People mobility and logistics 

actualise this potential through actual travel, while travel activity aggregates these interactions into measurable 

outcomes. 

Certain factors are beyond the scope of this chapter but are highly relevant for understanding the impact of 

CCAM on accessibility. These include changes in: 

¶ LƴŘƛǾƛŘǳŀƭǎΩ ǘǊŀǾŜƭ ǇŀǘǘŜǊƴǎ ό/ƘŀǇǘŜǊ 4.2.2) 

¶ Transport patterns of goods (Chapter 4.3.2) 

¶ Service offerings (Chapter 4.3.1) 

¶ Land use (Chapter 4.4.1). 

Background 

Geurs and van Wee [85] defined four key components of accessibility: land use, transportation, temporal, and 

individual. 

The land-use component refers to the characteristics of land use in terms of:  

¶ The amount, quality, and spatial distribution of opportunities such as employment, shopping, 

healthcare, recreational facilities, and education  

¶ The demand for these opportunities in places where people live  

¶ The juxtaposition of supply and demand for opportunities, which can lead to competition for limited 

resources.  
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The transportation component describes the transport network and the inconveniences, or disutility, of 

travelling between origins and destinations using chosen modes of transport. This includes travel time, waiting 

time, parking time, fixed and variable costs, and the effort related to reliability, comfort and accident risk. 

Disutility arises from the confrontation between supply (location and infrastructure features like speed limits, 

public transport schedules, fares) and demand (passenger and logistics needs). 

The temporal component includes time-related restrictions, such as the availability of opportunities throughout 

ǘƘŜ ŘŀȅΣ ƛƴŘƛǾƛŘǳŀƭǎΩ ǘƛƳŜ ŦƻǊ ŀŎǘƛǾƛǘƛŜǎΣ ŀƴŘ ǘƘŜ ǎǇŜŎƛŦƛŜŘ ŘŜƭƛǾŜǊȅ ǿƛƴŘƻǿǎ ŦƻǊ ƎƻƻŘǎΦ 

Finally, the individual component reflects the personal factors like needs, abilities, preferences, attitudes and 

opportunities, significantly affecting access to different travel options and distant opportunities. 

CCAM can affect all four components of accessibility.  

Regarding land use, the impacts are indirect and long-term and are covered in the land use impact area (Chapter 

4.4.1). Over time, CCAM could make remote locations more accessible, leading to a redistribution of 

opportunities. This may result in a reduced concentration of activities in urban centres and more dispersed 

spatial distribution of employment, shops, and facilities. Conversely, reductions in travel time or perceived travel 

time could encourage agglomeration, with businesses concentrating in areas with high customer flows and 

people travelling to large shopping centres that offer a variety of services in one location. 

CCAM may affect the temporal component of accessibility by offering services at different times of day, such as 

24/7 robot deliveries or automated shuttles, unlike conventional services with limited night-time availability. It 

may also change how people use their time, enabling work during travel, or broaden activities possible within a 

given timeframe through reduced travel times. Changes in trip timing (e.g. peak versus off-peak hours) can affect 

traffic flows. These temporal effects are discussed in the impact areas services and operation (Chapter 4.3.1), 

people mobility (Chapter 4.2.2), logistics (Chapter 4.3.2), and traffic flow efficiency (Chapter 4.3.5). 

Regarding the individual component, CCAM might offer new transport options for underserved groups such as 

older adults, people with disabilities, and those in areas with limited public transport [86]. It may also make 

travel more affordable and offer personalised experiences that more effectively meet individual needs, abilities, 

and preferences. This relates to equity in access and affordability (see Chapters 4.3.7 and 4.4.5), user evaluation 

(Chapter 4.2), and people mobility (Chapter 4.2.2). Ensuring CCAM benefits are widely and equitably distributed 

is important for enhancing accessibility for all. Achieving this requires affordable, understandable, and easy-to-

use mobility and transport options. 

Of the four components, the transportation component most directly influences accessibility. CCAM can affect 

the disutility of travel in several ways: 

¶ Changing the value of travel time by allowing engagement in activities besides driving during the trip. 

¶ Removing the need for parking or enabling vehicles to park themselves at a distance. 

¶ Changing affordability of travel through options like affordable public transport or taxi services. 

¶ Enabling more flexible and efficient services, such as on-demand shuttles. 

¶ Optimising traffic management and route planning by enabling automated vehicles to collaborate for 

better network performance. 

¶ Reducing accidents and accident-induced congestion. 

¶ In the long term, influencing transport infrastructure design, such as reducing demand for parking 

spaces. 

Figure 30 shows the main components of the transport activity and fleet composition impact area. 



 
166   European Common Evaluation Methodology Handbook for Connected, Cooperative and 

Automated Mobility  

 

Figure 30. Main components of the accessibility impact area. 

4.3.7.2. Guidelines 

Indicator recommendations 

Result indicators recommended to be evaluated by each project addressing accessibility are listed in Table 45 

below. Impacts are differences/changes between the baseline and treatment scenarios in these indicators. An 

impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to evaluate 

some of the indicators belowΣ ǘƘŜ ǊŜŀǎƻƴ ŦƻǊ ǘƘƛǎ ǎƘƻǳƭŘ ōŜ ǊŜǇƻǊǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ΨŎƻƳǇƭȅ ƻǊ ŜȄǇƭŀƛƴΩ ǇǊƛƴŎƛǇƭŜ 

of the EU-CEM. The indicators listed below are not exhaustive; in addition to these, each project should define 

indicators of their own in accordance with Guideline 3.12. 

Table 45. Indicators recommended to be evaluated by every project addressing accessibility. 

Indicator short name Definition Unit 

Reachable activities  Total number of activities of a given category reachable within a defined 
travel time from a person, household or business. Categories can be work, 
education, facilities, main economic locations, etc. An indicator can be 
broken down by target groups and regions. 

An acceptable travel time per travel mode can be defined, for example, as 
30 min by car, 45 min by public transport or 30 min by bicycle.  

Number 

Reachable people, 
households or 
businesses  

Number of people, households or businesses that can be reached from an 
activity centre within a defined travel time. Activity centres can be work, 

Number 
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education, facilities, main economic locations, etc. An indicator can be 
broken down by target groups and regions. 

An acceptable travel time per travel mode can be defined, for example, as 
30 min by car, 45 min by public transport or 30 min by bicycle.  

Mobility options Number of mobility options available within a specified distance (e.g. 
demand-responsive transport, automated taxi service) for trips from 
home to the desired destination. 

Number 

Understandability of 
mobility options 

Percentage of users who struggle to use a specific mobility option (e.g. 
due to complexity, lack of clear information or digital access barriers). 

% 

Affordability Average share of household budget spent on mobility. % 

Impact pathways 

Impact pathways illustrate how changes caused by CCAM and assessed in other impact areas affect the 

outcomes of this impact area. Mapping these cause-and-effect relationships helps scope the evaluation by 

grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger 

scale impacts, shows whether one area influences another, and reveals how these changes ripple through 

vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional 

information is needed or where collaboration is required with other impact areas, or to ascertain whether 

certain aspects fall outside the scope of the assessment. 

Accessibility is influenced by impacts on users (Chapter 4.2.1), land use (Chapter 4.4.1), people mobility (Chapter 

4.2.2), logistics (Chapter 4.3.2), services and operation  (Chapter 4.3.1), as well as traffic flow efficiency (Chapter 

4.3.5). This is depicted in the impact pathway in Figure 31. The figure offers a general overview that can be 

adapted or extended to specific CCAM systems studied. Each project should tailor it by specifying relevant 

indicators and units. 
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Figure 31. Input needed from the other impact areas for accessibility impact assessment and its outputs. 

Table 46 provides examples of outputs of accessibility impact assessment that serve as inputs for other impact 

areas. Some of these outputs overlap with the recommended indicators listed above, while others must be 

additionally considered. Please note that the required input needs must be specified in detail, as they are unique 

to each project. The table below is not exhaustive. 

Table 46. Outputs from accessibility impact assessment required as input for other impact areas. 

Impact area requiring input  Needed input 

Quality of life Number of reachable activities 

Land use Reachable destinations 

Liveability Number of reachable activities, Number of reachable people 

Economic activity and employment Reachable destinations, Reachable people 

Overview of approaches and methods 

Selecting the right method for evaluating accessibility ensures relevant and reliable results. The choice is 

ƛƴŦƭǳŜƴŎŜŘ ōȅ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘƘŜ ǇŀǊǘƴŜǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ ŀǾŀƛƭŀōƭŜ 

tools and data shape the feasibility and effectiveness of different approaches (see Chapter 3.3 for further 

details). 

Table 47 provides a comparative overview of various approaches used in accessibility evaluations. It highlights 

the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the 


















































































































