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Executive Summary 
 
The purpose of this deliverable is to report on the tools and methods for integrating individual methods into 
an assessment methodology. A matrix of individual methods has been developed over the last 18 months 
and now includes over 120 methods to assess the safety and usability of IVIS and ADAS systems. It is clear 
that developing and streamlining this vast quantity of information into a single integrated methodology to 
assess the safety and usability of IVIS and ADAS in no small feat.  
 
TF E has progressed substantially in this task and the progress made is described in this report:  
 
Definitions and clarifications are provided in order to provide an overview of IVIS, ADAS, function, systems 
and what is meant by an “integrated methodology” This Section represents the consolidated view of TF E 
partners and allows readers to have a common understanding of the terms refered to throughout the report. 
 
Individual evaluation methods are described (within Section 3) including a review of the previous work 
package for TF E which focused on methods for IVIS and a review of methods appropriate for ADAS. This 
Section refers to the matrix which can be found in Appendix A. 
 
The framework and tools for integration are described in Section 4. This includes a review of a workshop in 
which the main objective was to collate and review existing knowledge concerning the integration of 
individual methods into a more holistic approach to assessing safety and usability.  The workshop concluded 
that there was a need for a meaningful conceptual framework. After careful consideration a driver “model” 
(developed by Oliver Carsten) was chosen as a framework for discussion. This model is described in the 
report; however, following extensive discussions, no agreement on this or any other conceptual model was 
achieved within Task Force E. The ISO suitability standard is also described it is considered as another 
possible framework for integration. Additionally, the methodologies used in the RESPONSE and ADVISORS 
projects are reported. 
 
The research issues are discussed in Section 5. These issues include: 

Relating methodologies to behavioural models; 
Working with a limited number of underlying dimensions; 
Differentiation of methodology according to type of system; 
Relating methodologies to ‘real’ accident risk; 
Estabilishment of risk cut-off criteria; 
Towards “NCAP style” ratings for the ergonomics of in-vehicle systems. 

 
The elements of an integrated methodology have been broken down into 6 steps or phases and each phase 
has a tool to achieve the outcome of that phase. There are three phases in the process (IVIS/ADAS 
description, selection of measurement methods, measurement and analysis) where it is possible to refer to 
available inventories of methods”. The most critical item seems to be the Multi-Criteria-Analysis or other 
combination/analysis tool at the end of the process where it has to be concluded that satisfying tools do 
actually not exist.  There are two phases in the process (identification of potential behaviours, generation of 
hypotheses) where at least some ideas on necessary tools exist but the state-of-the-art is far from satisfying. 
The final stage of the process (integration of results) has not yet had a tool developed to achieve this step, 
hence futher work is required. This means that we might now be at a stage where as well as practical tests, 
assessments, deliberate theorising and careful experimentation are necessary in order to convert the phases 
from theory to practice and have tools which achieve every stage of the process in order to achieve the final 
goal of an integrated method.  
  
The information within this deliverable has been shared with the AIDE project and they have stated their 
acknowledgement for the conclusions that have been drawn. The AIDE project ‘approves’ of the phase 
concept to an integrated methodology. The AIDE project and HUMANIST hope to continue the relationship to 
discuss integrated methods further and continue to share ideas. TF E have also contributed to development 
of a potential FP7 project to conduct further work on integrated methods.  
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1. Introduction 
In-vehicle information and communication systems (IVIS) are increasingly the standard equipment of modern 
cars. ADAS systems are also increasing, but the boundaries between the definition of IVIS and ADAS 
systems are blurred (See Section 2). Despite their obvious benefits there are also concerns that their use 
while driving may cause safety problems due to distraction and increased workload. Thereby it is assumed 
that it depends mainly on the user-friendly design of the Human-Machine-Interface (HMI) if the use of IVIS is 
compatible with the primary task of driving. In Europe recent efforts to develop and evaluate a catalogue of 
design goals for the in-vehicle HMI of IVIS, the so called “European Statement of Principles” (ESoP), reflect 
this approach. Nevertheless, the character of the ESoP is generic, i.e. defining few criteria to assess if the 
design goals have been achieved by a certain HMI solution. From all this it follows that there is an urgent 
need for methods to evaluate the effects of IVIS and ADAS on driver workload and behaviour in order to 
assess potential problems for traffic safety and to improve HMI design (see e.g. Gelau, 2004 for a review). 
 
Given this general situation, one of the main objectives of the HUMANIST Task Force E has exchanged 
through the network, the knowledge and experience of projects which have applied or developed 
methodologies for the evaluation of IVIS and ADAS both in terms of safety and usability. 
 
In deliverable E.2/D.2 a matrix approach was developed to indicate the main aspects of applicability of 
various available methods. The matrix focused on IVIS but has now been updated to include ADAS (see 
Section 3). This deliverable includes the extended matrix developed (see Appendix A) 
 
The next stage for TF E was to develop these methods into an ‘integrated methodology’. In deliverable E.3 
information on possible approaches to create an integrated methodology were reviewed (see Section 4). 
 
Developing an integrated methodology is a complex task and TF E have made some significant advances. 
This deliverable discusses the current TF E thoughts on integrated methodology and outstanding research 
issues (see Section 5).  
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2. Definition and Clarifications 
2.1 FUNCTIONS AND SYSTEMS 
Drivers buy and use systems, for example a navigation system, an Adaptive Cruise Control (ACC) system 
or a collision warning system. Some of these systems could be classified as IVIS or ADAS (see below). All 
systems perform functions, such as obtaining an address from the driver, warning of a collision or adjusting 
headway. Additionally some systems may include information functions, warning functions and assistance 
functions (and also in-built stability functions such as ABS).  
 
The classification of systems will always be problematic, particularly with increasing integration.  We should 
therefore speak about functions. We should evaluate an overall system by evaluating its individual 
functions. There remains a research gap concerning how to combine individual methods into an overall 
integrated methodology 
 

2.2 ADAS  AND IVIS 
An ‘In Vehicle Information System’ (IVIS) and an ‘Advanced Driver Assistance System’ ADAS are both 
obviously defined as systems. IVIS focuses on informing while ADAS focuses on warning and assisting. The 
table below demonstrates the issues associated with each of the four functions (in-built, informing, warning 
and assistance), hence distinguishing the difference between each of the functions. The issue ‘drivers locus 
of control’ refers to the interaction of the driver with the function. With in-built functions there is no interaction 
while in contrast in the informing function there is full interaction required. The warning function requires 
variable interaction and finally the assistance function allows overrideable interaction of the driver with the 
function.  
 
An integrated methodology needs to address all of the safety issues: Technical for in-build functions; 
distraction for informing functions; understandability for warning functions and controllability for assistance 
functions. 
 

FUNCTION 

ISSUE
In-built Informing Warning Assisting

Example

ABS
ASC

Collision mitigation

Route guidance
Mobile phone

LDWS 
ISA Advisory

ACC

Focus Vehicle stability
Information to the 

driver
Warning the driver

Aspects of longitudinal 
and lateral control

Driver’s locus
of control

None Full Depends Overrideable

System supplier OEM
OEM aftermarket

Nomadic
OEM aftermarket OEM

Safety issue Technical Distraction Understandability Controllability

Typical human 
interface

None (or via existing 
controls)

Screen + Audio Buzzer, Symbol
Button

Small display
Existing controls
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The diagram below shows IVIS and ADAS functionality 
 IVIS and ADAS Functionality
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by ESoP
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D
riving-R
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2.3 INTEGRATED METHODOLOGY  
2.3.1 Definition 
Integrated methodology has been defined by HUMANIST TF E as:  
 
“Structured human factors evaluation (of a system or function) that combines evidence from multiple 
assessments of different aspects of driver-vehicle interaction within a conceptual framework” 
 
An integrated methodology needs to cover a wide range of aspects including, at least: 

- Embedded functions (technical performance) 
- Information functions (distraction) 
- Warning functions (understandability) 
- Assistance functions (controllability) 

 

2.3.2 Clarification of the scope 
The scope of an integrated methodology should include: 

- Evaluation of driver performance and safety (i.e. not comfort, satisfaction, economy etc.) 
- The driver-vehicle interaction (i.e. not driver/infrastructure) 
- The manoeuvring level of the driving task which means the longitudinal and lateral positioning of 

the vehicle with respect to the road and other traffic 
 

2.4 REQUIREMENTS OF AN INTEGRATED METHODOLOGY  
An integrated methodology should help to: 
1. Understand the system being studied 

We need a full description of the system in terms of the functions it performs and the driver’s activities in 
relation to those functions 
There are various methods of system description and task analysis available 
Then, specific parts of the system can be selected for further study 

 
2. Identify behaviours and communication aspects th at could have an influence on traffic safety  
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For each specific part or function of the IVIS/ADAS we need to identify changes in behaviour – overt or 
covert – that may be safety critical 
The aide could be a checklist to lead the analyst to those aspects that should be considered when trying 
to list what critical behaviour the functions could elicit  

 
3. Formulate hypotheses concerning how (in what dir ection, in what aspects) behaviour and 

communication might be influenced 
We need a hypothesis concerning how the IVIS/ADAS will affect safety-related behaviours  
This step could make use of driver-behaviour models, and summaries of research on influences functions 
of ADAS/ IVIS on road users behaviour 

 
4. Decide how the effects can be measured in princi ple    

We need a tool that summarises techniques to measure specific behaviours and effects and the 
advantages and disadvantages and practical issues of use 
This step could make use of the Humanist checklist (as long as it covers the range of behaviours and 
situations that are required) 
Examples include behaviour observation, field and simulator, traffic-conflict studies, specific 
measurements. 

 
5. Design and undertake appropriate assessments & a nalysis  

We need a framework for making practical choices and undertaking the measurements in an effective way  
Various approaches were discussed at the Santorini workshop   
The suitability standard (ISO 17287) is useful as a framework, to undertake measurements and analyse 
and present individual results (but detail needs to be added)  

 
6. Combine and present results 

We need to combine results from different assessments – both quantitative and qualitative (when maybe 
some show benefits and others dis-benefits)  
Some authors have suggested absolute and relative criteria for specific measures, but there is no overall 
agreement.  
Various approaches were discussed at the Santorini workshop but it is clear that there is an insufficient 
theoretical basis for a full scientific analysis 
Some sort of Multi-Criteria assessment may be a good approach 
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3. Individual Evaluation Methods 
3.1 REVIEW OF WP E.1 
The objective of the matrix developed in Work Package E.1 was to identify and categorise existing and 
proposed methods for usability and safety evaluation of ITS.   
 
When assessing usability and safety, different metrics (or measures) are used; examples including eye 
glance duration, vehicle speed, and weighted workload score.  These metrics are collected using specific 
techniques (e.g. eye movement analysis, subjective assessment, critical incident analysis) and often require 
specific tools, such as cameras or questionnaires. The metrics are collected in one or more physical 
environments, such as driving simulators or on a test tracks.  The combination of 
metric/technique/tool/environment is what is referred to as a method. 
 
The matrix summarises important information and experience about each method based on scientific 
literature and experience of the HUMANIST partners.  This information includes the type of data obtained 
(e.g. objective, subjective, observational or expert opinion); the effectiveness of the method expressed in 
terms of the validity, reliability and sensitivity; and practical issues of application including time, cost and 
training requirements. Where possible, the matrix provides scientific references and lists the HUMANIST 
partners with experience or knowledge of the methods. 
 
Over 120 methods were collated in the matrix and 22 were defined as ‘favourites’. Refer to Deliverable 
D.2/E.2 for more information of the development of the Matrix. 
 
It was always anticipated that the matrix could be updated as new information becomes available and that it 
would serve as a good source of reference.  The matrix has helped to form the basis for consideration of 
integrated methodologies and has been updated to include ADAS as this is now thought to be important. 
 

3.2 METHODS APPROPRIATE FOR ADAS 
In the EC RESPONSE project there is a holistic integrated approach to ADAS. The main issues with ADAS 
are related to controllability. These issues include:  
• Human error potential 
• Potential problems in automation 
• More holistic and integrated approach 
 
The diagram below represents the holistic approach recognised by RESPONSE. Deliverable C.2 “Common 
methodology for definition of scenarios environment and selection of most relevant scenarios for data 
collection” described this further along with some interesting scenarios 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The methods that have been incorporated into the annex are listed below (see Appendix A): 
Safety checklists 
HAZOP 
FMEA 

Environmental conditions

Traffic conditions

Road infrastructure

Vehicle

Driver
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Fault Tree Analysis 
Market research 
Expert Panels 
Professional driver testing (simulator/track/road) 
Car clinics with naïve participants 
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4. Framework and Tools for 
Integration 
4.1 REVIEW OF THE SANTORINI WORKSHOP ON INTEGRATED METHODOLOGIES 
 
The core element in the definition of Integrated Methods is the combination of “evidence from multiple 
assessments ... within a conceptual framework”. As there is no agreed and commonly accepted rule on how 
this combination of evidence can be achieved, the main objective of this meeting was to collate and review 
existing knowledge concerning the integration of individual methods into a more holistic approach to 
assessing safety and usability. The workshop was held in Santorini, Greece on 13th June 2005. A detailed 
report on this workshop can be found in HUMANIST Deliverable E.3. 
 
As a general result it turned out by the discussions that the analysis and combination of evidence can be 
performed on different levels depending on who seen as the “customer” or user of the results. This can be 
society as a whole or directly the EC as demonstrated by Torsten Geissler (University of Cologne) who 
presented results from the European project SEiSS (“Socio-Economic Impact Assessment of Intelligent 
Vehicle Safety Systems”). However, at a more microscopic or scientific level, the following four frameworks 
were presented (see HUMANIST Deliverable E.3 for the details): 
 

- Suitability Standard – as a process oriented approach 
- Linear Regression Model – as an statistical approach to combine evidence 
- HASTE risk assessment procedure – has identified the important methods 
- Euro NCAP rating procedure – as an expert experience based approach 

 
 
As a result of the discussion the Linear Regression Model was considered as the most general approach 
which is compatible with Suitability, the HASTE risk assessment procedure and possibly the Euro NCAP 
procedure. The Suitability Standard (see also Section 4.3) was considered as a procedural framework which 
defines the necessary process elements of an Integrated Methodology but leaves open (by its nature) 
contents or rules. For the HASTE approach some links with the EuroNCAP approach were pointed out. 
However, the main progress expected by the HASTE approach with respect to Integrated Methodologies is 
the bridging of the gap between driver behaviour and accident risk. However, it was clearly pointed out by 
Wiel Janssen (TNO) that there are actually some quantitative functions available (e.g. the Nilsson functions) 
but that this work which has been started in the HASTE project still needs to be completed which is presently 
done e.g. under the umbrella of the AIDE project.  
 
Thus, it became evident that there was no definite solution for the problem of the combination of information 
at this stage. In particular to establish a valid linear regression models research intensive activity but which 
could be viewed as a long-term goal of research on Integrated Methodologies.  
 
Moreover, the question was raised if there is an agreed conceptual framework of driver information 
processing and of risk. There was a consensus that there is a clear need for a meaningful conceptual 
framework but it was also recognised that there have been numerous approaches proposed in the literature 
which might all be more or less useful for  the development of Integrated Methodologies. As practical next 
step it was decided to examine the work on driver models performed under the umbrella of HUMANIST Task 
Force C at the Ispra workshop and to clarify if some input for Task Force E can be identified among the work 
presented there. Results of this step will be briefly described and discussed in the next Section. 
 

 

4.2 DRIVER MODELS 
 
There are several good reasons, why a conceptual framework is needed in context of Integrated 
Methodologies. First, as a “theoretical backbone” it should offer some “guidance” through the process of HMI 
assessment. Second, it should represent relevant aspects of driver-vehicle interaction (with IVIS/ADAS), and 
third, it should make meaningful predictions for user tests. From this point of view it was obvious to clarify in 
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a first step if some ideas could be derived from the work on driver models performed by HUMANIST Task 
Force C. At the “International Workshop On Modelling Driver Behaviour In Automotive Environments” (Ispra, 
Italy, May 25-27 2005) more than 20 papers dealt with these issues from very different perspectives. Among 
the paper presented in the session “Modelling Driver and Support Systems” the model proposed by Oliver 
Carsten (University of Leeds) was considered as worth for further examination. 
 
This model is based on a thorough review of the literature on driver models and a summary and 
categorisation driver-related factors affecting the risk of vehicle operation. As a result of this the “five major 
categories of driver capability, performance and behaviour” were extracted and linked in a structured way to 
accident risk. It has to be noted that the circles and boxes presented in the figure are “empty” ones, i.e. they 
provide a structure of the main categories for a complete description but still need to be filled with “rules and 
parameters” as a result of research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From this point of the application of view this model for  the development of an Integrated Methodology can 
be described as a top down approach. On the other hand the question was raised in the discussion if such 
an approach would be really viable in practice and it was suggested that a bottom up approach which is 
driven by the actual demands of the system(s) under investigation might be much more appropriate. This is, 
of course, a strong point in particular because the “Carsten-Model” is indeed purely descriptive and does not 
specify how the relationships described are moderated by IVIS and ADAS.  
 
To summarise, finally an agreement on a conceptual model as specified in the definition of Integrated 
Methodologies could not be achieved as a result of the discussion in Task Force E.  
 
The International Standarda Organisation (ISO) have developed a suitability standard so this has also been 
considered as a framework for integration. This framework is described in the following Section. 
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4.3 SUITABILITY FRAMEWORK 
As shown in the diagram below, the suitability framework has seven stages to the assessment process. More 
information on the framework can be found in the ISO 17287 Document 
 
The diagram below shows the suitability assessment process 

1. ASSESSMENT PLAN

Assessment                     
a

Assessment                     
b

....... Assessment                     
n

n

2.TICS

3.CONTEXT

4. 
CRITERIA

5.  
METHOD

6.DATA 
COLLECT

2.TICS

3.CONTEXT

4. 
CRITERIA

5.  
METHOD

6.DATA 
COLLECT

2.TICS

3.CONTEXT

4. 
CRITERIA

5.  
METHOD

6.DATA 
COLLECT

7. INTERPRETATION OF RESULTS

 
 
 
The seven stages involved in the assessment process are described in the diagrams below: 
 
Stage 1: Assessment Planning 

• Strategic planning of overall goal and individual 
assessments (a...n) involving different:
– TICS representations
– contexts of use 
– criteria for assessment
– methods and data collection

• Resource allocation to the individual assessment 
tasks 

• Assessment schedule
• Note: Inexperienced users and/or other safety 

concerns may necessitate conducting preliminary 
tests of the TICS under controlled conditions. 
before more detailed assessments

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET

 
Stage 2: TICS 

• Describe the TICS
• Undertake task analysis to 

understand driver/TICS 
interaction

Selection Explanation 

Design cycle stage I.e. when in the TICS product design cycle (e.g. concept, 
prototype, post-launch) 

TICS component(s) The TICS or its subsystem(s), function(s) or mode(s) which 
are being investigated 

 

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET
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Stage 3: Context and Restrictions 

• For field trials aspects the context 
could include:
– user population and sample profile
– vehicle, traffic and road characteristics 
– ambient conditions (e.g. weather, 

day/night, …)
– specific or critical driving situations to 

be studied (e.g. approaching traffic 
congestion or approaching traffic 
lights)

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET

 
Stage 4: Definition of assessment criteria 

• Individual assessment should be 
“operationalised” by identifying specific variables 
(also called metrics or indicators) to be measured 
and the criteria for success

• Examples: Speed, headway,TLC, SDLP, 
Occlusion etc. (see Matrix TF E)

• The variables may provide evidence contributing 
to more than one aspect of the overall 
assessment 

• Sources for criteria include standards and the 
proposals from Brookhuis

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET

 
Stage 5: Selection of assessment method 

• Method selected (and the 
techniques and tools used) 
depends on the variables 
identified during Stage 4 (for 
example whether qualitative 
or quantitative data are 
required) 

• Important factors are validity, 
reliability and sensitivity

• Choice may also be 
influenced by equipment 
cost, availability, ease of use 
and time required 

Accident AnalysisLevel 1

Level 2 Critical Incidents

Workload
Driving Task 
Performance

Behavioural 
Adaptation Usability

Level 3

VALIDITY

SENSITIVITY
_

+
_

+

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET

 
Stage 6 and 7: Performing the assessment, analysing  the data and interpreting results 

• Stage 6: Performing the assessment and analysing 
the data
– Data collection and preliminary data analysis 
– Also record when the assessment was performed, who 

was involved (e.g. qualifications and affiliations of the 
assessors)

• Stage 7: Interpretation of results
– Results obtained from all the individual assessment 

should be studied and compared with the criteria 
identified  in Stage 4 

– Repetition or redesign of tests, iteration through TICS 
design or reassessment of the assessment plan may be 
required before an overall assessment can be made

TICS

CONTEXT

CRITERIA

METHODS

DATA

PLAN

INTERPRET
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4.4 OTHER CURRENT METHODOLOGIES 
In addition to the suitability framework. Both the EC RESPONSE (Response Deliverable 11.1: Draft of a  
Code of Practice for the Design and Evaluation of ADAS, Contract: FP6-507075) and ADVISORS (Final 
Technical Report, Contract: 1999-RD.10047,  Project: GRD1 2000 10047) projects have provided theoretical 
methodologies. 
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5. Development of Research Issues 
5.1 WHAT DO WE HAVE? 
 
There apparently is much material available that should help us to come to the definition of a set of 
integrated methodologies, and that should also assist us to make a choice of methodology in a specific case. 
Some of this material can be said to be of a more philosophical nature, but other elements can be decided or 
should be agreed upon by means of empirical research. It is the aim of this Section to identify the latter. 
 

5.2 RESEARCH ISSUES TO BE TAKEN UP  
 
A consideration of the material that is contained in the preceding Sections suggests that the following issues 
could be of primary importance in further research. 
 

5.2.1 Relating methodologies to behavioural models 
 
It would be a major step if a methodology could in some way be ‘derived’ from a model of driving behaviour, 
so that the measurement of each separate parameter would have a specific meaning in the context of that 
model. 
The collection of models from the HUMANIST ISPRA Workshop (Macchi et al., 2005) makes it clear that we 
are far away from having decided upon a particular model, or even a class of models, as being the most 
appropriate one to apply and transform it into a methodology for assessing driver behaviour. However, it is 
essential that progress – based on empirical studies – in the driver modelling area is made if a model-based 
methodology will ever be derived. 

 

5.2.2 Working with a limited number of underlying d imensions 
 
One thing that often makes the life of the researcher interesting is the sheer number of parameters that can 
be measured in the average behavioural experiment. The attitude to measure all things that are possible, so 
as to be sure not to overlook anything, is possibly related to task analyses of the driving task which have 
concluded that even the average home-to-work journey requires thousands of tasks to be performed by the 
driver. However, we should realise that, if those tasks are executed by one and the same driver, there will 
exist correlations in the way they are performed. What we could hope is that, basically, there are no more 
than three or four dimensions that are sufficient to describe anybody’s driving behaviour (e.g., average 
speed, speed variability, lateral performance, and car-following performance). In any case, it is time we 
agreed on the underlying dimensions, on the basis of empirical studies, so that it will from then on be 
possible to work with a limited set of parameters in our research. 
 

5.2.3 Differentiation of methodology according to t ype of system 
 
One likely implication of the preceding is that we should not expect to be one particular methodology to be 
the one to be indiscriminately applied to all different IVIS and ADAS systems. Rather, the choice of how a 
system should be evaluated should at least partly be dictated by what type of system it is. And it is the 
models, again, that should provide this analysis. 
 

5.2.4 Relating methodologies to ‘real’ accident ris k 
 
What do we want as an outcome of an integrated methodology? Surely, estimates of (increases or 
reductions in) accident risk caused by an IVIS or ADAS are what most people, including relative outsiders 
like policy makers, would expect. However, our present methodologies are not particularly good at this. This 
may be because the traditional approach to relate certain behaviours to certain accident risks does not work 
particularly well. This approach starts with accident statistics, working out what the most prominent 
categories of accidents are, relating these to assumed underlying behavioural mechanisms, and then 
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assessing in what way an ADAS would have improved upon these mechanisms, thereby preventing so many 
accidents of that category. It is time to realize that the classical approach is fraught with difficulties, and that 
an alternative approach – starting from behavioural parameters, and then aggregating into behaviour-risk 
functions – deserves a chance. 
 

5.2.5 Establishment of risk cut-off criteria 
 
Apart from the Brookhuis et al. criteria – whose proposal was a very brave effort – there is little work that tells 
us where the cut-off criteria for behavioural parameters lie, i.e., what types of behaviour should be 
considered unacceptable form a safety point of view. Some would argue that this is not our job at all, but the 
policy maker’s. However, this may be getting away from it all too easily. The least we could do is to try to find 
levels of societal risk that have already been decided to be (un)acceptable, and to compare our own 
estimated risk levels to those. It appears that there are maybe only two of those references available today, 
which are (1) alcohol (driving performance when over a certain BAC-level is unacceptable, although the limit 
is different in different countries); and (2) driving performance when listening to the radio and fumbling with 
its controls, which is acceptable, although the borderline to the legal situation of “driving without due care 
and attention” is not quantitatively defined. It would certainly help if we could clarift and find more of these 
reference situations. 
 

5.2.6 Towards NCAP ratings for the ergonomics of in -vehicle systems? 
 
An extension of the idea of looking for cut-off criteria is that of the discretization of risk effects into a limited 
number of categories, and to elaborate this into a star rating system like the one used in NCAP. Thus we 
would work towards an NCAP one to five stars rating for the ergonomics and safety of in-vehicle systems to 
which manufacturers would, hopefully, respond by making the systems better all the time. The provision of a 
rating system cannot be done off the top of our heads, however, since it would require a valid transformation 
of behavioural into discrete risk effects. 
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6. Conclusions and Next Step 
It was the overall goal of the present report to bring together all those methods which were collected, 
reviewed and described during the development of “The Matrix” into one “Integrated Methodology”. Indeed, 
considering the proposed definition and requirements (see Section 2) such this could be a very useful tool 
which can serve as a guide for the assessment process and which deepens our understanding of the 
relationships between systems’ functions, driving behaviour and road traffic safety. This Section describes 
how we have begun to achieved this goal and what further work is required. 
 
Of course, this question cannot be answered with a clear “Yes”. This does not mean to say that nothing has 
been produced but the obtained results are (as so often in science) different from those expected. So what 
are the additional insights we have at this stage? The discussions at the workshops in Santorini and Madeira 
were centred around two key concepts “combination” and “conceptual framework” and we should now recur 
to these elements of the proposed definition for further conclusions. 
 
During the discussion on how to combine evidence from different sources the Suitability Standard (ISO 
17287) which has been described in some detail in the present report was considered as a framework. 
Although this document does not specify certain rules (e.g. linear regression or multi criteria analysis) 
according to which multiple measurements can be combined to an overall single assessment it seems to be 
very useful to describe the process. A proposal of how this can be translated into a model of the application 
of an Integrated Methodology is shown below, available tools have been related to the different phases of 
the process. 

Integrated Methodology

Describe
IVIS/ADAS 

Identify potential 
behaviours

Generate
Hypothesis

Select measurement 
methods

Task
Analysis

Behaviour 
Checklist

Hypothesis 
generation 

tools
HUMANIST 

Matrix

Measure, 
Analyse, present

SUITABILITY 
Framework

Integrate results

Multi-
Criteria 

Analysis?

 
From a closer examination of this process model and with the work done so far under the umbrella of TF E 
we can now derive the description of the state-of-the-art that is shown in the Figure below. 

Stages of integrated 
methodology process 

 
Available tools 
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Integrated Methodology – Where are we?

Describe
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Generate
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Task
Analysis

Behaviour 
Checklist

Hypothesis 
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SUITABILITY 
Framework

Integrate results

Multi-
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Analysis

Does not 
exist

Some 
Ideas

Available

 
 
As can be seen from the figure there are three phases in the process (IVIS/ADAS description, selection of 
measurement methods, measurement and analysis) where it is possible to refer to available inventories of 
methods as e.g. the “HUMANIST Matrix”. The most critical item seems to be the Multi-Criteria-Analysis or 
other combination/analysis tool at the end of the process where it has to be concluded that satisfying tools 
do actually not exist. Of course, some related work has been done within the European projects ADVISORS 
and RESPONSE but these were developed for different purposes. The ADVISORS methodology clearly 
aims at supporting decision making on a societal level whereas the RESPONSE methodology is clearly 
oriented at the process of system development. This does not mean to say that an Integrated Methodology 
following our definition is incompatible with these developments. Rather, the approach followed here aims at 
a stronger microscopic or scientific level bridging the knowledge gaps between system functions, driving 
behaviour and accident risk. 
 
 As can be further concluded from the figure above, there are two phases in the process (identification of 
potential behaviours, generation of hypotheses) where at least some ideas on necessary tools exist but the 
state-of-the-art is far from satisfying. The discussions within TF E on conceptual models and frameworks 
summarised in Section 4 as the open research issues outlined in Section 5 reflect the need for a specific, 
meaningful, empirically validated but also parsimonious conceptual model. The continued review of models 
of driving behaviour like those presented at the Ispra workshop might provide further input. However, it 
became also very clear during the discussions that these are too general to have more than a heuristic 
value. This means that we might now be at a stage where as well as practical tests assessments deliberate 
theorising and careful experimentation are necessary in order to convert the orange and red fields in the 
Figure above into green ones. 
 
Overall the work on Integtated Methodology has been useful at two levels. At the more immediate practical 
level the work has provided support for assessment by summarising the features of specific approaches. In 
addition the conceptual work has allowed a dis-aggregation of the complex issue of integrated methodology 
into a number of separate components that appear to be amendable to further research. It is therefore a 
challenge for future HUMANIST Network of Excellence and FP7 projects to make progress in these target 
areas. 
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APPENDIX A: 
MATRIX OF METHODS FOR THE SAFETY AND USABILITY OF IVIS AND ADAS 

 

  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

ASAS METHODS 
* Indicates the 22 top favourites. Favourites are those matrices that are most frequently used or most useful to partners within HUMANIST  
*** Indicates the most popular of the 22 favourites 
** Indicates the second most popular favourites 

*
* 
* 

Lane standard 
deviation 

The 
deviation in 
horizontal 
distance 
between the 
vehicle 
centre and 
the road 
centerline 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene. This method 
has been found more 
sensitive as a measure of 
workload than secondary 
tasks. 

Objective 

A useful measure of 
distraction by an 
IVIS, particularly 
systems that require 
a large amount of 
visual interaction 
(Hicks and Wierwille, 
1979; Noy, 1990).  

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Adams and 
Debauld, 
1988; 
Wierwille 
and 
Guttman, 
1978 

  TRL 

      
Videocamera on-
board + computer 
vision analysis tool 

Instrumented 
vehicle 

  Objective   

Time consuming 
to check the 
videotapes - if 
checking 
needed in 
addition to the 
computer vision 

    VTT 

  Mean lane 
position 

Time-
averaged 
horizontal 
position of 
the vehicle 
within its 
lane. 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

This measure 
reflects driving 
strategy more than 
control. Therefore, 
this is not a good 
indicator of driving 
performance and the 
safety and 
distraction of an IVIS 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

      
Videocamera on-
board + computer 
vision analysis tool 

Instrumented 
vehicle 

  Objective   

Time consuming 
to check the 
videotapes - if 
checking 
needed in 
addition to the 
computer vision 

onko 
tällaisia? 

  VTT 

 



HUMANIST Deliverable: E.4 /Version A6 

Reference: TRLBASTNO-060330-T1-DA7 Page 22 
Issuing date : 31tstMay2006 

 
 
 
 

  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Peak lane 
deviation 

Maximum 
magnitude 
of lateral 
lane position 
as 
measured 
from a point 
on the 
centreline 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wierwille et 
al, 1996   TRL 

      
Videocamera on-
board + computer 
vision analysis tool 

Instrumented 
vehicle   Objective   

Time consuming 
to check the 
videotapes - if 
checking 
needed in 
addition to the 
computer vision 

    VTT 

  Lane RMS 
deviation 

Root-mean-
square 
deviation of 
lateral lane 
position 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method. 
Standard 
instructions 
should be given 
to insure they 
adopt a 
consistent 
strategy. 

Wierwille et 
al, 1996   TRL 

      
Videocamera on-
board + computer 
vision analysis tool 

Instrumented 
vehicle   Objective   

Time consuming 
to check the 
videotapes - if 
checking 
needed in 
addition to the 
computer vision 

    VTT 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

* 
* 

Time to line 
crossing (TLC) 

Continuous 
measure 
that 
represents 
the time 
required for 
the vehicle 
to reach 
either the 
centre or 
edge line of 
the driving 
lane 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

Voluble method of 
assessing the visual 
distraction of an IVIS 
(de Waard, 1996; 
Noy 1990).  

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Godthelp, 
1984; de 
Waard, 
1996; Noy, 
1990. 

  TRL 

  Lane 
exceedences 

Exceedence 
can range 
from tyre 
touching the 
white line to 
the whole 
vehicle 
leaving the 
line 

Video camera and 
observer for later 
position of 
adjacent vehicles 

Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

Occurs so 
infrequently that it 
may not be a valid 
measure (Dingus et 
al. 1989) 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Zwahlen et 
al 1988; 
Dinges et al, 
1989 

NTUA 
(literature 
review) 

TRL, NTUA 

      
Videocamera on-
board + computer 
vision analysis tool 

Instrumented 
vehicle 

  Objective   

Time consuming 
to check the 
videotapes - if 
checking 
needed in 
addition to the 
computer vision 

    VTT 

      observation on-
board 

Instrumented 
vehicle 

  Subjective/ 
man-made 

        VTT 

  Lane 
exceedences 

Duration of 
time, or 
percentage 
of time spent 
outside lane 
boundary 

MicroDAS 
instrumentation 
and video camera 

Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

Occurs so 
infrequently that it 
may not be a valid 
measure (Dingus et 
al. 1989) 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

  
NTUA 
(literature 
review) 

TRL, NTUA 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Yaw standard 
deviation 

Standard 
deviation of 
angular 
difference 
between the 
vehicle 
longitudinal 
axis and the 
instantaneou
s tangent to 
the 
centreline 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

A more sensitive 
measure of 
workload variations 
than subjective 
ratings, secondary 
tasks, lateral 
deviation or cardiac 
arrhythmia (Hicks 
and Wierwille, 1979) 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wierwille 
and 
Guttman, 
1979; Hicks 
and 
Wierwille, 
1979 

  TRL 

  
Yaw-rate 
standard 
deviation 

Standard 
deviation of 
the 
derivative 
(with respect 
to time) of 
the angular 
difference 
between the 
vehicle 
longitudinal 
axis and the 
instantaneou
s tangent to 
the roadway 
for lane 
centreline. 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  

Lateral 
acceleration 
standard 
deviation 

Measures 
along the 
vehicle's 
transverse 
axis 

  Driving 
simulator 

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  

Lane change 
test (LCT) 

Deviation 
between 
normative 
and actual 
driving 
course 

Simulation 
software on PC, 
steering wheel etc. laboratory  

Measures lateral control of 
driving performance which 
is an indirect measure of 
visual distraction from the 
road scene 

Objective 

Validity 
demonstrated by the 
DaimlerChrysler. 
More research is 
requires as JARI 
(Japan Automotive 
Research Institute) 
tests have recently 
shown the method 
not to be very 
sensitive 

Low time, cost 
and training 
requirements.  
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Car Following 
task 

Distance 
from the car 
infront 

  Driving 
simulator 

Measures longitudinal 
control of driving 
Performance 

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

      

Videocamera on 
board and 
observator on 
board 

Instrumented 
vehicle 

  Subjective   
Time consuming 
to check the 
videotapes 

    VTT 

  Mean speed 

arithmetric 
average for 
the vehicle 
speed on a 
given 
segment of 
road. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance. Also an 
indicator or whether an in-
vehicle system is imposing 
increased workload on the 
driver. 

Objective 

Lower speed can 
either imply that the 
driver has lowered 
speed to 
compensate for the 
increased mental 
demand from the 
IVIS task or they are 
driving more safely 
(Parkes, 1991). 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Parkes 1991   TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle   Objective         VTT 

* Speed 
Time taken 
to finish the 
route 

  
Driving 
simulator/ real 
car 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

deWaard 
(1996); 
Jordan & 
Johnson, 
1993; 
Fairclough 
et al., 1991; 
Brouwer & 
Ponds, 
1994; Brown 
et al, 1969; 
Van Winsum 
et al 1989 

Eurisco, 
Renault, 
INRETS, 
Université 
Lyon 1 

TRL, Eurisco 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle 

  Objective         VTT 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Mean speed 
error 

Difference 
between the 
mean speed 
and the 
instructed or 
referenced 
speed 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle 

  Objective         VTT 

* 
Standard 
deviation of 
speed 

Measure of 
the 
distribution 
of speed for 
a selected 
section of 
route. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Noy, 1990   TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle 

  Objective         VTT 

  Speed 
Variance 

The square 
root of the 
standard 
deviation 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle 

  Objective         VTT 

* Jerk 

Unusual or 
extreme 
acceleration
s and 
deceleration
s 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

These tend to be 
infrequence 
therefore may not be 
an accurate 
measure   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Kulmala, 
Luoma & 
Nygard, 
1999) 

  TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle   Objective         VTT 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Speed RMS 
deviation 

Measured 
by the root-
mean-
square value 
of the 
difference 
between 
forward 
velocity of 
the vehicle 
and 
instrumente
d speed. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wierwille et 
al 1996 

  TRL 

      
adjusted 
speedometer, 
DGPS 

Instrumented 
vehicle 

  Objective         VTT 

* 
* Time headway 

Following 
distance 
divided by 
the rate of 
change of 
the following 
distance. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Vogel, K. 
(2003) 
Accident 
Analysis and 
Prevention, 
35, pp. 427-
433. 

  TRL 

      

Videocamera on 
board and 
observator on 
board 

Instrumented 
vehicle 

  Subjective   
Time consuming 
to check the 
videotapes 

    VTT 

  
Following 
distance mean 
error 

The mean 
value of 
error in 
following 
distance 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  

Following 
distance 
standard 
deviation 

The 
standard 
deviation of 
the distance 
between the 
lead vehicle 
and the 
driver's 
vehicle. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  
Following 
distance RMS 
error 

Root-mean-
square of 
error in 
following 
distance 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

*
* 
* 

Minimum 
following 
distance 
(Closest 
longitudinal 
approach) 

The smallest 
value of 
distance 
between t he 
lead vehicle 
and the 
drivers 
vehicle 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  

Following 
distance peak 
closing 
velocity 

Maximum 
value of the 
negative of 
the rate of 
change of 
distance 
between the 
lead vehicle 
and the 
drivers 
vehicle 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating a lack of 
driver alertness and 
can be associated 
with the interference 
of in-vehicle systems 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  

Accelerator 
standard 
deviation and 
velocity 

    Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Not been found to 
be sensitive to 
variations in 
instructed tasks 
whilst driving 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Dingus 
(1989) 

  TRL 

        Instrumented 
vehicle   Objective         VTT 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Accelerator 
reversals 

Number of 
times that 
accelerator 
velocity 
changes 
from a 
magnitude 
of ε or 
greater in 
one direction 
to a 
magnitude 
of ε or 
greater in 
the other 
direction 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective 

Effective method of 
indicating 
anticipation of 
driving events 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  
Small/ large 
accelerator 
reversals 

Measured or 
the number 
of intervals 
between 
accelerator 
reversals  

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  Accelerator 
holds 

Number of 
times that 
the 
magnitude 
of 
accelerator 
velocity 
remains at 
or below ε 
for a 
duration of T 
seconds or 
longer 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 
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Type of 
data 
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issues 

Useful 
references 

Partners with 
experience Organisation 

  
Mean 
accelerator 
hold duration 

Mean time 
length of 
accelerator 
holds 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  
Total 
accelerator 
hold time 

Total length 
of time that 
the 
magnitude 
of 
accelerator 
velocity 
remains 
below β 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  Accelerator 
releases 

Measured 
by the 
number of 
times the 
accelerator 
is returned 
to the 
undeflected 
position for 
T seconds 
or longer 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  

Mean 
accelerator 
release 
duration 

The mean 
length of 
time that the 
accelerator 
is released 
for  

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 
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issues 

Useful 
references 

Partners with 
experience Organisation 

  
Total 
accelerator 
release time 

The total 
time the 
accelerator 
is in the 
undeflected 
position 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle   Objective         VTT 

  Brake 
applications 

Measured 
as the 
number of 
times the 
brakes are 
applied with 
sufficient 
force to 
activate the 
brake lights 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Drory 1985; 
Dinges et at 
1989 

  TRL 

        Instrumented 
vehicle   Objective         VTT 

  
Mean brake 
application 
duration 

Measured 
as the 
average 
length of 
time per 
application 
that the 
bakes are 
applied. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Drory 1985; 
Dinges et at 
1989 

  TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  Total brake 
time 

Total  length 
of time that 
the brakes 
are applied 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

* Brake 
pressure 

Brake 
pressure   Driving 

simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

*
* 

Brake 
response time 

Measured 
as triggered 
events such 
as vehicles 
pulling out 
suddenly . 
The drivers 
reactions to 
these events 
are 
measured. 

  Driving 
simulator 

Measure of longitudinal 
control of driving 
performance  

Objective   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Janssen et 
al 1992 and 
Drory, 1985 

  TRL 

        Instrumented 
vehicle   Objective         VTT 

                        

* 
Steering 
standard 
deviation 

Measures 
the standard 
deviation of 
steering 
movements 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial 
(Blaauw, Godthelp 
and Moraal, 1984).   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wierwille 
and 
Guttman, 
1978; 
Blaauw, 
Godthelp 
and Moraal, 
1984 

  TRL 

        Instrumented 
vehicle   Objective         VTT 

  Peek steering 
reflection 

Is the 
maximum 
magnitude 
of steering 
deflection as 
measured 
from a fixed 
deflection 
position. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  

Steering 
velocity 
standard 
deviation 

This is the 
standard 
deviation of 
steering 
velocity 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle   Objective         VTT 
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issues 
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references 

Partners with 
experience Organisation 

  Steering 
reversals 

Measures of 
sudden 
steering 
wheel 
movements 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 
Steering reversals 
have been found to 
be more sensitive to 
workload variations 
than lateral 
deviations, yaw 
deviation, subjective 
ratings, secondary 
tasks and cardiac 
arrhythmia (Hicks 
and Wierwille, 
1979).   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wierwille 
and 
Guttman, 
1978; Drory 
1985; Hicks 
and 
Wierwille 
1979 

  TRL 

        Instrumented 
vehicle   Objective         VTT 

* 
Small/ Large 
steering 
reversals 

Measured 
as the 
number of 
intervals 
between 
steering 
reversals. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  Steering holds 

Number of 
times that 
the 
magnitude 
of steering 
velocity 
remains at 
or below  ε 
for a 
duration of T 
seconds or 
longer 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle   Objective         VTT 
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  Steering  zero-
crossings 

Measured 
by the 
number of 
times that 
the  steering 
displacemen
t passes 
from a 
magnitude 
of / or 
greater in 
the other 
direction 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

  Steering 
response time 

Measured 
by the time 
from 
presentation 
of a 
specified 
stimulus  to 
the time that 
either an 
incremental 
steering 
displacemen
t magnitude 
equals or 
exceeds β2, 
or both. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

A problem with this 
measure is since 
steering is a normal 
part of driving, 
additional defining 
aspects by be 
required to separate 
stimulus response 
from ongoing 
steering. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

        Instrumented 
vehicle 

  Objective         VTT 

* Steering 
entropy 

Measured 
by steering 
angle 
prediction 
errors 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Boer, 2000   TRL 

        Instrumented 
vehicle 

  Objective         VTT 
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  Minimum miss 
distance 

Measured 
by the 
smallest 
resultant 
distance 
between any 
point on the 
driver's 
vehicle and 
a specified 
object or 
obstacle 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

      videocamera on-
board 

Instrumented 
vehicle 

  Subjective   
time consuming 
to check the 
videotapes 

    VTT 

  Peak close 
velocity 

The 
maximum 
value of the 
negative of 
closing 
velocity. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  
Hands-on-
wheel 
occurrences 

Measured 
by the 
number of 
times that 
the driver 
places both 
hands on 
the wheel 
without 
changing 
hand 
positions. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

  
Mean hands-
on-wheel 
duration 

Measured 
by the length 
of time that 
the driver 
places both 
hands on 
the wheel 
without 
changing 
hand 
positions. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 
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  Total hands-
on-wheel time 

Total time 
that the 
driver's 
hands are in 
contact with 
the rim or 
spokes of 
the steering 
wheel. 

  Driving 
simulator 

Measures amplitude and 
frequency of steering 
wheel movements. This is 
a measure of driver 
performance in particular 
driver alertness 

Objective 

This measure is 
sensitive to the 
instructions that 
participants receive 
before the trial. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 

                        

* 
* 

Glance 
duration 

Measure of 
visual 
behaviour. 
Looks at the 
amount of 
time it takes 
a driver to 
extract 
information 
from a part 
of the visual 
scene. 

Video recorder, 
eye tracker 

Driving 
simulator 

Measurement of driver 
visual behaviour. 

Objective 

Data collection 
method can greatly 
affect the reliability 
of the results. As it is 
dependent on the 
experimenters 
vigilance and skill. 
As well as being 
difficult to measure, 
a disadvantage of 
visual behaviour 
(Harteman, 1986) 

Time needed to 
adjust to 
simulator. Both 
the simulator 
and eye tracker 
are expensive 
methods. 

Parkes, 
1991; 
Kurokawa 
and 
Wierwille 
1991; 
Harteman; 
On highway 
measures of 
driver glance 
behaviour 
with an 
example 
automobile 
navigation 
system, 
Applied 
Ergonomics 
35 (2004) pp 
215-223  

NTUA 
(literature 
review) 

TRL, NTUA 

      Video recorder, 
eye tracker 

Instrumented 
vehicle   Objective         VTT 
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*
* 

Glance 
frequency 

The amount 
of times an 
aspect of the 
visual scene 
is viewed. 

Video recorder, 
eye tracker 

Driving 
simulator 

Measurement of driver 
visual behaviour. 

Objective 

Needs to be taken 
with glance duration 
to identify whether 
these glances are a 
safety hazard. Data 
collection method 
can greatly affect 
the reliability of the 
results. As it is 
dependent on the 
experimenters 
vigilance and skill. 
As well as being 
difficult to measure, 
a disadvantage of 
visual behaviour  

Time needed to 
adjust to 
simulator. Both 
the simulator 
and eye tracker 
are expensive 
methods. 

Kurokawa 
and 
Wierwille, 
1991 

  TRL 

      Video recorder, 
eye tracker 

Instrumented 
vehicle 

  Objective         VTT 

                        

  Heart rate 

Measures of 
heart rate 
acceleration
s  

ECG Any 

Physiological measure of 
workload caused by a 
secondary task whilst 
driving. 

Objective 

Uncertainty 
regarding exactly 
what the measures 
indicate. 
Physiological 
measures can be 
giving information 
relating to an 
individuals response 
to workload and 
their capacity to 
cope with that load, 
rather than 
indicating the 
workload itself. HR 
can be a measure of 
emotional strain and 
physical activity. HR 
lacks selectivity. 
Physiological 
methods are 
unobtrusive.  

unobtrusive 
measure with 
low time, cost 
and training 
requirements, 
data analysis 
costly and time 
consuming 
 
Sensitive 
against 
manipulations of 
mental workload 
but low 
diagnosticity 
(Rutley and 
Mace, 1970; 
Zeier, 1979; 
Helander, 1974). 

Rutley and 
Mace, 1970. 
IHRA-IST 
German-
Swedish 
Study 

CUT, VTI, 
Renault, 
INRETS, 
Université 
Lyon 1 

TRL, BASt, 
Eurisco 
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Heart rate 
variability 
(HRV) 

This is a 
measure of 
the inter-
beat 
intervals of 
the heart 
rate over a 
specified 
period of 
time.  

ECG Any 

Physiological measure of 
workload caused by a 
secondary task whilst 
driving. 

Objective 

Uncertainty 
regarding exactly 
what the measures 
indicate. 
Physiological 
measures can be 
giving information 
relating to an 
individuals response 
to workload and 
their capacity to 
cope with that load, 
rather than 
indicating the 
workload itself. HRV 
is not affected by 
light physical 
activity. 
Physiological 
methods are 
unobtrusive. mixed 
results on sensitivity 
against workload 
manipulations 
(Hyndmand and 
Gregory, 1975). 

unobtrusive 
measure with 
low time, cost 
and training 
requirements, 
data analysis 
costly and time 
consuming 

Karlsbeek, 
1971; 
Kalsbeek 
and Etterma, 
1963; 
Hyndman 
and 
Gregory, 
1975. IHRA-
IST 
German-
Swedish 
Study 

CUT, VTI TRL, BASt 

* 
Event-related 
potentials 
(ERPs) 

Measure of 
fluctuations 
in the 
activity of 
the nervous 
system 
which can 
be in 
response to 
physiological 
processes. 

  Driving 
simulator 

Physiological measure of 
workload caused by a 
secondary task whilst 
driving. 

Objective 

Uncertainty 
regarding exactly 
what the measures 
indicate. 
Physiological 
measures can be 
giving information 
relating to an 
individuals response 
to workload and 
their capacity to 
cope with that load, 
rather than 
indicating the 
workload itself. 
Physiological 
methods are 
unobtrusive 
(Kersloot and 
Lansdown, 1991) 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Kersloot and 
Lansdown, 
1991 

  TRL 



HUMANIST Deliverable: E.4 /Version A6 

Reference: TRLBASTNO-060330-T1-DA7 Page 39 
Issuing date : 31tstMay2006 

 

  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
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* 
Galvanic skin 
response 
(GSR) 

Method 
involves 
measuring 
the electrical 
conductance 
of the skin. 

  Driving 
simulator 

Physiological measure of 
workload caused by a 
secondary task whilst 
driving. 

Objective 

Uncertainty 
regarding exactly 
what the measures 
indicate. 
Physiological 
measures can be 
giving information 
relating to an 
individuals response 
to workload and 
their capacity to 
cope with that load, 
rather than 
indicating the 
workload itself. 
Physiological 
methods are 
unobtrusive 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Wang, 1959; 
Helander, 
1978; 
Cleveland, 
1961; 

  TRL 

  EMG 
Measures 
muscle 
activity 

  Any 

Physiological measure of 
stress.  The stress due to 
workload imposed by IVIIS 
may be indicated by 
increases in EMG. 

Objective 

Uncertainty 
regarding exactly 
what the measures 
indicate. 
Physiological 
measures can be 
giving information 
relating to an 
individuals response 
to workload and 
their capacity to 
cope with that load, 
rather than 
indicating the 
workload itself. 
Physiological 
methods are 
unobtrusive (Ursin 
and Ursin, 1979; 
Fairclough and 
Parkes, 1991).   

Time needed to 
adjust to 
simulator. 
Expensive 
method 

    TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

* 

PDT 
Response 
time 

PDT device (head 
mounted or fixed) test vehicle 

  Objective 

Sensitive against 
demands of traffic 
situation, lower 
sensitivity against 
HMI features (van 
Winsum et al, 1999; 
Burns et al, 2000; 
Olsson, 2000; 
Harms et al, 2001).  

low costs and 
training 
requirements 

IHRA-IST 
German-
Swedish 
Study, 
COMUNICA
R D6.5 

CUT, BASt, 
VTI, TNO 

TRL, BASt 

* 

PDT 
Missed 
signals 

PDT device (head 
mounted or fixed) test vehicle 

  Objective 

sensitive against 
demands of traffic 
situation, lower 
sensitivity against 
HMI features (van 
Winsum et al, 1999; 
Burns et al, 2000; 
Olsson, 2000; 
Harms et al, 2001). 

low costs and 
training 
requirements 

IHRA-IST 
German-
Swedish 
Study, 
COMUNICA
R D6.5 

CUT, BASt, 
VTI, TNO 

BASt 

* 
PDT 

Response 
time 

PDT device (head 
mounted) motor cycle 

  Objective 
unknown 

low costs and 
training 
requirements 

in 
preparation 

CUT, BASt, 
VTI, TNO 

BASt 

  
PDT 

Missed 
signals 

PDT device (head 
mounted) motor cycle 

  Objective 
unknown 

low costs and 
training 
requirements 

in 
preparation 

CUT, BASt, 
VTI, TNO 

BASt 

                        

  

Subjective 
Workload 
Dominance 
Metric 
(SWORD) 

Measures 
competing 
designs 
along a 
continuum of 
situation 
awareness. 

Questionnaire   Measures situation 
awareness Subjective  

If self reports are 
after simulated trial 
then memories may 
be distorted or 
inaccurate. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Hughes, 
Hassoun, 
and Ward 
1990; 
Vidulich, 
1989 

  TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  

The Situation 
Awareness 
Rating 
Technique 
(SART) 

Measured 
using a 
rating scale. 
This scale 
allows 
operators to 
rate a 
system by 
the demand 
on 
attentional 
resources, 
the supply of 
attentional 
resources 
and the 
understandi
ng of the 
situation 
provided. 

Questionnaire 
Driving 
simulator/ real 
car 

Measures situation 
awareness and workload 
whilst driving. 

Subjective  

Measures situation 
awareness and 
workload but fails to 
separate them. 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Taylor, 1989   TRL 

  

The Situation 
Awareness 
Global 
Assessment 
Technique 
(SAGAT) 

Measures 
situation 
awareness 
during a 
simulated 
drive. 

Questionnaire Driving 
simulator 

Measures situation 
awareness Subjective  

Avoids memory 
distortion (Endsley, 
1995) 

Time needed to 
adjust to 
simulator. 
Expensive 
method 

Endsley 
1989   TRL 

  
Modified 
Cooper-
Harper scale 

Measure 
subjective 
mental 
workload on 
a 10 point 
scale with 1 
being low 
workload 
and 10 
being high 
workload 

Questionnaire Driving 
simulator 

Measures subjective 
workload 

Subjective Non-diagnostic 
method 

  
Cooper and 
Harper, 
1969 

  TRL 

  

SWAT 
Subjective 
workload 
assessment 
technique 

Measures 
three 
components: 
mental effort 
load, 
physiological 
stress load 
and time 
load. 

Questionnaire Driving 
simulator 

Measures subjective 
workload 

Subjective 

The three 
components that 
constitute SWAT 
may not represent 
the full range of 
factors constituting 
mental workload.  

  
Hart and 
Staveland, 
1988 

  TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  RSME 

Measures 
the amount 
of invested 
effort 
required to 
carry out a 
task on a 
continuous 
scale 

Questionnaire Driving 
simulator 

Measures subjective 
workload 

Subjective Empirical evidence 
for sensitivity 

Low time, cost 
and training 
requirements. 

Zijlstra 
(1993); de 
Waard, 
1996. 

TNO, BASt, 
TRL 

TRL, BASt 

 
* NASA-TLX 

Measures 6 
bi-polar 
substates: 
mental 
demands, 
physical 
demands, 
Temporal 
demands, 
effort, own 
performance 
and 
frustration. 
Each 
measured 
on a high/ 
low rating 
scale. 

Questionnaire Driving 
simulator 

Measures subjective 
workload by looking at 6 
bipolar sub-states 

Subjective     

Byers et al. 
(1989); Hill 
et al, 1992; 
Hart and 
Staveland, 
1988; Byers 
bitter and 
Hill, 1989 

TRL, CUT, 
VTI, BASt, 
Siemens VDO 
automotive 

TRL, BASt, 
Eurisco 

                        

      Questionnaire Instrumented 
vehicle 

  Subjective         VTT 

* 
Self report of 
behaviour/con
dition "X".  

Measures 
relative risk 
of having or 
using 
condition 'X'. 

Self report 
questionnaire 

Real road 
Measures relative risk of 
having or using condition 
'X'. 

Subjective 
Assumes that self 
reported data are 
valid 

Assumes correct 
understanding of 
the "Induced 
exposure". 

Haight, F. 
(1973). 
Induced 
exposure. 
Accident 
Analysis and 
Prevention, 
Vol 5, 111-
126  

NTUA NTUA 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

*
* 

Occlusion R 
(TSOT/TTT) 

Occlusion goggles 

Driving 
simulator, 
laboratory, 
parking 
vehicle. 

Measures visual 
distraction from a primary 
task  caused by using an 
IVIS  

Objective 

evidence for validity 
(display complexity, 
task interruptability), 
sufficiently reliable 

low costs and 
training 
requirements 

Driver 
Focus-
Telematics 
Working 
Group, 
2002; Noy, 
Lemoine, & 
Klachan, 
2002; 
McFarlane, 
2002; 
McFarlane & 
Latorella, 
2002; 
Green, & 
Tsimhoni, 
2001; 
Baumann, 
Keinath, 
Krems, & 
Bengler, 
2002); 
Green, & 
Tsimhoni, 
2001; 
Karlsson & 
Fichtenberg, 
2001; 
Applied 
Ergonomics, 
Vol.35/3, 
185-232 

CUT, BASt, 
TRL 

TRL, BASt 

  Verbal 
Protocols 

Measures 
drivers 
thinking 
aloud to 
compare 
objects of 
regard. 

    Measures driver attention 
whilst driving Subjective     

Ericson & 
Simon, 
1993; 
Hughes and 
Cole, 1986; 
Renge 1980; 
Bainbridge, 
1991; 
Crundall and 
Underwood, 
1996; 
Anderson, 
1987; 
Parkes, 
1991 

  TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

  Combined 
probe task 

Measureme
nt in three 
conditions: 
operation on 
in-vehicle 
system; 
reaction to 
arrows and 
both in 
parallel  

    Measures distraction 
caused by an IVIS. 

          TRL 

                        

  Incident 
analysis 

Lateral lane 
position 
(number of 
lane 
exceedence
s) 

Video camera and 
observer for later 
position of 
adjacent vehicles 

Real road Measures of lateral lane 
position 

Observed   

10 drivers were 
used, 9 novice 
to the route 
navigation 
system and 1 
that had used it 
before. 3 test 
trial took place 
and the 3 
evaluation trials 
followed  

On highway 
measures of 
driver glance 
behaviour 
with an 
example 
automobile 
navigation 
system, 
Applied 
Ergonomics 
35 (2004) pp 
215-223 

    

  Incident 
analysis 

Lateral lane 
position 
(number and 
duration of 
lane 
exceedence
s) 

MicroDAS 
instrumentation 
and video camera 

Real road Measures of lateral lane 
position Observed   

Time for the 
drivers to get 
familiar with the 
navigation 
systems used 

Driver 
distraction 
with wireless 
telecommuni
cations and 
route 
guidance 
systems, 
DOT HS 
809-069, 
2000 

    

  Incident 
analysis 

Speed    Real road   Observed   

10 drivers were 
used, 9 novice 
to the route 
navigation 
system and 1 
that had used it 
before. 3 test 
trial took place 
and the 3 
evaluation trials 
followed  

On highway 
measures of 
driver glance 
behaviour 
with an 
example 
automobile 
navigation 
system, 
Applied 
Ergonomics 
35 (2004) pp 
215-223 
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ADAS METHODS 
The nature of ADAS methods is such that they provid e a more holistic integrated approach to evaluation  rather than evaluating individual elements. For th is 
reason information does not fit so easily into the matrix headings.  

  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

 

Safety 
Checklist 
(System 
Specification) 

To assist 
with ADAS 
product 
development 
(ADAS 
specification 
and 
consideratio
n of aspects 
which might 
not be 
evident right 
away) 

Paper checklist for 
prompting.  

Desk based 
with system 
inspection 

Checklist to assess: 
System users; Vehicle 
Supported task; Market 
Homogolation; 
Specification; User 
requirements vs. 
expectations; Situational 
boundaries ; HMI 
Hazard analysis ; Product 
information and 
Maintenance 

Subjective 

An aid to help 
develop 
comprehensive and 
consistent data 

Relies on 
knowledge of 
evaluator 

RESPONSE 
project  TRL 

 

Safety 
Checklist 
(Evaluation 
concepts for 
system 
specification) 

Evaluate 
system 
specification 
regarding 
the 
controllabilit
y of the 
system 
according to 
three levels 
of 
information 
processing  

Paper checklist for 
prompting.  

Desk based 
with system 
inspection 

Questions are structured 
by a number of concepts 
that focus the view of the 
evaluator on a specific 
topic and should help to 
check the specification 
from different 
perspectives: 
1) Perception of criticality 
of a situation 
2) Decision of an 
appropriate 
countermeasure 
3) Performance of the 
countermeasure 

Subjective 

Allows a more 
comprehensive and 
consistent 
assessment of the 
ASAS specification 

Relies on 
knowledge of 
evaluator 

RESPONSE 
project 
 

 TRL 

 
FMEA (Failure 
Modes Effects 
Analysis) 

Technique 
for design 
review 
support and 
for 
assurance 
and 
assessment 
which 
should be 
put into use 
from 1st 
steps of 
system 
design 

FMEA analysis 
guidelines 

Desk 

Reliability analysis 
intended to identify failures 
which have significant 
consequences affecting 
system performance. 
Based on component or 
sub-assembly level. FMEA 
determines the 
relationship between the 
element failures and the 
system failures, 
malfunctions, operational 
constraints, and 
degradation of integrity or 
performance 

Subjective 
mostly but 
can be 
Objective 

In a narrow sense 
the FMEA is limited 
to a qualitative 
analysis of failure 
modes of hardware 
and does not include 
human errors and 
software errors, 
despite the fact that 
the systems are 
usually subject to 
both. In a wider 
sense these 
systems can be 
included 

Time consuming 

RESPONSE 
project 
 

 TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

 Expert Panels 

An analytical 
approach 
that can be 
undertaken 
from early 
stages of the 
concept 
phase.  

The approach 
relies on a 
comparison 
between the 
actual concept 
definition and an 
internalized 
references based 
on know-how and 
experience 

Desk based 
 

Consulting experts is 
suitable at different levels. 
Depending on subject 
different expertise is 
needed. Expert panels 
may consist of:  
R & D Engineers 
Human Factors specialists 
Marketing specialists 
Accident research 
specialists 
Traffic psychologists etc. 
Beneficial cross-checks 
resulting of the different 
points of view gathered, as 
experts come from 
different technical 
horizons. 

Subjective 

Experts Panels 
assessment are 
useful to quickly 
identify: 
1) What’s not 
acceptable as 
function/system 
behaviour   
2) Which problems 
could be expected 
and will need later 
empirical 
assessment 
3) How some issues 
may be solved (type 
of warning signals, 
maximum forces 
required by controls, 
etc). 

Human Factors 
specialist should 
always be 
involved 
 
Expert 
assessment 
relies on private 
knowledge 
 
To make 
comparable 
judgements 
between 
experts, 
checklists may 
be useful  

 

RESPONSE 
project 

 TRL 

 FTA - Fault 
Tree Analysis 

Identification 
and analysis 
of conditions 
and factors 
which cause 
or contribute 
to the 
occurrence 
of an 
undesirable 
event 

Organised 
graphical 
representation of 
the conditions or 
other factors 
causing or 
contributing to the 
occurrence of an 
undesirable event, 
referred to as the 
“top event” 

Desk based 

Fault tree analysis is 
basically a top-down 
method of analysis aimed 
at pinpointing the causes 
or combinations of causes 
that can lead to a defined 
top event. The analysis is 
mainly qualitative but, 
depending on certain 
conditions, it may also be 
quantitative. 

Objective 

Particularly suited to 
the analysis of 
complex systems 
comprising several 
functionally related 
or dependant sub-
systems with 
different 
performance 
objectives 

 IEC 61025  TRL 

 
Early risk 
assessment 
by HAZOP   

 Searches 
for process 
deviation 
then looks 
back at 
possible 
causes and 
forward at 
possible 
consequenc
es 

Matrix for 
completion -  
Decision-support 
tool 

Desk based 
with system 
inspection 

Assesses the human and 
behavioural element in 
traffic safety measure 
evaluations. The HAZOP 
team has the following 
questions: 
1) Could deviation occur? 
2) If so, how could it arise?  
3)What are consequences 
of  deviation? 
4) Are consequences 
hazardous or prevent 
efficient operation? 
5) Is so can we prevent by 
changing design? 
6) If so does magnitude of 
hazard justify expense 

Subjective 

Research is done in 
a systematic way by 
a team of specialists 
from different 
backgrounds, to 
minimise the 
probability that any 
essential factors are 
overlooked 

Panel of experts 
needs to be 
carefully 
composed 
 
The process is 
time-consuming 
 

Jagtman, 
H.M. 
(2004).. 
Thesis, Delft 
University of 
Technology. 
 
Kirwan, B. 
(1994). 
Taylor & 
Francis. 
 

 TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

 Market 
Research 

Qualitative 
and 
Quantitative 
techniques 

From basic 
interviewing to 
observations and 
experimental 
techniques 

Multiple: 
 
Desk based or 
field based 

 
Quantitative methods 
Face-to-face interviews, 
paper and pencil 
interviews, computer-
aided web interviews, 
telephone and online 
interviews 
Qualitative methods 
Face-to-face interviews, 
in-depth interviews, focus 
groups, future workshops 
Observation and 
experimental methods 
Laboratory or field testing, 
eye tracking, psycho-
physiological 
measurements 
 

Subjective 

Regarding functional 
limits of an ADAS, 
driver actual 
experiences and 
what he is aware of 
can mainly be 
explored by applying 
interviewing 
techniques. To get a 
deeper 
understanding of the 
consumer 
subconscious 
experiences, 
observation and 
experimental 
techniques can be 
applied. 
 

Time consuming RESPONSE 
project 

 TRL 

 Professional 
driver testing 

Professional 
Drivers are 
trained to 
quickly 
identify and 
make 
diagnosis of 
actual and 
potential 
inadequacie
s of a 
system. 

Expert analysis 
 
When 
controllability 
issues are 
concerned, 
professional 
drivers can 
estimate, based 
on their actual and 
previous 
experience, if a 
system shall be 
easily handled by 
normal drivers or 
not. 

Field, 
instrumented 
vehicle, track 
or road 

Professional Test Drivers 
are mainly requested for 
two different purposes:  
1) To make comparative 
assessments (to compare 
a system against other 
systems on the market or 
comparisons between 
different solutions) 
2) To assess a feature or 
a system behaviour to an 
internalized reference 
(they play the role of “gold-
standard” or human 
metrics) 
Additionally, professional 
drivers may be used to 
represent a particular 
portion of global drivers’ 
characteristics distribution 
(i.e. elderly, young, tall, 
short and so on) in order 
to match some of the 
particular needs of those 
drivers’ classes. 

Subjective 
Allows a quite quick 
answer based on 
empirical data 

Expert 
assessment 
relies on private 
knowledge and 
judgement 
 

RESPONSE 
project 

 TRL 
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  Metric Technique Tool Environment 
Aspect of the 
system/human 
investigated 

Type of 
data 
obtained  

Effectiveness Practical 
issues 

Useful 
references 

Partners with 
experience Organisation 

 

Multiple: 
 
Overtake 
Lane change 
Distance 
ahead 
Indicator 
use 
Traffic lights 
Lane use 
Lane for 
proceed 
Yielding 
Approach to 
place of 
interaction 
conflict 

Task per-
formance 
analysis, 
registration 
of erroneous 
behaviour & 
critical inter-
actions 

Multiple: 
 
Observation 
interviews datalog 
(speed, 
acceleration, 
longitudinal distan-
ce) 

Traffic, "field" 
Adaptation to situation, 
command effects, com-
munication  

Subjective 
and 
Objective 

Has the potential to 
detect disturbances 
that occur in reality 
(=open ended)   
 
Behaviour and inter-
action/communicatio
n types are related 
to safety criteria 

Preparation for 
observations in 
time and space 
(test route, sub-
jects) 

Risser R. 
1997, 
Validity 
Problems in 
diagnostic 
and 
selection in: 
Risser R. 
(Ed.), 
Assessing 
the Driver. 
Faktor 
Mensch im 
Verkehr 41, 
Rot-Gelb-
Grün 
Braunschwei
g 

FACTUM 
INRETS 
(Farida Saad),  
VTI  
(Magnus 
Hjälmdahl) 
 
 

FACTUM 

 
Car clinics 
with naïve 
participants 

Typically a 
sample of 
drivers will 
experience 
and assess 
a new 
developed 
product 
before 
market 
introduction 

Structured or 
semi-structured 
questions and 
observation 
 
Experimental 
design, type of 
testing and test 
scenarios have to 
be defined. This 
includes: 
• Test 

environment 
• Data to be 

collected 
• Test Scenarios 
• Experimental 

design 
• Test Procedure 
• Statistical 

Analysis 
• Health and 

Safety risk 
analysis 

 
 
 

Special test 
location:  
“clinic” 
 
In principle the 
car clinic can 
be carried out 
on public 
roads (for 
highest 
validity) or on 
test tracks 
(better 
reliability & 
safety). 

Allows testing of driver 
behaviour and 
performance while using 
an ADAS system in 
defined situations in a 
realistic surrounding.  
 

Objective 

It can be tested if a 
certain number of 
naive drivers are 
able to cope with 
ADAS-assisted 
driving situations 
including system 
failures and 
limitations, in a way 
that no accident 
occurs during a 
realistic test 
scenario. 

Time consuming 
and expensive 

RESPONSE 
project 

 TRL 

 


