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1  Introduction 

Field Operational Tests (FOTs[FW])1 were introduced several years ago as an evaluation 

method for driver support systems[FW] and functions[FW] with the aim of proving that such 

systems can deliver real-world benefits. A number of such FOTs have been conducted at 

a regional, national, European and international level to evaluate a range of systems, 

particularly a variety of driver support systems. These FOTs have proven to be highly 

valuable and have been identified as an important means of verifying the real-world 

impacts of new systems, and as a means to verify that previously conducted Research & 

Development has the potential to deliver identifiable benefits. The key deliverable for 

FESTA (Field opErational teSt supporT Action, 2007ï2008) was to produce 

comprehensive guidance to facilitate the successful delivery of FOTs. This, the latest 

version of the FESTA Handbook, has drawn from experience and knowledge across 

numerous FOTs in order to revise and update the best practice presented here. This 

Handbook, version 6, is the result of a joint effort of several research institutes, OEMs 

(Original Equipment Manufacturer) and other stakeholders from across Europe to prepare 

a common methodology for European FOTs. It is also highly relevant, and it is hoped 

useful, for FOTs conducted at a regional or national level within as well as outside Europe. 

 

For the purposes of this Handbook, a ñField Operational Testò (FOT) is defined as: 

 

A study undertaken to evaluate a function, or functions, under normal operating conditions 

in road traffic environments typically encountered by the participants using study design so 

as to identify real-world effects and benefits. 

 

This means that it must be possible to compare the effects that the function has on traffic 

with a baseline condition during which the function is not operating. In order to achieve this, 

the participantsô control over or interaction with the function(s) has to be manipulated by 

the research team. ñNormal operating conditionsò implies that the participants use the 

platforms during their daily routines, that data logging works autonomously and that the 

participants do not receive special instructions about how and where to drive. Except for 

some specific occasions, there is no experimenter in the vehicle, and typically the study 

period extends over at least a number of weeks. 

 

More generally, FOTs are large-scale user tests where, for example, a hundred participants 

are recruited to try out a system (or a function). The period of testing has commonly varied 

between a few months and two years. During this testing period, questionnaires, 

measurements and observations are made to identify how the system potentially changes 

the participantsô driving and travelling behaviour. FOTs also study the effects on other road 

users and wider impacts on the transport system and the society. Since the FESTA 

Handbook was first published, its methodology has been applied in a range of different test 

campaigns, from mobile phone related testing to assessment of vehicle-to-vehicle 

communication systems. 

 

                                                   
1 Key items have internal links and, when available, a link to the FOT-Net Wiki glossary, indicated as [FW] 

 

http://wiki.fot-net.eu/index.php?title=FOT
http://wiki.fot-net.eu/index.php?title=System
http://wiki.fot-net.eu/index.php?title=Function
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This handbook also addresses NDS (Naturalistic Driving Studies), where the purpose is 

not the testing of functions but the observation of driver (or rider) behaviour in everyday 

traffic situations, using advanced technology for in-vehicle unobtrusive recording.  

 

The main purpose of this Handbook is to provide guidelines for conduct of FOTs and NDS. 

For simplicity, mostly the term FOT is used and differences between the two kinds of 

studies are summarised where relevant.  

 

The FESTA Handbook walks the reader through the whole process of planning, preparing, 

executing, analysing and reporting an FOT and it gives information about aspects that are 

especially relevant for a study of this magnitude, such as administrative, logistic, legal and 

ethical issues. Another aspect of the Handbook is to pave the road for standardisation of 

some aspects of FOTs, which would be helpful for cross-FOT comparisons. It has to be 

kept in mind, though, that many traffic parameters in different European countries differ 

substantially. 

 

In Figure 1.1, the steps that need to be carried out during an FOT are presented in the form 

of a V diagram, where there is correspondence between the levels on the left-hand and 

right-hand sides. The steps are explained in detail in the different chapters of the 

Handbook. For orientation purposes, a copy of the figure is provided at the start of each 

chapter, highlighting which step of the FOT chain is described in the current chapter. 

Additionally, the FOT implementation plan (Annex A) takes up all the steps and integrates 

them into a detailed table, which can be used as a reference when carrying out an FOT. 
 

 

Figure 1.1 The steps that typically have to be considered when conducting an FOT 
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In order to make the picture more complete, a horizontal bar has been added on top of the 

diagram that in principle summarises the context in which the FOT is supposed to take 

place. For instance, the choice of a function to be tested implies that there is either a 

problem that is to be addressed and that the chosen function is defined to solve the 

problem, or that a policy objective is stated and that the function tested can be used to 

reach the objective. An FOT can always be related to a wider perspective than is defined 

by just a description of the function to be tested. 

 

The top of the V covers setting up a goal for the study and selecting a suitable research 

team, and also the last steps that include an overall analysis of the systems and functions 

tested and the socio-economic impact assessment, dealing with the more general aspects 

of an FOT and with aggregation of the results. The further down on the FOT Chain V-Shape 

the steps are located, the more they focus on aspects with a high level of detail, such as 

which performance indicators [FW] to choose, or how to store the data in a database. The 

ethical and legal issues have the strongest impact on those aspects, where the actual 

contact with participants, data handling and potential data sharing take place. 

 

Representation of the FESTA methodology in the form of a V does not mean that designing 

and performing an FOT is always a linear process. Decisions made at a certain stage of 

the FESTA V influence the next steps, and it is likely that there will be a need to sometimes 

go back and redo some steps. Especially on the left-hand side of the V, iteration may be 

necessary. For example, one may find that the measures and sensors available do not 

make it possible to investigate the hypotheses[FW] defined earlier, so adjustments to the 

hypotheses or performance indicators may be needed. Also, the right-hand side of the 

FESTA V may influence the decisions to be made on the left-hand side. The need to assess 

the socio-economic impact may influence the definition of functions, use-cases[FW], 

research questions[FW] and other elements of the left-hand side. Consideration of the 

resources available for data analysis may also lead to revision of the left-hand side. There 

is, however, the question ñwhen does one stop the iterative process?ò From a research 

perspective, this is a continuous process. However, from a project management 

perspective, boundaries have to be set to reflect budget constraints and timing aspects. 

 

The first step in the FESTA V is the identification of functions to be tested. Sometimes this 

may not be the best step to start with. For example, an FOT may not be driven by the 

technical systems that need to be tested but by a research question or an impact area. 

When there is a large set of functions available from which a few need to be selected as 

candidates for testing, definition of the research questions may help the selection process. 

For example, if safety is to be investigated, different functions may have a higher priority 

than when traffic efficiency is the main focus. 

 

The FESTA V provides a static picture of the complex design and execution of an FOT but 

in reality, a more iterative process will be needed, with a starting point suited to the specific 

aims of a project. 

 

The FESTA Handbook is not meant to be a substitute for consultations with experts, 

organising a good and capable research team, or carrying out specific investigations into 

the legal and ethical issues that apply to the current question and situation. It is not an 

exhaustive action list, and each FOT has its own special issues and concerns that have to 

be dealt with on an individual basis. Nor is the advice in it necessarily perfect and 

http://wiki.fot-net.eu/index.php?title=Performance_indicator
http://wiki.fot-net.eu/index.php?title=Hypothesis
http://wiki.fot-net.eu/index.php/Use_case
http://wiki.fot-net.eu/index.php/Research_question
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representative of the state of the art. On many issues, there will be scope for disagreement 

with the recommendations or use of alternative sources of advice. But it would certainly be 

preferable for major departures from the advice to be justified to funding agencies and 

major stakeholders. 

 

The FESTA project consortium decided early on in the project that the primary focus of the 

FESTA Handbook would be on the evaluation of Advanced Driver Assistance Systems 

(ADAS) and in-vehicle information systems for vehiclesðboth in the form of autonomous 

systems and of cooperative systems. It was also agreed that the FESTA Handbook should 

be relevant to the evaluation of Original Equipment Manufacturer (OEM), aftermarket and 

nomadic systems. The Handbook is therefore designed specifically to guide the evaluation 

of impacts of such systems, and is less relevant to the evaluation of electronic road 

infrastructure such as Variable Message Signs (VMS). However, it is seen that many of the 

activities identified in the Handbook are common to the evaluation of most vehicle- and 

infrastructure-based ICT technologies. 

 

In addition to the Handbook itself, there is more detailed work, which was produced during 

the FESTA project and later in the FOT-Net projects, and which is often referenced in this 

Handbook. The key deliverables and documents are the following (all can be found at 

http://wiki.fot-net.eu/index.php/FESTA_Handbook): 

 

FOT-Net Data (2016). Data Sharing Framework. FOT-Net Data Deliverable D3.1. 

 

FOT-Net 2 (2014a). Legal and ethical issues in the execution of FOTs ï Worked 

Example. Annex A to FESTA Handbook Version 5. 

 

FOT-Net 2 (2014b). Defining crash relevant events in NDS/FOT studies formulation. 

Annex C to FESTA Handbook Version 5. 

 

FESTA (2008a). A Comprehensive Framework of Performance Indicators and their 

Interaction. FESTA Deliverable D2.1. 

 

FESTA (2008b). Performance indicator matrix table. FESTA Deliverable D2.1. 

 

FESTA (2008c). Data Requirements for FOT Methodology. FESTA Deliverable D2.2. 

 

FESTA (2008d). Data analysis and modelling. FESTA Deliverable D2.4. 

 

In conclusion, the FESTA Handbook gives an overview and general guidelines concerning 

the conduct of an FOT. FOTS are designed to contribute to the identification and 

verification of solutions to a problem, and this handbook is intended to provide a formalised 

and practical framework, not a cookbook; the methodology described will necessarily have 

to be adapted to the specific case, in order to increase the efficiency of the approach or to 

tackle data incompleteness or inconsistency. Furthermore, the results of an FOT may have 

to be integrated with external sources of information, to achieve a wider perspective and 

increased relevance for tackling the problem at hand. 

 

During the past 15 years, we have seen rapid growth in the number of FOTs performed 

worldwide. Their data has mostly been used to answer the research questions in the 

http://wiki.fot-net.eu/index.php/FESTA_Handbook
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original project. As the number of different data sets has increased and thus the awareness 

of the substantial effort and funding needed to do these FOTs, the interest in data sharing 

has come ever more into focus worldwide. The advantages of re-using data from FOTs 

include the possibility to perform meta-analysis across FOTs and to answer new research 

questions without having to collect new data. In this handbook, attention is paid across 

several chapters to ways of ensuring that data can be shared and re-used. 

 

In the coming years a new focus will be put on FOTs. Connected and Automated Driving 

(CAD) in all its different forms is now underway and a large variety of projects have been 

launched to investigate the effects in real life. Projects may vary between large-scale FOTs 

and small-scale trials and pilot projects with only a few vehicles. In this handbook, the term 

ñFOTò will be used for reasons of conciseness. Although FESTA is mostly addressing large 

FOTs, where many vehicles drive for several months, the handbook also contains valuable 

elements for smaller pilots. For small projects, a document is available with 

recommendations on how to use the FESTA approach on a small scale, the so-called 

ñmicro-FESTAò (Alkim et al., 2018). 

 

The term connected and automated vehicles may refer to several levels of automation, 

ranging from vehicles with systems that may take over some tasks from the driver to 

completely driverless vehicles. FESTA is strongly centred on the drivers of vehicles, and 

the changes in their behaviour when driving a vehicle that is instrumented with new 

systems. This focus may change with automation FOTs towards the behaviour of the 

vehicle and the wider mobility behaviour of the user of these vehicles.  

 

Two things should be noted here. Firstly, field operational testing is not the only way to 

evaluate automation; it is a method that is complementary to (or is preceded by) simulator, 

laboratory and/or simulation studies, expert assessments, technical tests on test-tracks, 

public acceptance studies, etc. Secondly, FESTA is not concerned with the technical 

testing or validation of vehicles and automated systems.  

 

This version of the handbook is not a re-write of earlier versions. In every chapter, a section 

on automation has been added. Developing a full methodology for CAD FOTs is not 

feasible at this point in time, and lessons have to be learned from CAD projects. That is 

why exchange of knowledge, experience and data will remain of the utmost importance to 

further our understanding of how FOTs can be conducted as effectively and efficiently as 

possible. 
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2  Planning and Running 

a Field Operational 

Test 

2.1 Introduction 

For a Field Operational Test to proceed 

smoothly, a plan of action must be developed 

which documents the scientific, technical, 

administrative, and procedural activities that are needed to successfully complete it. Given 

that the lifecycle of an FOT typically evolves through many phases, there are many issues 

to consider. In this chapter, the critical activities and tasks which are necessary to run a 

successful FOT are documentedðin the form of a ñFOT Implementation Planò (FOTIP)ð

drawing on lessons learned from previous FOTs conducted in different parts of the world. 

 
The FOTIP is described in Annex A of the FESTA Handbook. In this chapter it is introduced, 

described, explained and discussed. 

 

2.2 The FOT Implementation Plan 

2.2.1 Purpose 
 
The FOTIP is intended to serve primarily as a checklist for planning and running FOTs: 

 

¶ To highlight the main activities and tasks that would normally be undertaken in 

successfully completing an FOT 

¶ To ensure that, in running an FOT, researchers and support teams are aware of 

critical issues that influence the success of the FOT 

¶ By drawing on the experiences of previous FOTs, to highlight the ñdosò and ñdonôtsò 

of running an FOT 

¶ To provide a consistent framework for planning, running and decommissioning 

FOTs. 
 
The FOTIP presented in this Handbook is not intended to be prescriptive, but rather to 

serve as a generic guide in conducting FOTs. By their very nature FOTs are major projects 

ðextensive and expensive. Previous FOTs that have not delivered their anticipated 

outcomes have not done so primarily because of failures to anticipate problems that 

compromised their successful execution. The FOTIP attempts to map out all known critical 

issues that need to be taken into account in planning and undertaking an FOT. 

 

The history of FOTs suggests that no two will be the same, and that there often are many 

unforeseen tasks and sub-tasks that arise during its lifecycle. The list of tasks contained in 

the FOTIP in Annex A of this Handbook is not, therefore, exhaustive. It is based on the 

collective wisdom of those that have been involved in planning and running previous FOTs. 

There may be specific requirements for future FOTs conducted in Europe that will need to 

be decided on a case-by-case basis, especially where FOTs are extended to cover 

Naturalistic Driving Studies and, potentially, other transport modes such as public 

transport, cycling, walking or multi-modal studies. 
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The FOTIP in Annex A describes what needs to be done, and approximately when, in 

running a successful FOT. Other relevant chapters in the FESTA handbook describe in 

detail why these activities are necessary and how they are to be accomplished. 

 

2.2.2 Description of the FOT Implementation Plan 
 
The FOTIP in Annex A of this Handbook resembles a traditional Work Breakdown Structure 

(WBS), but without timelines. It is specifically designed in this way so that timelines can be 

inserted at a later date by those responsible for the overall planning and running of the 

FOT. 

 

The FOTIP is divided into three columns and two sections below each activity: 

 

¶ Column 1 ï Activities. An activity is a high-level task, e.g. ñConvene FOT research 

and support teamsò that is usually needed to run an FOT. 

¶ Column 2 ï Tasks and Sub-Tasks. A task directly supports an activity, e.g. 

ñAppoint FOT project managerò. A sub-task directly supports a task. Essentially, 

this column contains a series of action statementsðñdo thisò etc. There are very 

few sub-tasks listed in this column, to contain the size of the document. The 

document is cross-referenced to other chapters of the FESTA Handbook, which 

identify the relevant sub-tasks that support these tasks. 

¶ Column 3 ï Person/Organisation Responsible for Activity. This column 

identifies the person, team, organisation or combination thereof that would usually 

be responsible for completion of a task. The FOT project manager is ultimately 

accountable for successful completion of all tasks, and is therefore included in 

every task. 

¶ After Section 1 ï Critical Considerations (the ñdosò and ñdonôtsò). This column 

contains critical advice for ensuring that an activity or task is successfully 

completed. For example, ñBe sure that the vehicle systems are designed so they 

do not drain the battery when the vehicle engine is not running,ò or, ñDo not 

underestimate the amount of time required to recruit company drivers for the FOT.ò 

¶ After Section 2 ï General Advice. This column provides general advice on how 

to maximise the likelihood of running a successful FOT, e.g. ñThe FOT lifecycle is 

long. Hence, it is advisable to write separate reports on each critical stage of the 

FOT.ò This column also contains explanatory notes, reference to other relevant 

documents (e.g. FOT reports) and cross-referencing to other chapters in the 

FESTA Handbook. 

 

The activities and tasks identified in the FOTIP are consistent with those identified in the 

higher level ñFOT Chainò described in Chapter 1 of this Handbook (see Figure 1.1), 

although the chronological order in which the Activities and Tasks are shown varies slightly 

between the two. For example, in the FOT Chain, it is assumed that the first step when 

planning an FOT is the identification of systems and functions to be analysed. In the FOTIP, 

on the other hand, this task is identified later in the sequence of planning activities (within 

Activity 2), as there are other planning activities and tasks that necessarily precede the 

identification of systems and functions to be analysed. The FOTIP identifies the scientific, 

technical, administrative and procedural activities for planning and running an FOT. The 

FOT chain summarises the key, high level, scientific and technical steps undertaken when 

performing an FOT and the sequential links between them. 
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Figure 2.1 Iterative development process 
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2.2.3 Development of the FOT Implementation Plan 
 
The content of the FOTIP derives originally from several activities undertaken in the FESTA 

project, based on a comprehensive review of the related literature and several 

consultations (via workshops, teleconferences, written feedbacks) with members of the 

consortium and external experts who previously conducted FOTs. It was then revised in 

rev 4 and rev 5 based on the feedback received in FOT-Net and FOT-Net 2. For version 6, 

FOT-Net Data added further details related to test data management. 

 

2.2.4 Assumptions underlying the FOT Implementation Plan 
 
There is more than one way to perform a successful FOT. The review of the literature on 

FOTs revealed that many different approaches have been taken in planning, running, 

analysing and decommissioning FOTs. The FOTIP in Annex A of this Handbook draws 

together procedural activities that are most common to the known FOTs that have been 

conducted, and the collective wisdom of those who conducted them. 

 
The FOTIP is relevant to FOTs in which the ADAS and in-vehicle information systems to 

be evaluated are already available on the market, or to studies in which the systems to 

be evaluated must be chosen by the FOT project team, purchased or developed, and 

installed (e.g. as in Regan et al., 2006). 

 

The FOTIP provides only a general guide to the sequence in which the required activities 

should be performed. Some need to happen early in the project and others at the end. 

Some need to immediately precede others. Other tasks need to proceed concurrently with 

others. Decisions about the scheduling of activities, tasks and sub-tasks are the 

responsibility of the FOT Project Manager. Table 2.1 lists the 22 activities identified in the 

FOTIP, and highlights the main dependencies that exist between them. Within activities, it 

is up to the FOT Project Manager to further decide which tasks and sub-tasks should 

proceed sequentially and in parallel. 

 
Some of the major tasks listed in the FOTIP (e.g. ñrecruit participantsò within the activity 

ñRun FOTò) are given only a one-line description and, as such, may appear to be 

downplayed in the plan. A judgement had to be made about how much detail to include in 

the FOTIP. Where such one-liners exist, this is because either the task in question is one 
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that most researchers would normally be familiar with (e.g. recruiting study participants), 

or because the sub-tasks involved are described in detail in other chapters of the FESTA 

Handbook. Where appropriate, any known difficulties and concerns associated with major 

tasks for which only a one-line description is given are emphasised. 

 
Table 2.1 A generic guide to scheduling the 22 activities described in the FOTIP in 

Annex A of the FESTA Handbook 

 

Activity Setup/ 

design 

Preparation Data 

Collection 

Completion 

Convene teams and people 
 

          

Define aims, objectives, research questions & 
hypotheses 

          

Develop project management plan 
 

          

Implement procedures and protocols for 
communicating with stakeholders 

          

Design the study 
 

          

Identify and resolve legal and ethical issues           

Select and obtain FOT test platforms (vehicles, 

mobile devices, roadside units, ....) 
          

Select and obtain systems and functions to be 
evaluated 

          

Select and obtain data collection and transfer 
systems 

          

Select and obtain support systems for FOT 
platforms 

          

Equip FOT test platforms with all systems 
 

          

Implement driver feedback and reporting 
systems 

          

Select/implement relational database for 
storing FOT data 

          

Test all systems against functional 

requirements and performance specifications 
          

Develop recruitment strategy and materials           

Develop driver training and briefing materials           

Pilot test FOT equipment, methods and 
procedures 

          

Run the FOT           

Analyse FOT data           

Write minutes and reports           

Disseminate the FOT findings           

Decommission the FOT           

 

 

2.2.5 Using the FOT Implementation Plan 
 
It is suggested that the FOTIP be used as follows: 

 

¶ Read through the FOTIP before starting to plan an FOT 
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¶ Use the FOTIP as a checklist for guiding the planning, design and running of the 

FOT 

¶ And as a quality control mechanism for ensuring during the study that nothing 

critical has been forgotten 

¶ Read the FOTIP in conjunction with other chapters in the FESTA Handbook, and 

refer to other chapters and other FOT reports for detail 

¶ If desired, use the FOTIP as the basis for the development of GANTT charts and 

other project management tools. 
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3  Legal and Ethical 

Issues 

3.1 Introduction 

Carrying out an FOT usually means asking 

participants to share insight into their mobility 

behaviour. Although participants may be given 

some form of (financial) compensation, or in 

the case of fleet drivers it may form part of 

their job, usually they join in order to help 

advance road safety, mobility and innovation. An FOT project should therefore value its 

participants and treat their data and privacy with respect. Not only should legal rules be 

followed, but ethical principlesðdefined as respect for the person[ality] and his/her 

autonomy, dignity and self-determinationðshould be a major guideline for conducting 

FOTs. Risks to participants should be minimised as much as possible. 

 

Next to care for participants, the rights of non-participants affected by the FOT should be 

considered. These may, for example, be passengers in the participating vehicle or other 

road users who are videoed. 

 
Human rights legislation is also relevant, as is the Helsinki Declaration of 1964 and its 

subsequent revisions. This declaration enshrines the right of the individual to be informed 

and provide prior consent on a voluntary basis. The individualôs protection and rights 

supersede any interests of scientific progress. 

 

Carrying out an FOT gives rise to a considerable number of legal and ethical issues. It is 

not possible to provide a comprehensive guide to all the legal issues that can arise in a 

particular FOT, as these may be very dependent on the system(s) to be tested and on the 

study design adopted. It should be noted that the regulations and laws vary from country 

to country and that even where there are European laws and regulations the interpretation 

of these may vary between countries. Thus, projects carrying out FOTs in more than one 

country or that potentially involve cross-border traffic may need to consider the legal 

implications in all relevant countries. Another aspect is that projects fully consider health 

and safety aspects. It should be noted that not carrying out a prior risk assessment and 

therefore not giving proper consideration to the safety risks that may result from an FOT 

can expose not only the participants, but also an organisation to risks.  

 

Legally, when undertaking an FOT, it is very important to understand the need to seek 

legal advice at national level (i.e. in the respective Member State), taking the concrete test 

design into account. It must be made clear that the advice in this Handbook remains at an 

abstract level. The information provided is the basis for planning subsequent procedures 

in timelines, estimating legal costs involved, defining measures that can realistically be 

implemented or the identification of approving authorities (e.g. for data protection, etc.). It 

must, however, be pointed out that information provided therein is not a final opinion on 

the law of these Member States since details on the single case are decisive. Furthermore, 

important differences in national law make it crucial to involve legal expertise at the level 
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of every Member State affected by the FOT and on the basis of predefined data logging 

facilities and specific systems/applications where relevant.  

 

Finally, FOTs past 2018 need also to consider the new European General Data Protection 

Regulation on the ñprotection of natural persons with regard to the processing of personal 

data and on the free movement of such dataò 2016/679. In 2018, the current directive 

95/46/EC will be repealed by this legislation in all European countries. The direct impact 

of this law on FOT operations is not yet fully known; it needs to be investigated by 

upcoming projects. However, good scientific practices on safeguarding privacy of test 

subjects, discussed in FESTA, remain a valid starting point. 

 
In terms of the project timeline, legal and ethical issues need to be considered in parallel 

during the whole project (and indeed afterwards in terms of data protection, especially if 

the data is planned to be re-used in new projects, see the Data Sharing Framework, FOT-

Net Data, 2016). It is especially important to take legal and ethical topics into account when 

preparing the different project agreements, also bearing in mind data sharing implications. 

Thus the discussion so far does not neatly follow the FOT chain. 

 

As these issues are complex and it is not always easy to find a good solution; it may be 

useful to consult (next to legal experts) other, comparable FOTs that dealt successfully 

with them and learn from their experiences. 

 

The FOTIP, discussed in Chapter 2 and presented in table form in the Annex A, provides 

information about when in the FOT process the various legal and ethical issues need to 

be considered. The project plan needs to clearly identify the persons responsible for 

ensuring compliance or involving legal expertise in the respective Member State. 

 

3.2 Participant recruitment 

In recruitment, it is essential to ensure that participants have legal entitlement to drive the 

vehicles in question and are eligible for insurance. It may be wise to have insurance 

coverage for the fleet as a whole. If the participants are to drive their own vehicles or 

vehicles that belong to a fleet not under the control of the handling organisation, then 

insurance coverage needs to be confirmed. Coverage when travelling to other countries 

may be relevant. 

 

In some countries, it may be a requirement for the participants to undergo a medical 

examination to prove their capability to take part. In any case, it would probably be sensible 

to ascertain if they have any medical conditions that might affect their ability to participate. 

However, in some countries data privacy requirements will not allow enquiry into medical 

details; this will then need to be solved by informing on the requirements for participation 

in participant agreements as FOT/NDS termination criteria (for the individual participant). 

 

3.3 Participant agreement 

There is a need to formalise the arrangement between the organisations responsible for 

the relationship with the participants and those participants themselves. This arrangement 

is legally a contract according to civil law. Even when this arrangement is made in the form 

of e.g. ña letter of agreementò, this will not alter the legal character of the document which 

http://wiki.fot-net.eu/index.php/FESTA_Handbook
http://wiki.fot-net.eu/index.php/FESTA_Handbook
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influences the legal relationship between the participant and the handling organisation. 

Issues potentially relevant between the handling organisation and the test participant 

should be regulated in a contract to provide for legal certainty on both sides (e.g. on 

obligations, liabilities, insurance issues, information on the logging of personal data 

requiring informed consent, which parties will use the data, data sharing after the project 

including the use of personal data (see Data Sharing Framework, FOT-Net Data, 2016). 

In this respect, the legal validity of the arrangements must be considered. This is an issue 

touching the general rule of freedom of contract as a limiting exception. By way of 

illustration, the common limitation that the handling FOT organisation cannot prompt 

participants to agree (in a legally effective way) to fully exclude liability, may in so far serve 

as an example common in several EU Member States. Again, the legal situation in this 

respect can differ strongly, which requires dedicated legal expertise at Member State level 

to achieve legal certainty. A lawyer can provide advice on this and should definitely be 

consulted. Further issues of relevance to be considered and covered in this agreement are 

what shall happen in the event that a participant commits a traffic offence and/or incurs a 

traffic penalty (speeding ticket, parking ticket, etc.). Another is who is responsible for minor 

damages to the vehicle and payment of any insurance excess. The issue of who is allowed 

to drive, e.g. other household members, and under what circumstances also needs to be 

considered. Only the participants will have been properly informed about their 

responsibilities. There is no way to ensure that any third parties are properly briefed. 

 

If data is going to be shared across borders, during and/or after the project, it is of utmost 

importance to set up a process ensuring that the participant agreements used in different 

countries all include the necessary statements for the data to be used and re-used 

internationally. A suggested process would be to design a project template that can be 

adapted to different national legislations where data is being collected and altered. All 

nationally adapted participant agreements are then gathered centrally, and the statements 

are checked to ensure that the data can still be shared across borders. Any deviations 

from the template that imply that data cannot be shared as intended need to be addressed. 

Solutions might potentially need to be decided by the project management, as deviations 

might affect the outcome of the project.   

 

3.4 Data protection and data ownership 

Protection of personal data is stipulated by an EU directive from 1995 and is enshrined 

within the national laws of the various Member States. These national laws may state 

specific requirements. Where an FOT is performed in several countries, the legal 

implications for data protection should be thoroughly investigated. There is no doubt that 

an FOT will give rise to data protection and privacy issues. The general approach to data 

acquisition in the majority of FOTs will be to ask the participant for his/her informed, 

voluntary consent. The information provided thereby describes the scope of processing 

intended over the lifetime of the data, including potential re-use of data after the project. 

No additional processing (e.g. disclosure of the data that might lead to identification of the 

persons involved) can normally take place without prior consent. 

 

Another issue of major relevance in respect to video data is the issue of cameras directed 

to the vehicle surroundings. There are two legal privacy issues associated with such 

cameras: the recognisability of other road users and registration numbers. Both are critical 

in respect of data privacy regulations in place in several EU Member States (see also 
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FOT-Net 2, 2014a, FOT-Net Data, 2016 and Aust et al., 2014). A solution that will avoid 

complications is low camera resolution that does not allow for any identification of the 

above-mentioned items. Otherwise a solution must be sought at national level either by 

contacting the national data protection agencies or (possibly as a first approach) by 

involving the respective legal advisor for the project at Member State level. 

 

Obviously, video data must be treated with special care in todayôs information society. Any 

video recording can potentially be made available over the Internet or passed on to third 

parties. This will obviously cause substantial problems. It is therefore important that 

personnel handling and analysing the data are given appropriate education on personal 

integrity issues. 

 

Furthermore, with respect to video (and also audio) recording, passengers will not normally 

have given prior consent to being recorded, so it is questionable whether it is appropriate 

to have in-vehicle cameras with coverage of the passenger seats. Special issues arise in 

the case of minors. As far as video data is concerned, a possible solution would be to 

apply very low camera resolution not allowing for identification of persons. More details 

are provided FOT-Net 2 (2014a). Legal advice at Member State level needs to be sought 

in this respect if applicable. 

 

The data server must be protected from intrusion, and normally any personal ID 

information should be kept completely separate from the main database and stored with 

additional protection such as encryption. It has to be recognised that even when data has 

been anonymised, it may be possible to deduce who participated e.g. from GIS 

(Geographical Information System) data in the database. All data transfers including 

personal data should be made using encryption. 

 

Anonymisation of data is a topic that has recently gained more attention, especially 

regarding video. By extracting interesting features from the video, such as eye glance or 

mobile phone use, these extracted features could be shared without revealing personal 

identity. Today this is done manually, which is very time-consuming. Efforts are being 

made to find automated, accurate algorithms that can be applied to huge data sets. One 

promising technique is to cover the driver´s face with a mask which shows the same 

emotions as the driver. If data sets could be anonymised, the need for data protection 

when sharing them would be reduced and more data sets would become available. 

 

Data ownership and data sharing relate to stakeholder interests. We have already 

mentioned the participant agreement, where the participant can agree to re-use of the 

collected data. Some stakeholders will regard data as strategic or sensitive. For example, 

data can be used to compare systems, and this is usually not in the interest of the system 

producers or OEMs. On the contrary, for policymakers and road operators the 

effectiveness of specific systems is a relevant topic. To deal with these stakeholder 

interests, agreements on how to address these issues should be proposed as far as 

possible in advance. There are several ways to address them, such as: 

 
¶ Project agreements, such as grant agreement, consortium agreement and 

agreements with external data providers, is recommended to include how to deal 
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with data ownership and re-use as such. A checklist is available in the FOT-Net 

Data Sharing Framework (FOT-Net Data, 2016). 

¶ Procedures on how to change or introduce new research topics or projects using 

the collected data, which should assure the stakeholders that the data use and 

data protection are according to their requirements. This also includes procedures 

for potential re-use of the data by third parties. 

¶ Anonymisation or de-identification of the data. 

¶ Address ownership of data in the tendering procedures or contracts with the 

(public) organisation providing the grant. 

 
Data collected from the CAN bus represents a special case. Some of the data may reveal 

information that is confidential to the manufacturer, who may not want to share the data 

with third parties. Proper data filtering could be implemented in order to make available to 

the relevant partners only the data that is necessary to the FOT analysis. 

 

¶ An overview and recommendations addressing the above-mentioned issues, also 

from a data sharing and re-use perspective, can be found in the Data Sharing 

Framework (FOT-Net Data, 2016). 

 

 

3.5 Risk assessment 

The project needs a comprehensive risk assessment plan and will need to be able to 

demonstrate subsequently that the identified hazards have been properly managed. 

Organisations will normally have a safety management process for this. 

 

3.6 System safety 

It is obviously incumbent on those conducting an FOT to ensure that the equipment that 

they have installed in a vehicle and the modifications that have been made to the vehicle 

systems do not give rise to any undue hazards. Hazards can arise from radio and electrical 

interference (where electromagnetic compatibility tests should be conducted), from 

reducing vehicle crashworthiness (installations on the dashboard, interference with airbag 

deployment, and so on) and from HMI (Human Machine Interface) designs that cause 

distraction. The potential for failures to arise from modifications to and interaction with in-

vehicle systems needs to be handled by means of a formal system safety assessment. 

 

3.7 Approval for on-road use 

Vehicles are generally subject to Whole Vehicle Type Approval processes and to 

Construction and Use regulations. Before it is certain that it is legal to operate a modified 

vehicle on public roads, a check must be made with the appropriate authorities, who may 

be the national government or a designated approval agency. Once a vehicle is certified 

as legal to operate in one European country, it can normally be driven legally in other 

countries. This again should be subject to the legal advice sought in respect of the specific 

FOT. 
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3.8 Insurance 

Insurance requirements extend beyond the insurance of the vehicles and possibly of the 

participants. There is also a need for indemnity insurance to cover the FOT as a whole. 

This may be provided by an employing organisationôs professional indemnity insurance, 

but it is vital to confirm that the large risks are covered. Insurances and liabilities tend to 

differ greatly between the EU Member States. It is therefore advisable to seek legal advice 

in this highly risk-sensitive aspect. 

 

3.9 Responsibilities 

There are no very precise rules about responsibilities, but each contributor should be 

responsible for the component that he/she has realised or integrated. In the case that an 

accident occurs, damaging people and/or goods as normally happens in any such event, 

an investigation is opened in order to establish: 

 

¶ The dynamics of the accident (this could be facilitated by the recorded data) 

¶ The cause (driver, third parties, vehicle fault, road equipment fault, road problems, 

missing signs, ...) 

¶ In the case of driver failure contributing to the accident, the experimental systems 

may have negatively influenced the driver and these systems could then indirectly 

be a cause 

¶ In the case of vehicle fault a complex technical analysis should be made in order 

to identify the component originating the fault, which may depend on design, poor 

manufacture or incorrect installation 

 
These issues can be handled safely beforehand on the basis of sound legal treatment (via 

contract, insurances, etc.). It is therefore important to involve legal expertise at the level of 

the EU Member States affected by the FOT. 

 

3.10 Video data collection (specific issues) 

Video data collection within the vehicle was covered in Section 3.4. However, there are 

some additional points to consider. For example, there may be locations encountered 

where it is illegal or prohibited to video externally, such as border crossings, military 

locations and private premises. The possibility of this happening needs to be considered; 

it is likely to be more of a problem in truck FOTs. 

 

3.11 Ethical approval 

Ethical approval to conduct an FOT may be even more difficult to obtain than legal 

approval. In many countries and in many organisations, there are strict ethical approval 

and human subject review procedures.  

 

If ethical approval is required, these procedures can be very time consuming, so that time 

for the process needs to be considered in the project plan. Human rights legislation is also 

relevant, as is the Helsinki Declaration of 1964 and its subsequent revisions. This 

declaration enshrines the right of the individual to be informed and provide prior consent. 

The individualôs protection and rights supersede any interests of scientific progress. 
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If the data is going to be re-used after the project, it is important that the research 

organisation re-using the data investigate whether an ethical approval is needed for the 

new research project, according to the national legislation in the country where the 

research project is performed.  

 

 

3.12 Iteration 

 
Considering ethical and legal issues may influence the outcomes of the different phases 

of the FOT chain. It may be necessary to re-think some phases and to abandon choices 

made earlier. For example, if it is not possible to collect certain data due to legal or ethical 

issues, it may no longer be possible to test certain hypotheses or to use certain 

performance indicators. 

 
 

3.13 Legal and ethical issues in automation FOTs 

 

In this chapter, the need was stressed to start timely preparations for getting legal and 

ethical approval for FOTs, and to involve legal experts from the very beginning. For 

automation projects, this is even more important. As we are dealing with new systems 

directly affecting driving, and legislation and approval procedures and authorities differ 

between countries, it is difficult to provide specific advice in this chapter. 

 

For vehicles driving in automated mode on public roads, it is necessary to obtain permits 

from the national authorities. Involving the general public in user tests will generally, for 

safety reasons, require a safety or professional driver. This driver may perform part of the 

driving tasks in case of lower levels of automation, but may also be present in the vehicle 

only to take care of emergencies.  

 

Because it may be difficult to gain authorisation to drive on public roads, automation pilots 

may choose to use test tracks or closed environments. However, the safety of the 

participants will remain a key issue in test design and ethical approvals.  
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4  From Functions to 

Hypotheses 

4.1 Introduction 

The final objective of an FOT is to evaluate 

in-vehicle functions based on Information 

Communication Technology (ICT) in order to 

address specific research questions. These 

research questions can be related to safety, 

environment, mobility, traffic efficiency, usage and acceptance. By addressing the 

research questions, FOTs promise to furnish the major stakeholders (customers, public 

authorities, OEMs, suppliers, and the scientific community) with valuable information able 

to improve their policy-making and market strategies. Individuating the most relevant 

functions and connected hypotheses to successfully address the above-mentioned 

research questions is one of the major challenges in an FOT. In this Chapter, the process 

of individuating the functions to be tested in an FOT and the relevant connected 

hypotheses will be elucidated. Specifically, the reader will be guided in the process of 

 

1. Selecting the functions to be tested 

2. Defining the connected use cases to test these functions 

3. Identifying the research questions related to these use cases 

4. Formulating the hypotheses associated with these research questions, and 

5. Linking these hypotheses to the corresponding performance indicators. The FOT 

chain shows specifically the steps reported above. 

 

The steps may be influenced by other elements of the FOT chain. The selection of 

functions may be driven by the socio-economic impact that is expected, or by the research 

questions. When details are filled in later on in the process, it may be necessary to re-visit 

earlier steps, for example limits in resources or technical capabilities may lead to a decision 

to limit the amount of functions, use cases and hypotheses. 

 

4.2 Applying this Process to Naturalistic Driving Studies  

This chapter is written from the perspective of FOTs on various kinds of systems. By 

contrast, NDS investigate driving itself without the constraints of the experimental 

conditions that are normally required in FOTs. In FOTs there is a natural progression that 

starts with a specification of the functions to be evaluated, then moves on to the 

environments and situations in which the tests will be conducted and the experimental 

design that will be employed. The specified research questions follow in a natural 

progression, and, in forming the hypotheses, there is generally an anticipation of the 

direction of change, e.g. that a driver assistance system will promote safety or fuel 

economy. In framing hypotheses for FOTs, we seek to gain a deeper understanding not 

only of what changes occur but of how they occur, i.e. of how a particular function 

influences user behaviour.  
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By contrast, NDS are much more exploratory. They aim for deeper understanding of 

driving behaviour as it relates to safety and in some cases environmental aspects of 

driving. They can thus be likened to other observational studies in traffic. Of course, there 

is a kind of experimental design even in NDS: the vehicles and participants have to be 

selected, and the choices made here will be determined by the focus of the study and the 

research topics being addressed.  

 

NDS focus on how drivers manage their driving in changing situations and environments 

and on how breakdowns in the safe operation of vehicles come about. Hence they are 

primarily interested in why problems occur and do not occur. This makes research 

questions, as opposed to hypotheses, the natural focus of NDS. Those research questions 

will tend initially to be quite broadðwhat is the relationship between distraction and safety-

critical events or why do young drivers have a problem with loss-of-control on curves at 

night? The RQs can then be further specified in the form of sub-RQs and so on. From 

those sub-RQs, appropriate performance indicators and measures can be defined. This 

then leads to the specification of the data acquisition system and associated subjective 

and objective data.  

 

One of the challenges in NDS is prioritizing the research questions. It is comparatively 

easy to generate hundreds of RQs and sub-RQs. The difficulty then is likely to be setting 

the boundaries of the study by determining which ones are high priority and can be 

addressed within the resources available. However, if the final database is sufficiently 

broad and flexible, it can become a valuable resource for the investigation of additional 

topics and RQs. NDS data will be useful for many other studies on driver behaviour and 

therefore it is of the utmost importance that facilitating data sharing is taken into account 

from the very beginning of such a study. 

 

More on NDS can be found in Section 6.6. 

 

4.3 Systems and functions 

In the last few years, the number of ICT functions available for use on standard vehicles 

and more generally while travelling has been rapidly increasing. ICT functions are 

intrinsically designed to provide the driver or traveller with new, additional information. 

However, the extent to which this increased amount of information from these ICT 

functions results in clear and positive effects on safety, environment, mobility, usage, and 

acceptance in a real traffic situation is unknown. FOTs warrant to evaluate, for the first 

time, these ICT functions in a real traffic situation during naturalistic driving. In this 

Handbook we refer to 1) in-vehicle, 2) cooperative, and 3) nomadic systems intended as 

a combination of hardware and software enabling one or more ICT functions. Depending 

on the different systems implementing a specific function, different challenges may have 

to be faced during the FOT design. 

 

It is important to note that NDS in the future will increasingly include new systems as they 

increase in market penetration. For example, future NDS will be able to be used for with-

and-without analyses of systems that are new today, but commonplace tomorrow (e.g. 

Forward Collision Warning may become as commonplace as ABS). 
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4.4 Vehicle systems 

Vehicle systems are a combination of hardware and software enabling one or more 

functions aimed at increasing driver safety and comfort. Vehicle systems promise 

 

1. To increase road safety by increasing driver attention in potentially hazardous 

scenarios[FW] (such as the Forward Collision Warning function), 

2. To improve driver comfort by automating some of the operational driving tasks 

(such as the Adaptive Cruise Control function), 

3. To increase driver mobility by furnishing timely traffic information (such as the 

Dynamic Navigation function), and 

4. To increase safety in a critical situation by automating the vehicle response (such 

as the Collision Mitigation function). 

 

Vehicle systems are becoming increasingly standard equipment, including in middle class 

and commercial vehicles. However, their impact on the driver, the traffic system, the 

society, and the environment in the short- but especially in the long term is not fully 

understood. FOTs can help quantify the impact of vehicle systems on driver workload and 

understand how different functions interact with each other in a real complex traffic 

situation. Further, FOTs will expose these functions to many improbable scenarios which 

are not possible to test during the functions evaluation phase. 

 

4.5 Nomadic devices 

The use of Nomadic Devices for transport and traffic related applications has become 

increasingly commonplace in the last few years. The first wave of such devices was 

dedicated satnavs, also known as Personal Navigation Devices (PNDs). The second wave 

of functions has been a large variety of ñappsò for smartphones. In addition, some PND 

suppliers have formed alliances with vehicle manufacturers so that their products may be 

fitted as original equipment. Whether fitted as original equipment or functioning on 

smartphones, the hardware platforms tend to operate autonomously of the vehicle. Indeed, 

many of these devices can provide traveller functionalityðfor pedestrian route finding, for 

public transport information, to locate points of interestðoutside the vehicle. 

 

The functionality of PNDs and smartphones has been evolving over time. These days, 

both feature map updates and cooperative-system-like functionality in the form of live 

traffic updates and other environmental information. 

 

Specifically tailored aftermarket devices, sometimes offered by the same manufacturers 

as personal PNDs, are now targeted at the fleet market for management of logistics and 

other fleet functions. Some of these devices provide links to CAN data. An increasing focus 

of such systems is fuel economy and feedback to drivers on their efficiency of driving. 

Another sector for aftermarket devices is the pay-as-you-drive insurance market. 

 

Nomadic devices need to be evaluated from the perspectives of user behaviour and 

acceptance, safety (particularly in regard to HMI issues), travel and traffic impacts and 

environmental implications. It should also be recognised that such devices can have broad 

mobility implications, both in terms of the strategic level of driving (route choice) and in 
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terms of trip generation and mode choice. Any evaluation of usage needs to consider the 

potential for both in-vehicle and out-of-vehicle usage of these devices. 

 

One of the critical characteristics of PNDs and smartphones is how far the device is 

integrated within the vehicle. Many devices use specific mounting kits for in-vehicle 

installation (connection to power supply, GPS and in some cases the vehicleôs audio 

system). Typically, PNDs are mounted with a suction cup directly to the windscreen, while 

cradles for smartphones may also attach via a suction cup. As a result, they may impede 

the driverôs field of view increasing the risk of accidents. They may break free in case of a 

collision. There are also often problems with small screen size, visibility and inadequate 

audio volume. Nevertheless, the popularity of these devices has not been affected. To 

increase usability and reduce negative side effects, automotive connectivity (e.g. Bluetooth 

profiles) has been developed so that such devices can use or be used with the vehicleôs 

built-in HMI. 

 

The general ease of use of a device will have a major influence on acceptance and 

willingness to pay. Here, ease of use refers not just to the usability while driving but to the 

user experience in all aspects of usageðpre-trip, in-trip and post-trip. Post-trip functionality 

is very relevant to usage in the fleet market and to support for and feedback on eco-driving. 

 

Due to the fast innovation cycle, FOTs studying nomadic devices may require state-of-the-

art planning in order to keep up with the introduction of new features and functions. They 

will also need to consider the surrounding infrastructure since, rather like cooperative 

systems, many functions rely on information and support from the outside. Weather 

forecasts, traffic information, updates on road conditions, dynamic speed limit information 

and speed advice are all dependent on service providers. 

 

4.6 Cooperative systems 

Cooperative Systems are vehicle systems based on vehicle-to-vehicle (V2V), vehicle-to-

infrastructure (V2I) and infrastructure-to-vehicle (I2V) communication technology. 

Communication technology has enabled a new class of in-vehicle information and 

warnings which are more precise in terms of time and location. It is foreseen that the 

integration of cooperative systems with autonomous functions will provide a new level of 

ADAS. Infrastructure-based information tells the driver, for example, what is the 

appropriate speed to keep on a specific part of road or warns the driver in case of ice on 

the road or fog. 

 

One of the initial objectives of V2V, V2I, and I2V is to increase road safety. The 

development of safety-critical V2V systems in Europe has been mainly promoted by the 

Car-to-Car Communication Consortium (C2C-CC). More recently, the EC has placed 

emphasis on the application of cooperative systems to achieve environmental and 

efficiency impacts. 

 

Cooperative systems can differ from in-vehicle systems in several areas, which directly 

influences the FOT planning and operation.  
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The main issue lies in the essence of cooperation: all V2V functions rely on more than one 

vehicle being in communication range, and V2I relies on roadside stations. Before starting 

the FOT, it is hard to estimate the number of vehicles in one area and how often vehicles 

will pass a Road-Side Unit (RSU). This penetration rate is a crucial factor in designing and 

evaluating an FOT. 

 

Estimates from the first V2X FOTs predict a minimal penetration rate of 10% for V2X 

functions to show a noticeable effect on traffic safety and efficiency. Given the size of the 

FOT area and the average distribution of vehicles, the number of participating vehicles 

should usually be considerably higher. 

 

The penetration rate also influences the Frequency of Events[FW] (FoE). In cooperative 

systems FOTs, the FoE is roughly related to the number of necessary vehicles for a 

function. While some functions work with only two vehicles (e.g. a slow vehicle warning), 

other functions require several more (e.g. traffic jam ahead warning). For certain functions 

the combined frequency of events might make a naturalistic FOT unfeasible. 

 

A proper assessment of the penetration rate impact can be derived from dedicated 

simulations. A simulation environment should consider traffic effects, communication 

models, applications and their respective influence on each other. Such dedicated 

simulation environments are able to predict the frequency of events for the developed 

functions and thus support the FOT design and setup process greatly in cooperative 

systems. 

 

There are several implications derived from this effect for the test setup and execution of 

cooperative systems FOTs: 

 

¶ The number of equipped vehicles is considerably higher or the FOT needs to run 

for considerably longer to collect enough data to be representative. 

 

¶ It might be very difficultðeven impossibleðto run the FOT uncontrolled for some 

functions (e.g. Emergency Electronic Brake Light). Controlled testing implies the 

usage of dedicated tools to specify the test cases, the test scenarios and to run 

the test. They also need to be linked to the vehicles and drivers to control and 

monitor the running test. (See Section 6.5 for further detail) 

 

FOTs can assess the technological and business feasibility of cooperative systems and 

may be necessary to complete the validation of such systems. In fact, testing to validate 

cooperative systems may require a very complicated setup, which may not be possible 

unless in a real-traffic setup. 

 

One important issue is the installation of infrastructure devices that could be needed. 

Permission for the testing and team involvement should be planned in advance 

considering the impact on normal traffic during the installation phase.  

 

Assessment of RSUs and antenna positioning could be rather time consuming. Protection 

and maintenance of roadside equipment should be ensured. 
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A specific complexity of cooperative systems is due to the distributed nature of involved 

components. It is not sufficient only to log the vehicle state and the function state, but in 

order to evaluate completely the functionality of a cooperative system it is also necessary 

to log incoming and outgoing V2X data and the Local Dynamic Map state on the vehicle 

side. 

 

These data types are provided to or received from other nodes of the V2X network and 

directly influence the system functionality. Consequently, the scope of logging has to be 

widened; each node (ITS station) needs to be equipped with a logging device. This device 

or software component has to be able to log all important internal sources and the network: 

 

¶ Vehicle Data (CAN Bus) 

¶ Position and Time (if not present on CAN) 

¶ Networking: Incoming and Outgoing Messages (CAM, DENM, etc.) 

¶ Local Dynamic Map Status (lists of neighbour stations and events) 

¶ Function Status (to monitor how applications are working) 

¶ HMI (interaction with the driver) 

¶ Video 

¶ Other Facilities (connection to backend services, etc.) 

 

Roadside stations provide similar measures to those in vehicles (except vehicle data, HMI 

and maybe video) and it is advised to use a similar architecture for the logging system. In 

contrast, the measures available to an ITS central station (e.g. test control) can differ 

widely and are specific to each FOT. Additional roadside sensors may be needed to 

provide information related to interaction with non-connected vehicles and other situational 

variables. 

 

For controlled testing scenarios it is advisable to include monitoring features in the logging. 

Monitoring is about real-time transfer of selected information available to the logger. In a 

central counterpart, this information is displayed to visualise the current test progress. The 

monitoring value set is a subset of logging and should at least include vehicle ID, position, 

heading and speed. It may include information from tested functions to monitor in real time, 

if the test goals (e.g. to trigger the functions in a specified way) have been met or if a test 

run needs to be repeated. 

 

When large international FOTs are planned, cooperative systems may require 

interoperability tests. The costs and organisational and legal aspects (prototypes in foreign 

countries) should not be underestimated when planning these testing sessions. 

 

4.7 Combinations of functions 

There are many FOTs that investigate the impacts of a combination of functionsð

sometimes because systems and functions come in a bundle. One such common bundle 

is the combination of Adaptive Cruise Control (ACC) and Forward Collision Warning 

(FCW). Both functions make use of the same sensors, and indeed second-generation 

ACCs generally implement a warning function to indicate to the driver when the 

deceleration demanded of the ACC in order to prevent a collision with the preceding 

vehicle is beyond the functionôs designed capability. In other cases, an FOT may be 
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investigating a function that resides on a platform which offers many other functions. This 

is almost invariably the case when studying functions that reside on a nomadic device such 

as a smartphone or PND. In some cases, a project will create a new function and provide 

it to users on a standard consumer nomadic device. It is not practical or reasonable to 

demand of users that they do not use the full functionality of the device, and attempts to 

disable features may well annoy participants. 

 

In planning the evaluation, it is important to consider how functions may interact with each 

other and how those interactions might affect user behaviour. This needs to be done at 

the stage of an FOT when research questions and hypotheses are initially formulated. 

What needs to be considered is: 

 

¶ Can the effects of the various functions be disentangled? Note that it may not be 

possible or feasible to do so, particularly if the functions are closely coupled 

together. 

 

¶ Does the experimental design need to be modified to enable both the single effects 

of each function to be investigated as well as the effect of the functions in 

combination? 

 

Some systems are now so integrated that it is no longer feasible or even safe to 

disentangle them completely. 

 

Where bundles cannot be disentangled, it is only possible to investigate and report on the 

impacts of the combined systems. But when, for example, there are separate apps on a 

nomadic device, then consideration needs to be given to how those apps might interact. 

The investigation can be carried out in a naturalistic manner, i.e. the participants are free 

to choose when and when not to use the applications and functions that are not the 

immediate focus of the FOT. Alternatively, it can be carried out in a more experimental 

manner by means of instructions to participants, systematically enabling and disabling the 

functions, or carrying out controlled drives with the functionality of the system(s) carefully 

manipulated. 

 

In formulating hypotheses, it is useful to think both of the singular effects of a system or 

function and of the synergistic effects that one function may have on another. Thus, the 

recommended procedure is to start with the individual functions and then to proceed to 

combinatory effects. The process should therefore be to: 

 
1. Begin separately with the individual functions, generating a list of research 

questions and hypotheses 

 

2. Examine commonalities and conflicts between the systems and functions and 

derive hypotheses from those commonalities and conflicts: 

a. Can they generate simultaneous messages and/or warnings? 

b. Do they have a common interface and can they both be activated 

simultaneously? 

c. Are the same performance indicators relevant to each system and/or function? 

d. Are there common factors influencing usage? 
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3. Distinguish between hypothesis additive effects when the two systems interact with 

each other and multiplicative effects when the presence of a second system will 

alter the effects of the first. Additive (or subtractive) effects mean that the size of 

the effects will change. Multiplicative effects mean that the relationship is different, 

i.e. that there is an interaction in statistical terms. Consider situations in which such 

multiplicative effects might be important. 

 

The application of this procedure should produce a comprehensive set of hypotheses on 

how the functions might interact and should affect the subsequent experimental design. 

As in all such work on the preparation of research questions and hypotheses, the 

reasonableness of pursuing every possible combination in a structured experimental 

design needs to be considered. Any additional function can impose a huge cost in terms 

of the increase in the number of possible combinations. It can be argued that there is a 

rationale also for multiple baselines, i.e. with all functions off, and with one function at a 

time off. 

 

Complex experimental designs have large practical costs associated with them, and the 

benefits of such designs need to be carefully considered. The costs can be in the form of 

the number of different baselines that may be required and of the time needed for data 

collection on each combination. A full experimental design in which ordering effects are 

considered may well be totally impossible for practical reasons. This can all lead to 

excessive time required for FOT execution. But another side effect can be the sheer 

difficulty of getting the participants to comply with all the different conditions of the 

experimental design. These are arguments for using a more naturalistic approach in which 

the participants are free to use whatever combination of systems and functions they 

choose. Of course, system and function state will need to be recorded. This naturalistic 

approach has some disadvantages: 

 

¶ Not all combinations may occur and not all participants may experience each 

combination 

¶ It may be hard to take care of seasonal effects 

¶ There may be insufficient sample sizes in some conditions so that experimental 

power is inadequate 

 

However, the naturalistic approach also has advantages in that: 

 

¶ Participant compliance will generally be assured 

¶ The frequency with which the various combinations are used can provide useful 

information for the scaling-up process. 

 

Alternatives which offer greater efficiency than a full experimental design can be proposed. 

Laboratory experiments on driving simulators can be adopted to examine synergistic 

effects and a priori analysis can be applied at an early stage in an FOT to identify 

combinations that are of particular interest and which should therefore be the focus of 

attention. This can lead to a satisfactory but incomplete experimental design. 

 



FESTA Handbook     From Functions to Hypotheses 

 

39 

 

4.8 General methodology 

The main advantage of an FOT is that it has the potential to give insight into system 

performance in naturalistic driving situations, as free as possible from any artefact resulting 

from noticeable measurement equipment or observers in the car. Therefore, the first step 

when planning an FOT is to identify systems and functions where considerable knowledge 

about their impacts and effects in realistic (driving) situations is of major interest, but is still 

lacking (see Section 4.8.1). Another domain for FOTs is the area of systems and functions 

which need a certain penetration rate to work at all, like an especially cooperative system. 

 

After identification of the functions and system, which should be tested in an FOT, the goal 

is to define statistically testable hypotheses and find measurable indicators to test them. 

To reach this goal, several steps need to be taken, starting from a description of the 

functions down to an adequate level of detail (see Section 4.8.1). This means that the main 

aspects of the functions], the intended benefits and the intrinsic limitations have to be 

described to fully understand objectives and limitations and to derive reasonable use 

cases. 

 
Secondly, these use cases need to be defined (see Section 4.8.2). Use cases are a means 

to describe the boundary conditions under which a function is intended to be analysed. A 

general starting point is given by the functional specifications from the function description 

part. But it might also be of interest how a function performs when certain preconditions 

are not met and to identify unintended and unforeseen effects. 

 

Starting from the use cases, definitions-specific research questions need to be identified 

(see Section 4.8.3). Research questions are general questions to be answered by 

compiling and testing related specific hypotheses. While research questions are phrased 

as real questions ending with a question mark, hypotheses are statements which can 

either be true or false. This will be tested by statistical means (see Chapter 9). One might 

already have a very clear idea from the beginning which hypotheses are to be tested in a 

very specific situation during the FOT. However, this very focused view might result in an 

extremely limited experimental design where important unintended effects should be 

considered. The process for defining hypotheses developed in FESTA aims to prevent 

these potential issues (see Section 4.8.4). 

 

Finally, hypotheses can only be tested by means of reasonable indicators (see Section 

4.8.5). 

 

These steps are shown as parts of the complete FOT and are elaborated further in the 

following sections. FESTA D3 (2008f), D4 (2008g), D5 (2008h) provide additional detail on 

the application of the FESTA methodology to identify functions and systems and to develop 

hypotheses for the experimental design. All stepsðfrom the description of the systems 

and functions, development of use cases and scenarios, research questions and 

hypotheses to the proposal of related performance indicatorsðare covered. 

 

In the FESTA methodology, function description is a starting point. However, this may pose 

some problems. Not all FOTs are testing one pre-defined function; sometimes a set of 

functions or systems are to be evaluated. Or, in NDS, the focus of the study may not be 

http://wiki.fot-net.eu/index.php/FESTA_Handbook
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on functions but on driving behaviour in general. Stakeholders may have different ideas 

about the functions they want to test, and function descriptions are not always clear. 

 

One issue is whether a function is generic or manufacturer-specific. In other words, how 

far should the particular manufacturerôs specification and functionality be considered? The 

specifics of the function can clearly have an impact on acceptance and behaviour. An 

example here might be an LDW (Lane Departure Warning) that gives auditory and visual 

warnings and a different one that provides haptic feedback through the steering wheel. It 

is possible that one design will turn out to be more effective than the other. 

 

When it is possible to start with a clear function description, this will allow a detailed 

planning of the data collection plans, of the experimental design and hence of the costs. 

But it is of course still necessary to further specify research questions, hypotheses and 

performance indicators. In the case that functions are not well-defined or a decision has 

not made before the start of the project as to which functions to investigate, it may be more 

advisable to start with defining the research questions and select functions that seem most 

useful in answering these questions. 

 

The issue of how many functions can be investigated in an FOT is a matter of the resources 

to be deployed and of whether the impacts of each function are to be investigated 

separately or alternatively, and whether the functions are to be treated as a package. 

Multiple functions can have interaction effects with each other, and combinations of 

functions can therefore have impacts which are not simply the sum of the individual effects. 

On the other hand, it may not be feasible to get the functions to work separatelyðfor 

example, FCW is now generally provided in combination with ACC so that when using 

ACC it is not possible to switch off FCW. 

 

4.8.1 Step 1: Selection and description of functions 
 
Usually, it is quite clear from the beginning what functions or at least what type of functions 

will be the object of an FOT. However, in order to select the specific functionsðbut also in 

case the type of functions has not yet been decidedða Stakeholders Analysis is 

recommended. During this analysis, the needs of the different stakeholders need to be 

identified and merged into a common requirements description. Stakeholders are those 

whose interests are affected by the issue or whose activities strongly affect it, those who 

possess information, resources and expertise needed for strategy formulation and 

implementation, and those who control relevant implementations or instruments, like 

customers, public authorities, OEMs, suppliers, and the scientific community. It is of vital 

importance that all relevant stakeholders are included in the analysis to guarantee that the 

selection process will not itself bias from the beginning the appraisal of the gained results. 

 

It is recommended to evaluate the stakeholdersô needs by means of questionnaires, 

workshops or well documented interviews of stakeholdersô representatives. It is also quite 

important to describe the selection process sufficiently to prevent misjudgement. 

 

The basis for all following steps is a sufficient description of the selected functions. 

 

For these purposes, it is suggested to collect the necessary information into a spreadsheet, 

structured in two parts: 
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¶ A first one, the functional classification, where a short high level description of the 

main aspects of the function should be given. This information is usually provided 

through the system specifications given by the system vendor or OEM. 

 

¶ The second part of the description should comprise limitations, boundary 

conditions and additional information which is necessary to understand how the 

function works. 

 

The boundary conditions part should describe where and under what circumstances the 

system/function will operate according to its specifications, where the FOT should take 

place, and which type of data needs to be recorded during the FOT to enable a good 

interpretation of the results. It consists of: 

 

¶ Infrastructure requirements, cooperative systems and nomadic devices 

requirements. Here all required actors besides the actual system need to be 

mentioned, which might have an impact on system performance, service 

availability or similar. It is intended to trigger the consideration of factors which are 

external to the system/function under evaluation 

 

¶ Demographic requirements/driver requirements. Especially the user or driver 

recruitment process needs to take into account whether a function is particularly 

designed for a specific group of users or drivers. Drivers differ on a large variety of 

characteristics, which may all have an influence on how they drive and use 

different systems and services. These differences may be important to take into 

account when planning an FOT. Four categories of driver characteristics may be 

distinguished: 

 

o Demographic characteristics: gender, age, country, educational level, income, 

socio-cultural background, life and living situation, etc. 

o Driving experience, and driving situation and motivation: experience in years 

and in mileage, professional, tourist, with or without passengers and children 

etc. 

o Personality traits and physical characteristics: sensation seeking, locus of 

control, cognitive skills, physical impairments or weaknesses etc. 

o Attitudes and intentions: attitudes towards safety, environment, technology etc. 

 

¶ Geographical requirements/road context. This is necessary for systems which, 

concerning their functionality, depend strongly on the horizontal or vertical curves 

of the road layout or on the road type. For example, certain speed limit information 

systems depend largely on the availability of speed limit information on a digital 

map, which at present is only commercially available on high-class roads. 

 

¶ Geographical requirements/environmental restrictions. Certain systems are 

especially designed for specific environmental conditions or, on the other hand, 

specifications might indicate that the system under evaluation will not work under 

certain environmental conditions. In this case the location of the FOT needs to be 

selected carefully and the relevant data must be recorded during the FOT. For 
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example, most of the functions using a perception system will be affected by 

adverse weather conditions. If this is the case, it is necessary to log relevant data 

and take it into account for later data analysis. 

 

¶ Geographical requirements/traffic context. The performance of certain systems 

might depend on the traffic context, that is, the traffic density (e.g. given by the 

Level of Service) or might even be designed to work in specific traffic densities 

only. Like the other geographical requirements, this needs to be taken into account 

when an FOT is planned, performed and the data is analysed. 

 

¶ Other limitations. All other limitations need to be mentioned which might have 

considerable impact on the performance of functions or systems, since these 

limitations have a major impact on the experimental design and data analysis. 

 

4.8.2 Step 2: Definition of use cases and situations 
 
FOTs will typically test technically mature ICT systems. Therefore, systems and functions 

to be tested are on the market or close to market and can be easily implemented. But the 

list grows too long if all possible implementation variations and technologies are 

considered separately. The use cases put the systems and functions at a suitable level of 

abstraction in order to group technology-independent functionalities and answer more 

holistic research questions described later. 

 
 

Table 4.1 Use cases, situations, scenarios, and their mutual dependence 

 

Subject Definition Comment Example 

Use Case A specific event in which a 
system is expected to behave 
according to a specified 
function 

A use case is a system 
and driver state, where 
ñsystemò includes the 
road and traffic 
environment 

Car following 

Situation One specific level or a 
combination of specific levels 
of situational variables 

 

Thus a situation is a 
state of the 
environment 

Rainy weather + 
darkness + 
motorway driving 

Scenario A use case in a specific 
situation 

Use case + situation = 
scenario 

 

Car following on the 
motorway in rainy 
weather and 
darkness 

 

A use case is a textual presentation or a story about the usage of the system told from an 

end userôs perspective. Jacobson et al. (1995) defined use cases as follows: ñWhen a user 

uses the system, she or he will perform a behaviourally related sequence of transactions 

in a dialogue with the system. We call such a special sequence a use case.ò Use cases 

are technology-independent and the implementation of the system is not described. Use 

cases provide a tool for people with different backgrounds (e.g. software developers and 
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non-technology oriented people) to communicate with each other. Use cases form the 

basic test case set for the system testing. There are a number of different ways to define 

a use case. Use cases in FESTA are very general descriptions, like ñcar followingò. This 

needs to be refined to a reasonable level of detail, which is done by describing ñsituationsò 

(see Table 4.1). It is the detailed scenario description that triggers the development of 

specific hypotheses for later analysis. 

 

Situations are defined as a combination of certain characteristics of a use case. Situations 

can be derived from use cases by compiling a reasonable permutation of the case 

characteristics. Situational descriptors characterise a given situation as the combination of 

several situational variables (i.e. rainy conditions and speed over 100 km/h and speed 

regulator active). Situational variables are defined in more detail in Section 5.3.4. 

Situational descriptors can be distinguished as static or dynamic, where static describes 

attributes that will not change significantly during one ride of the vehicle, such as age or 

gender of the driver. Nevertheless, this information needs to be stated, since it is one of 

the main inputs for filtering huge amounts of data in the later stages of data analysis. The 

second type of attribute is dynamic, since it can change during one ride of the vehicle, 

such as the system action status (on or off), traffic conditions, road characteristics or the 

environmental situation. 

 

The identification of possible situations is covered from three viewpoints: 

 
1. Systems and vehicle specification 

2. Environmental conditions specification and 

3. Driver characteristics and status specification. 

 
The situational descriptors conform to the following structure: 

 

IDENTIFICATION AND DESCRIPTION 

Use case name A name for identification purposes. 

Description General description of the use case to get a quick 

overview. 

Occurrence Information about the anticipated quantity of 

occurrences has implications for the amount of data to 

be analysed. 

SYSTEMS AND VEHICLES 

System status Depending on the hypotheses, the analysis might 

concentrate on situations where the system is activated 

or present.  

Example: ON/OFF (baseline) or IDLE/ON/OFF 

System action status Depending on the hypotheses, the analysis might aim 

to compare driving performance between different 

system statuses, e.g. whether the system is in active 

mode. 

Example: acting/not acting (meaning e.g. ACC 

controlling car speed or not) 
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System/function 

characteristics 

Depending on the hypotheses, an analysis of system 

performance   with   respect   to   special   system/ 

function characteristics might be conducted, e.g. 

examining differences in system performance between 

nomadic smartphones, PND...) or effects that depend 

on vehicle type. 

Example: passenger vehicle/truck/bus  

Interaction between 

systems 

The system and especially driver behaviour might 

change depending on whether the system under 

evaluation is a support system or whether interactions 

between two or more systems are foreseen. 

Example: interaction between Blind Spot Warning and 

Lane Departure Warning. 

ENVIRONMENTAL CONDITIONS 

Traffic conditions Performance of some systems might differ depending 

on traffic density. Others might only be reasonable with 

a minimal traffic density. 

Example: Level of Service A and B 

(Typical classification used by Highway operators: see 

e.g. http://www.virginiadot.org/projects/resources/5-

LOS_descriptions.pdf) 

Environmental situation System performance differs depending on lighting and 

weather conditions like rain/snowfall/icy roads, etc.  

Example: normal/adverse weather conditions 

Road characteristics E.g. type of road gradient, super elevation, curvature, 

curviness, since some systems are dedicated to 

improving driving performance in curves etc. 

Example: urban roads/rural roads/highways 

Geographical 

characteristics 

Information about geographical characteristics relevant 

to the systems. 

Example: mountainous/flat areas, metropolises with 

high street canyons. 

DRIVER CHARACTERISTICS AND STATUS 

Driver specification The characteristics of the users have an impact on 

driving performance. 

Even if no specific impacts are expected of certain 

characteristics, some outcomes may be explained 

better with more knowledge about the participants. A 

minimum set of data such as age, gender, income group 

and educational level is easy to gather from participants. 

Information about driving experience is also important. 

Section 5.6.6 gives more detail on driver characteristics 

and usage of questionnaires for better understanding of 

driver behaviour and acceptance evaluation. 

http://www.virginiadot.org/projects/resources/5-LOS_descriptions.pdf
http://www.virginiadot.org/projects/resources/5-LOS_descriptions.pdf
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Driver status Mindset of the driver 

Example: attentive/distracted/impaired 

Purpose, distance, 

duration 

Describes the different attributes of a trip (time between 

ignition on and ignition off). All three aspects have an 

impact on driver behaviour and hence on patterns in the 

data 

 

A basic set of rules governs the design of situations for an FOT: 

 

1. Complementary: situations are not allowed to overlap. 

2. Entirety: the sum of all situations should describe the complete use case. 

3. Baseline: The same situation without the use of the systems (system off or non-

present) is defined as the baseline. The baseline is the basis for the benefit 

assessment of the system and the comparison between systems. Therefore, for 

the same use case, there can be many baselines depending on the number of 

situations. 

4. Comparability: functions compared in an FOT need to have the same use cases 

and therefore same baseline and situations. 

5. Variability of situation parameters: depending on the point of view (user, trip, 

vehicle, single FOT, multiple FOTs, etc.), attributes describing a situation can vary 

considerably or not at all. 

 

This list is non-exhaustive and can be extended if necessary. 

 

Finally, from all the possible situations the relevant ones will have to be selected for 

scenarios of interest in an FOT. Scenarios are defined as a use case in a specific situation, 

therefore one or more scenarios should be considered for each use case. All other 

situations should be considered outside the scope of the FOT study. However, if feasible, 

data should still be collected in all situations for possible future use in an alternative study. 

 

The process of defining the use cases will help with the next steps of the FOTðthe 

definition of research questions and hypotheses and finally the identification of needed 

indicators. The scenarios as they are defined at this stage of the FOT are not detailed 

enough for data analysis purposes; therefore, following the definition of indicators the 

scenarios (and their situations) will need to be further described in terms of events. Only 

then can the scenarios be classified with a quantitative measurement tool with respect to 

the defined indicators. 

 

4.8.3 Step 3: Identification of the research questions 
 
The research questions specific to an FOT can only be identified once the overall goal of 

the FOT has been established. 

 

In general terms, the goal of any FOT is to investigate the impacts of mature ICT 

technologies in real use. The core research questions should therefore focus on impacts, 

but there are other questions that ósurroundô this core. The range of possible questions is 

listed below. The list should be considered a first step in any FOT and not a comprehensive 

set of questions. 
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LEVEL OF SYSTEM USAGE 
 
What factors affect usage of the functions? Examples include: 

 

¶ Purpose of journeys where the system is used 

¶ Types of road on which the system is used 

¶ Traffic density 

¶ Headway 

¶ Weather conditions 

¶ Ambient lighting 

 

How do driver characteristics affect usage of the functions? Examples include: 

 

¶ Personal characteristics (e.g. age, vision) 

¶ Socio-economic characteristics (e.g. family, friends, employment status) 

¶ Journey-related characteristics (e.g. other car occupants, shared driving) 

 

IMPACTS OF SYSTEM USAGE 

 

What are the impacts on safety? 

 

¶ Exposure 

¶ Risk of accident or injury 

¶ Incidents and near accidents 

¶ Accidents 

 

What are the impacts on personal mobility? 

 

¶ Individual driving behaviour 

¶ Travel behaviour 

¶ Comfort 

 

What are the impacts on traffic efficiency? 

 

¶ Traffic flow (speed, travel time, punctuality) 

¶ Traffic volume 

¶ Accessibility 

 

What are the impacts on the environment? 

 

¶ CO2 emissions 

¶ Pollution 

¶ Noise 

 

IMPLICATIONS OF MEASURED IMPACTS 

 

What are the implications for policy? 
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¶ Policy decisions 

¶ Laws, directives and enforcement 

¶ Future funding 

¶ Public authority implications 

¶ Emergency service implications 

 

What are the implications for business models? 

 

¶ Predictions for system uptake 

¶ User expectations 

¶ Pricing models 

 

What are the implications for system design and development? 

 

¶ HMI design and usability 

¶ Perceived value of service 

¶ Device design 

¶ Communications networks 

¶ Interoperability issues 

 

What are the implications for the public? 

 

¶ Public information/education 

¶ Changes in legislation 

¶ Inclusive access to systems 

¶ Data protection 

 
 
When defining the research questions, the trade-off between an in-depth analysis of a few 

research questions vs. a general analysis of many research questions should be 

considered, bearing in mind that focus on a few research questions often produces 

scientifically sound results. However, it is important that research questions generated are 

important and saved in order to serve as an inspiration for future studies. 

 

4.8.4 Step 4: Creation of hypotheses 
 
Once the key research questions for the FOT have been identified, hypotheses can be 

derived. The process of formulating hypotheses translates the general research questions 

into more specific and statistically testable hypotheses. 

 

FESTA distinguishes between more general and open research questions and more 

specific hypotheses. The definition of a research question in the case of an FOT is ña 

general question to be answered by compiling and testing related specific hypotheses.ò 

An example would be, ñDoes having a Forward Collision Warning system improve safety 

in driving?ò 

 

A hypothesis is here defined as (the definitions used here and below are from the glossary 

of the EuroFOT project): 

http://wiki.fot-net.eu/index.php?title=EuroFOT
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ñA specific statement linking a cause to an effect and based on a mechanism 

linking the two. It is applied to one or more functions and can be tested with 

statistical means by analysing specific performance indicators in specific 

scenarios. A hypothesis is expected to predict the direction of the expected 

change.ò 

 

The term ñfunctionò is used because a particular system may have a number of distinct 

functionsðfor example, one system could provide both Adaptive Cruise Control and a 

Forward Collision Warning. It is also the case that one function can be provided by different 

systems. An example of a hypothesis might be, ñForward Collision Warning will have the 

direct effect of an increase in minimum Time to Collision (TTC).ò 

 
There is no process that can guarantee that all the ñcorrectò hypotheses are formulated. 

To a large extent, creating hypotheses is an intuitive process in which a combination of 

knowledge and judgement is applied. Nevertheless, a number of recommendations can 

be made about how this process should be conducted. These recommendations have 

been tested in FESTA and FOT-Net workshops and modified based on the experience of 

and feedback from FOTs. 

 

Two complementary ways to develop hypotheses have been used. Both need to be 

followed, while it is not of importance which step is taken first. One of the steps follows the 

sequential check of specific areas in which functions can have an impact; the other is fully 

based on the description of specific scenarios. While the one step results mainly in general 

hypotheses, the other triggers the development of very specific hypotheses in specific 

driving situations or scenarios. 

 

4.8.4.1 Top-down approaches 
 
The six areas approach 
 
The six areas of impact defined by FESTA are based on Draskóczy et al. (1998). Although 

this approach was originally designed for formulating hypotheses on traffic safety impacts, 

it is in fact equally applicable for efficiency and environmental impacts. 

 

The six areas are: 

 

1. Direct effects of a system on the user and on driving 

2. Indirect (behavioural adaptation) effects of the system on the user 

3. Indirect (behavioural adaptation) effects of the system on the non-user (imitating 

effect) 

4. Modification of interaction between users and non-users (including vulnerable road 

users) 

5. Modifying accident consequences (e.g. by improving rescue, etc.ðnote that this 

can affect efficiency and environment as well as safety) 

6. Effects of combination with other systems. 

 

It is of no particular importance to which of these areas a particular hypothesis is allocated. 
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The six areas are instead to be used as a checklist to ensure consideration of multiple 

aspects of system impact. 

 

In applying this procedure, it should be noted that: 

 

¶ Area 1 includes the human-machine interaction aspects of system use. 

 

¶ The driving task (see Figure 4.1) can be defined, according to Michon (1985), as 

having three levels: strategic, tactical (manoeuvring) and control. All three need to 

be considered. All are affected by input from external conditions, which because 

they are external to the driver can include the vehicle and devices within the 

vehicle. 

 
The Strategic Level covers longer-term planning and responses to traffic 

conditions including potential modifications to: 

 

o Mode choice 

o Route choice 

o Exposure (frequency and/or length of travel) 

 

The Tactical (manoeuvring) Level includes potential modifications to speed choice 

and the effects of such modification on manoeuvring and interaction with other 

road users. These typically happen in time spans of seconds. 

 

The Control Level also includes potential modifications to speed choice and the 

effects of such modification on vehicle control. Such modifications can occur in 

milliseconds. 

 

¶ Consideration should be given to such mediating factors as user/driver state, 

experience, journey purpose, etc. 
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It should also be noted that the effects of system use may be: 

 

¶ Short-term or long-term in terms of duration 

¶ Intended or unintended in terms of system design 

 

Impact area approach 
 
Another useful top-down approach starts from the most relevant impacts areas, which are: 

Efficiency, Environment, Mobility, Safety and User Uptake. 

 

The basic principle for generating hypotheses using this top-down approach lies in a 

theoretical understanding of the factors that influence the different impact areas. It should 

be noted that there are likely to be overlaps of these factors among the impact areas under 

consideration, and hence the same research questions and resulting hypotheses will be 

applicable across more than one impact area. The approach will result in generic research 

questions that are independent of any system functionality. 

 

The procedure for generating hypotheses in this top-down approach is as follows: 

 

¶ The impact area should be considered in its entire context and primary measures 

affecting that area identified. 

¶ Secondary factors of these measures are then identified that can be used to 

explain the variations in the primary measures. 

¶ Finally, the variables affecting the secondary measures are identified. 

¶ The variables identified form the basis of the generic research question ñIs there a 

change in the variable?ò and the hypothesis based upon an anticipated effect of 

the variable ñThe variable will increase/decrease.ò 

Figure 4.1 The three-level model of the driving task, based on Michon (1985) 

Manoeuvring Level 
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This procedure should be undertaken for each of the impact areas. 

 

Using the Safety Impact Area as an example: 

 

¶ The primary measures affecting safety would be the ñNumber of events (accidents, 

near misses) that occurò and the ñSeverity of the eventò. 

¶ Secondary factors affecting the first of these measures would, for example, be 

o ñExposure of the vehicle on the roadò, ñDriving style of the driverò, ñDistraction 

of the driver from the driving taskò and ñAny interaction with the fitted deviceò. 

o Considering the factor ñExposureò, this can be measured with the following 

variables: ñLength of journeyò, ñNumber of trips undertakenò and ñRoad type 

usedò. 

 
These variables lead to the following research questions: 

 

¶ Does the system affect the length (miles) of journeys? 

¶ Does the system affect the duration (hours) of journeys? 

¶ Does the system affect the number of journeys undertaken? 

¶ Does the system affect the road type used? 

 

This leads to the generic hypotheses that can be tested in a statistical manner. The 

direction each hypothesis should take (e.g. increase or decrease) is based upon the 

anticipated effect once the top-down approach is integrated with the bottom-up (system 

defined) approach. 

 

¶ Journey lengths will increase/decrease when the system is used compared to 

when it is not used. 

¶ Journey duration will increase/decrease when the system is used compared to 

when it is not used. 

¶ The number of journeys will increase/decrease when the system is used compared 

to when it is not used. 

¶ The use of rural roads/motorways/major roads will increase/decrease when the 

system is used compared to when it is not used. 

 

4.8.4.2 Bottom-up: the use case approach 
 
This process leads to the development of hypotheses concerning specific scenarios. 

These scenarios are derived from the combination of use cases and situations. Scenarios 

should be covered systematically. It is recommended that a structured approach be used 

in scenario development and that an Excel spreadsheet is used as a record. 

 
4.8.4.3 Prioritizing the hypotheses 
 
A complete list of the hypotheses that have been developed should be recorded. If it is 

considered that some are too trivial or too expensive to address in the subsequent study 

design and data collection, the reasons for not covering them should be recorded. It should 

also be noted that there are standardised techniques for observing driving behaviour with 

manual observers that may be less resource intensive than using dedicated data 
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recording. Observations using such techniques can be carried out at various times during 

the study, preferably along a fixed route. 

 

A huge number of research questions and associated hypotheses from the top-down and 

the bottom-up approaches will be developed. A key task is to integrate both sets of 

hypotheses in the context of each FOT. It is envisaged that the bottom-up approach will 

form the basis of the hypotheses list for an FOT and that the top-down approach will be 

used to check that nothing significant for a particular impact area has been omitted. 

 

Once the integration has taken place, the list of hypotheses is still likely to be large. In 

order to derive a final, manageable set of research questions and hypotheses that can be 

applied throughout the various test sites, a cost-benefit approach is proposed. Using this 

approach, an assessment is made regarding the likely ñcostsò of collecting the data. 

 

Costs can be represented in terms of effort required to derive a performance indicator 

expressed predominantly in terms of resources. This should be offset against the likely 

ñbenefitò that proving/disproving the hypotheses will have. This is measured by way of the 

likely contribution towards providing a significant answer to the research question and thus 

the level of contribution to the impact assessment. To some degree, this will depend upon 

the stakeholder needs and requirements, and therefore a prioritisation of their needs 

should be considered. 

 
4.8.4.4 Summary 
 
The basic set of recommendations is: 

 

¶ A structured approach should be applied linking a top-down approach at the 

global system level with a bottom-up approach which looks more at system states 

and what can arise from them. FESTA considers it mandatory to combine the two 

approaches. 

 

¶ A multidisciplinary team should jointly develop the hypotheses. A workshop at 

which participants can brainstorm and debate is recommended to achieve this. 

Participants in the process should include design engineers, traffic engineers and 

behavioural scientists, ideally including both behavioural psychologists and human 

factors experts. 

 

¶ The process should iterate between the top-down and bottom-up approaches. It is 

not particularly important which is performed first, but it is important to cross-check 

one approach by using the other. 

 

¶ An important output of the process is the initial selection of the performance 

indicators to be used in testing the hypotheses. 

 

4.8.5 Step 5: Link hypotheses with indicators for quantitative analyses 
 
Some of the hypotheses will already incorporate an indicator which needs to be measured, 

e.g. a very concrete hypothesis like ñThe function will increase time to collision (TTC)ò. In 

this case, it is obvious which indicator to choose, while the method to measure TTC might 
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include complicated procedures and/or costly measurement equipment. Chapter 5 gives 

an overview of a wide range of reasonable indicators. These should be considered when 

planning the experimental design, since a detailed description of how to calculate the 

indicators from measurements is also provided. 

 
Other hypotheses might be rather unspecific, but still reasonable after rephrasing into 

testable ones. This rephrasing goes hand in hand with the identification of related 

reasonable indicators. For example, a hypothesis like ñThe function will increase lane 

changing performanceò is not directly testable, since ñlane change performanceò is not an 

indicator itself. Hence, surrogate measures must be identified to evaluate lane change 

performance. These surrogate measures or indicators can be found e.g. in publications of 

corresponding research projects. If appropriate information cannot be found or is not 

accessible, new performance indicators need to be developed. Those indicators and the 

measurement methodology must be valid, reliable and sensitive; that is, the measurement 

must actually measure what it is supposed to measure, the measures must be reproducible 

and they must be sensitive to changes of the variable. A sensitivity analysis should be 

performed beforehand during a pilot study to make sure that the new performance indicator 

is suitable. When one or more surrogate measures have been identified, the initial 

hypothesis can be reformulated into one or more testable hypotheses. In the above 

example, reasonable indicators associated with ñlane change performanceò might be: use 

of turning indicator or number of lane change warnings. The initial hypothesis will then be 

reformulated into: ñThe system will increase the use of the turning indicator.ò and ñDuring 

the system use, the number of lane departure warnings will decrease.ò The next step is 

then to evaluate how the indicators ñuse of turning indicatorò and ñlane departure warningsò 

can be measured. In this context, Chapter 5 provides useful information. 

 

4.8.6 Iteration 
 
Iteration is especially important when defining research questions and hypotheses, 

because usually a selection has to be made from a large number of possible hypotheses, 

based both on their relation to the main impact areas and research questions and on 

practical issues. Another important iteration point is the impact areas. The final question 

of the impact assessment may drive the design of the FOT in all its aspects. When practical 

issues, such as which data-loggers to use, make certain choices hard to realise, iteration 

to earlier stages is necessary. Cost-benefit analyses and feasibility assessment of different 

options for the FOT may also drive the design. It is important that there is a good 

communication between the project members who are in charge of defining research 

questions and hypotheses and those who will be analysing the data, in order to ensure 

that the questions can indeed be answered.  

 

4.9 Functions, research questions and baseline in automation FOTs 

The steps in this chapter start with the definition of functions; for automation this may not 

concern one simple function but a whole range of interrelated functions. Also, new types 

of vehicles are emerging, like pods or equipped e-bikes, often not manufactured by the 

traditional OEMs. For automated vehicles, also the Operational Design Domain (ODD), in 

which the automated functions are working, needs to be defined. Automated driving is 

often closely related to connectivity between vehicles, and between vehicles and the 

infrastructure. In this handbook, sections are devoted to cooperative systems, as several 
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large FOTs have over the last years been conducted on these systems. However, as 

connectivity becomes a major feature in automation, not only the behaviour of the vehicles 

needs to be studied but also the functioning of other connected components and their 

communications.  

Experience from FOTs shows that defining and selecting research questions may be one 

of the hardest parts of setting up a FOT. As automation FOTs are dealing with new types 

of vehicle and mobility, as well as with new impact areas, many new questions will arise. 

We may distinguish three types of research questions for automation FOTs:  

¶ User-centred tests addressing questions about how the user/driver reacts to 

automation and uses it; how (s)he understands the capabilities of the vehicle; what 

(s)he will do when not supervising the surrounding vehicles/traffic; the transition 

from automated driving back to driver driving during the journey; driversô situation 

awareness; the interaction between automated vehicles, their drivers and other 

road users including vulnerable road users and drivers of conventional vehicles; 

user acceptance; changes in mobility patterns; etc.  

¶ Vehicle-centred tests addressing the question of how the automated vehicle 

behaves in different traffic conditions. Here questions about the situational picture 

that the automated vehicle creates, and the interaction of the automated vehicle 

with other automated and conventional vehicles, other road users and with the 

infrastructure need to be answered. The tests could cover a variety of driving 

conditions, levels of automation and penetration rates. The traffic flow of mixed 

traffic of lower levels of automation, and of mainly fully automated vehicles may 

have different dynamics. New types of traffic accidents and conflicts may appear.  

¶ Context-centred tests addressing questions of how mobility changes, how this 

affects mobility services, what the impacts are on the traffic flow level or on the 

transport system level, how the position of other road-users like pedestrians and 

cyclists is affected, what ethical choices might be involved, and what would be the 

impacts on the built-up environment and society. These types of question are 

extremely important but not easy to investigate with FOTs as these impacts 

typically take a longer period of time to evolve than the duration of a FOT. 

In FESTA, it is recommended that driving with the system is compared with driving without 

it (the baseline). For fully automated vehicles we no longer have a system that can be 

viewed as independent from the vehicle itself, the whole vehicle is now the system. Some 

forms of automation, like autonomous or driverless vehicles, represent a radical change in 

transport, with no clear baseline available, and studying new emerging patterns may be of 

more interest. If we want to compare automated driving with the current situation, 

Naturalistic Driving Studies might serve as the baseline. In these studies, ñnormalò 

everyday driving has been studied in large projects in several countries. Comparisons with 

lower levels of automation can be made, but may not always be feasible or useful, as these 

several levels do not provide a continuum in automation. 
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5  Performance 

Indicators 

5.1 Introduction 

During the process of developing 

hypotheses[FW] it is important to choose 

appropriate performance indicators (PIs) that 

will allow answering the hypotheses, but that 

will also be obtainable within the budget and 

other limitations of the project. Many different 

kinds of PIs have been used in previous studies and are related to various aspects of 

driving. A definition and description of the PI are given below. It is explained how PIs are 

related to measures, and the different types of measures that have been identified are 

described. Examples are provided to illustrate the concepts. An overview is given of the 

PI-Measures-Sensors table, which can be found in the annex of FESTA Deliverable 2.1 

(FESTA D2.1, 2008a), along with some background related to the different groups of PIs 

and measures. Once the PIs and measures have been defined and linked, it is necessary 

to test how well they work, which in practice means testing the whole data transmission 

chain from sensors/devices, vehicles and/or roadside equipment to processed and 

uploaded data in the research database. The moment to run these tests is the ñpiloting 

phaseò, which is further described in Chapter 6 on experimental procedures. 

 

5.2 Definition of performance indicators  

Performance indicators are quantitative or qualitative indicators, derived from one or 

several measures, agreed on beforehand, expressed as a percentage, index, rate or other 

value, which is monitored at regular or irregular intervals and can be compared to one or 

more criteria. 

 

¶ Hypotheses steer the selection of PIs and the criteria against which they should 

be compared. Hypotheses are seen as questions that can be answered with the 

help of measurable PIs. 

 

¶ Criteria can be baseline, different experimental conditions, absolute values, etc. 

This depends on the research questions[FW] and hypotheses. 

 

¶ New PIs or combinations can be developed during the course of the study. They 

will have to be validated in follow-up studies. 

 

¶ A denominator is necessary for a PI. A denominator makes a measure comparable 

(per time interval/per distance/in a certain location/é). Therefore ñcrashò or ñnear-

crashò in themselves should rather be considered as ñevents[FW]ò, since they only 

become comparable when they get a denominator, like ñnumber of crashes per 

year per 100.000 inhabitants.ò For certain PIs, either time or distance can be used 

in the denominator (e.g. number of overtaking manoeuvres, percentage of time 

exceeding the posted speed limit). 

http://wiki.fot-net.eu/index.php?title=Hypothesis
http://wiki.fot-net.eu/index.php/FESTA_Handbook
http://wiki.fot-net.eu/index.php?title=Research_question
http://wiki.fot-net.eu/index.php?title=Event
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For PIs measured via rating scales and questionnaires, focus groups, interviews, etc., the 

ñdenominatorò would be the time and circumstances of administrating the measuring 

instruments, for example before the test, after having experienced the system, and so on. 

 

PIs are very diverse in nature. There are general performance as well as detailed PIs, 

observed and self-reported (subjective) PIs, PIs calculated from continuous and from 

discrete data, and so on. An example of a rather general PI based on continuous log data 

would be the mean speed on motorways, whereas an example of a PI based on discrete, 

self-reported data would be the level of perceived usability of a function. Some PIs can be 

based on either self-reported, discrete measures or on logged data, such as the rate of 

use of a system. The participants can be asked how often they use a function, but the 

actual function activation and the different settings chosen by the driver can also be logged 

from the system. 

 

All PIs are based on measures, which are combined and/or aggregated in certain ways, 

and which are normalised in order to allow comparisons. The measures are described 

below. 

 

5.3 Measures 

Four different types of measures are identified, namely Direct Measures, Indirect 

Measures, Self-Reported Measures, and Situational Variables, which are described in 

more detail below. A measure does not have a ñdenominatorò. Therefore, it is not in itself 

comparable to other instances of the same measure or to external criteria. The measure 

itself, however, can very well be a fraction (like speed). Several PIs can use the same 

measures as input, and the same measures can be derived from different types of sensors. 

An example would be speed that can be read from the CAN bus, logged from a GPS 

receiver, or calculated by an external sensor registering wheel rotations. 
 

5.3.1 Direct (raw) measures 
 
A direct measure is logged directly from a sensor, without any processing before saving 

the data to the log file (note that linear transformations like the conversion from m/s to km/h 

are not considered to be processing). How the sensor arrives at its output is not relevant 

for the classification. Longitudinal acceleration, for example, is a direct measure if logged 

directly from an accelerometer, but not if derived from the speed and time log. In this case, 

it would be a derived measure, because it is not directly available from a sensor and has 

to be calculated from other measures, i.e. pre-processed, before logging. Further 

examples of direct measures are raw eye movement data, the distance to the lead vehicle 

as measured by radar, and a video film of the forward scene. 

 

5.3.2 Derived measures 
 
A derived measure is not directly logged from a sensor, but is either a variable that has 

been filtered, for example, or which is a combination of two or several direct or other 

derived measures. An example of a derived measure is time to collision (TTC), which is 

based on the distance between a vehicle and another vehicle or object, divided by their 

speed difference. The distance to a vehicle or object on a collision course is a direct 

measure from radar, for example. The speed difference between an own vehicle and other 
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vehicle or object is another derived measure, based on own speed as read from the CAN 

bus, for example, and the calculated speed of the other vehicle or object. Another example 

of a derived measure based on raw eye movement data and vehicle geometry is pre-

defined zones that the driver looks at, such as a mirror, windscreen or radio. 

 

One major issue with derived measures is that there is to date rather little standardisation 

on how to calculate them. That means that derived measures calculated in one study may 

not match those calculated in another study. It also introduces the potential that the 

calculation procedure adopted may not conform to the best scientific standards and that, 

as a result, the findings may lack validity. This problem is currently being addressed by the 

Safety and Human Factors Standards Steering Committee of SAE International, which has 

adopted a task (Task J2944) termed ñDriving Performance Definitionsò 

(http://standards.sae.org/wip/j2944/). The task is focused on measures related to 

longitudinal and lateral vehicle control.  

 

It is important to document the expectations of the measures, and this will form the first 

version of metadata documentation in the project. As an example, vehicle speed must be 

recorded in at least 10Hz. In the analysis phase (Chapter 9) the documentation must be 

completed with an in-detail description on the origin of the data and the processing steps 

that have been performed. A proposed structure for managing data and metadata 

documentation is given in the Data Sharing Framework (FOT-Net Data, 2016). 

 

 

A special case of derived measures is those that are coded by a human observer after 

data logging is completed. Examples might be gaze direction coding, classifications of 

scenarios[FW]  or classifications of secondary task engagements. These measures are 

considered to be ñderivedò, because data reduction by a human observer is more than only 

a linear transformation, and they can be based on more than one direct measure. In case 

of secondary task classification one might use both a video of the driverôs hands and a log 

file of an eye tracker, and for scenario classification both a road database and a video of 

the forward view might be used. 

 

5.3.3 Self-reported measures 
 
A number of PIs are based on self-reported measures, which are gleaned from either 

questionnaires, rating scales, interviews, focus groups, or other methods requiring 

introspection on the part of the participant. These subjective measures are typically not 

logged continuously, but rather only once or a few times during the course of one study. 

The measures related to self-reported PIs could be the answers to each single question 

or the checks on the rating scales, while the sensors would be the questionnaires or rating 

scales themselves. It is more difficult to make a meaningful distinction between measure 

and sensor for semi- and unstructured interviews and especially for focus groups. 

 

Subjective data, e.g. on acceptance and trust of a system or function, can provide valuable 

PIs, and in particular such data can be related to function usage in cases where this is 

within the control of the operator. Consideration should be given to tracking such 

acceptance and trust over time, as the levels may change with experience of the function.  

 

http://wiki.fot-net.eu/index.php/FESTA_Handbook
http://wiki.fot-net.eu/index.php?title=Scenario
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In the PI-Measures-Sensor matrix (Section 5.5) only a small number of self-reported 

measures are included, which are those that are necessary for the computation of a PI 

that is not solely based on self-reported measures, like ñdeviation from intended laneò or 

ñrate of errorsò. 

 

5.3.4 Situational variables 
 

Situational variables are properties of the traffic system that the vehicles have driven in. 

They can be logged like direct measures or computed like derived measures. They can 

also be self-reported and they can correspond to events. Their commonality is that they 

can be used as a differentiation basis for other PIs, in order to allow for a more detailed 

analysis. It might, for example, be of interest to compare certain PIs in different weather or 

lighting conditions, on different road types, or for different friction conditions. These 

situational variables are included in the PI matrix in the measures table, but they are not 

linked to any specific PI. In principle, many types of measures can be used as situational 

variables, such as when analyses are performed for different speed intervals. 

 

Data on situational variables is essential to collect, since it helps to establish important 

control factors that are needed when analysing the effects observed in the FOT. Ideally a 

lot of in-depth data is collected, such as: 

 

¶ Video data (manual video annotation takes a lot of time so it should be automated 

as much as possible) 

¶ Questionnaires and travel diaries (at certain points during the test, too frequent 

interventions will disturb the naturalistic approach) 

¶ Data on surroundings (such as surrounding vehicles, headways and traffic state) 

and conditions (such as traffic density or weather) 

¶ Description of data and tests for evaluation, such as who drove the vehicle, which 

functions were studied in a particular test drive, circumstances when driving, other 

functions in the vehicle, date and time of the test, etc. 

¶ Audio data; e.g. to give test drivers the options to tell what happened and what 

their experiences are, to make it as easy as possible for themðe.g. using a voice 

memo 

¶ Logging of function states and messages (system state, e.g. on/off, what 

information is presented to the driver). 

 

Collecting all these data types is costly and time consuming. It is important to address the 

specific purpose of the analysis and focus on the specific need. However, some basic data 

might not be the specific interest in this project but of great importance for future usage, 

and it is important to find a balance between these two criteria.  

 

5.4 Events 

Events can be seen as singularities based on direct measures and/or derived measures 

or a combination of these. They can be very short in time, like a crash, or extended over a 

somewhat longer period, like an overtaking manoeuvre. One or more preconditions must 

be fulfilled for an event to be classified as such, that is, one or several ñtriggerò criteria 

must be exceeded. For the event ñovertaking manoeuvreò, for example, the non-technical 
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definition might be: A vehicle in a vehicle-following situation[FW] changes lanes, accelerates 

and passes the vehicle in front, then changes lanes back into the original lane, in front of 

the vehicle(s) that have been overtaken. Depending on the infrastructure design, the 

definition might need to be extended to motorways with more than two lanes in each 

direction, for example. 

 

Several performance indicators can be related to one event type, for example for an 

overtaking manoeuvre it could be of interest to determine the number of overtakings, the 

duration of overtaking, the distance/time spent in the opposite lane, and so on. For a more 

technical definition that sets the trigger criteria of when exactly an overtaking manoeuvre 

starts and when it ends, either the literature has to be consulted or an own definition has 

to be developed. This can possibly be based on previous data, or, if nothing else is 

available, on the data from the current FOT. 

 
Events are very important to NDS/FOT studies, because a core type of analysis performed 

in almost every NDS/FOT is what can be called Event Based Analysis (EBA).  

 

5.4.1 Crash Relevant Events 
 

A basic use of EBA is to identify short driving segments called Crash Relevant Events 

(CREs, typically in the order of 5ï10 seconds), during which the crash risk is judged to be 

higher compared to other driving, and then to analyse why these events occur, and/or 

whether their frequency or dynamics change when particular safety systems are made 

available to the driver. 

 
A key element to NDS/FOT success is therefore defining CREs in a proper way. If the 

selected events are indeed crash relevant, then extrapolation to the general driver 

population is both possible and credible. 

 
While simple in theory, identifying CREs in NDS/FOT data is more difficult in practice. To 

begin with, actual crashes are incredibly rare, so the final database will usually contain 

fewer than needed for statistical analysis.  

 

Surrogate events therefore have to be used. These need to be driving situations where 

there is no actual crash, but where the event still unfolds in such a way that its presence 

can be used as an indicator of crash risk. 

 

A key challenge for all NDS/FOT studies is therefore how to couple surrogate (non-crash) 

events to crash causation mechanisms. Ideally, one would only use CREs that are known 

with certainty to be predictive of actual crash involvement. Unfortunately, while a lot of 

effort has gone into developing algorithms, filtering techniques etc. that allow for efficient 

yet relevant CRE selection, precise definitions with a clear-cut, indisputable connection to 

crash involvement have yet to be fully established. Selecting suitable CRE definitions is 

therefore a major decision point for a project, and should be treated as such. 

 

Currently, there are four main approaches to CRE definition in use. Short introductions to 

these are given below. When defining CRE for a project, it is further recommended to read 

FOT-Net 2 (2014b), which contains a more detailed overview of the pros and cons of each 

approach, as well as some associated topics to think about. 

 

http://wiki.fot-net.eu/index.php?title=Situation
http://wiki.fot-net.eu/index.php/FESTA_Handbook
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5.4.1.1 Driver response based CRE definitions 
 
The first approach can be called the ñdriver response basedò approach, and it builds on 

the general idea that CREs can be identified from the way drivers respond to them. The 

most common version of this is to look for extreme vehicle kinematics. The basic 

assumption is that drivers prefer to travel in comfort and generally will not expose 

themselves to drastic events unless necessary. Thus, abrupt velocity and direction 

changes in the vehicle may indicate unplanned and urgent responses to unexpected 

situations. 

 

A less common version is to use what can be called the startle response in the driver to 

find events. The general idea is that unexpected traffic situations that include a perceivable 

threat to the driver triggers a response in the form of a general tensioning of the body. This 

ñjerkò may be used as a tell-tale that the driver did not expect the situation and that he/she 

perceives it as genuinely threatening. 

 

In the driver response based approach, CREs are identified based on how each driver 

evaluates the situation. For example, while one driver may brake hard at a certain time to 

collision threshold, another driver might not brake at all. Hence a selection of CREs based 

on this approach will include the first event but not the second (since the driver did not 

respond, it is by definition not an event). Driver response based CRE selections will 

therefore reflect the normal variability in any driver population in terms of driving style, risk 

perception and capacity to respond. It follows that representative selection of drivers 

becomes a key issue when using a driver response based CRE selection. 

 

5.4.1.2 Safety function response based CRE definitions 
 
When the study is an FOT, i.e. designed to assess the impact of one or more active safety 

functions, then a very natural approach to CRE identification is to use the function itself to 

detect CREs. After all, that is what the function is designed to do. For example, if an FOT 

is set up to assess the effects of Forward Collision Warning (FCW) on crash risk, the 

warnings issued can be used as event identifiers. 

 

The downside of this approach is that any CRE that occurs outside the functionôs detection 

capacity will be missing from the analysis. It thus becomes impossible to estimate the 

frequency of CREs which the function in principle needs to detect but in practice cannot. 

On the upside, a very realistic assessment of function availability and usage is obtained. 

Since the function can only do something when it is turned on, true availability and usage 

rates are automatically represented in the data set. 

 
5.4.1.3 Driving context based CRE definitions 
 
A third approach to CRE identification is to base it on driving context. The underlying 

assumption here is that too small margins equal elevated crash risk. In other words, there 

exist situations where the safety margins are inherently so small that the slightest mistake 

or variation could lead to a crash. Prevention of whatever leads to these small margins will 

thus enhance traffic safety. 

 

The definition of what constitutes too small margins can be static, such as when lane 

markers are used to indicate boundaries that should not be unintentionally crossed. The 

definition can also be dynamic. For example, if a vehicle is closer than X to another vehicle 
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and simultaneously closing in faster than Y, it might be considered as being in conflict 

regardless of whether an action is taken or not. 

 

In a driving context approach, the CRE definition is independent of how drivers resolve the 

situation. This means all drivers are equally covered, independently of their capacity or 

willingness to respond. It also means that drivers with a more aggressive driving style will 

contribute more events per driver to the analysis than those who are less aggressive, since 

they end up in small-margin situations more often. If the analysis team believes that small 

margins are predictive of crash involvement, this is okay, since these drivers then should 

have a higher crash risk. If the team is dubious about this assumption however, this 

approach might not be the right one for the study. 

 
5.4.1.4 Driving history based CRE definitions 
 
The fourth approach is to look for unusual events in a driving history perspective. The 

underlying assumption is that unusual events in a personôs or groupôs driving history are 

unusual precisely because drivers try to avoid them. Presumably at least a certain portion 

of them would be crash risk related. 

 

The advantage of this approach is that it will find the most unusual events that occurred 

during the study for each person (or group), and it is reasonable to assume that those are 

events which the drivers would prefer to avoid in the future. The corresponding 

disadvantage is of course that those events may be special for other reasons than being 

safety-critical. Even if drivers try to avoid them, they may have little or no connection to 

traffic safety. 

 
5.4.1.5 Combined approaches 
 
Sometimes projects make combined use of the approaches above. For example, in the 

EuroFOT project, after multiple versions had been tried, the CRE definition for lead vehicle 

conflicts that was finally settled on included the following criteria: 

 

¶ FCW warning issued (Function based) 

¶ Brakes applied within 5 seconds after FCW warning (Driver response based) 

¶ Max Brake Jerk > 10 (Driver response based) 

¶ Max Brake Pressure > 20 bar (Driver response based) 

¶ Lead vehicle = moving (Driving condition based) 

¶ Direction indicators not in use prior to warning (Driving condition based) 

 

5.4.1.6 Coupling CREs and crash riskðthe CRE causation and applicability question 
 
The discussion above illustrates that performance indicators can be built by counting 

events, or by considering certain aspects of those events. However, it also illustrates that 

each approach to the CRE definition outlined above also represents a different view of 

how the coupling between CREs and crash risk should be made, and it is not obvious 

which is the best way to go. What is clear, however, is that different CRE definitions will 

lead to different results. Fitch, Rakha et al. (2008) describe how another project (Hanowski, 

Blanco et al. 2008) approached the same data set that Fitch and his colleagues were 

analysing with a different CRE selection method. Interestingly, while both projects found 

hundreds of what they judged to be relevant CREs in that data set, only seven of the 596 

http://wiki.fot-net.eu/index.php?title=EuroFOT
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CREs found by Hanowski et al. overlapped with those identified by Fitch et al. Clearly, the 

CRE defined in a project matters. 

 

Thus, FESTA neither can nor will try to provide specific trigger values for Events, nor will 

the exact measures that have to be included for the definition of a certain Event be 

provided, and the Events listed in the PI-Measures-Sensors matrix should be seen as 

examples. Projects must make an informed, explicit, conscious and preferably well-

documented decision as to how to use the available approaches to best fulfil their goals, 

and then set up the CRE detection correspondingly. 

 

Some general recommendations can be made, though. First off, it is important to point out 

that not everything can be seen in the data typically collected in NDS/FOT studies. For 

example, mental states do not show in video and CAN data, so if the objective is to analyse 

how intentions, expectations or levels of attentiveness contribute to crashes, probably the 

study to be conducted should not be a pure NDS/FOT. A mixed approach, where the 

NDS/FOT is complemented by additional data collection for capturing driversô intentions 

and expectations, is probably more suitable. 

 
Second, it is important to note that CREs do not have to look like crashes to be relevant 

for analysis. This comes back to the underlying assumptions about what mechanisms are 

predictive of crash involvement. If, for example, it is assumed that high levels of variability 

in normal driving is an accurate crash predictor (a version of the driving context-based 

CRE selection approach above), then each event that captures the tails of the driving 

parameter distributions is crash relevant, even if it does not look spectacularly dangerous 

on video. 

 

Third, the selection criteria have to match the time scale of the event to be analysed. This 

applies in particular to using physiological driver parameters for CRE selection. Many such 

parameters, like respiratory rate, simply change too slowly for precise correlations with 

traffic situation changes (i.e. capturing hard brakings by looking at respiratory rate is not 

likely to succeed). 

 

Fourth, it may strengthen the credibility of the results if the CRE analysis is restricted to 

injury related CREs. Doing this typically includes finding out at which travel speeds and/or 

on which road types injuries occur for the crash type to be analysed, and then limiting the 

CRE analysis to events which fall inside those speeds and road types. 

 

FOT-Net 2 (2014b) contains a more detailed overview of the pros and cons of the 

presented approaches. 

 

5.5 The PI-Measures-Sensors matrix 

A matrix was developed in the original FESTA project, which in one table presents PIs 

covering different aspects of research questions that might be addressed in an FOT 

(FESTA D2.1, 2008b). These PIs are described with respect to different categories. For 

each PI, the measures on which it is based are listed. 
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All these measures are then described in another table of the matrix. Different categories 

are provided for description, where some are reserved for direct measures, others for 

derived measures and for events. Each direct measure points to a sensor from which the 

measure can be read. For certain measures like speed, different sensors can be used. In 

such cases, each is described as a separate measure. 

 

A link is made between the PIs and the measures table by indicating for each PI which 

measure is needed to compute it. In this way, when the hypotheses have been generated, 

it should be possible to pick the appropriate PI and from there, proceed via the pointers to 

the necessary measures and from there to the sensors. If several sensors can provide the 

same measures, choices can be made respective to budget limitations, sensor limitations 

or other restrictions. 

 

Presently most measures for the self-reported PI are not included in the matrix. Instead, a 

direct reference is made to the appropriate questionnaire, rating scale or method needed 

to obtain this PI. For correct deployment of the recommended method, the user is directed 

to the instructions for this particular method. 

 

Measures that describe driver characteristics are not included in the matrix itself, but in the 

annex to the matrix. In this annex, it is explained which instruments could be used to 

assess different aspects of driver characteristics (FESTA D2.1, 2008b). The 

characteristics covered in this document are usually stable over a longer period of time. 

 

This matrix is not meant to be exhaustive; it is only an aid for selecting PIs, measures and 

sensors. It should by no means be regarded as being limited to the PIs or measures 

entered now, and users are encouraged to expand the matrix during the course of their 

FOTs. Further instructions on how to work with the matrix are provided in FESTA D2.1, 

2008b. 

 

5.6 Performance indicators per impact area 

The PIs are split into different sub-groups, depending on which area of the traffic system 

they are concerned with. 

 

5.6.1 Indicators of driving performance and safety 
 
Driving performance is discussed and analysed in relation to traffic safety. Given that 

accidents are usually multi-causal, the desired set of indicators should cover a number of 

factors. Otherwise any FOT is likely to miss essential information that is required to 

produce reliable and valid results.  

 

Traffic safety is regarded as a multiplication of three orthogonal factors, namely exposure, 

accident risk and injury risk (Nilsson, 2004). The driverôs decision making and behaviour 

covers all these aspects. Typically, strategic decisions are highly relevant for exposure, 

tactical decisions for the risk of a collision, and operational decisions for the risk of injuries 

(Michon, 1985). Consequently, an FOT should cover all these aspects, because it is 

essential to cover driver tasks and driver behaviour widely, and include decisions like 

whether to use the vehicle at all, route planning before the trip, timing of the trip, etc. 

However, as those decisions often lie outside what can be influenced with available 
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countermeasures, the main focus is usually on driving performance while actually driving 

a vehicle. 

 

The most common approach to traffic safety in NDS studies is to contrast driver behaviour: 

normal driving and the sequence of events leading up to conflict situations (i.e. near-

crashes or crashes). 

 

In summary, an indicator of driving performance is a behavioural variable which indicates 

the quality of the behaviour in respect to road safety. The behaviour is measured directly 

from the driver (e.g. frequency of glances towards given object) or indirectly from the 

vehicle (e.g. speed). 

 

5.6.2 Indicators of system performance and influence on driver behaviour 
 
In this part, indicators were developed that describe the actual performance of the system 

to be tested. These indicators are mostly related to both safety and acceptability. Here the 

focus is directed at the question of whether the system actually functions the way it is 

supposed to under realistic conditions. False alarms and misses are obvious indicators in 

this regard. Relations exist with indicators of acceptance and trust which examine the 

subjective opinion of the participants on how the system worked. 

 

Furthermore, indicators that describe the influence of the system on the driver and the 

interaction between system and driver are described. They will enable assessing the 

driverôs willingness to use the system in various situational contexts. They will also 

contribute to the identification of potential misuses of the system leading to incidents or 

conflicts. In a longitudinal perspective, they will also contribute to an analysis of the 

learning and appropriation phases. 

 
5.6.2.1 Intrinsic performance of the system 
 
The first issue is the intrinsic performance of the system studied. It is related to the 

precision and the reliability of the system. Does the system perform as expected? In this 

case, we need indicators signalling any deviations, such as false alarms and misses, but 

also indicators about the context in which these deviations occur. Ideally, the origin of the 

deviation should also be identified. The identification of false alarms or misses may be 

based on automated sensors or may require a video recording of the driving scene. For 

example, in the French LAVIA (ISA) project, loss of the recommended or target speed was 

automatically recorded, while mismatching between the target speed and the posted 

speed limit was identified from a video recording of the driving scene. 

 

The intrinsic performance of the system should be distinguished from the operational 

envelope of the system (i.e. the use cases[FW] for which the system was designed to work).  

 

This is important when assessing opinion on the performance of the system: when asking 

the driver to assess the system performance, the limits of the system operation should be 

differentiated from system deviations. Two main indicators related to the operational 

envelope are 1) availability of the system over driving time (percentage of the driving time 

the system is available, e.g. some systems are only available above a certain speed, for 

special road characteristics, etc.); and 2) frequency of take-over requests (the system is 
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active but not able to provide assistance due to system limits, e.g. for ACC the maximum 

brake rate is limited). 

 

Both intrinsic performance and the competence envelope are assumed to play a role in 

driver opinion of the system. 

 
5.5.2.2 Modes of driversô interaction with the system 
 
The second issue is driver interaction with the system. This goes beyond the analysis of 

overall driving performance when using support systems. In fact, 1) it is examined how 

drivers use and interact with the system; and 2) it is examined how this interaction may 

affect driving behaviour and performance. 

 
5.5.2.3 How drivers use and interact with the system 
 
Some support systems require/enable the driver to activate/deactivate the system, to 

override the system, to select one system among other systems available, to select or to 

register some vehicle-following or speed thresholds, and so on. In other words, using a 

system implies the application of a number of procedures, and these procedures should 

be registered and analysed. This is the case for systems such as speed limiters, cruise 

control, adaptive cruise control or navigation systems, for example. These procedures may 

be classified as the driverôs direct or indirect interventions, depending on whether they are 

applied through vehicle controls (brake or accelerator) or through system controls. As for 

the indicators of system performance, the situational context should be taken into account. 

This is important for identifying potential misuses of the system leading to incidents or 

conflicts as described above. In a longitudinal perspective, these indicators will also 

contribute to an analysis of the evolution of system usage from the learning and 

appropriation phases to the integration phase. Furthermore, the frequency with which the 

system ñinterferesò with the driverôs activity has to be assessed. For example, when driving 

with a speed limiter, how often is the system ñactiveò, that is, effectively limiting the vehicle 

speed? 
 
5.5.2.4 How this interaction may affect driving behaviour and performance 
 
For analysing the effect of driver interaction with the system on driving behaviour and 

performance, various levels of analysis could be employed depending on the desired level 

of granularity of analysis. Obviously, this granularity depends on the recording means 

available as well as on the time required for performing such analyses. For example, 

studying changes in glance behaviour requires video recordings and is time consuming. 

 

For an analysis of behavioural changes at a more general level, synthetic indicators should 

be conceived. These indicators are assumed to reflect changes at the tactical or strategic 

level of the driving task. Indicators such as ñlane occupancyò and ñfrequency of lane 

changeò are often used to assess changes at the tactical level. Changes at the strategic 

level could be reflected by changes in the itinerary chosen or in driving time. 

 

Recommendations: 

 

¶ Classify the support systems by type and level of interaction implied by their use; 

¶ Classify the performance indicators according to the level of granularity of analysis 

that they permit; 
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¶ Classify the performance indicators according to the means and time required for 

collecting and analysing them. 

 

5.6.3 Performance indicators of environmental aspects 
 
Exhaust emissions include many different substances like HC, CO, NOx, PM, CO2, CH4, 

NMHC, Pb, SO2, N2O and NH3. Greenhouse gasesðCO2, CH4 and N2Oðrepresent the 

same society cost anywhere, while costs for other substances depend on the geographical 

position. 

 

There are two alternatives for quantifying exhaust emissions: measured exhaust 

emissions or calculated. For measurements there are again two alternatives: on board or 

in the laboratory. The laboratory alternative demands use of logged driving patterns. 

Because of the high complexity and costs of such measurements, calculated emissions 

are in most cases the only reasonable alternative. 

 

Models for exhaust emissions in general include three parts: cold start emissions, hot 

engine emissions and evaporative emissions. The following formula is a rough description 

of an exhaust emission model: 

 

Ɇ(Traffic activity) x (Emission factor)=Total emissions 

 

Traffic activity data include at least mileage and engine starts. Hot emission factors for one 

vehicle are functions of the driving pattern and vehicle parameters. Cold start emission 

factors are functions of the engine start temperature, trip length and average speed. 

Evaporative emissions are to a large extent a function of fuel quality and fuel tank 

temperature variations. 

 

Models on a micro level, including engine simulation, should in principle be able to describe 

most ICT functions. This is not the case for models on a macro level in general. Micro 

models are often used for emission factor estimation and macro models for total emission 

estimations. 

 

The conclusion about what to include as PIs would then be exhaust emissions or measures 

with high correlation to exhaust emissions. 

 

5.6.4 Indicators of traffic efficiency 
 
The efficiency of a traffic system can be measured as e.g. traffic flow, speed and density 

in relation to the optimum levels of these properties given the traffic demand and the 

physical properties of the road network.  

 

A combination of FOTs and traffic modelling is required to allow estimation of traffic 

efficiency impacts of the tested technologies. A schematic picture of the proposed 

methodology is shown in Figure 5.1. 



FESTA Handbook      Performance Indicators  

 

67 

 

 

Figure 5.1 FESTA Traffic efficiency estimation based on FOT results 

 

Driver behaviour data is based on data collected in the FOT. This behaviour data will, 

together with the system functionality of the tested technology, be used as input to traffic 

modelling in order to aggregate the individual driver/vehicle impact on traffic efficiency 

effects. This requires that both driver/vehicle data of equipped vehicles and properties of 

the traffic system that the vehicles have driven in (henceforth referred to as situational 

variables) are collected in the FOT.  

 

Situational variables are not necessarily directly relevant for PIs or derived measures, but 

must also be measured or recorded, as they provide key background information that 

complements the driver behaviour data and is sometimes needed to derive the driver 

behaviour data. Examples include light conditions and road type. 

 

The driver behaviour data required to estimate traffic efficiency for any type of FOT system 

is specified in terms of PIs and measures and included in the attached matrix. This data 

(along with the situational variables, which can be found in the Measures Table in the 

Annex of FESTA D2.1, 2008a) should be ascertained for the baseline case (non-equipped 

vehicle) and for equipped vehicles, so that comparisons can be made between the two.  

 

The appropriate traffic modelling approach will differ depending on which type of driving 

tasks are supported by the considered technology. Michonôs (1985) hierarchical driving 

model can be applied to select a traffic modelling approach. To model systems that support 

tactical or operational driving tasks, it is appropriate to apply a traffic microsimulation 

model. A microsimulation model considers individual vehicles in the traffic stream and 

models vehicle-vehicle and vehicle-infrastructure interactions. To model systems that 

support strategic and some types of tactical driving tasks, it is appropriate to apply a traffic 

simulation model. A mesoscopic model considers individual vehicles but models their 

movements and interactions with a lower level of detail than microscopic models. 

 
It is advisable to study traffic efficiency for a series of scenarios with varying levels of traffic 

penetration of the tested systems. The systems should also be studied in representative 

traffic volumes. This is achieved straightforwardly by running the traffic simulation model 

with different inputs. The situational data will also contribute to the differences between 

the scenarios (both measured and modelled). 
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Outputs from the traffic models will be used to make comparisons of traffic efficiency for 

the studied scenarios. Example outputs of interest are traditional quality of service and 

traffic efficiency indicators such as speed, travel time, and queue length. 

 

5.6.5 Acceptance and trust 
 
Acceptability indicates the degree of approval of a technology by the users. It depends on 

whether the technology can satisfy the needs and expectations of its users and potential 

stakeholders. Within the framework of introducing new technologies, acceptability relates 

to social and individual aspects as well. 

 

Regarding the dimension of ñAcceptance and Trustò, the following subjective PIs should 

be focused on during FOTs: 

 

Ex-ante usefulness (level of usefulness perceived by the user prior to usage): before 

using a system, what are the dimensions of usefulness that occur to the future user 

immediately? What are the benefits he expects from using the system?  

 

Ex-post usefulness (level of usefulness perceived by the user after practice with the 

system): after first use of a system, what are the userôs impressions regarding the systemôs 

benefits? Ex-post usefulness is to be analysed in relation to the statements of the indicator 

on ñex-ante usefulness.ò  

 

The reactions to both indicators will give useful information for system acceptance. 

The measurement of these two indicators can be operationalised via self-designed 

questionnaires, based on established methodological approaches (see Nielsen, 

1993; Grudin, 1992). A qualitative approach like a focus group with a formalised 

protocol and individual in-depth interviews is also appropriate.  

 

The observed rate of use of the system or of specific system parts represents an 

additional indicator for system acceptance and perceived usefulness.  

 

Perceived system consequences (perception of positive or negative consequences of 

the system's use) is another key indicator for system performance: the user expresses 

his/her impressions and attitudes regarding the potential consequences when using the 

system, which can be positive as well as negative. These impressions can best be 

collected via an interview and be exploited in focus groups, which have the advantage of 

group dynamics that can provide additional information on the subjective norm. 

Construction of standardised questionnaires is possible as well (for a methodological 

background on this indicator, see Featherman and Pavlou, 2003).  

 

Motivation (level of motivation/impetus to use the system) should be connected with the 

indicator Behavioural intention (level of intention to use the system). Both indicators can 

best be investigated via self-designed questionnaires based on established 

methodological findings (see Armstrong, 1999; Ajzen and Fishbein, 1980).  

 

The Response to perceived social control/response to perceived societal 

expectations indicates the impact of perceived social control of the userôs behaviour. This 
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indicator is a more sociological one, which should give an indication whether the user feels 

a social benefit (for example, social recognition) when using the system, or on the contrary, 

that he/she hesitates to use the system due to fear of social disapproval when using the 

system (see Castells, 2001).  

 

Usability/level of perceived usability concerns the aspects of the userôs general capacity 

to interact with the system (including installation and maintenance issues, see Grudin, 

1992; Shakel & Richardson, 1991). For these indicators, a combination of in-depth 

interviews, focus groups and self-designed questionnaires based on established 

methodology is recommended. 

  

5.6.6 Driver characteristics 
 
Even though driver characteristics are not PIs in themselves, they are important as 

situational variables, which is why they are included in this section. The focus here is on 

describing the drivers that participate in the study, as compared to selecting drivers based 

on certain characteristics, which is treated in Chapter 6. Drivers differ on a large variety of 

characteristics, which may all have an influence on how they drive and use different 

systems and services. These differences may be important to take into account when 

planning an FOT. Four categories of driver characteristics may be distinguished: 

 

¶ Demographic characteristics: gender, age, country, educational level, income, 

socio-cultural background, life and living situation, etc. 

¶ Driving experience, and driving situation and motivation: experience in years and 

in mileage, professional, tourist, with or without passengers and children etc. 

¶ Personality traits and physical characteristics: sensation seeking, locus of control, 

cognitive skills, physical impairments or weaknesses, etc. 

¶ Attitudes and intentions: attitudes towards safety, environment, technology etc. 

 

Studies often focus on characteristics of individual drivers. However, drivers are not alone 

on the road. There are other road users and there may be passengers in the vehicle, which 

may influence the driverôs behaviour. 

 

There are several reasons for considering driver characteristics: 

 

¶ To make sure that the sample of drivers is representative of the target population 

¶ To explain the outcomes of the FOT 

¶ To improve systems and services, taking into account differences between drivers.  

 

Driver characteristics may play different roles in FOTs:  

 

¶ Characteristics of drivers possessed before the FOT may play a role in how they 

behave in traffic during the FOT 

¶ Although some characteristics are stable, others may change when using a system 

or service in the FOT. Attitudes may change radically before and after using a 

system for a longer period of time. 

 
In general, it is useful in an FOT to gather as many characteristics of drivers as practically 

possible. Even if no specific impacts are expected of certain characteristics, some 
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outcomes may be explained better with more knowledge about the participants. A 

minimum set of data such as age, gender, income group and educational level is easy to 

gather from participants. 

 
Next, information is needed about driving experience. Usually this is measured by means 

of self-reports. The amount of practice, i.e. the mileage of an individual driver, can be 

collected by asking the subject for an estimation of his/her overall mileage since licensing 

or the current mileage per year. However, be aware that these self-reports are not very 

reliable. 

 

For further understanding of driver behaviour, one may consider using questionnaires on 

attitudes, driving behaviour and personality traits. A well-known questionnaire about (self-

reported) driving behaviour is the Driver Behaviour Questionnaire. Some widely used 

personality tests are the Five Factor Model (FFM) test and the Traffic Locus of Control test 

(T-LOC). Special attention may be given to the personality trait of sensation seeking, which 

is correlated with risky driving. The Sensation Seeking Scale (SSS) measures this trait. 

These questionnaires are available in many different languages, but they are not always 

standardised, and cultural differences may play a role. Personality traits are very easy to 

measure, just by administering a short questionnaire. However, the concepts and 

interrelations of factors are very complex, and results should be treated with caution. 

 

When evaluating the acceptance and use of new systems in the vehicle, driversô 

acceptability of technology is important. Both social and practical aspects play a role. 

Technology acceptance has different dimensions, such as diffusion of technology in the 

driversô reference group, the intention of using the technology, and the context of use (both 

personal and interpersonal). Measuring acceptability can be realised via (existing) 

standardised questionnaires, in-depth interviews before and after ñuseò (driving), and focus 

groups. 

 

5.7 Iteration 

When the PIs have been defined, it is recommended to re-check whether these indicators 

are indeed capable of testing the hypotheses defined earlier, and if necessary of adjusting 

the hypotheses or the indicators. Available resources will play a major role in determining 

which performance indicators to use. It is also necessary to look forward in the FESTA 

chain, and to consider data storage and analysis. If a large number of PIs have been 

selected, or if the PIs require a huge amount of data to be collected, considerations about 

data collection and storage capacity come into play, as well as the question of how to 

analyse this data. For example, video data requires a large capacity and ample resources 

to analyse it. 

 

If there are foreseeable problems with this, it may be necessary to limit the amount of PIs. 

 

5.8 Performance indicators and user acceptance in automation 

FOTs 

The traditional impact areas ï such as safety, mobility, environment and costs ï are no 

longer sufficient for determining the full impact of road automation. New societal impact 
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areas become relevant: land use, public health, socio-economic questions, accessibility, 

and equity.  

 

The Trilateral Working Group on Automation in Road Transportation (collaboration 

between US, Japan and EU, but also including other countries) has a subgroup on impact 

assessment. It developed the Trilateral Impact Assessment Framework for Automation in 

Road Transportation (Innamaa et al., 2017).  

 

In addition, the working group compiled Key Performance Indicators (KPIs) that can be 

used in impact assessment in the following areas: 

¶ Vehicle operations / automated vehicles 

¶ Use of automated driving 

¶ Safety 

¶ Energy or environment 

¶ Personal mobility (modal choice, time spent travelling, travelling quality, etc.) 

¶ Travel behaviour (modal share, distribution on routes, etc.) 

¶ Network efficiency 

¶ Asset management (physical and digital infrastructure) 

¶ Costs  

¶ Public health 

¶ Land use 

¶ Economic impacts 

 

For several of these performance indicators, new types of measures need to be developed, 

especially for the PIs of more indirect impact areas such as land use and public health.  

 

Special attention needs to be paid to measuring user acceptance. In past FOTs, 

participants were driving for relatively long periods (sometimes many months) with a 

system in their car, so they got used to it and were able to form their own judgment on 

whether the system worked well for them. The users could be surveyed about their trust in 

the system, how easy it was to use, whether they would buy it themselves, and for how 

much money, etc. With automation FOTs and pilots, we usually do not have this same 

situation. Pilots may have the character of a demonstration where the participants will only 

be in the vehicle for a short period, and possibly with a safety driver.  
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6  Experimental 

Procedures 

This section of the handbook provides 

guidance on the overall experimental design 

of FOTs in order to ensure experimental rigour 

and scientific quality. The first section, Study 

design, provides guidance of the formulation 

of hypotheses, experimental design and 

possible confounds. The second section, 

Participants, provides advice on participant selection, including demographics, driving 

experience, personality and attitudes, along with consideration of sample size. The third 

section, Experimental environment, suggests how the road environment (road type, 

weather conditions etc.) plays a part in the design of an FOT and the subsequent data 

analysis. In the fourth section, piloting is described and in the last section the methods of 

controlled and semi-controlled testing are explained.  

6.1 Study design 

6.1.1 Hypothesis formulation 
 
Hypothesis formulation is described in Section 4.8.4. 

 

As a general rule, research practice proceeds in the following way: 

 

1. Formulation of the hypothesis 

2. Testing the hypothesis 

3. Acceptance or rejection of the hypothesis 

4. Replication of the results or (in the case of rejection) refinement of the hypothesis 

 

A hypothesis is a specific statement which can be tested with statistical means by 

analysing measures and performance indicators (PIs). It is a tentative explanation for 

certain behaviours, phenomena, or events that will occur. It is essential for an FOT to be 

designed with clear hypotheses in mind in order to aid the interpretation of the results. 

 

In formulating a hypothesis, consideration should be given to the variables under scrutiny. 

It is vital that the variables collected in an FOT allow the researcher to accept or reject their 

hypotheses. To do this, both the independent and dependent variables should be well 

defined at the start of the FOT. The independent variable is one which can be manipulated 

by the researcher. As the researcher changes the independent variable, he or she records 

what happens using dependent variable(s). The resulting value of the dependent variable 

is caused by and depends on the value of the independent variable. Other variables, 

known as controlled or constant variables, are those which a researcher wants to remain 

constant and thus should observe them as carefully as the dependent variables. Most 

studies have more than one controlled variable. 
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6.1.2 Experimental design 
 
The two basic types of experimental designs are within-subjects design (sometimes 

referred to as crossed design) and between-subjects design (sometimes referred to as 

nested design). FOTs also need to contain a control condition, in which subjects do not 

get any treatment. This condition is meant to serve as the baseline: This is how drivers 

behave in case there is no treatment or no experimental manipulation at all. 
 
6.1.2.1 Within-subjects design 
 
In a within-subjects design, each subject encounters every level of treatment or 

experiences all experimental manipulations. For example, in an FOT evaluating navigation 

systems, every subject drives for some time with (experimental condition) and for some 

time without (control condition) the system. In this specific case, one half of the subjects 

would start with the control condition and then switch to the navigation (experimental) 

condition and half of the subjects would do this vice versa. 

 

This type of design has two advantages: 1) fewer subjects are needed compared to a 

between-subjects design, and 2) it is more likely to find a significant effect, given the effects 

are real. The power of a within-subjects design is higher than in a between-subjects 

design. This is related to the reduction in error variance, since there are no individual 

differences connected to differences in treatment measures. A disadvantage is the risk for 

carry-over effects, which means that if a subject experiences one condition, this may affect 

driving in the other condition. 

 
6.1.2.2 Between-subjects design 
 
In a between-subjects design, each subject participates in one experimental (or control) 

condition. The major distinguishing feature is that each subject has a single score (with or 

without the system). Note that the single score can still consist of driving on various types 

of roads, during long periods of time or with different types of driving behaviour, workload 

and comfort. 

 

The advantage here is that carry-over effects are not a problem, as individuals are 

measured only once in every condition. The total number of subjects needed to discover 

effects is greater than with within-subjects designs. The more treatments in a between-

subjects design, the more subjects are needed altogether. In order to limit the confounding 

effects due to individual differences in a between-subjects design, one should either use 

random assignment, in which the assignment of what subject is exposed to what treatment 

is done randomly, or use matching groups (also called matched pairs), in which one also 

has to make sure that different groups are comparable with respect to pre-selected 

characteristics, such as gender and age. In order to do this, one needs to identify the 

variables that one wants to match across the groups, and measure the matching variable 

for each participant, and one needs to assign the participants to groups by means of a 

restricted random assignment to ensure a balance between groups. Also, one needs to 

keep the variable constant or restrict its range. This will reduce differences within each 

group and therefore reduce within-treatment variability. 

 

The main drawback with the matched pairs design is in the sampling process. As the 

number of characteristics that require matching increases, so a correspondingly large 
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sample pool will be required to allow adequate matching. A further problem is that this 

design assumes that the researcher actually knows what extraneous factors need to be 

controlled for, i.e. matchedðand in some circumstances this may not always be the case. 
 
6.1.2.3 Longitudinal and Cross-Sectional Designs 
 

One question an FOT may have to answer is whether an effect of a treatment (e.g. driving 

with a system) changes over time. To investigate this, longitudinal or cross-sectional 

designs can be employed. While longitudinal surveys of this type can be very useful, they 

do not provide an answer to the questions concerning why the changes may or may not 

have occurred. If things like that are measured in FOTs , one should already have a clear 

idea why a positive effect may disappear after a while. This could, for instance, be such 

factors as risk compensation (because the systems warn you, you can drive until you are 

warned). 

 

One of the difficulties with longitudinal studies is that it is hard to keep subjects motivated 

throughout the entire study period, or people may move, or become ill. Because of these 

difficulties, other methods for investigating changes over time have been developed and 

the cross-sectional design offers an alternative. 

 

The cross-sectional design looks at changes over time by taking a number of cross-

sections of the population at the same instant in time. This is obviously quicker and less 

costly than a longitudinal study, and there is a lower chance of actually ólosingô participants 

during the run of the experiment. On the other hand, a main drawback of the cross-

sectional study is related to the previous experiences of the participants and how this might 

have an impact on the findings. 

 

6.1.2.4 Baseline and treatment period 
 

The baseline period is often squeezed into the project and is quite short, especially in 

relation to the treatment period. Ideally, the two would be equal lengths so that there is the 

opportunity in the baseline period for the same variations to occur that may occur in the 

treatment phase (such as seasonal effects, see Section 6.3.6). The more data available, 

the more robust the results are. 

 

6.1.3 Threats to validity: confounds and other interfering effects 
 
As a general rule, the results of an empirical study should allow a clear decision as to 

whether the hypothesised relationships between variables exist or not, i.e. whether the 

hypotheses can be accepted or have to be rejected. In the best case, the researcher is 

able to attribute the changes he/she observed at the dependent variable without any 

doubts as to the manipulation of the independent variable. The internal validity of an 

experimental or quasi-experimental study describes the extent to which this inference is 

unequivocally possible because the study has been designed in a way that alternative 

explanations for the effects are implausible or can be excluded. The internal validity of a 

study increases to the extent to which such alternative explanations can be ruled out. In 

the literature, these factors are also described as confounded variables which need to be 

controlled by appropriate measures right from the beginning of a study. 
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In the literature, several interfering effects have been described which interfere with the 

effect of an independent variable on a dependent variable and contribute to a decrease of 

internal validity if they are not controlled by measures implemented in the experimental 

design. The following effects constitute threats to the internal validity of FOTs: 

 

¶ History: Unplanned events unrelated to the study might have an effect on the 

correlation between independent and dependent variables. For example, during 

the performance of an FOT an important paragraph of the road code might be 

changed (e.g. new speed limits for certain road categories), which is accompanied 

by increased police surveillance activities. 

 

¶ Maturation: Mainly effects due to experience and learning which affect the 

dependent variable and are (in long-term studies) erroneously attributed to the 

independent variable. 

 

¶ Testing: If the behaviour of interest is sampled at different times, there might be a 

biasing effect from the number of times, e.g. from becoming more familiar with the 

test situation. For FOTs this might become relevant if subjects are tested at 

different times over the course of the study, but not if their behaviour is sampled 

continuously and more or less unobtrusively. 

 

¶ Selection: In general, participation in an FOT is voluntary, which means that the 

strategy of recruiting subjects can have a biasing effect. For example, to offer a 

certain amount of money (e.g. ú500) as compensation for the effort caused by 

completely finalising the study might be an incentive for participants with a low 

income, whereas it might insult people with a very high income. 

 

¶ Drop-out: During the run of an FOT one has to take into account that not all 

subjects will finalise their participation as planned. However, this drop-out can have 

a biasing effect on the results of an FOT if the subjects who quit early differ 

systematically from those who finalise as planned with regard to relevant 

characteristics (e. g. socio-economic status, age, gender etc.). 

 

¶ Experimenter bias: Effects on the dependent variable which result from social 

interaction between the experimenter and the subjects, which might occur, for 

example, if at the beginning of an FOT the experimenter explains the system 

functions very carefully to some subjects due to sympathy, whereas he/she is 

careless with this in regard to some others. 

 

6.2 Participants 

 

6.2.1 Characteristics 
 
Depending upon the research questions[FW], there is often a need to select a particular 

group of participants for inclusion in the FOT and ensure that this group is in some way 

representative of those drivers who will ultimately interact with the system. 

 

http://wiki.fot-net.eu/index.php?title=Research_question
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The types of variables that should be taken into account include: 

 

¶ Demographics variables, such as age, gender, social economic variables, and 

permanent or temporary driver impairments 

¶ Driving experience, in general but also experience with various systems[FW], 

accident history and the usual time of driving and roads used 

¶ Personality and attitudes. 

 

The first of these two variables are relatively easy to measure using questionnaires. The 

data are objective and can be verified by the experimenter. Personality and attitudes, 

however, deserve more attention as there are a number of different ways in which one can 

evaluate these (see Section 5.6.6). FOTs may incorporate a battery of psychometric 

measures. Such measures are generally included in order to relate psychological factors 

to driving behaviour. Since drivers exhibiting certain traits or attitudes are known to engage 

in riskier driving behaviours, it would seem important that systems under investigation in 

FOTs are trialled amongst a range of drivers to ensure that the systems work for those 

who need it most. 
 
Personality aspects that may be taken into account are: 

 

¶ Sensation seekers, who tend to drive more recklessly 

¶ Locus of control: drivers with an internal locus of control will continue to maintain 

direct involvement with the driving task choosing to rely on their own skills, whilst 

those with an external locus of control may be more likely to rely on the system 

and surrender involvement in the driving task 

¶ Driversô attitudes towards road safety issues. 

 

Personality and attitudes are known to affect the ways in which drivers interact with 

systems, and it may therefore be of interest to preselect certain personality types in much 

the same was as one would sample e.g. young males, or elderly drivers to a particular 

trial. 

 

Recruiting on a personality/attitude basis will ensure that a system is tested on a broad 

range of drivers who may interact with the system very differently. Recruiting on a 

personality/attitude basis may be appropriate, since these are likely to influence behaviour 

directly. Variations in beliefs are likely to explain differences in driver behaviour and system 

use. Before beginning recruitment for any FOT, researchers must consider the relationship 

between individual differences and the behaviour which the system is seeking to influence. 

 

In addition to selecting drivers, personality and attitudes can also be used as covariates in 

analysis in order to identify several differences in driver behaviour and system use 

between groups. It is not imperative that FOTs base their recruitment on such measures. 

However, their inclusion within the experimental design provides useful insight into the 

manner in which individual characteristics influence behavioural adaptation to new 

systems. 

 

Before deciding to recruit on a personality/attitudinal basis, researchers should consider 

that, when tiding the inclusion criteria for any study, it is inevitable that there will be a 

http://wiki.fot-net.eu/index.php?title=System
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progressive shrinking of the research participant population. It may therefore be necessary 

to screen a large number of drivers in order to recruit a relatively small number of 

participants with the appropriate characteristics, particularly since certain individuals will 

be less inclined to volunteer to trial certain systems. For example, since speeding 

represents a thrill-seeking behaviour, high-sensation seekers may be less likely to 

volunteer to participate in an ISA trial. Inevitably selecting participants on additional 

measures such as these will increase the burden associated with the recruitment phase of 

any FOT. 

 

6.2.2 Sample size and power analysis 
 
FOT studies should be able to assess the functionality of the ICT systems and their impact 

on driver behaviour, traffic safety, environment, etc. When the chosen sample size is too 

small, it is difficult to statistically prove effects of the system that are actually there. With 

very large sample sizes the chance of finding an effect increases. However, there are two 

major drawbacks to using very large sample sizes: 

 

¶ Every driver/participant needs a car equipped with the system and with a data 

logging system, which is expensive. 

¶ Small effects which are statistically significant might be found, but they might not 

be relevant when looking at power effect. 

 

The appropriate sample size for an FOT depends on a number of choices that have to be 

made in the final setup. For further information on how to choose the sample size, the 

reader should refer to in FESTA D2.4, 2008d.These choices are, for instance, the number 

of ICT systems that are going to be tested and the choice of a between-subjects (two 

separate groups of drivers with and without an ICT system, but always with data logger) 

or within-subjects design (each participant drives a certain amount of time with and without 

the ICT system). 

 

In order to ensure that the chosen sample size is representative for the behaviour of a 

group of drivers and that it is possible to statistically prove effects that are there, power 

analysis is needed to calculate the desirable sample size. This power analysis is based on 

a number of assumptions: 

 

¶ Suppose an FOT is based on a between-subjects design, such that different 

groups of drivers each drive with a different systemðor at least one group with an 

ICT system and one group without and ICT system 

¶ The power is 80%, indicating the chance of statistically proving a difference 

between the groups when it is there (i.e. a chance of 20% of failing to prove it) 

¶ The alpha level is 5% (i.e. the chance of falsely finding a significant effect) 

¶ Two-tailed testing, because there is no reason to assume that either one of the 

groups performs better/worse than the other. 

 

The effect size is 0.2, which is typical for a small effect that can be expected in an FOT 

with a lot of disturbing factors compared to more experimental test set-ups. An effect size 

of 0.5 is typical for a medium size effect. EuroFOT analysis has indicated that it is more 

http://wiki.fot-net.eu/index.php/FESTA_Handbook
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effective to increase the number of drivers than to extend the time period of data collection 

(Jamson et al. 2009). 

 

Figure 6.1 shows that a total sample size of 800 (i.e. two groups of 400) drivers would be 

needed to be able to statistically prove small size effects between the two groups. The 

groups are relatively large to compensate for the relatively high number of disturbing 

factors when trying to find effects in real traffic. If we expect medium size effects, groups 

of only 75 drivers would be sufficient. If a within-subjects design is chosen, one group of 

400 drivers would be sufficient to test both the without- and with-system conditions. 

 

In practice, recruiting the specified target sample may turn out to be very difficult. In order 

to compare results between countries, it would be ideal to have the same equipment in all 

countries, as well as the same groups of drivers. This can, however, prove to be difficult 

because of the penetration rate of different car makes in the vehicle fleet of different 

countries, and because drivers differ in their ónational driving stylesô. 

 

6.3 Experimental environment 

The experimental environment is a critical element within an FOT, since it will determine 

the data that is collected and the ability to fulfil the objectives of the FOT. In general, 

environmental factors can be treated in several different ways, including: 

 

¶ Explicitly included in an FOT because there is a particular interest in data 

connected to that environmental factor (e.g. motorway routes for lane departure 

warnings) 

¶ Explicitly included in an FOT because these environmental factors are part of the 

range occurring within a normal driving scenario (e.g. night time driving) 

¶ Measured scientifically so that the data relating to that environmental factor can be 

included within post-trial data analysis (e.g. vehicle headways) 

¶ Recorded (in varying levels of detail), so that portions of data can be excluded from 

analysis (e.g. heavy rain, where all or some of the data from a particular day may 

Figure 6.1 Total sample size as a function of the statistical power and the effect size 

(2-sided test, alpha = 0.05, independent variables) 
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be discarded; or overtaking manoeuvres where short periods of data within a larger 

set are discounted during a study of steady following behaviour). 

 

6.3.1 Geographical location 
 
In line with the above, the geographical location can be chosen because it is representative 

of the intended area of use of a vehicle/system (e.g. predominantly motorway 

environments). Alternatively, the geographical area can be chosen because it displays the 

characteristics needed to collect the specific data the study is interested in during the FOT 

(e.g. the choice of mountainous and/or northern European environments in order to collect 

data on the use of systems in cold environments). 

 

The population within a particular geographical location may affect the running of the FOT. 

For example, certain cultural issues, population characteristics, car ownership, use of new 

technologies, and language issues may be apparent. In addition, the characteristics 

pertaining to the road and prevailing traffic may be of importance, including: 

 

¶ Road type and localities present 

¶ Traffic patterns, such as types of journeys (e.g. commuter or tourist travel), traffic 

flow, traffic density, vehicle types, and frequency and sophistication of journeys 

¶ Other transport options, availability and costs, and inducement or penalties to 

encourage particular transport mode choices 

¶ Legal regulatory and enforcement environment, such as speed limits, levels of 

enforcement of traffic regulations (e.g. speed cameras), penalties for traffic or other 

violations, standardisation (e.g. compliance of road signs with international 

standards). 

 

The geographical location may also have implications with regards to technical and other 

study issues, including infrastructure and data communication issues such as: 

 

¶ Network/beacon infrastructure for vehicle-infrastructure communication 

¶ Network coverage/reliability of telecommunications, especially if automatic over-

the-air data transmission is used instead of manual data download 

¶ Localised GPS coverage issues (e.g. urban canyons, foliage cover) 

¶ Logistical issues; both in the validation and experimentation phases, safe and 

secure access to infrastructure equipment should be ensured for validation of the 

functions (especially in the case of cooperative systems), for data download (if 

remote access is not available) and for maintenance. Also, target vehicles should 

be accessed for data download (if data is not being transmitted over the air) and 

for maintenance. 

¶ Availability and quality (resolution, scope and depth of content) of electronic maps 

that can integrate vehicle location for situation evaluation. Moreover, in case of 

complex functions and especially for cooperative systems, high accuracy maps 

may be required in order to implement these functions. 

¶ Availability of other data, e.g. from the police, highway authorities, fleet operators, 

maintenance personnel. 
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The most important point in relation to the geographical area is that it must be chosen 

based specifically on the objectives of the particular FOT, and in particular, in relation to 

the validity of the data being collected. There are two overall considerations: 

 

¶ Is it needed to consider a particular geographical aspect because it is relevant to 

the types of vehicles and or systems being studied? 

¶ Does a geographical aspect need to be considered to ensure that the results 

obtained can be generalised to the wider ópopulationô of interest (i.e. external 

validity)? 

 
The starting point is to consider the overall objectives of the FOT, including the types of 

cars and systems that will be incorporated into the trial. The second major consideration 

is that of generalisation of the results. In particular, it is necessary to ensure that 

geographical aspects are included to ensure that the data collected during a specific FOT 

can be generalised to the wider population of interest. The third factor to consider is 

whether the geographical factor is of particular interest in terms of data analysis. If it is 

desirable to analyse results according to the presence or absence of a particular factor, 

then the geographical environment(s) must include that factor (and possibly a variation 

thereof). 

 

Finally, it is important to note that the decision to collect data in a specific country might, 

due to legal requirements in the country, have an impact on how especially personal data 

could later be collected, handled and shared. 

 

6.3.2 Road type 
 
The road type is the environmental factor that perhaps has the greatest dynamic influence 

on individual and collective driver behaviour, and hence impacts on safety, mobility, traffic 

efficiency and the environment within an FOT. It is highly dependent on the geographical 

area, as discussed above. 

 

The road type will encompass a number of variables which will influence driver use of 

systems, driver attitudes, driver behaviour, and driver outcomes. The FOT may want to 

include roads with specific characteristics, including: 

 

¶ Surfaced or unsurfaced roads 

¶ Minimum, average and maximum speeds of traffic 

¶ Number of lanes and presence of lane marking 

¶ Visibility (of the environment and other traffic) 

¶ Types of manoeuvres that a driver will need to undertake (e.g. stopping at traffic 

lights or overtaking manoeuvres) 

¶ Typical vehicular headways 

¶ Presence of safety features such as rumble strips or speed cameras. 

 

Three main categories of road should be differentiated: 

 

¶ Urban 

¶ Rural 
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¶ Motorway 

 

Note that road classifications differ in different countries and there is no standard European 

classification. Ideally, a map and a database of the region of deployment of the FOT should 

be established in order to reduce the time needed afterwards for collecting this type of data 

(on the basis of the video recording of the road scene). An electronic map containing at 

least the type of roads and the speed limits in force (and location of speed cameras) would 

greatly facilitate the task.  

 

6.3.3 Traffic conditions and interactions with other road users 
 
Traffic conditions and interactions with other road users are important considerations. A 

distinction needs to be made between: 

 

1. Traffic conditions in a general sense, which characterise a general level of 

constraints and which, in the same manner as the infrastructure zones, define the 

driving environment 

2. Other road users and their behaviour, which characterise an individual level of 

interaction between the driver and one or more other road users in the driverôs 

immediate proximity. 

 

The traffic, as a general and contextual entity, can be characterised using several 

dimensions, for example: 

 

¶ Density: expressed in terms of the number of vehicles travelling in a given space 

¶ Stability: this can be within a traffic stream (in which case it is expressed in terms 

of the frequency of speed variations on a traffic lane in a given unit of time) or 

between different traffic streams (in which case it is expressed in terms of the 

frequency of lane changes in a given unit of time) 

¶ Speed: the average speed of traffic 

¶ Composition: types of vehicle (light vehicle, heavy vehicle, van, motorcycle) and 

their relative proportions in a given traffic stream. 

¶ The interactions at individual level between the driver and one or more other road 

users in the immediate vicinity can also be characterised using several 

dimensions: 

¶ The category to which they belong (light vehicle, heavy vehicle, van, motorcycle, 

pedestrians) 

¶ Their speed and acceleration (direction and rate) 

¶ Their manoeuvres and behaviour (merging into the subjectôs lane or pulling out 

into a lane, merging from an entry slip road, braking, etc.). 

 

Other characteristics to be taken into account are: 

 

¶ Route choice 

¶ Temporary road/traffic variables 

¶ Traffic encountered 

¶ Impact of road measures on driver behaviour 

¶ Static and dynamic variables associated with the road. 
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6.3.4 Roads to include 
 
When setting up and running an FOT, it is necessary to consider the extent to which 

specific road types need to be incorporated into the trial and hence which participants need 

to be selected. The basic questions to consider are: 

 

¶ Are specific road types needed to answer the research questions for that sample? 

¶ Would any system of interest be used on a range of different road types? 

¶ Is driver behaviour (in terms of safety, mobility, traffic efficiency and environmental 

impact) expected to differ according to the road type they are travelling along? 

¶ Is it needed to be able to compare results according to different road types? 

¶ Is it needed to include specific road types in order to generalise the results to a 

wider population? 

¶ Are interactions with other road users to be included in the analysis? If so, video 

equipment needs to be installed. 

 

By considering the above questions, one can determine whether a range of different road 

types are needed, or whether the FOT can concentrate on collecting data based on 

specific road types. In an FOT, the objective is usually to study the normal driver behaviour. 

This means that drivers should not be encouraged to change their normal routes. 
 

6.3.5 Weather conditions 
 
Weather conditions are hard to predict, control for, or measure accurately in an FOT. 

However, weather conditions and associated factors such as ambient lighting are relevant 

aspects for all FOTs, irrespective of the overall purpose of the study. A well designed FOT 

must consider a range of weather-related issues, with a view to including, targeting or 

excluding particular weather conditions. In order to include weather as an experimental 

variable within analysis, or to specifically include or exclude data for analysis, it is 

necessary to use a consistent taxonomy and definition of weather conditions. 

 

Related to how weather factors are measured is the level of accuracy that is employed in 

the measurement of weather factors, including location and time attributes. A further 

complication with weather factors is that it is often combinations of weather and other 

dynamic and static factors that have a practical impact on an individual driver or general 

traffic conditions within an FOT. Extreme weather conditions present a risk to FOTs 

because they often canôt be predicted, and can make journeys impossible, prevent access 

to vehicles, or in the worst case destroy equipment. 

 

Data may be confounded due to abnormal weather, for example snowfall increasing driver 

headways and reducing traffic speed or bright sunshine causing glare on screens in 

vehicles, or momentary distraction to drivers. 

 

There are several ways of potentially measuring weather conditions:  

 

¶ In real time using direct measurement of the factor, e.g. vehicle sensor to measure 

ambient temperature (which could then be used to link the use of features to 

outside temperature) 
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¶ Indirect real-time measurement using a surrogate sensor, e.g. recording the use 

of the windscreen wipers to indicate when it is raining 

¶ Subjective rating scales (completed by the driver or other), e.g. driver assessment 

of the degree of rainfall 

¶ Post-hoc data mappingðthe use of weather records to estimate weather 

conditions 

¶ Post-hoc analysis of video data by a trained data coder. 

 

At a general level, there are four main considerations with regard to weather: 

 

¶ Which weather conditions are relevant? 

¶ Should they be ódesigned inô or ódesigned outô of the study? 

¶ Do weather conditions of interest have a macro (e.g. a rainy day) or micro (e.g. 

reflected glare) level impact? 

¶ What level of data is needed, and how is this obtained? 

 

6.3.6 Time of day and seasonal effects 
 
Temporal factors, such as time of day, and seasonal effects have a considerable impact 

on the planning of FOTs and the analysis of data. They can really cause problems for 

explaining the effects that are found (e.g. whether they are caused by the system under 

test or by seasonal circumstances). In contrast to the weather effects outlined above, the 

temporal factors can usually be predicted, and so it is usually easier to deal with the issues 

successfully. The main issues that have to do with the time of day, week, and seasonal 

variations are: 

 

¶ Influence on driver state (e.g. sleepiness) 

¶ Disruption caused by external events, e.g. school opening times 

¶ Influence on traffic levels 

¶ Other temporal influences on traffic 

¶ Impact on vehicle occupants 

¶ Glare 

¶ Ambient light levels 

¶ Seasonal confounding of data collection 

¶ Influence on route choice 

¶ Pragmatics to do with driversô work and life schedules 

¶ Using time of day as a surrogate; for example, time of day can be used to specify 

or control for traffic levels or ambient light levels. 

 

Time of day and seasonal effects are different to weather issues in several ways, including: 

 

¶ Time of day and seasonal effects are much more predictable than weather 

conditions 

¶ They are often proxies, i.e. not important in themselves, but important because 

they result in variation of a factor of interest (e.g. traffic levels, or level of the sun 

above the horizon). 
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These two factors mean that greater emphasis should be placed on planning around 

relatively predictable time of day and seasonal effects, and considering their impact on the 

FOT. There are different ways to (partly) deal with seasonal effects: have a control group, 

or adjust the length of the test. The latter means that either there is a short time period for 

the FOT, so that baseline and treatment phases take place in the same season, or that 

the FOT is very long (more than a year), so that baseline and treatment phases include 

the same seasons. 

 

6.4 Conducting a pilot study to test the evaluation process 

 
A pilot study can be defined as a ñsmall scale version, or trial run, done in preparation for 

the major studyò (Polit et al., 2001); it goes before large-scale quantitative research and is 

very useful to test the research instruments, identify any performance problems and 

ensure a reasonable durability of the technology instruments adopted. Conducting a pilot 

study is a fundamental phase to get warning in advance about practical problems or 

difficulties that may affect the study, and it is also necessary to prepare the deployment of 

the FOT and to support the design of the relevant tools for the evaluation process (Saad, 

1997; Saad and Dionisio, 2007). This task should be performed early in the evaluation 

process. It represents an important step for mobilisation and dialogue between the various 

teams involved in the FOT and for promoting a common framework and consensus for the 

evaluation process. 

 

The relevance of conducting a pilot study and the time required are often underestimated. 

To better understand the importance of this step, below is a list of general reasons for 

conducting a pilot study (for a wider overview, see Polit et al., 2001): 

 

¶ Developing and testing the adequacy of research instruments 

¶ Assessing the feasibility of the full-scale study 

¶ Testing the research protocol 

¶ Testing whether the sampling frame and technique are effective 

¶ Verifying the likely success of the proposed recruitment approach 

¶ Identifying logistical problems which might occur using the proposed methods 

¶ Testing variability in outcome to help determining sample size 

¶ Collecting preliminary data 

¶ Verifying what resources (finance, staff) are needed for a planned study 

¶ Verifying the proposed data analysis techniques to uncover potential problems 

¶ Testing the research questions and research plan 

¶ Training the researchers, both in data analysis and in personal integrity issues. 

 

Going more into detail, in FOTs these preliminary field tests have to deal with three main 

levels of analysis with specific objectives: 

 

1. Obviously, the first preliminary field tests have to check the technical functioning 

of the data collection systems in real driving situations. They should enable to 

identify potential problems of sensor calibration or drift and thus to establish the 

periodicity of maintenance procedures during the FOT. They should also permit to 
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validate the data collection procedure from data acquisition and data transmission 

to data storage. 

 

The technical teams involved in the FOT should be in charge of these field tests. 

 

2. The second level of a preliminary field test deals mainly with the issue of assessing 

the usability and usage of the systems under study and of identifying the main 

critical issues associated with their use in real driving situations. This is particularly 

relevant for: 

 

¶ Structuring the familiarisation phase of the drivers before their participation in 

the FOT 

¶ Contributing to the design of the questionnaires for the subjective assessment 

of the systems 

¶ Testing and/or improving the various tools developed for data processing, such 

as automatic identification of critical use cases and scenarios and video based 

identification of triggering events or categorisation of road and traffic contexts 

¶ Identifying a number of critical scenarios when using the systemsðscenarios 

that could be investigated more extensively when the data gathered from the 

FOT is processed and analysed. 

 

This test requires the participation of a sufficient number of drivers (depending on 

the target population in the FOT) and should be performed in real driving situations. 

An experimental journey on the road could be designed for that purpose 

(depending on the hypotheses formulated). This level of analysis provides useful 

data for designing the relevant tools for the evaluation process as mentioned 

above, for estimating the time required for data processing and data analysis and 

thus calibrating these phases in the FOT. It may be seen also as an opportunity 

for training the team(s) in charge of data processing. Finally, it represents an 

important step for testing some of the hypotheses formulated in the FOT and/or for 

refining them. In this phase, itôs important to underline that the drivers used in the 

pilot study will not be part of the final sample and therefore most of them do not 

need to be naïve. 

 

Psychologists, ergonomists, and human factors experts should perform these tests 

in close cooperation with the team in charge of statistical analysis as well as the 

team in charge of developing data processing tools. 

 

To test whether what is asked from participants is realistic, it is a good idea to pilot 

yourself before letting órealô participants undergo the testing. Let someone (or 

several persons) from the project team drive in an FOT vehicle, answer the 

questionnaires, fill in the travel diaries, etc. This is especially relevant for people 

working on subjective data collection and analysis. 

 

3. The third level consists of testing the feasibility of the overall evaluation process 

from the selection of the participants through to data collection and evaluation. It 

is a kind of final rehearsal before the deployment of the FOT. It enables in particular 

a check of the communication process between the various teams involved in the 
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practical deployment of the FOT, of the robustness of the technical tools designed 

for data collection and transmission, and of the robustness of the evaluation tools 

used in the assessment. 

 

The result of the pilot can be a no-go if too many problems are still present. In this case, it 

could be reasonable to delay the start of the data collection phase and to repeat some 

earlier steps. This means that there are feedback loops in the piloting process. 

 

6.5 Controlled testing 

 
As described in Section 6.2.2, a power analysis is required to determine the necessary 

sample size for conducting an FOT. The estimated or simulated frequency of events and 

the penetration rate are a key element in this calculation. It might prove that a naturalistic 

FOT is not feasible, due to a low frequency of events resulting in a very high number of 

needed vehicles or a very long experimental period. 

 

In such cases, one possible option is to allow controlled or semi-controlled testing. This 

means that all or a certain group of drivers are instructed before or during the test execution 

to behave in a certain manner. For instance, a professional driver might be instructed to 

simulate a car breakdown in order to trigger the car breakdown warning function in passing 

(uncontrolled) vehicles. In the controlled approach, the test drivers are called into the test 

and asked to drive the test route with some arrangements. Preferably, the tests will be 

conducted in real traffic. Some tests, however, must probably be organised on a closed 

test track. One test may include several runs of the route. Several situational variables can 

be fixed in advance. The tests can be designed so that some variables are systematically 

controlled during data collection. Based on the practical constraints, different levels of 

control can be chosen from totally naturalistic to totally controlled, taking into account that 

controlled testing breaks with the principle of un-interfered experiments and should be 

chosen only if the FOT boundary conditions and/or power analysis do not allow a 

naturalistic test of the function under test. Controlled testing can also be used as a 

supplement to naturalistic FOTs. 

 

Table 6.1 provides an overview of differences between controlled tests and naturalistic 

driving studies (based on the classification from the DRIVE C2X project) 

 

Table 6.1 Complementary uses of naturalistic and controlled tests in cooperative 

system evaluation 

Comparison criteria Naturalistic studies Controlled tests 

General versus 

experimental design 

Normal day-to-day driving. 

Data collected continuously. 

Usually the same drivers for a 

long time (or full study). Do 

not bias drivers but get their 

natural response and 

acceptance. In a cooperative 

setting, really evaluate if 

Controlling the exact studied 

scenarios and interaction 

between vehicles. Easier to 

have different user groups 

(old, young etc.) but for 

shorter times. Necessary for 

function and technical 

evaluation. Controlled number 

http://wiki.fot-net.eu/index.php/DRIVE_C2X
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Comparison criteria Naturalistic studies Controlled tests 

vehicle interaction is enough 

for statistical significance. 

of tests gives easier statistical 

control. 

Acceptance, long 

term 

Yes, but care should be taken 

not to influence by 

administering many 

questionnaires throughout the 

study. 

Not possible. Short study time.      

Acceptance, short 

term 

Possible, but takes calendar 

time since interactions cannot 

be forced. 

Yes, but care should be taken 

to limit too many repeated 

interactions over a short time. 

May give unpredictable and 

unreliable results.   

Impact on 

environment 

Yes, as long as enough 

system interactions happen. 

Compliance with system 

possible to study. 

Yes, but assumes driver 

compliance.   

Impact on safety Yes. Will likely result in a wide 

variety of situations. Possible 

to compare treatment/baseline 

for e.g. crash-relevant events. 

Naturalistic distraction and 

TTC distributions (including 

compliance). 

Yes, but difficult to cover 

crash-relevant events, 

distraction, and compliance.  

Impact on efficiency Yes, a variety of situations 

and compliance can be 

included. Need a large 

baseline to compare with.   

Specific situations may give a 

good statistical base. 

Impact on mobility Yes, but long term 

analysis/visibility is needed, 

plus enough interactions all 

along. Questionnaires 

relevant. 

Difficult since compliance can 

be very high if drivers are told 

to perform tasks. 

Questionnaires relevant. 

Driver behaviour: 

route choice 

Learning effect can be 

studied. Difficult to know if 

route choice is an option. 

Indirect effects.  

Difficult since drivers will do 

what they are told.  

HMI Short and long term HMI 

usage and acceptance 

possible. Evaluation if reaction 

time changes over time. Time 

on task possible if video is 

available.  

Short term HMI usage and 

acceptance. Easier to 

evaluate in a controlled 

environment but difficult in the 

long term. Necessary before 

naturalistic deployment.   

Usage (function) Are users turning it off over 

time? Compliance with system 

information possible to study.  

Difficult  
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Comparison criteria Naturalistic studies Controlled tests 

Technical 

evaluation of 

wireless 

communication 

Study of robustness possible, 

but in-depth analysis difficult 

due to uncontrolled scenarios.  

Necessary to study in depth 

communication aspects.  

Function validation Long-term functionality 

evaluation possible but 

impractical for optimisation 

and technical debugging. It 

may give optimisation 

parameters in the long term 

and give information about 

function validity for real traffic 

scenarios.  

Necessary to validate and 

optimise functions to technical 

boundary conditions. It can 

give fast and reliable results 

that can be quickly followed 

up.  

 
 

6.5.1 Operationalisation of tests 
 
Controlled testing requires a strict operationalisation process from high-level hypotheses 

down to individual tests to be performed. A three-step process is advised: 

 

In controlled tests, all drivers are instructed to follow a defined test scenario. This scenario 

is created from the hypothesis defined and tries to provoke a system behaviour, which 

causes the activation of the function to gather data needed to prove or disprove the 

hypothesis. The scenario should therefore contain: 

 

¶ Functions addressed 

¶ Hypothesis addressed 

¶ Description of desired situation 

¶ List of desired participant types 

¶ List of desired vehicle types 

¶ List of vehicle groups (e.g. one group as broken down vehicle, one group for 

passing vehicles). 

 

It is sufficient if scenarios are described in non-formal text. However, it might be advisable 

to use a pre-defined scheme to describe them. To follow up in the operationalisation, the 

scenarios have to be further refined into test scripts. A test script builds upon one scenario 

and maps it to a given area and a given project setup. To generate this test script, each 

group has to be mapped onto the road network of the test site. A route is created which 

defines for each group where exactly the vehicles will drive and what timing is 

desired/expected. 

 

A baseline can be created by assigning a separate control group to the test script with 

systems switched off. 

 

This test script therefore contains: 
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¶ One route for each participant group with timing information (including individual 

vehicle timing offset) 

¶ A desired state for the functions to test 

¶ A desired state for the logging and monitoring systems. 

 

In a final step, the test script is turned into a test case before actually starting the test. This 

is where the actual drivers and vehicles are assigned to the groups. Also a date and time 

for the test case are fixed. One test script might be scheduled several times as a test case 

to gather enough qualified data to filter out outliers in the execution. Drivers and vehicles 

may change for different test cases of the same test script. Figure 6.2I is an example of 

this process. 

 

Figure 6.2 Operationalisation of test scenarios 

 

6.5.2 Operationalisation tool chain 
 
In larger FOTs a dedicated set of tools is highly advised for the operationalisation process. 

 

In a scenario editor tool, all scenarios can be entered in pre-defined fields. These map to 

the textual information needed to describe the scenario, but also define formal aspects, 

such as desired number of test iterations or whether a pre-validation in simulation is 

necessary. It should also list the necessary PIs. 

 

The script editor tool is map based. It loads scenarios and maps the implicit information on 

what should happen to explicit routes in one specific location. For each of the driving 

groups one route needs to be created. Intelligent mapping tools allow to use the underlying 

road network data on the map (e.g. OSM, GMaps) to automatically follow the street. To 

get a first idea of how the script will perform, a real-time minimal simulation can be used 

to see virtual vehicles move along the defined routes. Thus, synchronisation between 

groups can be reached to successfully create the desired situations. 

 

The script editor tool also creates log profiles to be taken during the test, based on the PIs 

contained in the scenarios. For this process the measures needed for all PIs are merged. 

Sophisticated scripts can also contain time-bound or location-bound markers, which are 

executed in the vehicles once they pass the given point. These markers are used by the 

test system, for instance, to trigger: 

 

¶ A change of log profile (e.g. extended logging, when entering the test area) 

¶ A driver instruction 
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¶ Activation or deactivation of functions (e.g. for a control group) 

¶ A synthetic function behaviour (e.g. turn on the broken-down vehicle warning). 

 

In a final step of operationalisation the test script has to be mapped to the current test site 

situation. A test case is generated from the test script by allocating available vehicles and 

drivers to the groups shortly before starting the test. This should not be done in advance, 

since fluctuations in vehicle pool and drivers are to be expected for larger fleets. The tool 

chain can support this with a dedicated control connection to the vehicles.  

 

6.5.3 Test execution 
 
In theory, a controlled test can run unsupervised. In practice, controlled tests need live 

supervision to have an acceptable success rate. (Note that a test is determined to be 

successful if the desired scenario was created, not necessarily if the function was 

triggered). 

 

The supervision of a controlled test is preferably managed with a test control tool. This tool 

displays in real time the status of all participating vehicles (monitoring) and the selected 

test case. Thus, the operator can monitor test progress and determine deviations from the 

original script. 

 

A way to directly interact with test drivers is desired. Using the same connection as the 

monitoring data, the test control tool can send messages back to the vehicles. These 

messages can contain: 

 

¶ Textual instructions to drivers (to be displayed on HMI) 

¶ Voice instructions to drivers 

¶ Scenario script and test case information, e.g. test name, schedule, route 

information 

¶ Trigger information for the test system itself (log profile changes) 

¶ Trigger information for the system under test 

 

It has to be decided whether driver instructions are necessary for the FOT. If so, they can 

be either displayed on the system HMI or on a dedicated device. 

 

6.6 Naturalistic Driving Study  

6.6.1 Definition 
 
The opposite to controlled testing is the Naturalistic Driving Study (NDS) or observation, a 

research method using advanced technology for in-vehicle unobtrusive recording of driver 

(or rider) behaviour during ordinary driving in everyday traffic situations. This method yields 

unprecedented knowledge primarily related to road safety, but also to environmentally 

friendly driving/riding and to traffic management. A central focus of NDS is to understand 

explanatory factors associated with crashes and predict involvement in crashes. The 

naturalistic method ñrefers to a method of observation that captures driver behaviour in a 

way that does not interfere with the various influences that govern those behavioursò 

(Boyle et al., 2009). NDS are defined as ñthose undertaken using unobtrusive observation 

or with observation taking place in a natural settingò (Dingus et al., 2006). The following 
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characteristics have been chosen to define the naturalistic driving approach in the recent 

EU project PROLOGUE (Sagberg et al., 2011): 
 
¶ Unobtrusive recording of driver and vehicle parameters. Normal driving, i.e. driving 

purpose and driving destinations as defined by the driver, and driving taking place 

on roads open to ordinary traffic, and with the vehicle that the driver normally uses 

(owned, leased, or company vehicle) 

¶ No observer present in the vehicle. 

 

6.6.2 Relation to FOTs 
 

Naturalistic Driving Studies tend to focus on crash-explanatory factors, and FOTs generally 

focus on evaluation of systems or functions. However, the collected data in both types of 

study can be used for many alternative purposes such as analysis of environment, 

efficiency and mobility impacts. NDS and FOTs are preferably seen as different methods 

because (a) the study design is different (participant selection, experimental conditions, 

vehicle sample, etc.), and (b) the research questions and hypotheses are different. In 

particular, the main difference relates to the degree of experimental control found in the 

study, as illustrated in Figure 6.3. It is recognised that NDS and FOTs have some common 

methodological aspects and that there are gradual transitions between them. 

 

 

Figure 6.3 A partially overlapping relationship between FOTs and NDS along a 

continuum of experimental control. 

 

A more generic methodological approach is emerging whereby naturalistic data collected 

by either NDS or FOTs can be used for similar purposes. For example, an NDS may be 

used to evaluate the impact of on-market intelligent safety functions (Antin et al., 2011) 

and an FOT may be used to study crash causation (Olson et al., 2009). Even though there 

may be differences in purpose between NDS and FOT studies, the technology for driver 

behaviour observation may be the same, and consequently experiences from FOTs have 

been important inputs to the planning of a large-scale European NDS (Sagberg et al. 

2011). Between the FOT and the NDS lies the Naturalistic FOT. The Naturalistic Field 

Operational Test (N-FOT) is defined as a study undertaken using unobtrusive observation 

in a natural setting, typically to evaluate the relationship between (permanent or temporary) 

driver-, vehicle-, or environmental factors with crash risk, driving behaviour, and 

countermeasure effectiveness (Victor et al. 2010). This definition accommodates for both 

accident-oriented research of explanatory factors associated with crashes (common in 

NDS), as well as for the evaluation and development-oriented research on new technology 

and solutions (common in FOTs). N-FOT studies can, for example, assess the relationship 

of an in-vehicle system (dynamic vehicle factor) or age (static driver factor) or distraction 

http://wiki.fot-net.eu/index.php/PROLOGUE
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(dynamic driver factor) or speed cameras (static environment factor) with crash-risk, 

driving behaviour and/or countermeasure effectiveness. Environment sensing and video 

are believed to be essential for identifying near collisions and other incidents, and for 

validating that intelligent vehicle systems (e.g. collision warning, lane departure warning 

and intelligent speed adaptation) perform as expected. 

 

6.6.3 NDS and the FESTA V 
 

Although FESTA V was originally developed as an implementation planning tool for FOT 

studies, it is a highly relevant and useful tool also for NDS. However, some modifications 

are required. These modifications are primarily related to the shift in focus away from 

function assessment in FOTs towards behaviour assessment in NDS. Broadly speaking, 

the bottom or tip of FESTA V is most relevant for NDS and the top of FESTA V is less 

directly relevant. 

 

The horizontal context bar is also useful for NDS; it is recommended that activities that 

deal with the more general aspects of an NDS and with high level aggregation of the results 

take place within this horizontal context bar. According to Sagberg et al. (2011) this type 

of activity includes: 

 

¶ User/stakeholder identification 

¶ Topics selection 

¶ Dissemination  

¶ Identification of constraints, such as available technologies and budgets. 

 

FESTA V has two ñscaling-upò steps: impact assessment and socioeconomic cost benefit 

analysis. NDS also have scaling-up activities, such as aggregation of research question 

results, and analysis of their implications. For example: 

 

¶ Provide an integrated overview of the NDS findings 

¶ Use findings to identify new and more efficient safety and sustainability measures 

related to vehicles, drivers and road infrastructure (such as incentives to 

encourage adoption of new technologies, education of drivers, regulation 

enforcement) 

¶ Identify ways for measures and tools to improve safety and sustainability of road 

transport in Europe based on NDS results 

¶ Demonstrate how naturalistic driving can be used in industrial development of 

safety and sustainability functions and services. 

 

For further detailed examples of how FESTA V can be interpreted for NDS purposes, see 

Sagberg et al. (2011) and Victor et al. (2010). 

 

6.7 Documentation 

As exposed above, study design is a complex process taking into account a large number 

of parameters to optimise data collection for a studyôs specific goals: by their choices, study 

designers can have different levels of control over experimental design, driversô sample 

selection, data collection period and environment. All those preliminary choices may have 
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a large impact on what can be deduced or concluded from a data set. It is therefore 

paramount, especially in the optic of data reuse, for any analyst to consider motivations 

behind a specific data collection, and be informed of possible limitations and biases. 

Additionally, actual conditions of data collection may largely differ from the initial planning: 

choices of a specific vehicle brand for technical or organisational reasons may bias the 

driver sample towards a specific population, delays in planning may lead to different 

weather conditions, day-to-day operation may lead to different organisation of baseline 

and treatment periods. As a result, not only should initial plans and their motivations be 

thoroughly documented, but also real conditions of data collection, real driver sample 

characteristics etc. have to be written, both for initial analysis and for future data reuse. 

6.8 The role of the safety driver in automation FOTs 

As long as it is not feasible to conduct large-scale naturalistic FOTs with automated 

vehicles, study design may take the form of controlled testing, as described in Section 6.5 

Controlled testing.  

 

Specific attention could be paid to the role of safety drivers, if they are used in the study. 

Their role and their expected behaviour should be specified in detail, in order to avoid over-

influencing participants. Safety drivers may also be a good source of information, as they 

are the ones who may be exposed to driving with the system for longer periods. As they 

usually have a lot of experience in (conventional) driving, and additional training, they may 

also have a good insight in the differences between automated and non-automated driving. 

Their opinions and experiences could provide insights that can shape new study designs.  
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7  Guidelines for Data 

Acquisition 

This section aims to provide guidelines and 

recommendations for how to handle data in an 

FOT study. Data acquisition, data storage, 

and data analysis tools will be covered here.  

  

 

 

 

Please refer to Figure 7.1 for an overview of a data handling structure for an FOT, and for 

the naming conventions used in this document. The example data structure above includes 

data from an electronic data acquisition system, as well as collected subjective data. The 

Data Acquisition Unit (on the right) comprises sensor systems requiring raw data decoding. 

The raw data may then be pre-processed, in this case by low-level data processing such 

as simple filtering or calculation of directly derived results. Both raw data and pre-

processed data (derived from raw data) are stored in the same format locally and can be 

kept locally, until moved from the Data Acquisition System (DAS) to the main storage, and 

used for analysis. 

 

Acquisition of subjective data may also be performed. Subjective data is also considered 

as acquired from a sensor. This data can similarly be subject to manual or automatic 

Figure 7.1 Data structuring 














































































































































































































































