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EXECUTIVE SUMMARY, IMPACT ASSESSMENT METHODS (WP3) 

The aim of the study was to exchange experience concerning the use of different 
methods, leading to the use of more reliable methods with higher predictive va-
lidity. For this purpose, the group provided an impact assessment catalogue of 
Intelligent Vehicle Systems (IVS). The catalogue is directed to anyone who is 
responsible for the impact assessment of IVS, or uses the results of the assess-
ment of IVS, such as decision makers, developers and researchers. 
 
The study started with an inventory of impact assessment studies representing 
different impact areas such as driver behaviour, traffic safety, environmental and 
socio-economic impacts. A set of assessment criteria was developed for the six 
impact area identified, as well as common criteria for all impact assessment 
studies. The criteria were used in the assessment and comparison of previous 
impact assessment studies for different purposes. Based on this assessment with 
external experts the methods to be included in the method catalogue were iden-
tified and defined. 
 
The final catalogue includes descriptions of 14 methods representing six impact 
areas (see figure below); six methods to study behavioural effects were included, 
two for safety, two for environment, one for efficiency, one for mobility and two 
for socio-economic impact assessment. The life-cycle of an application is covered 
with the impact assessment methods. The report also provides indication of effi-
cient use of methods, eg. transferability of results and efficient method combina-
tions were discussed. 
 

 
 
The framework to describe the methods included the following main headlines 
Context of the evaluation; Orientation of the method; Focus (driver behaviour, 
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travel behaviour, traffic flow, efficiency, safety, environment, mobility, socio-
economy); Description of the method (type of assessment, design, expertise 
needed); Results (expected outcome); Restrictions of the method; Examples of 
use and Availability of an electronic version.  

It was noted that safety impact assessment methods dominate the material. 
Traffic safety goals have dominated the impact assessments because the societal 
impacts for safety, also indicated in monetary values, are considerable, and most 
systems deployed during the past decade have specifically targeted safety.  The 
global goal to reduce CO2 emissions calls for new applications and impact as-
sessment methods for the environmental impacts. In addition, mobility impact 
assessment was identified as a new area to be developed in the future. 

This catalogue is a first of its kind. It provides a collection of methods, system-
atically described and validated according to their main purposes and applicabil-
ity. The document serves a basis for further discussion, development and use of 
methods, and furthermore, contributes in more reliable and valid use of meth-
ods. It is obvious that any method catalogue must be updated at regular inter-
vals to take on board new experiences as well as examples of good and bad 
practice related to the use of the methods. Hence, it is recommended that this 
catalogue will also be regularly reviewed and updated when new evidence from 
the use of the methods in the catalogue becomes available. 

The current catalogue only contains a part of all available methods today, and 
naturally new methods will be developed in the future, connected to virtual real-
ity tools, naturalistic driving, electronic travel diaries, etc. Before entering new 
methods in the catalogue, sufficient experience from the methods should be 
available so that the catalogue could also recommend some good if not best 
practices in applying the new methods. 

The current version is already reviewed shortly by some external experts. It is 
recommended that some sort of user feedback is set up, for instance in connec-
tion with the iCars Network internet site to facilitate the systematic collection of 
user comments and proposals for improvement of the impact assessment 
method catalogue. 
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1. Introduction 
 
This document was prepared for experts who develop, assess and deploy intelli-
gent vehicle systems (IVS). It is directed to anyone who is responsible for the 
impact assessment of IVS or uses the results of the assessment of IVS, such as 
decision makers, developers and researchers.  
 
The catalogue includes methods for various uses with regard to impact area, as-
sessment type as well as the life-cycle of the system assessed. The results show 
the focus and applicability of a selection of methods for different purposes. 
 
The purpose of the document is not only to list different methods but also to 
characterize a method’s application area and the method, including its limita-
tions, by suggesting appropriate assessment criteria and then assessing the 
methods. The concept of 'method' is defined in the form of a framework we used 
to describe the methods (in chapter 4). It is acknowledged that the definition is 
not conclusive or final but rather pragmatic. In addition, the authors are aware 
that the assessment of the methods without any practical, financial or other real 
context is theoretical.  

 
The selection of a method is always related to a research question either implic-
itly or explicitly expressed. Furthermore, the research questions are related to 
specific systems and functions introduced as IVS. The selection of an appropriate 
assessment method may also be system or function specific, all methods are not 
effective for all systems. This issue is not covered by the report; methods in this 
catalogue are presented in a more general level. 
 
It is well known that the methods can be applied in a more or less successive 
manner depending on the resources available. In addition, a closer look at the 
methods reveals that in some cases they overlap – especially, a field study may 
include several sub-methods and measurements. The methods have varying lev-
els of details, and there might also be effective combinations of methods. One 
method combination was included in the catalogue to indicate this aspect. 
 
The methods presented in the catalogue base on recent impact assessment stud-
ies carried out. These studies and details on the methods used and results ob-
tained were utilized in the identification and description of methods for the cata-
logue. 
 
In chapter 2 the methods identified in the study are listed. In chapter 3 criteria 
for impact assessment methods are presented. Chapter 4 is the main part of the 
report including the descriptions of impact assessment methods by impact areas. 
Chapter 5 contains the conclusions made including discussion on how well the 
methods cover different impact assessment areas, and which are the most im-
portant areas where new methods should be developed and applied. 
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2. Identification of impact assessment methods 
 
The methods were identified based on previous studies assessing intelligent 
transport systems. A selection of methods was defined; these methods were de-
scribed in more detail in the catalogue. These methods represent different impact 
areas. Figure 1 indicates their main phases of use in the life-cycle of a product. 
The catalogue does not cover all methods; in the early phases typically labora-
tory tests are applicable, they may focus on technical performance of the system 
or sub systems; comprehensibility and visibility of special features of the system; 
information ergonomics etc. 
 

 
Figure 1. Methods discussed in the catalogue (light colour indicates methods 
available but not included in the catalogue). 
 
The methods described represented six impact areas (table 1). 
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Table 1. Type of studies for different impact areas. 
 
Impact area Method  
Driver behaviour Large scale field study  

Driving simulator study  
Small-scale field-test with instrumented vehi-
cles 
Focus group study 
Questionnaires and interviews 

Mobility Travel diary and questionnaire  
Field test on mobility  

Traffic efficiency 
and traffic flow 

Traffic simulation  

Traffic safety Statistical study with crash data  
In-depth study with crash data  
Expert assessment on safety impacts  
Combined driving simulator and field test  

Environment Emission models  
Air quality monitoring  

Socio- economy  Cost-benefit studies  
Multi criteria - analysis  

 
Although in our investigation the studies are connected to one impact area as in 
Table 1, many of the methods can be applied to several impact areas. To make 
this clear, the impact areas for which the methods could be applied are shown in 
Table 2. It has to be noted that these are our initial thoughts, and this is open for 
discussion. For example, a safety assessment with crash data can be used to es-
timate the indirect effect on traffic flow, by taking into account that accidents 
may cause congestion, or travel diaries can reveal that the amount of traffic on 
certain routes could increase, which leads to more exposure and lower traffic 
safety on these routes. These effects can however only be derived indirectly. 
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Table 2. Possible impact areas per method, indicated with x. (x) indicates an im-
pact area which is possible but less suitable or indirectly. 
 

Impact area 

 
Socio- 
economy  

Environ- 
ment 

Traffic 
safety 

Driver 
behave 
our 

Traffic 
efficiency 
and traf-
fic flow Mobility 

Large-scale field study X x x x x x 
Small-scale field-test 
with instrumented 
vehicles  x x x (x) (x) 
Combined driving 
simulator and field 
test  x x x (x)  
Expert assessment (on 
safety impacts)   x x   
Safety assessment 
with Crash Data   x  (x)  
Cost benefit analysis 
(CBA) X      
Multi criteria analysis 
(MCA) X x x x x x 
Emission modelling  x     
Air quality monitoring  x     
Focus group study  (x) (x) x (x) x 
Questionnaires and 
interviews (x) x x x x x 
Traffic simulation  x x  x  
Driving simulator 
studies   x x (x)  
Travel diaries   (x)  (x) x 
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3.  Assessment criteria for a method 
The criteria for the assessment and comparison of impact assessment methods 
were created with support of external specialists in impact assessment. The cri-
teria covered common criteria for all impact assessment methods, and the six 
specific impact areas: driver and travel behaviour, mobility, traffic system effi-
ciency and traffic flow, safety, environment (air pollution, noise), and socio-
economic assessment. The criteria were validated in an expert enquiry.  
 
In all, twelve (12) common impact assessment criteria were identified which 
should be taken into consideration in impact assessment studies of intelligent 
vehicle systems in general. The criteria were organized in to the preference order 
based on expert enquiry: 
 
(1) Content validity refers to whether the method measures what it is intended 
to measure. Completeness and scope of the study is discussed. It should be 
clarified how well the indicators and measures are motivated, and if all relevant 
aspects are included. 
 
(2) Ecological validity of a method indicates how well the findings from the 
study can be generalized or extended to the ‘real world’ i.e. transport system. 
How to generalize the results, e.g. from lab to real context or for different loca-
tions? 
 
(3) Is the theoretical background of the study clearly stated? Is a literature 
study made? How the theoretical background is motivated and is previous 
knowledge utilized in the development of the method? The method must enable 
you to test the hypotheses specified for the impact assessment. 
 
(4) Is the method reliable (provide same outcome when repeated in same con-
ditions) and portable between different applications of ITS? 
 
(5) How well are the long term effects covered? What is the time perspective 
of the study indicated in months? How are novelty effects taken into account, is 
it possible to identify any stabilisation points in the use and impacts of the sys-
tem? Are forecasts and system penetrations taken into consideration? 
 
(6) Is the system specified in sufficient detail? Are the system interfaces de-
scribed; is reliability analysis of the system functioning included? 
 
(7) Is the method useful as planning and decision tool for public authorities? 
What is the relevance of the outcome, and is it easy to understand and apply? 
Does the method produce outputs that relate to social and transport policy 
goals? 
 
(8) Does the method cover the whole impact chain or mechanisms so that the 
magnitude of the impacts can be explained and understood? Is the process, the 
impact chain described and are the links identified?  
 
(9) Does the method allow providing confidence limits or ranges? Is it easy to 
provide confidence limits or similar error margins for impact estimates; does the 
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method provide examples of confidence limits? Has sensitivity testing to assump-
tions been performed? 
 
(10) Is the method useful as planning and decision tool for manufacturer and 
consumer? What is the relevance of the outcome, and is it easy to understand 
and apply? Does the method give insight into levels of service and utility? 
 
(11) Is the approach optimal for the phase of system development? For 
which phase is the method optimal: idea, plan, prototype, pilot, large-scale 
demo, full-scale demo? Does the method provide examples or guidance for opti-
mal use?  
 
(12) Does the use of method demand a lot of man power or human resources? 
Are special expertise needed? How efficient are the assessment tools / calcula-
tions? Is the method intuitive and easy to apply? Does the method describe the 
expertise needed; is it possible to indicate in person months. 
 
In addition to the common assessment criteria, the specific assessment criteria 
are related to the ability of the methods to capture the essential aspects of the 
target to be assessed. These criteria are presented as a similar check list in the 
next chapter (chapter 4) as an introduction to the methods for each impact area. 
 
For the six impact areas driver and travelling behaviour criteria differ from the 
other areas. The impacts of an IVS are always mediated via driver behaviour. 
Therefore, changes in driver behaviour are relevant for all impact areas. Some 
changes may be measured in driver behaviour and these changes have implica-
tions on mobility, traffic flow efficiency, environment or safety. Historically, driver 
behaviour studies have often been safety related. On the other hand, socio-
economic impact assessment typically uses all other assessments as an input, 
and differs in this respect from the other methods.  
 
In addition, a relationship exists between the impact areas traffic flow efficiency 
and environment (air pollution, noise). Both impact areas are related to the goal 
of a more energy efficient and cleaner transport within the EU. Road transport 
has remarkable impact on fuel consumption and related emissions, e.g. green 
house gases. Road transport also contributes to noise pollution. Thus if IVS con-
tributes to a more smooth transport also goals of energy efficiency and emission 
reduction are addressed.  
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Figure 2. Impacts are mediated via driver behaviour 
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4. Description of impact assessment methods 
 

In the following chapters, the individual methods for impact assessment are de-
scribed using the framework provided in the Appendix 1. 
 
Driver behaviour 
 
Driver behaviour methods focus on measurements and monitoring of ac-
tual driver behaviour. Typically, different kinds of user acceptance meth-
ods are included in driver behaviour studies; an example of user accep-
tance questionnaire was provided as a separate method. In all, five (5) 
different methods to evaluate impacts on driver behaviour are presented 
in details: 

• Driving simulator studies 
• Focus group studies 
• Large-scale field studies 
• Small-scale field tests 
• Questionnaires and interviews 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Criteria / topics to be covered in driver behaviour assess-
ments: 
 

 Is behavioural adaptation considered? (Typically change in time, 
novelty effects and other than expected behavioural effects)  

 Is acceptance of the system included?  
 Impacts on tactical decision making and actions (detailed route 

choice, speed behaviour, proximity, interaction with other road us-
ers, detection of road signs etc) 

 Impacts on operational decision making and actions (manoeuvring, 
sensation, feeling, distances to objects in near vicinity)  

 Impacts on strategic decision making and actions (planning the 
journey, modal choice, route choice, driver and vehicle condition)  

 Is Human Machine Interface assessment included?  
 Is the observational focus (e.g. unobtrusive observation, observa-

tion, and self reported behaviour) relevant for the method?  
 Is the user definition (e.g. driver, vehicle movements, and travel-

ler) relevant for the method?  
 Are driver motivations and attitudes included? 
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4.1. Driving simulator studies 

 
1 Short description of the method 
 
In a driving simulator study (in most cases a car or truck on a fixed location 
with a simulated traffic environment), driver behaviour is studied with a num-
ber of test persons, e.g. in different traffic situations or while using new in-
vehicle technology. 

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
A driving simulator study is most suitable for the development and testing 
phase of new ITS systems, since it can be tested easily and safely. Since 
the traffic situation can be controlled totally, systems can be tested under 
specific circumstances. In an early stage of specification and development 
of an application, e.g. timing, potential impact and parameter settings can 
be assessed in various conditions and can be used to learn about user be-
haviour, acceptance, system helpfulness and usability. Setting up the ex-
periment itself already produces new and valuable knowledge on the de-
sign of the system. 
 
2.2 Expected outcome, research questions 
The outcome is insight in how drivers will behave under different traffic 
circumstances related to different aspects of the traffic, the system and 
the driver, to assess timing, potential impact and parameter settings in 
various conditions and learn about user acceptance, system helpfulness 
and usability. 
Examples of research questions: What are the effects of ACC on driving 
behaviour and acceptance and how is this determined by individual differ-
ences? How does this IVSS influence the workload of the driver? Which 
HMI is the most suitable?  

 
2.3 Target group of the outcome  
Driving simulator experiments are especially useful in an early stage of 
specification and development of an application, therefore it is mostly suit-
able for designers and manufacturers of the system. It gives insight in 
user acceptance and use of the system, which could be used to improve 
the HMI, or change the system settings e.g. for better traffic efficiency or 
safety. Also, the marketing strategy could be adapted according to the re-
sults, e.g., in Hoedemaeker (1999), it turned out that high speed drivers 
like the comfort of the system, whereas low speed drivers like the sys-
tem's usefulness. In order to get both driver groups into ACC-cars they 
should be addressed differently. 
The results can also be of interest for authorities, e.g. concerning the 
safety potential of new systems.  

 
2.4 Resources needed  

2.4.1 Organisational 
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A driving simulator experiment requires a medium amount of organisa-
tional effort. The equipment, a driving simulator and its software, needs 
to be adapted for the experiments. Furthermore, participants need to 
be recruited and the driving simulator tests need to be planned and 
executed.  
 
2.4.2 Personnel 
There are different kinds of personnel expertise needed to perform a 
driving simulator study. First, expertise in designing driving simulator 
experiments is needed, concerning the number of participants, number 
of experiments and conditions of the experiments. Also, the technical 
equipment and driving simulator software needs to be maintained and 
adapted for the experiment (to generate the right traffic conditions and 
to simulate the ITS application, if necessary) by a technician and soft-
ware engineer. Then there needs to be someone who will recruit and 
plan the experiments. Also, there needs to be someone who guides the 
test persons and the experiments, such as a driving instructor and an 
observer. For the data analysis, statistical and psychological knowledge 
is needed. Hence usually, there are several persons needed to cover all 
these expertises. 
 
2.4.3 Technical 
For driving simulator experiments, a driving simulator is needed. There 
are many types of driving simulators, from a very low-cost fixed pc 
simulator to extremely costly and unique equipment in which all types 
of movements and forces (e.g. centrifugal in curves) are possible (e.g. 
Desdemona [ref]). The most used driving simulators use (parts of) a 
real car and screens surrounding it to visualize the traffic environment. 
It can either be a fixed-base (non-moving) or a moving-base simulator. 
A moving base resembles better with real-world driving, since it can 
e.g. be turned edgewise in curves. Furthermore, special driving simula-
tor software is needed.  
An example of a driving simulator from one of the reference studies 
[ref] is a fixed-base driving simulator of a Volkswagen Golf 4 mock-up 
with normal controls (including manual transmission). The road and 
traffic environment are projected on a screen around the car.  
 
2.4.4 Financial 
The initial costs for the development and/or purchase of a driving simu-
lator and software are very high. Furthermore, many experts and time 
are needed for the maintenance and operation of the simulator. Total 
costs (in person months) of a small driving simulator experiment, pro-
vided that you already have the equipment, can be estimated at 5 to 
10 person months 

 
3 Orientation of the method 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation of the method is empirical, in the sense that a real driver is 
observed in an as real as possible environment. Usually driving simulator 
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experiments are ex-ante, since new technology is tested first in the simu-
lator before it is tested in the real-world. 
 
3.2 Experimental / natural 
A driving simulator study is experimental, since it is carried out in experi-
ments with predefined scenarios. In this way, the exact conditions in which 
the system needs to be tested can be generated. On the other hand, the 
aim is that the driver behaviour is as natural as possible, by using a driv-
ing simulator and simulated environment which is as close to reality as 
possible. 

 
3.3 Background 
Use of a driving simulator is based on the idea that the drivers behave 
similarly in a simulator as in the real world, or at least that the results can 
be scaled-up accordingly. In a driving simulator conditions can be varied 
controlled and systematically. The approach is applicable to compare dif-
ferent conditions. There is also possible to study risky conditions without 
real danger for the subjects. The driving simulator software are based on 
theoretical methods. Also, statistical analysis and psychological aspects 
have a theoretical background. 
The setting-up and execution of the experiments and selection and observ-
ing of the participants is mostly practical of nature.  

 
4 Focus 

4.1 Driver behaviour 
The aim of a driving simulator study is to get insight in the driver behav-
iour under different circumstances or while using different types of sys-
tems.  
Driver behavioural aspects that are often considered in driving simulator 
experiments, are behavioural adaptation, impacts on tactical decision mak-
ing (speed behaviour, interaction with other road users, detection of road 
signs etc), impacts on operational decision making (manoeuvring, sensa-
tion, distances to objects in near vicinity), driver condition (workload, fa-
tigue), acceptance of the system and Human Machine Interface assess-
ment. In addition, data on behavioural changes with respect to fuel con-
sumption of driving and thus a more energy efficient driving (“Eco-
Driving”) can be sampled. 
 
 
4.2 Traffic flow and efficiency 
Traffic flow and efficiency effects are not a direct result of driving simulator 
experiments, but can be derived from measured driver behavioural pa-
rameters such as headways and speed choice. These results can e.g. be 
used as input for a traffic simulation model to derive more accurate results 
on traffic flow and efficiency. 
 
4.3 Safety 
Safety effects can be derived from surrogate safety parameters, such as 
proportion of critical time-to-collisions, speed differences, short headways 
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or strong decelerations. Also, specific and rare dangerous situations can be 
tested by predefining these situations in the driving simulator scenarios.  

 
5 Description of the method 

5.1 Short description of the underlying principles 
To set-up a driving simulator experiment, the traffic conditions of the ex-
periments need to be defined and implemented beforehand. A typical driv-
ing simulator scenario consists of a certain route with predefined other 
traffic and a visual surrounding (trees, buildings), which the participant 
has to drive. His behaviour will be logged, such as speed, position, use of 
pedals and gear shift etc. A second person will instruct and observe the 
participant. A participant will usually drive a few routes or scenarios, and 
the experiment is done with several participants. The logged and observed 
behaviour will afterwards be analyzed statistically. Also, often the driving 
simulator experiment is extended with a questionnaire, before and/or after 
the driving simulator experiment, to get more information about the driv-
ing sensation, user acceptance etc. An example of such a questionnaire is 
the Driving Style Questionnaire from West et.al. (1992) “Decision making, 
personality and driving style as correlates of individual risk”. 
The results of the experiment are finally analyzed statistically, in order to 
determine of the effects are statistically significant. 
 
5.2 Type of assessment 
The type of assessment is a simulator assessment, complemented with 
statistics. 

 
5.3 Process/design 

5.3.1 Test persons 
A group of test persons is selected. Depending on the purpose of the 
experiments, they should be chosen with certain characteristics, e.g. 
concerning age, gender and number of years in the possession of a 
driving license. 
 
5.3.2 Sample size 
The number of test numbers should be large enough to get statistically 
significant results, usually about 30. 

 
5.3.3 Set-up, design 
Each test person will perform a number of experiments or scenarios 
with varying conditions. 
 
5.3.4 Measuring equipment 
There are many types of driving simulators, from a very low-cost fixed 
pc simulator to extremely costly and unique equipment in which all 
types of movements and forces (e.g. centrifugal in curves) are possible 
(e.g. Desdemona [ref]). The most used driving simulators use (parts 
of) a real car and screens surrounding it to visualize the traffic envi-
ronment. This could either be a fixed-base (non-moving) or a moving-
base simulator. A moving base resembles better with real-world driv-
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ing, since it can e.g. be turned edgewise in curves. Furthermore, spe-
cial driving simulator software is needed.  
 
5.3.5 Data requirements 
Measured traffic data can be used to represent a specific traffic situa-
tion in the simulator experiments, but also fictive traffic situations can 
be generated. 
 

5.4 Expertise needed 
There are different kinds of personnel expertise needed to perform a 
driving simulator study. First, expertise in designing driving simulator 
experiments is needed, concerning the number of participants, number 
of experiments and conditions of the experiments. Also, the technical 
equipment and driving simulator software needs to be maintained and 
adapted for the experiment (to generate the right traffic conditions and 
to simulate the ITS application, if necessary) by a technician and soft-
ware engineer. Then there needs to be someone who will recruit and 
plan the experiments. Also, there needs to be someone who guides the 
test persons and the experiments, such as a driving instructor and an 
observer. For the data analysis, statistical and psychological knowledge 
is needed. Hence usually, there are several persons needed to cover all 
these expertises. 

 
6 Results:  

6.1 Type of output 
It gives quantitative results on driver behaviour in terms of speed, accel-
eration, headway etc. Also confidence limits and can be derived, as well as 
issues with regard to behavioural adaptation, workload, system helpful-
ness, usability, comfort and user acceptance. 

 
6.2 Parameters / description 
Examples of parameters that can be measured with driving simulator ex-
periments, are: 
speed and headway choice, acceleration and deceleration behaviour, 
maximum braking level, headway (distance to predecessor), use of the 
gear box (e.g. for fuel efficiency), time to start braking as reaction to a 
critical event, gap acceptance (size of the gap for merging and overtaking 
situations), workload (measured e.g. by the ‘peripheral detection task’, i.e. 
the number of times that a blinking light in the corner of one’s eye is seen, 
indicated by a pressed button). Also, parameters on safety, environment 
and traffic flow efficiency can be derived, such as TTC’s (Time To Colli-
sion), speed variability and capacity (derived from headways and speeds). 
Often in an additional questionnaire, more information is gained on issues 
concerning the feelings of the driver, such as driver motivations and atti-
tudes to the system, acceptance, usefulness and comfort of the system.  

 
7 Restrictions of the method 

7.1 Limitations 
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Both the vehicle behaviour and the traffic in the simulation might not be 
completely realistic, and the occurring traffic situations are programmed 
beforehand (no unexpected traffic situation will occur). 
Also, people in the driving simulator might react differently then in reality. 
Furthermore, driving simulator experiments per definition only measure 
the driver behaviour at the time of the experiment; therefore it does not 
cover long term effects.  
Moreover, it does not cover traffic effects for higher penetration rates. 
 
7.2 Scalability; extension to real world 
A driving simulator experience is close to the ‘real world’ and the partici-
pants are normally chosen randomly (or with certain desired attributes), 
so it is likely that the average driver behaviour (on the short term) in the 
real-world would resembles the driver behaviour as measured in the driv-
ing simulator. However, it is hard to generalize or scale the results. 
 
7.3 Reliability and risks  
Reliability of the measured data is high, since the driver behaviour is di-
rectly logged during the experiment. There is however a risk that the 
driver behaviour would be different in reality, or that the simulated traffic 
is not realistic. 

 
8 Examples of use  
 
Budhiraja, H., Firmin, P.E. (2006). Travel Simulator Study to Investigate the 
Impact of Network Knowledge on Driver Response to Guidance and Informa-
tion Systems 
Intelligent Transport Systems and Services, World Congress, London, UK, 8-
12 October 2006 
 
Creaser, J.I. Rakauskas, M.E., Ward, N.J., Laberge, J.C., Donath, M. (2007). 
Concept evaluation of intersection decision support (IDS) system interfaces to 
support drivers’ gap acceptance decisions at rural stop-controlled intersec-
tions  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 10, Issue 3, May 2007, Pages 208-228  
 
Driel, C.J.G., Hoedemaeker, M., Arem, B. (2007) Impacts of a Congestion As-
sistant on driving behaviour and acceptance using a driving simulator  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 10, Issue 2, March 2007, Pages 139-152 
 
Driving simulator study for intelligent cooperative intersection safety system 
(IRIS) (part of the European research project SAFESPOT) 
http://www.itsineurope.com/index.cfm?do=timetable.paper&paperID=2748 
 
Driving with Intelligent Vehicles – Driving behaviour with ACC and the accep-
tance by individual drivers 
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=881121&isnumb
er=19061 http://repository.tudelft.nl/file/164861/135194  
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Dutta, A., Fisher, D.L., Noyce, D.A. (2004). Use of a driving simulator to 
evaluate and optimize factors affecting understandability of variable message 
signs  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 7, Issues 4-5, July-September 2004, Pages 209-227 
 
Feenstra, P.J., Hogema, J.H. (2007). Driving simulator assessment for human 
factors research. In Proceedings 6th European Congress and Exhibition on In-
telligent Transport Systems and Services, Aalborg. Denmark. 
 
Feenstra P.J., Wentink M., Roza Z.C., Bles W. (2007). Desdemona, an alter-
native moving base design for driving simulator 
 Driving Simulator Conference 2007 North America, September 2007. 
 
Firming, P.E. and Budhiraja, H. (2005). Using Travel Simulation to Investigate 
Driver Response to In-Vehicle Route Guidance Systems, 
The National Navigation Conference, 1-3 November, 2005. London, UK. (Un-
published) 
http://eprints.whiterose.ac.uk/2496/2/Using_travel_simulation_secure.pdf 
 
Fuller, H., Tsimhoni, O. (2009). Glance strategies for using an in-vehicle 
touch-screen monitor 
UMTRI publication, 2009 
http://hdl.handle.net/2027.42/62469 
 
Hoedemaeker, M., Brookhuis, K.A. (1998). Behavioural adaptation to driving 
with an adaptive cruise control (ACC)  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 1, Issue 2, December 1998, Pages 95-106  
 
Hoedemaeker, M. (1999). Driving with Intelligent Vehicles, Driving behaviour 
with Adaptive Cruise Control and the acceptance by individual drivers. TRAIL 
Thesis Series T99/6. Delft University Press. Delft, The Netherlands. 1999. 
 
Jamson, A.H. (2007) Driving Me Round the Bend: Behavioural Studies Using 
the New University of Leeds Driving Simulator  
Motion Simulation Conference, DLR, Brauwschweig, Germany, 19-20 Sept. 
2007 
 
Jamson, A.H., Merat, N. (2007). The Effectiveness of Safety Campaign VMS 
Messages - A Driving Simulator Investigation 
Human Factors in Driver Assessment, Training and Vehicle Design, Portland, 
USA, 2007 
 
Jamson, A.H., Whiffin, P.G., Burchill P.M. (2007). Driver response to control-
lable failures of fixed and variable gain steering 
International Journal of Vehicle Design. Vol 45. No 3/2007. P. 361 – 378 
http://inderscience.metapress.com/app/home/contribution.asp?referrer=pare
nt&backto=issue,5,9;journal,16,79;linkingpublicationresults,1:110895,1 
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Jamson, A.H., Merat, N. (2009) Can low cost road engineering measures 
combat driver fatigue? A driving simulator investigation. 
Human Factors in Driver Assessment, Training and Vehicle Design, Montana, 
USA, 22-25 June 2009 
 
Karlsson, R. (2005) Evaluating driver distraction countermeasures. VTI notat 
38A. 
http://www.vti.se/EPiBrowser/Publikationer/N38A-2005Sve.pdf  
 
Maltz, M., Shinar, D. (2007). Imperfect in-vehicle collision avoidance warning 
systems can aid distracted drivers  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 10, Issue 4, July 2007, Pages 345-357 
 
Merat, N. (2008) Is drivers’ situation awareness influenced by a fully auto-
mated driving scenario? 
Human Factors and Ergonomics Society Europe Chapter Conference, Soester-
berg, Netherlands, 15-17 October 2008 
 
Merat, N., Jamson, A.H. (2008) The Effect of Stimulus Modality on Signal De-
tection: Implications for Assessing the Safety of In-Vehicle Technology. Hu-
man Factors: The Journal of the Human Factors and Ergonomics Society, Vol. 
50, No. 1, 145-158 (2008) 
http://hfs.sagepub.com/cgi/content/abstract/50/1/145 
 
Merat, N., Jamson, A.H. (2009) How do drivers behave in a highly automated 
car? 
Human Factors in Driver Assessment, Training and Vehicle Design, Montana, 
USA, 22-25 June 2009 
 
Minderhoud, M.M., Supported Driving: Impacts on Motorway Traffic Flow. 
TRAIL Thesis Series T99/4. Delft University Press. Delft, The Netherlands. 
1999. 
 
Nilsson L. et al. (2004) Mobile telephone simulator study. VTI meddelande 
969A. http://www.vti.se/EPiBrowser/Publikationer/M969A.pdf 
 
Peltola, H., Kulmala, R. (2000) Weather related Intelligent Speed Adaption - 
Experience from a Simulator.  
From Vision to Reality. Proceedings. 7th World Congress on Intelligent Trans-
port Systems, 6-9 November, 2000, Turin, Italy. CD-ROM. ITS Congress As-
sociation. Brussels (2000), 8 p. 
 
Rosario, d.H., Louredo, M., Díaz, I., Soler, A., Gil, J.J., Solaz, J.S., Jornet, J. 
(2010). Efficacy and feeling of a vibrotactile Frontal Collision Warning imple-
mented in a haptic pedal.  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 13, Issue 2, March 2010, Pages 80-91  
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Shinar, D., Tractinsky, N., Compton, R. (2005). Effects of practice, age, and 
task demands, on interference from a phone task while driving  
Accident Analysis & Prevention 
Volume 37, Issue 2, March 2005, Pages 315-326  
 
Shun-Hui Chang, Chih-Yung Lin, Chun-Chia Hsu, Chin-Ping Fung and Jiun-Ren 
Hwang (2009). The effect of a collision warning system on the driving per-
formance of young drivers at intersections 
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 12, Issue 5, September 2009, Pages 371-380  
 
Stephens, A.N., Groeger, J.A. (2006). Do emotional appraisals of traffic situa-
tions influence driver behaviour? 
In Behavioural Research in Road Safety 2006: Sixteenth Seminar 
http://www.bv.transports.gouv.qc.ca/mono/0996544.pdf 
 
Tsimhoni, O. (2002). Destination entry while driving: speech recognition ver-
sus a touch-screen keyboard 
UMTRI publication, 2002 
http://hdl.handle.net/2027.42/1493 
 
Tsimhoni, O., Kandt, A.S., Flannagan, M.J. (2008). Driver perception of po-
tential pedestrian conflict 
UMTRI publication, 2008 
http://hdl.handle.net/2027.42/61177 
 
Vashitz, G., Shinar, D., Blum, Y. (2008). In-vehicle information systems to 
improve traffic safety in road tunnels  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 11, Issue 1, January 2008, Pages 61-74  
 
Östlund Joakim et. al. (2006) Effects of cognitive and visual load in real and 
simulated driving. VTI rapport 533A. 
http://www.vti.se/EPiBrowser/Publikationer/R533A_svensk.pdf 
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4.2. Focus group study  

 
1 Short description of the method 
 
A focus group is a form of qualitative research in which a group of people are 
asked about their attitude towards a product, service, concept, advertise-
ment, idea, or packaging. Questions are asked in an interactive group setting 
where participants are free to talk with other group members.  

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
A focus group study for IVSS evaluations is most suitable to test existing 
systems which were already in the possession of the group members for 
some time. Ideal is if the participants already used the systems a consid-
erable time before they were chosen to participate in the focus group 
study. The product should then already be on the market. It is also possi-
ble in an earlier phase, when the system is made available to the partici-
pants before it is on the market. 

 
2.2 Expected outcome, research questions 
The expected outcome is the attitude and self-reported behaviour of the 
focus group members in relation to the IVS of study. The focus group dis-
cussion will be guided by research questions which were defined before-
hand. In (Hjort et. al., 2009) a focus group study was used to evaluate the 
effects of ESC system. The following research questions were discussed: 

 
- Is the driver aware of having an ESC system in the car? 
- What knowledge and practical experience does the driver have consid-

ering handling and use of the ESC system? 
- Is the driver aware of any change in his/her driving behaviour as a 

consequence of the ESC system? 
- What is the perceived use and acceptance of the ESC system? 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 

 
Often, the target group of a focus study are marketers. In the world of 
marketing, focus groups are seen as an important tool for acquiring feed-
back regarding new products, as well as various topics. In particular, focus 
groups allow companies wishing to develop, package, name, or test mar-
ket a new product, to discuss, view, and/or test the new product before it 
is made available to the public. This can provide invaluable information 
about the potential market acceptance of the product. 
It can also be useful for manufacturer and consumer, since acceptance and 
usability of the system or HMI design can be studied. 

 
The attitude and acceptance of the system reported by the (long-term) 
users could furthermore be important information for planning and deci-
sion on implementation of the system for public authorities.  
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2.4 Resources needed  

2.4.1 Organisational 
No large organisational efforts required. The focus group participants 
need to be recruited and a meeting should be prepared with the focus 
group. It can be tough to get the focus group together. 
 
2.4.2 Personnel 
One or two moderators are needed to lead the discussions. An observer 
is also useful, to make notes and observe the behaviour of the partici-
pants. Beforehand and afterwards, one or two persons are needed to 
recruit the participants, prepare the meeting and analyse the discus-
sion. 
 
2.4.3 Technical 
No technical resources needed. In some cases tape recorder or video-
camera is used to store the data. 
 
2.4.4 Financial 
Focus group studies are low in costs; there is little time needed and 
there are no hardware costs. 

Focus group studies are less expensive than other forms of traditional 
marketing research. There can be significant costs however: if a prod-
uct is to be marketed on a nationwide basis, it would be critical to 
gather respondents from various locales throughout the country since 
attitudes may vary due to geographical considerations. This would re-
quire a considerable expenditure in travel and lodging expenses. Addi-
tionally, the site of a traditional focus group may or may not be in a lo-
cale convenient to a specific client, so client representatives may have 
to incur travel and lodging expenses as well. 

3 Orientation of the method 
3.1 Theoretical / empirical; Ex-ante / ex-post 
A focus group study is empirical: the discussion is based on empirical ex-
periences of the focus group participants. Since they have used the system 
already in majority of the cases, the study is ex-post. There are also ex-
amples, where focus groups have been used as a participatory design 
method (Penttinen, M. 2004). In those cases focus groups are considered 
to be ex-ante. 
 
3.2 Experimental / natural 
A focus group study can be both experimental and natural. Experimental, 
when they used the system in a FOT and to participate in the focus group. 
It is natural when they already owned and used the system before partici-
pating in the focus group, such that they were not really testing the sys-
tem beforehand and behaving 100% natural. 
 
3.3 Background 
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Typically, in a focus group consists of persons with similar backgrounds, 
e.g. age and family situation. The idea is to use the group to encourage 
the test persons to express their opinions and discuss freely about the IVS 
in interest. The background of a focus group study is practical: it concerns 
research question formulation, group discussion leading and discussion 
analysis. 

 
 
4 Focus (choose the relevant ones and utilize the criteria from expert en-

quiry) 
4.1 Driver behaviour 
A focus group study is very suitable to get insight in driver behaviour and 
attitudes, since the focus group consists of drivers who report on their 
driving behaviour. Driver behavioural topics suitable for a focus group 
study, are behavioural adaptation as a consequence of the system, accep-
tance of the system, impacts on tactical, operational and strategic decision 
making and actions, Human Machine Interface assessment and driver mo-
tivations and attitudes. 
Examples of these issues, which were discussed in the focus group study 
of (Hjort et. al., 2009): 

 
- Behavioural adaptation: Is the driver aware of any change in his/her driv-

ing behaviour as a consequence of the ESC system? No, they did not no-
tice any change in their driving behaviour. 

- What is the perceived use and acceptance of the ESC system? The accep-
tance was total; all participants thought that this system (or driver support 
systems in general) is a good idea. 

- Impacts on tactical decision: They all claimed they would make the same 
choices with or without the system concerning for example speed, turning 
and overtaking. 

- Impacts on operational decision: they said their driving style and driving 
choices were made according to the prevailing road and traffic conditions 
as well as their perception of their own driving skill, and they claimed they 
did not change their driving behaviour when the ESC lamp indicated an in-
tervention.  

- Human Machine Interface assessment: All participants thought the ESC 
system has a good interaction design and that a blinking lamp is sufficient 
for communicating that the system is active. Also, the lamp is lit when the 
car is started to indicate that the system is in function. This was also con-
sidered good and adequate. 

- Driver motivations and attitudes: None of the participants claimed they 
asked for the system when they bought the car. It was “something that 
was just there” and they hadn’t thought of asking for it in particular. How-
ever, the acceptance of the ESC system was total. They all thought that 
they were helped by the system in their driving. 

 
5 Description of the method 

5.1 Short description of the underlying principles 
A focus group is a form of qualitative research in which a group of people 
are asked about their attitude towards a product, service, concept, adver-
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tisement, idea, or packaging. Questions are asked in an interactive group 
setting where participants are free to talk with other group members. 

Using focus groups to evaluate a system is a very efficient way to get user 
feedback and gauge initial reactions to a design. Focus groups are also 
good at discovering how the system being tested differs from the user's 
current expectations (4).  

The use of focus groups has steadily evolved over time and is becoming 
increasingly widespread. 

Group discussion produces data and insights that would be less accessible 
without interaction found in a group setting—listening to others’ verbalized 
experiences stimulates memories, ideas, and experiences in participants. 
This is also known as the group effect where group members engage in “a 
kind of ‘chaining’ or ‘cascading’ effect; talk links to, or tumbles out of, the 
topics and expressions preceding it” (Lindlof & Taylor, 2002). 

Group members discover a common language to describe similar experi-
ences. This enables the capture of a form of “native language” or “ver-
nacular speech” to understand the situation. 

Focus groups provide two major benefits. First, they are less expensive 
than conducting interviews with the same number of people. Second, they 
rely on group interaction to trigger memories that may not come up during 
interviews. Where task analysis often discovers the standard way people 
interact with information systems, focus groups can bring out exceptions 
to the rules. These exceptions are often very important interactions that 
users simply do not think of in one-on-one sessions.  

5.2 Type of assessment  
Discussion with focus group 
It concerns self reported behaviour. Also, the participants could influence 
each other, since they discuss together. 
 
5.3 Process/design 
 

5.3.1 Test persons 
The test persons need to have considerable experience with the system 
of study. The period of which the participants of the focus group of 
(Hjort et. al, 2009) had owned their present car with ESC varied from 4 
months to 4 years (3 of the 5 participants at least 3 years). Other 
characteristics can be chosen randomly or with certain desired distribu-
tions, e.g. concerning age, gender, income etc. 

 
5.3.2 Sample size 

A focus group usually consists of 6 to about 12 persons, but smaller is 
also possible, e.g. in a so-called mini focus groups - groups are com-
posed of four or five members. Also, several focus group meetings with 
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more groups can be arranged. Conducting only a single focus group can 
be misleading, as some groups are affected by "group-think" or may 
simply have irregular views. For this reason, it is better to evaluate at 
least two groups for any one project.  

5.3.3 Set-up, design 

A focus group on IVS consists of persons (drivers) which have experi-
ence with the system of study. They will meet and discuss certain is-
sues, guided by a focus group leader, who prepared the discussion and 
research questions. The focus group leader writes up the impressions 
and comments of the groups and recommends areas for improvement.  

In focus groups, researchers (and the moderators and observers of the 
focus group, if the researcher is not there) are not detached observers 
but always participants. 

In (Hjort et. al. 2009), the process was as follows: 
A focus group of 5 random persons driving with an Audi A4 with ESC 
was chosen. They received a monetary compensation of 500 sek. 5 re-
search questions were discussed during the focus group meeting (the 
purpose was revealed later during the discussion). 

Variants of focus groups include: 

• Two-way focus group - one focus group watches another focus 
group and discusses the observed interactions and conclusion  

• Dual moderator focus group - one moderator ensures the session 
progresses smoothly, while another ensures that all the topics are 
covered  

• Duelling moderator focus group - two moderators deliberately take 
opposite sides on the issue under discussion  

• Respondent moderator focus group - one or more of the respon-
dents are asked to act as the moderator temporarily  

• Client participant focus groups - one or more client representatives 
participate in the discussion, either covertly or overtly  

• Teleconference focus groups - telephone network is used  
• Online focus groups - computers connected via the internet are used 

5.3.4 Measuring equipment  
No measuring equipment needed. 
 
5.3.5 Data requirements 
No data requirements. 
 

5.4 Expertise needed 
For the preparation and recruiting of the participants, basic organisational 
skills are required. Furthermore, knowledge of the system and the re-
search questions are needed in order to prepare and lead the discussion 
properly. The observers and moderators need to be highly trained in ob-
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serving and interview techniques. Some basic analysing skills are needed 
for the analysis and drawing conclusions afterwards. Skills in qualitative 
data analyses are typically needed. 

 
6 Results 

6.1 Type of output 
The type of output is a report with a description and analysis of the focus 
group meeting and conclusions. 

 
6.2 Parameters / description 
The output parameters are the discussed research questions and the an-
swers on these in written form. For example, in (1), the following 4 re-
search questions were discussed during the meeting: 
- Is the driver aware of having an SC system in the car? 
- What knowledge and practical experience does the driver have consid-

ering handling and use of the ESC system? 
- Is the driver aware of any change in his/her driving behaviour as a 

consequence of the ESC system? 
- What is the perceived use and acceptance of the ESC system? 

 
7 Restrictions of the method 

7.1 Limitations 
 
A focus group study does not provide quantitative or objective measures 
(this could e.g. be supplemented with a driving simulator study). Also, it 
only considers self-reported behaviour. 
In (Hjort et. al. 2009), the focus group study rendered a brief insight into 
how normal drivers perceive the ESC system in their cars. It hence consid-
ered only self-reported behaviour of subjective measures. Also, the focus 
group was quit small, only 5 persons, which will probably not be statistical 
reliable. 
 
In (Campbell et. al.), some more limitations are mentioned: 

- The researcher has less control over a group than a one-on-one in-
terview, and thus time can be lost on issues irrelevant to the topic;  

- The data is tough to analyze because the talking is in reaction to the 
comments of other group members;  

- Observers/ moderators need to be highly trained,  
- Groups are quite variable and can be tough to get together.  
- Focus groups are "One shot case studies", unless they are repeated 

(Wikipedia).  
- Focus groups can create severe issues of external validity, especially 

the reactive effects of the testing arrangement (Nachmais & Nach-
mais, 2008).  

About the latter issue, if the focus groups are held in a laboratory setting 
with a moderator who is a professor and the recording instrument is ob-
trusive, the participants may either hold back on their responses and/or 
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try to answer the moderator's questions with answers the participants feel 
that the moderator wants to hear.  

Another issue with the focus group setting is the lake of anonymity. With 
all of the other participants, there can not be any guarantee of confidenti-
ality.  

7.2 Scalability; extension to real world 
 

As long as the design of the focus study and the composition of the par-
ticipants provides the constraints for reliable results, the results are easily 
extended to the real-world, since the participant are representatives of the 
‘real-world’ and have used the system in the real-world already. 
Long-term effects can be covered when the participants used the system 
for a considerable time. In (Hjort et. al., 2009), the period of which the 
participants of the focus group had owned their present car with ESC var-
ied from 4 months to 4 years (3 of th5 participants at least 3 years). 
Concerning scalability, it would be critical to gather respondents from vari-
ous locales throughout the country since attitudes may vary due to geo-
graphical considerations. 

 
7.3 Reliability and risks 

A fundamental difficulty with focus groups (and other forms of qualitative 
research) is the issue of observer dependency: the results obtained are in-
fluenced by the researcher, raising questions of validity. Indeed, the de-
sign of the focus group study (e.g. respondent selection, the questions 
asked, how they are phrased, how they are posed, in what setting, by 
whom, and so on) affects the answers obtained from respondents. In focus 
groups, researchers (and the moderators and observers of the focus 
group, if the researcher is not there) are not detached observers but al-
ways participants. Researchers must take this into account when making 
their analysis. 

Furthermore, it is not easy to provide confidence limits or similar error 
margins for impact estimates, since only subjective information is ob-
tained. 

Moreover, the number of members of a focus group is not large enough to 
be a representative sample of a population; thus, the data obtained from 
the groups is not necessarily representative of the whole population, unlike 
the data of opinion polls.  

However, it has been claimed that focus groups have a high apparent va-
lidity - since the idea is easy to understand, the results are believable. 
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4.3. Large-scale field study 

 
1 Short description of the method 
 
A field study involves observing drivers while they are using the system. No 
specific situations are provoked, and the users just have to drive normally. 
The observation can be intrusive or not and the data collection can be done in 
the same points (control points, the same for every observed car) or during a 
time period of normal driving (different itinerary and habits for each partici-
pant). The objective is to measure the impacts in large-scale use with a con-
siderable amount of test users to get statistically significant results. 
 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
A field study is typically done in the last phases of lifecycle, as the system 
must be installed in a real car. It can be carried out in the pilot, large-scale 
demo and full-scale implementation phases. 
Carrying out a field test in previous phases of the lifecycle is difficult be-
cause of the high number of cars with the system needed in order to have 
results enabling statistically reliable conclusions. So it would be very ex-
pensive to build several prototypes to do a field test in a previous phase of 
the lifecycle. 

 
2.2 Expected outcome, research questions 
The expected outcomes are the impacts on driver behaviour indicated in 
terms of percent changes or absolute measures, when having the new ITS 
system. Usually, the driver behaviour indicators such as mean speed or 
similar data will be monitored. However, a lot of parameters can be meas-
ured, and the outcome can be very different for each study. 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
One key target is the public authorities because the system must be in the 
last phases of its lifecycle requiring decisions on regulation, incentives etc. 
It can be also useful for the manufacturers in order to get reliable informa-
tion about the system performance in real situations and how the drivers 
accept and use it (do they use it always? Do they use all the functional-
ities?). 
 
2.4 Resources needed  

2.4.1 Organisational 
It is necessary to find the required number of drivers with the system 
installed in their cars, or to recruit the test persons. Depending on the 
system it may need to be installed in the cars and, if the observation is 
going to be non-intrusive (e.g. speed measuring with fixed radar) is 
necessary to find the control points and get permission from the au-
thorities to carry out the data collection. 
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2.4.2 Personnel 
In the installation the systems and measurement equipments, mechan-
ics and electronics engineers will be needed. Cooperation with system 
designers, service providers and research scientists is needed.  
 
2.4.3 Technical 
Sensors and measuring instruments are needed. If the system is not on 
the market yet, it would also be necessary to install the system in some 
cars. Also some additional tools or software packages may be used to 
analyse the data (e.g. excel, SPSS, Matlab). 

 
2.4.4 Financial 
It can be quite costly, as many cars need to be equipped and you may 
have to pay the participants and install the system in their cars or even 
lend them cars with the system installed in. 

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation is empirical and ex-post. 

 
3.2 Experimental / natural 
The method is natural but in some cases an experimental design is ap-
plied. 
 
3.3 Background 
The use of field studies relies on the idea that it is essential to get experi-
ence about the real use of the systems in real context to be able to verify 
the potential impacts found in more lab like environments (driving simula-
tors, expert assessments etc).  

 
4 Focus  
 

4.1 Driver behaviour 
The driver behaviour is inferred from the measurements taken. The meas-
urements of changes in the strategic level often have to focus on, but 
there can be a lot of information about changes at the tactical level. Usu-
ally, a data logger is installed in the test vehicles to record all the data. 
This data itself can define quite well the driver. The impacts on the strate-
gic level can be assessed using travel diaries and questionnaires.  
Depending on the type of system, different parameters can be used to de-
termine the behaviour. For instance, the lateral position is essential in a 
Lane Departure Warning System, but it will not seem so interesting in a 
speed limiter (even if it can provide useful information or help to find out 
unexpected behavioural changes). Speed is an essential parameter to de-
scribe the changes in driver behaviour and should always be included in 
the evaluation. 
This objective data can be completed with subjective data surveying safety 
and comfort aspects of IVS on the driver, one, which can be collected 
through a questionnaire or an interview. The drivers can be asked about 
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their opinion and feeling about the system characteristics so the accept-
ability and usability of the system can be assessed. Depending on the sys-
tem a workload test could be useful, too. However, to minimize the meas-
urement efforts loading and influencing the test drivers is appreciated. In 
addition, subjective data on behavioural changes with respect to a more 
energy efficient driving (“Eco-Driving”) can be sampled.  
 
4.2 Traffic flow and efficiency 
The impact on traffic flow can be inferred via crudely extrapolating the 
changes in the driver level to the whole traffic flow assuming different ve-
hicle flow equipment levels. By scaling up to the vehicle fleet impacts of 
IVS on journey times, fuel consumption and emissions can be inferred. 
Thus impacts of IVS on energy saving aspects can be in focus of a Large-
scale field study.  
 
4.3 Traffic safety 
The impact on traffic safety can be inferred from measures like mean 
speed or headway distance, as there are studies which link the changes in 
these parameters with crash risk or injuries severity in case of accident. 
Traffic safety can also be measured with the help of serious traffic con-
flicts, also called near accidents. The direct measurement of safety in 
terms of accidents and their victims is not possible in field studies, unless 
the field studies are extremely large and long-lasting. 
 
Concerning the safety criteria from chapter 2.1, they can be taken into ac-
count in a large-scale field study as follows: 
- Impacts on crash risk: higher mean speed indicates a higher crash risk. 

Also serious traffic conflicts can be studied, which can be evaluated 
with surrogate safety measures such as Time To Collision. 

- Impacts on crash consequences: also related to mean speed and speed 
just before a collision or serious traffic conflict. 

- Impacts on exposure: derived from travel diaries 
- Impacts by road user: can be derived for different user groups partici-

pating in the filed study 
- Forecasting of traffic data: usually not done in a field study 
- Forecasting of accident data: usually not done in a field study 
- Impacts by road type: can be derived from the loggings of the instru-

mented vehicles, by using map-matching on the logged positions to 
find the corresponding road types.  

- Impacts by vehicle type: can be derived when different vehicle types 
have been used in the field study, and if each group of vehicle types is 
large enough for statistical significance. 

- Impacts by weather conditions: can be determined by adding weather 
variables to the data loggings of the vehicles, e.g. from rain and tem-
perature of weather stations nearby.  

- Impacts by lighting conditions: can be assessed by adding lighting con-
ditions (e.g. sunset times) to the data loggings of the vehicles 

 
4.4 Environment  
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Field studies are of special importance for controlling goal attainment in 
the field of a more energy efficient and cleaner transport. The emissions 
(air pollution, noise) of the cars can be derived from detailed measure-
ments of speeds, accelerations and gear. Also, it can be measured directly 
from the exhaust with special sensors installed in the car, but this is ex-
pensive and deriving it from logged speeds etc. is generally accurate 
enough. In addition, by measurement of fuel consumption data on impacts 
of IVS on energy efficiency are gathered.  
 

5 Description of the method 
 

5.1 Short description of the underlying principles 
The drivers are supposed to drive normally while they are participating in 
the study, so the data will show how drivers use the system and how their 
behaviour changes because of it. 
The possibility to generalize the results will be better as the sample is well 
chosen and really represents the real population. If the measure is non-
intrusive and the drivers don’t know they are being observed the data is 
supposed to be even more applicable. 

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
Field study. 

 
5.3 Process/design 
 

5.3.1 Test persons 
The sample should be also as similar as possible to the population 
which is intended to be evaluated, so in most cases a heterogeneous 
sample is preferred (i.e. wide age range, different years of driving li-
cence possession and kilometres driven, etc.). 
 
5.3.2 Sample size 
The more people participating, the more reliable and transferable the 
results tend to be. It depends also on other design factors as how many 
groups it would be. For instance there can be a control group (i.e. with-
out any system) and some groups with different systems or different 
versions of the system. There can be also several groups for each type 
of car. The sample must be big enough to get statistically significant re-
sults. Taking into consideration that typically the impacts are small, the 
sample size must be considerable. The definition of the research unit is 
to be considered - typically several hundreds relevant situations (a 
relevant incident or behavioural change on a road section) must be in-
cluded. 
 
5.3.3 Set-up, design 
First, it is necessary to decide whether it would be a comparative or ab-
solute study. If the objective is just to measure some parameters about 
how the drivers use the system (e.g. how often they use it) it would be 
an “absolute” study. 
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On the other hand, if the objective is to compare how the behaviour 
changes because of the system, then it would be a comparative study 
and it will be necessary to split the participants in two groups with simi-
lar characteristics, or a before and after study with the same group. In 
long follow-up studies a control group in before after design is need to 
control the seasonal variation. 
The next step would be define which data is going to be measured and 
how. Mainly, we can divide the measuring in intrusive and non-
intrusive. Intrusive measuring implies installing a logger system in the 
car in order to get the data from it. Non-intrusive measuring is made 
with a device placed outside the car (e.g. fixed speed radar by the road 
side). 

 
5.3.4 Measuring or technical equipment 
The required equipment is composed of the cars (which can be owned 
by the drivers or not) and the measuring equipments. Depending on 
what is intended to be measured, this can be only a small computer in-
stalled in the car or several sensors both in and outside the car. 

 
5.3.5 Data requirements 
Required background data are the profile of each driver and car. It can 
be also useful information about the roads where they usually drive. 

 
5.4 Expertise needed 
Transport system, driver behaviour and statistics as well as data process-
ing and analysis expertise is needed. It would be desirable to have also 
expertise in the ITS system which is going to be studied. 

 
6 Results 
 

6.1 Type of output 
The output is objective driving parameters as mean speed, headway or 
similar. The data on system use (how the drivers use it, how often, in 
which situations, etc.) must be related with the behavioural data. In addi-
tion user acceptance results will be provided.  
 
6.2 Parameters / description 
In theory almost every parameter in a car can be measured, from the 
speed to the seatbelt usage. Typically, the most interesting parameters 
are the speed and the ones related with the system usage, which will de-
pend on the system nature and functionalities. Some parameters which 
can be used to determine driver behaviour can be: 
 

• Speed: It is the most used parameter as it depends directly on 
driver’s decisions. Drivers usually pay much attention to their speed 
and they can control it very easily, so this parameter is directly 
linked with driver’s intentions. Moreover, is easy to measure. Mean 
speed and standard deviation of speeds are the most frequently 
used parameters. 
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• Headway: This is also a parameter which usually drivers focus on, 
so it is linked to their conscientious behaviour. It can be measured 
easily if the car has a radar installed (e.g. in cars with ACC). The 
proportion of short headways or the headway distribution as such 
are often used to describe changes in behaviour. 

• Steering behaviour parameters: The parameters related to the 
steering behaviour are also closely related to the driver perform-
ance, but they are usually difficult to evaluate. 

• Lane lateral position: Number of unintentional lane border crossings 
and time to lane crossing are some parameters used in studies. 

• Accelerations: The measured accelerations can provide information 
about how hard or smooth is the driving. The proportion and num-
ber of very strong accelerations are often used. The number of in-
stances of very strong jerks (first derivative of acceleration) is used 
as an indicator of serious conflicts. 

• Fuel consumption: This is an example of a parameter which usually 
is not controlled by the driver, but can help to determine how the 
driving was. 

• Traffic conflicts: The number of serious conflicts is regarded as be-
ing approximately proportional to the number of crashes of similar 
type. The ratio between crashes and serious crashes reported by the 
police varies by crash type. Usually these are recorded manually by 
observers in the car or by the road side, but increasingly jerks from 
data logger data (see accelerations) are being used. 

 
Furthermore, if a questionnaire is used, there can be subjective data like 
how useful is the system for the drivers or how they think their behaviour 
is affected by it. 

 
7 Restrictions of the method 
 

7.1 Limitations 
The main limitation is that it is needed to have a high number of cars with 
the system installed in order to have good results. In case of cooperative 
systems, the penetration rate should be high in order to obtain enough in-
teraction with the system. 
Moreover, if the participants know their data is going to be recorded, they 
may not behave normally even if they are told to drive like they always do. 

 
7.2 Scalability; extension to real world 
It is real world already. But if the system is very new, the results can be 
affected by the “learning effect”. 
 
7.3 Reliability and risks  
The reliability is very high if the sample is correctly chosen. 
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4.4. Small-scale field-test with instrumented vehicles  

1 Short description of the method 
 
A small-scale field-test with instrumented vehicles field study involves observ-
ing drivers while they are using the system, as a large-scale field study, only 
the number of participants is much smaller and the duration of the test period 
is much shorter. The users just have to drive normally, but specific situations 
can be provoked. A small-scale field test is usually performed to study a very 
specific research question in practice. The instrumented vehicles can be highly 
equipped with logging devices and sensors to perform accurate measure-
ments. Often, test users’ own cars are not used in the tests but an instru-
mented car designed for research purposes. 
 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
A small-scale field-test with instrumented vehicles can be done when there 
exist at least a prototype of the system, as the system must be installed in 
a real car. It is usually performed before the large-scale demo and full-
scale implementation phases, to test the system or sub-system, traffic 
safety and driver behaviour with the system, or to be able to tune the sys-
tem better. There is no need for a high number of participants, however, 
the more participants, the more reliable the results.  

 
2.2 Expected outcome, research questions 
The expected outcome is a qualitative and quantitative description of the 
change in the users’ driving when using the new ITS system, and insight 
for further development of the ITS system.  
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
The system to be tested in a small-scale field-test with instrumented vehi-
cles is usually in its development phase, therefore the target group of the 
outcome are mainly researchers, system developers and manufacturers, 
and to some extend also public authorities, if they want to know in an 
early phase what could be the effects of a new IVS. 
 
2.4 Resources needed  

2.4.1 Organisational 
Small organisational effort is needed to recruit the test persons and ar-
range the tests. 
 
2.4.2 Personnel 
Experts in behavioural sciences and statistics are needed in order to 
design the tests and to analyse the collected data. Mechanics and elec-
tronics engineers may be needed to install the systems. 
2.4.3 Technical 
One or a few instrumented vehicles are needed, including sensors and 
measuring instruments and the IVS of study. Also some additional tools 
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or software packages can be used to analyse the data (e.g. excel, 
SPSS, Matlab). 

 
2.4.4 Financial 
Most important costs are the cost for one or a few instrumented vehi-
cles. Also, personnel costs for the researchers are needed and the par-
ticipants are often paid a little amount. 

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation is empirical, since real-world measurements are done, and 
ex-ante, since the system is usually not yet fully developed and not yet on 
the market. 

 
3.2 Experimental / natural 
The method can be both experimental and natural; experimental when 
specific situations are provoked to test the driver behaviour in certain 
situations, such as lane changes or approaches at intersections. Some ex-
tra vehicles could be used to create the right circumstances, e.g. ap-
proaching the intersection from another direction, or creating a small gap 
for a lane change.  
When there are no specific situations provoked, the method is natural. 
 
3.3 Background  
The use of field studies relies on the idea that it is essential to get experi-
ence about the real use of the systems in real context, to study and to get 
new ideas for the ITS systems, in addition what was potentially found in a 
laboratory or simulator. A small scale field study is furthermore easier to 
perform in an earlier development phase than a large-scale field opera-
tional test, since it requires fewer resources (less number of vehicles and 
systems installed in the vehicles and less participants). Compared with a 
naturalistic approach in a large-scale test, typically more driver behaviour 
measures can be applied. 

 
4 Focus  
 

4.1 driver behaviour 
The changes in driver behaviour are derived from the logged data. A data 
logger is installed in the instrumented vehicles to record the data, such as 
speed, acceleration, position on the road, gear and settings of the IVS 
(e.g. speed choice and following distance for an ACC system).  
Depending on the type of system, different parameters can be used to de-
termine the behaviour. For instance, the lateral position is essential in a 
Lane Departure Warning System, but it will not seem so interesting in a 
speed limiter (even if it can provide useful information or help to find out 
unexpected behavioural changes). Speed is an essential parameter to de-
scribe the changes in driver behaviour and should always be included in 
the evaluation. Depending on the system a workload test could be useful, 
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too (e.g. with the ‘peripheral detection task’, were the participant has to 
react on a blinking light in his eye-corner.).  
These objective data can be completed with subjective data surveying 
safety and comfort aspects of IVS on the driver, which can be collected 
through a questionnaire or an interview. The drivers can be asked about 
their opinion and feeling about the system characteristics, to assess the 
acceptability and usability of the system. In addition, subjective data on 
behavioural changes with respect to a more energy efficient driving (“Eco-
Driving”) can be sampled. 
 Depending on the system and measurement equipments, a workload test 
could be included.  

 
4.2 Traffic flow and efficiency 
The impact on traffic flow can be assessed via extrapolating the changes in 
the driver level to the whole traffic flow assuming different vehicle flow 
equipment levels. A traffic simulation model can be helpful for this. Also, 
conclusions on traffic flow and efficiency can be drawn from measured 
driving behaviour indicators such as headways and speeds (shorter head-
ways will increase capacity). 

 
4.3 Traffic safety 
The impact on traffic safety can be assessed from measures like mean 
speed or headway distance, as there are studies which link the changes in 
these parameters with crash risk or injuries severity in case of accident. 
Traffic safety can also be measured with the help of serious traffic con-
flicts, also called near accidents. The direct measurement of safety in 
terms of accidents and their victims is not possible in small-scale field 
studies, since the probability in these is very low. 
 
Concerning the safety criteria from chapter 2.1, they can be taken into ac-
count in a small-scale field study with instrumented vehicles as follows: 
- Impacts on crash risk: higher mean speed indicates a higher crash risk. 

Also serious traffic conflicts can be studied, which can be evaluated 
with surrogate safety measures such as Time To Collision. 

- Impacts on crash consequences: also related to mean speed and speed 
just before a collision or serious traffic conflict. 

- Impacts on exposure: subjective data can be derived from question-
naires on mobility behaviour (route choice, number of trips). 

- Impacts by road user: in a small field test with instrumented vehicles, 
only car drivers are taken into account, but there can be made a dis-
tinction in driver characteristics such as age, gender etc. Increasing the 
number of road user categories means increased sample size. 

- Forecasting of traffic data: usually not done in a field study 
- Forecasting of accident data: usually not done in a field study 
- Impacts by road type: can be derived from the loggings of the instru-

mented vehicles, by using map-matching on the logged positions to 
find the corresponding road types.  

- Impacts by vehicle type: is usually not assessed in a small-scale case 
study, since only one or a few vehicles are used and the number of ve-
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hicles per vehicle types is therefore not large enough for statistical sig-
nificance. 

- Impacts by weather conditions: can be determined by adding weather 
variables to the data loggings of the vehicles, e.g. from rain and tem-
perature of weather stations nearby or by selecting the situations to 
perform the measurements based on the actual weather conditions. 

- Impacts by lighting conditions: can be assessed by adding lighting con-
ditions (e.g. sunset times or measured with on-board sensors) to the 
data loggings of the vehicles or selecting the situations beforehand with 
the desired lighting conditions. 

 
4.4 Environment  
The emissions (air pollution, noise) of the cars can be derived from de-
tailed measurements of speeds, accelerations and gear. Also, it can be 
measured directly from the exhaust with special sensors installed in the 
car, but this is expensive and deriving it from logged speeds etc. is gener-
ally accurate enough. In addition, by measurement of fuel consumption 
data on impacts of IVS on energy efficiency are gathered. 

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
The drivers are supposed to drive normally while they are participating in 
the study, so the data will show how drivers use the system and how their 
behaviour changes because of it. 
The results validity will be better as the sample is well chosen and really 
represents the real population. 

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
Field study. 

 
5.3 Process/design 
 

5.3.1 Test persons 
Typically, the sample size is quite small. With small sample size it may 
be better not to try covering the whole driver population, but selecting 
and defining driver groups based on only a few characteristics (e.g. 
only young or old drivers), in order to be able to derive the causes of 
the measured effects with higher certainty. Generally, the sample 
should be as similar as possible to the population which is intended to 
be evaluated.   
 
5.3.2 Sample size 
The more people participating, the more reliable and transferable the 
results tend to be. The sample must be big enough to get statistically 
significant results. Usually samples of over 20 people per group are 
used. 
 
5.3.3 Set-up, design 
First, the research questions should be designed. 
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The next step would be define the scenarios to be tested and which 
data is going to be measured and how. In a small-scale field test with 
instrumented vehicles, a logger system is installed in the car in order to 
get the data from it.  
In a small-scale field test with instrumented vehicles, usually a fixed 
route is chosen which has the desired characteristics (depending on the 
research question), such as motorways or urban roads, intersections, 
traffic lights or not, busy traffic or not.  
When there is only one instrumented vehicle available, each participant 
can use the same vehicle during separate trips. 

 
5.3.4 Measuring or technical equipment 
The required equipment is composed of the cars with the IVS and the 
measuring equipments. Depending on what is intended to be meas-
ured, this can be only a small computer installed in the car or several 
sensors both in and outside the car. 

 
5.3.5 Data requirements 
Required background data are the profile of each driver and car. Data 
to be logged need to have sufficient accuracy (e.g. speeds per second 
for emission calculations). Also positions (GPS) need to be logged to 
derive road types (map-matching). Ideally, also traffic data from the 
surrounding traffic is gathered, e.g. from loop detectors in the road, but 
often this is not possible. 

 
5.4 Expertise needed 
Expertise on data processing, analysis and statistics is needed, as well as 
general expertise on traffic and driver behaviour. Also, some technical ex-
pertise is needed on the sensors and data loggers in the vehicle and the 
ITS system which is going to be studied. 

 
6 Results 
 

6.1 Type of output 
The type of output is the analysis from the logged data on driver behav-
iour, safety and use of the ITS system (how the drivers use it, how often, 
in which situations, etc.). 
 
6.2 Parameters / description 
In theory almost every parameter in a car can be measured, from the 
speed to the seatbelt usage. Typically, the most interesting parameters 
are the speed and the ones related with the system usage, which will de-
pend on the system nature and functionalities. Some parameters which 
can be used to determine driver behaviour can be: 
 

• Speed: It is the most used parameter as it depends directly on 
driver’s decisions. Drivers usually pay much attention to their speed 
and they can control it very easily, so this parameter is directly 
linked with driver’s intentions. Moreover, is easy to measure. Mean 
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speed and standard deviation of speeds are the most frequently 
used parameters. 

• Headway: This is also a parameter which drivers focus on, so it is 
linked to their conscientious behaviour. It can be measured easily if 
the car has a radar installed (e.g. in cars with ACC). The proportion 
of short headways or the headway distribution as such are often 
used to describe changes in behaviour. 

• Steering behaviour parameters: The parameters related to the 
steering behaviour are also closely related to the driver perform-
ance. 

• Lane lateral position: Number of unintentional lane border crossings 
and time to lane crossing are some parameters used in studies. 

• Accelerations: The measured accelerations can provide information 
about how hard or smooth is the driving. The proportion and num-
ber of very strong accelerations are often used. The number of in-
stances of very strong jerks (first derivative of acceleration) can be 
used as an indicator of serious conflicts. 

• Fuel consumption: This is an example of a parameter which is usu-
ally not controlled by the driver, but can help to determine the driv-
ing dynamics (e.g. large accelerations increase fuel consumption). 

• Traffic conflicts: The number of serious conflicts is regarded as be-
ing approximately proportional to the number of crashes of similar 
type. The ratio between crashes and serious crashes reported by the 
police varies by crash type. Usually these are recorded manually by 
observers in the car or by the road side, but increasingly jerks from 
data logger data (see accelerations) are being used. 

• Eye movements: number and frequency of fixations. 
 
Furthermore, if a questionnaire is used, there can be subjective data like 
how useful is the system for the drivers or how they think their behaviour 
is affected by it. 

 
7 Restrictions of the method 
 

7.1 Limitations 
The main limitation is that a small number of cars and participants is used, 
which makes the results less reliable. Also, since the participants know 
their data is going to be recorded, they may not behave normally even if 
they are told to drive like they always do. 
For cooperative systems the penetration rate issue can be a limitation, as 
it must be high in order to have valid results. But a small-scale test can 
also be done in test tracks, in which the penetration rate can be easily 
changed. 
Furthermore, with the instrumented vehicles, only effects on the behaviour 
of that car can be logged, but no information on the total traffic flow, such 
as densities and intensities. By combining the data with loop detector data 
you can get information on traffic flow as background data or context into 
the study. 

 
7.2 Scalability; extension to real world 
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It concerns real world data already, but the results can be affected by the 
“learning effect” and the behaviour of the test persons can be affected 
since they know they are participating in a test.  
The results can be scaled to e.g. national level, by using the measured pa-
rameters such as average speed and following distance, but this is not 
very reliable since the sample is small and there could be regional differ-
ences. 
 
7.3 Reliability and risks  
The reliability of the measurements is high, but there are some problems 
with the reliability of the driver behaviour as mentioned before: 
Since the participants know their data is going to be recorded, they may 
not behave normally even if they are told to drive like they always do. 
The sample size is usually small. 
There could also be a safety risk if the system is very new and not  yet ex-
tensively tested in a laboratory setting, especially when the system set-
tings are changed or when dangerous situations are provoked to test the 
system and driver behaviour in these situations. 
  
 

8 Examples of use  
 

Adell, E., Várhelyi, A., Hjälmdahl, M. (2008). Auditory and haptic systems 
for in-car speed management – A comparative real life study.  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 11, Issue 6, November 2008, Pages 445-458  
 
Anttila, V., Luoma, J. (2005). Surrogate in-vehicle information systems 
and driver behaviour in an urban environment: A field study on the effects 
of visual and cognitive load  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 8, Issue 2, March 2005, Pages 121-133  
 
Blaschke, C., Breyer, F., Färber, B., Freyer, J. Limbacher, R. (2009). 
Driver distraction based lane-keeping assistance  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 12, Issue 4, July 2009, Pages 288-299  
 
Chaloupka, C., Risser, R. (1995). Don't wait for accidents — possibilities to 
assess risk in traffic by applying the ‘Wiener Fahrprobe’  
Safety Science Volume 19, Issues 2-3, June 1995, Pages 137-147  
Safety of Transportation  
 
Kircher, K., Kircher, A., Claezon, F. (2009). Distraction and drowsiness – a 
field study. VTI rapport 638A 
http://www.vti.se/EPiBrowser/Publikationer/R638A%20Sve.pdf 

 
Kircher, K., Kircher A., Ahström C. (2009) .Results of a field study on a 
driver distraction warning system. VTI rapport 639A 
http://www.vti.se/EPiBrowser/Publikationer/R639A%20Sve.pdf 
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Oberholtzer, J., Yee, S., Green, P.A., Eoh, H., Nguyen, L., Schweitzer, J. 
(2007). Frequency of distracting tasks people do while driving: an analysis 
of the ACAS FOT data. UMTRI, 2007 http://hdl.handle.net/2027.42/64457 
 
Penttinen, M., Luoma, J., Kulmala, R., Nygård, M. (2000). Links between 
HMI indices and traffic safety: Initial analyses of driver behaviour while us-
ing an RDS-TMC receiver. International Conference on Traffic and Traffic 
Psychology, ICTTP 2000, Berne, Switzerland 4-7 September 2000. IAAP, 
EUROPSYT, EFPPA (2000)  
 
Rudin-Brown, C. M., Parker, H.A. (2004). Behavioural adaptation to adap-
tive cruise control (ACC): implications for preventive strategies  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 7, Issue 2, March 2004, Pages 59-76 

 
Sullivan, J. M. (2004) Driver performance and workload using a night vi-
sion system. UMTRI, 2004. 
http://deepblue.lib.umich.edu/bitstream/2027.42/55194/1/UMTRI-2004-
8.pdf 

 
Tsimhoni, O. (2007) Improving pedestrian detection with a simple display 
for night vision systems. UMTRI, 2007. 
http://hdl.handle.net/2027.42/58725 

 
Van der Horst, A. R. A. & Bakker, P. (2006). Driver behaviour in transitions 
in car following situations on motorways (Rep. No. TNO report TNO-DV3 
2006-M034). Soesterberg, Netherlands: TNO Defence, Security and Safety 
BU Human Factors.  

 
Walls, S.M., Amann, J., Cullinane, B., Green, P., Gadgil, S., Rubin, R. 
(2004). Alternative images for perpendicular parking: a usability study of a 
multi-camera parking assistance system. UMTRI, 2004 
http://hdl.handle.net/2027.42/64470 

 
Young, K.L., Regan, M.A., Triggs, T.J., Stephan, K., Mitsopoulos-Rubens, 
E., Tomasevic, N. (2008). Field operational test of a seatbelt reminder sys-
tem: Effects on driver behaviour and acceptance  
Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 11, Issue 6, November 2008, Pages 434-444  
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4.5. Combined driving simulator and field test 

 
1 Short description of the method 
 
The objective of this method is to predict if and how the ITS system improves 
the road safety, using data obtained through driving simulator and on-road 
tests. These two types of test are complementary because usually the results 
obtained in the field test will be more accurate, but the driving simulator al-
lows testing some situations which would be very dangerous on a real road. 
Also, the driving simulator tests can be used to let the drivers adapt to the 
system before driving with it in the real car. 
 
 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
The driving simulator study can be done in the first phases of the lifecycle 
(idea, plan). But as the field test can only be done in the last phases, it 
would be preferred to use this method only in the large-scale demo or full-
scale implementation phases. 
Even if it is possible to do the on-road tests in a previous phase of the life-
cycle, it is not recommended because of the high-cost of implementing the 
system in several real cars. Moreover, if the system is not completely de-
fined yet, it might not be possible to extend the results to the final version 
of the system. 

 
2.2 Expected outcome, research questions 
The expected outcome is to get insight in the accident reduction due to the 
ITS system use, depending on the estimated penetration rate. Typically, 
this reduction will be calculated using the speed behaviour changes ob-
served in both the simulator and on-road tests. 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
Mainly public authorities, as it provides the safety effects in terms of 
avoided accidents. This can give input to a cost-benefit study also. It will 
be also interesting for the manufacturers in order to know more about the 
performance of the system in real-life situations. Moreover, if several ver-
sions of the system are tested in the simulator or in the field test, the 
manufacturer can know which one is more attractive to the drivers. 
 
2.4 Resources needed  
 

2.4.1 Organisational 
For the driving simulator it is needed to plan the experiment and pre-
pare the simulator and software. For the field test, it is necessary to 
find participants who have a car with the system. If this is not possible, 
the system will have to be installed in the cars or some prototypes are 
needed to be lent to the participants. In this case, maybe special per-
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mission from the authorities will be required, in order to have the modi-
fications in the cars authorized. 
A recruitment process has also to be realized for on-road and simulator 
tests. The participants can be different or the same for both tests. 
 
2.4.2 Personnel 
For the simulator study, at least one expert in driving simulation is 
needed in order to prepare the tests, scenarios and to handle the simu-
lator. For the field tests, a mechanic may have to install the system in 
the cars. A person who explains the system and simulator usage is 
needed. Sometimes this person also accompanies the participant in the 
car during the simulator sessions and observes the behaviour. 
Experts in statistics, data acquisition and processing are also needed in 
order to collect and analyse the data. 

 
2.4.3 Technical 
A driving simulator and its software are needed. It may be necessary to 
have some specific HMI for the system to be installed in the simulator 
cockpit. Maybe some prototypes can be also needed for the field test if 
it is not possible to find cars with the system installed. The proper sen-
sors to measure and record the required data are necessary. Finally, 
some additional tools to analyse the data like SPSS. 

 
2.4.4 Financial 
These kinds of studies are expensive, as a driving simulator and field 
test costs are usually high. Maybe some cars will have to be modified or 
leased and the participants usually should be paid. 

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation is empirical and ex-post. 

 
3.2 Experimental / natural 
Usually in a driving simulator the method is experimental as the main ad-
vantage in using a simulator is the possibility to control almost every vari-
able in the environment. In a field test, the observation can be natural, but 
it is not common.  
 
3.3 Background  
Limited resources in research call for optimal use of evaluation methods. 
This method includes effective evaluation methods for different purposes.  
The idea in this method is to integrate two approaches: It is assumed that 
driver behaviour monitoring in a simulator provides tentative results about 
behavioural changes; the results are then verified with field measurements 
in real context. In the driving simulator, situations can be tested which do 
not occur often in reality or which are dangerous to test in reality. How-
ever, results of simulator studies may be questioned because the driver in 
a simulator is acting in an artificial situation, knowing that no real crashes 
or danger can occur. The combination with a real-world field test improves 
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the ecological validity of the results considerably. In addition, it provides 
more general knowledge about the relationship between behaviour in a 
simulator and behaviour in real traffic.  
The accident reduction is estimated based on relations between speeding 
and crash risk demonstrated in previous studies. 

 
4 Focus  
 

4.1 Driver behaviour 
The driver behaviour is derived from the measurements taken (typically 
from the mean speed). This data can be completed with a questionnaire. It 
is very difficult to find changes in the strategic level, but there can be a lot 
of information about changes at the tactical level (e.g. speed or headway). 

 
4.2 Traffic flow and efficiency 
The impact on traffic flow can be inferred via crudely extrapolating the 
changes in the driver level to the whole traffic flow assuming different ve-
hicle flow equipment levels. . By scaling up to the vehicle fleet impacts of 
IVS on journey times, fuel consumption and emissions can be inferred. 
Thus impacts of IVS on energy saving aspects can be in focus of a Large-
scale field study. 
 
4.3 Traffic safety 
The impact on traffic safety is inferred from the speed behaviour observed 
in the tests (simulator and on-road), using the results of previous studies 
which link the parameters like mean speed to crash risk and severity. 
Moreover, in the driving simulator tests an estimated reduction of a spe-
cific type of accident can be done. For instance, testing the effects of ESC 
on a wet road (specific situation). If an objective reduction in the crashes 
can be observed between the control group (without the system) and the 
system group, then it can be concluded that the system implies an acci-
dent reduction for this situation and it will be also possible to estimate the 
general magnitude of the effect on the basis of behavioural changes. 
If the system is voluntary, it is also interesting to find which percentage of 
the people with the system installed will use it, so the accident reduction 
can be pondered by this parameter. 
 
Concerning the safety criteria as presented in chapter 2.1, the following 
impacts can be assessed with a combined driving simulator and field test, 
as found in Carsten&Fowkes (2000): 
Impacts on crash risk and crash consequences: derived from changes in 
speed. 
Impacts by road user: can be assessed by using different user profiles in 
the study, such as gender, age, motorist or car driver etc. 
Forecasting of accident and traffic data: can be done by estimation of the 
future system penetration rate, and estimation of the dependencies with 
system penetration rate on traffic flow and accidents. 
Impacts by road type: in Carsten&Fowkes (2000), the impact on road type 
is differentiated for rural road, motorway and urban areas, as well as be-
tween peak and off-peak time. 
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Impacts by vehicle type: could be investigated in a field test, but was not 
relevant in Carsten&Fowkes (2000) study. 
Impacts by weather and lightning conditions: could be investigated in a 
driving simulator or field test, but was not covered in Carsten&Fowkes 
(2000). 

 
4.4 Environment  
The emissions (air pollution, noise) of the cars can be derived from de-
tailed measurements of speeds, accelerations and gear. Also, it can be 
measured directly from the exhaust with special sensors installed in the 
car, but this is expensive and deriving it from logged speeds etc. is gener-
ally accurate enough. . In addition, by measurement of fuel consumption 
data on impacts of IVS on energy efficiency are gathered. 
 
It can also be measured in the driving simulator using an emission model-
ling software. 
 
4.5 Socio-economic 
The accident reduction estimation can be used to calculate a cost-benefit 
ratio. 

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
The participants just have to drive normally during the experiments. Usu-
ally a baseline is needed, at least in the driving simulator, as the measures 
taken in a simulator can’t be extended to the real world directly. But with a 
baseline, behavioural comparison can be done and extended to an on-road 
situation. 
Once the data has been collected and analysed, it is used to make an acci-
dent reduction estimation, based on the results of previous crash studies 
which link the accident risk to a measured parameter (typically speed). If 
a change in the parameter is observed, it is supposed to provoke also a 
change in the accident risk. This relation is usually not direct, and crashes 
usually have many contributory factors so the estimation must be made by 
crash experts who are able to know how the change in the parameter can 
affect the crash rate. 

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
Field (simulator and on-road tests) and desktop (accident estimation). 

 
5.3 Process/design 
 

5.3.1 Test persons 
The sample should be as similar as possible to the population which is 
intended to be evaluated. With small sample sizes a homogenous group 
is preferred in order to be able to derive the cause of the changes with 
more certainty, with a larger amount of test persons a heterogeneous 
sample can be considered (i.e. wide age range, different driving times, 
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etc.) to reflect the real population better. The same sample for both 
tests (simulator and field) can be used. 
 
5.3.2 Sample size 
The more people participate, the more accurate the results will be. It 
depends also on other design factors as how many groups it would be. 
For instance there can be a control group (i.e. without any system) and 
some groups with different systems or different versions of the system. 
There can be also several groups for each type of car. The sample must 
be big enough to get statistically significant results. Usually samples 
over 20 people per group are used. 
 
5.3.3 Set-up, design 
First, for the driving simulator, it is necessary to decide which are going 
to be the test situations and scenarios. The driving simulator test can 
have two aims: first, it can be used to test dangerous or unlikely situa-
tions which will be impossible to do in a real car. The other possible 
purpose is to make the system familiar to the participants, so they will 
learn how it works and will adapt to it before the field test. Doing this, 
the “learning effect” is reduced, so the data collected in the road tests 
will be more accurate, and it will also improve the participants’ safety in 
the field test, avoiding dangerous situations caused by wrong system 
usage. Of course, this second aim is only valid if the participants in the 
simulator and field tests are the same. 
In the field test, the participants should be divided in several groups. 
First, a control group is needed as baseline. Other groups can be 
formed in order to test different system versions or HMI concepts. 
An acceptance and usability questionnaire after the tests (both simula-
tor and on-road) is recommended to receive information which can e.g. 
be used to estimate the penetration rates that can be reached. 
After performing the tests, the collected data must be processed and 
analysed. This data will be used to make the accident estimation. To do 
the estimation, the field test data is more suitable, as it comes from a 
real car, but the registered data from the simulator can also be taken 
into account. 
Finally, it is necessary to find the theoretical background about how the 
speed behaviour is related to the accident risk, in order to estimate the 
crash reduction. This information is usually found in previous in-depth 
crash studies. In this case, it is important to use studies of the same 
region in which the field test was done. 

 
5.3.4 Measuring or technical equipment 
The technical equipment needed is composed by a driving simulator, 
the test cars (owned by the participants or not) and the measuring in-
struments (sensors and data logger for cars and simulator).  

 
5.3.5 Data requirements 
Data from previous crash studies is needed in order to estimate how 
many accidents would be affected due to the behavioural changes re-
lated to the system usage. 
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The profile of each driver and car could also be interesting. 
 

5.4 Expertise needed 
Expertise in driving simulation, experimental design, statistics, data proc-
essing and analysis is needed. Expertise in in-depth crash data studies is 
also desirable in order to make the accident reduction estimates.  

 
6 Results 
 

6.1 Type of output 
The main output is the estimated accident reduction. Other parameters 
which can be used to calculate this reduction, can also be given as output 
(speed choice, acceptability and usage of the system, estimated penetra-
tion rates, etc.). Moreover, the data obtained in the driving simulator and 
field tests can be used to calculate the effects of the system in other fields 
like consumption or emissions. 
Finally, the estimated crash reduction can be used to give a benefit-cost 
ratio. 
 
6.2 Parameters / description 
In theory almost every parameter in the cars can be measured. Typically, 
the most important parameters used today to estimate changes in safety 
are speed and TTC (time to collision). Traffic conflicts via manual observa-
tion or data logger data analysis can also be used. Moreover, it is interest-
ing to have a questionnaire to find out if the participants would be inter-
ested in installing the system in their cars, so a penetration rate can be 
predicted. If the system is voluntary, the field tests can show which per-
centage of the users will activate it and how often. This information is very 
useful because the accident reduction can be lower than estimated if the 
drivers don’t use the system very often. 

 
7 Restrictions of the method 
 

7.1 Limitations 
The main limitation is that it is needed to have a high number of cars with 
the system installed in order to get representative and statistically conclu-
sive results. 
Moreover, if the participants will know they are participating in a study, 
they may not behave normally. 
On the other hand, the final output is an estimation based on the study 
data, which can be quite restricted. With regard to safety, it is also based 
on previous crash studies and accident statistics, so the method is limited 
by the existence of such data. With regard to efficiency and environment, 
flow and fuel consumption data and statistics are required. 

 
7.2 Scalability; extension to real world 
It is real world already, but as the field tests are done with a very small 
penetration rate (usually the rest of the road users won’t have the sys-
tem), in certain systems this will imply slight differences in the driver be-
haviour compared with a situation where the system is popular and has 
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been installed in a high percentage of the cars. As the estimation is made 
in long-term, this difference can make the results less accurate. The out-
come is always an estimation, so it must be used or extended with pru-
dence. 
Simulator tests cannot be used to measured long-term effects, but field 
tests can cover them. 
Finally, if the system is very new, the results can be affected by the 
“learning effect”. 
 
7.3 Reliability and risks  
The reliability depends on how big the sample was and how long the par-
ticipants have driven with the system. The accident reduction estimation 
can be very reliable if the theoretical background is well stated and cor-
rectly applied. 

 
8 Examples of use  
 

Carsten O., Fowkes M. (2000). External Vehicle Speed Control. 
http://www.its.leeds.ac.uk/projects/evsc/exec3.pdf  

 
Carsten, O. (2006). The HASTE test regime for the safety assessment of 
in-vehicle information systems. In Behavioural Research in Road Safety 
2006: Sixteenth Seminar. 
http://www.bv.transports.gouv.qc.ca/mono/0996544.pdf 

 
Jamson, S. (2006). Would those who need ISA, use it? Investigating the 
relationship between drivers’ speed choice and their use of a voluntary ISA 
system. Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 9, Issue 3, May 2006, Pages 195-206  
 
Merat, N., Anttila, V., Luoma, J. (2005). Comparing the driving perform-
ance of average and older drivers: The effect of surrogate in-vehicle in-
formation systems. Transportation Research Part F: Traffic Psychology and 
BehaviourVolume 8, Issue 2, March 2005, Pages 147-166 
 
Santos, J., Merat, N., Mouta, S., Brookhuis, K., de Waard, D. (2005). The 
interaction between driving and in-vehicle information systems: Compari-
son of results from laboratory, simulator and real-world studies. Transpor-
tation Research Part F: Traffic Psychology and Behaviour 
Volume 8, Issue 2, March 2005, Pages 135-146  
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4.6. Questionnaires and interviews 

 
1 Short description of the methods 
 
A questionnaire study to assess driver behaviour or acceptability of a new 
system is most often a form of qualitative research in which a group of people 
are asked about their opinions towards a system throughout a set of ques-
tions that participants have to answer individually. They can also be asked 
their subjective opinions of the effect of the new system. Questionnaires or 
interviews are often used in combination with the more objective measures, 
such as simulator or field studies. 
 
The main areas where questionnaire studies are used are marketing and so-
cial research, as they are a powerful tool to obtain information and opinions 
from a large sample (quantitative research) or insights and motivation behind 
the observed behaviour (qualitative research). 
 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
A questionnaire study is more suitable to test existing systems so the par-
ticipants can have already some information about them. The ideal condi-
tion is all the participants having used the system for some time, so they 
can have a solid opinion about it. 
It can also be used in earlier phases of the product lifecycle, only to know 
if the participants would be interested in some specific functions or if they 
would reject them. In these cases it is important to describe the functions 
to the user in such way that he or she can understand clearly what the 
system is indented to do. 

 
2.2 Expected outcome, research questions 
The expected outcome is the attitude and self-reported behaviour of the 
participants about the studied systems. 
The research question must be set by the investigators depending on the 
aspects of the system they want to have feedback from. 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
The target group is usually the marketing departments of manufacturers 
or public authorities. The first group is interested in user acceptance in or-
der to know what kind of product will be more suitable to be bought or 
what kind of functions are more attractive to the users. So they can focus 
their developments to the most demanded systems or even change some 
aspects of the existing ones based on the participants’ opinions. 
Public authorities can be also interested in carrying out questionnaire stud-
ies to know the attitude of a population about a specific technology or to 
find out how people will react to a system. This information can be useful 
for planning and decision on implementation of the system. 
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2.4 Resources needed  
2.4.1 Organisational 
No large organisational efforts required. The questionnaire participants 
need to be recruited according to the requirements needed. The ques-
tionnaire filling can be in person or by mail. In case of large (e.g. 1000 
participants) personal or phone interviews, it is common to use a speci-
fied organization to collect the data.  
 
2.4.2 Personnel 
One person is needed to recruit the participants, give and take back the 
questionnaires and then analyse the collected data.  
 
2.4.3 Technical 
No technical resources needed. However, a web based questionnaire is 
an option. 
 
2.4.4 Financial 
Questionnaire studies are low in costs; there is little time needed and 
there are no hardware costs. 
Questionnaire studies are less expensive than other forms of traditional 
marketing research. There can be significant costs however, especially 
regarding to the recruitment if it is needed special requirements. 
 
 

3 Orientation of the method 
3.1 Theoretical / empirical; Ex-ante / ex-post 
A questionnaire study is empirical: the answers are based on empirical ex-
periences of the participants. If they have used the system already, the 
study would be ex-post. 
 
3.2 Experimental / natural 
A questionnaire is usually natural, as the participants already use the sys-
tem before the study is carried out. It can be also experimental if a test is 
organised before the questionnaire filling, but in this case the question-
naire would be mixed with another method (field test, simulator test, etc.). 
 
3.3 Background 
It concerns how to formulate questions such that the structure is moti-
vated theoretically, the questions do not lead to specific reactions, and are 
unambiguous. Typically, intended use of a system is in focus (Ajzen 
Fishbein, 1975) In the literature there exists several references on use of 
scales. 

 
 
4 Focus (choose the relevant ones and utilize the criteria from expert en-

quiry) 
4.1 Driver behaviour 
A questionnaire study is very suitable to collect drivers’ opinions, reactions 
and motivations regarding to a system. Any driver behavioural topics can 
be asked for in a questionnaire study. Some examples are user accep-
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tance, willingness to pay, HMI issues or questions about their behaviour 
with and without the system active. 
 
 

5 Description of the method 
5.1 Short description of the underlying principles 
A questionnaire study can be both quantitative and qualitative research 
depending on the kind of questions used. They are very useful in collecting 
information from a large number of people. The possibility to have very 
large samples makes easier to obtain statistically significant results. Ques-
tionnaires are very flexible and allow researchers to collect a wide range of 
information like attitudes, values, beliefs and behaviours. 
 
There are also several standard questionnaires, which have been validated 
to be used in specific contexts and accepted by the scientific community, 
like the DALI questionnaire to measure mental workload. 
  
5.2 Type of assessment  
It concerns self reported behaviour. 
 
5.3 Process/design 
 

5.3.1 Test persons 
The requirements of the tests persons can be different depending on 
the research questions. Usually, a group with considerable experience 
with the system is desired. But in some studies can be also interesting 
to have a certain distribution in terms of age, gender, driving experi-
ence, formation, etc. 

 
5.3.2 Sample size 
A questionnaire study usually consists in from 20 to 50 people [refer-
ence needed]. Smaller or bigger groups can be also found in some 
studies but, in case of less people, the results may are not statistically 
significant. In case of more people, the data analysis can become too 
much difficult, specially if there are several open questions, where the 
answers must be coded manually. 
 
5.3.3 Set-up, design 
Firstly, question items must be taken from research questions. Ques-
tion items can be, for instance, facts, beliefs, feelings, descriptions, etc. 
Based on these question items, the questionnaire will be made. It is 
important in this phase to select with care the items, because un-
needed questions will suppose a waste of time and resources and will 
annoy the participants. 
 
Once the question items are selected, the questionnaire has to be 
made, taking into account several factors which can affect the results 
as the ordering of questions, the scaling, the questionnaire format, the 
questions redaction, etc. So they must be taken into account while 
writing the questionnaire. 
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There are several types of question which can be included in a ques-
tionnaire, but they are mainly divided into two groups: 
 
- Closed ended questions: The possible answers are limited to a fixed 
set. “Yes/No” questions or scaled questions are an example of closed 
ended questions. 
 
- Open ended questions: The participants can answer whatever they 
want, as there are no constraints to their response. 
 
The choice of one type of question or another depends on several fac-
tors, being one of them what kind of outcome is desired from each 
question. For instance, choosing a “yes/no” question will only give a 
percentage of people answering each option, but choosing a scale ques-
tion will return a mean score. It is also important to have in mind the 
subsequent data analysis. This is the reason why researchers often pre-
fer closed ended questions, as they are easier to code and analyse. But 
closed ended questions may not fit exactly all the possible feelings of 
the participants, forcing them to choose one option which maybe does 
not suit what they wanted to answer. 
 
It is useful to perform a small test with a small sample before starting 
the study, just to check if the questionnaire is well constructed and if 
there are any errors. It is important also for participants to have 
enough information about the topics being asked and they must be able 
to interpret correctly the questions. These can be also checked with this 
first test. The results of this test must be analysed statistically in order 
to check the validity and reliability of the items. If it is needed, some 
adjusting can be made. 
 
After the questionnaire adjusting, the recruitment has to be done ac-
cording to the requirements needed. Usually, it is desirable to have a 
sample similar to population which is being studied, so it will be possi-
ble to extend the results to the whole population. But sometimes the 
research is focused only in a part of this population (for instance, only 
people who have certain systems in their cars). 
 
It is important also to decide where the questionnaire will be filled and 
whether there will be a researcher with the participant or not. 
 
The questions can be repeated in time: before, during and after the 
test use. 
 
5.3.4 Measuring equipment  
No measuring equipment needed. 
 
5.3.5 Data requirements 
No data requirements. 
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5.4 Expertise needed 
Knowledge on designing questionnaires is needed in order to set the re-
search questions and make the questionnaire according to that research 
questions. Basic organisational skills are needed for the participants’ re-
cruiting. Finally, expertise in the field of data analysis and statistics is re-
quired in order to draw conclusions. 

 
6 Results 

6.1 Type of output 
The type of output is a report with a description and analysis of the ques-
tionnaire results. 

 
6.2 Parameters / description 
The output parameters are the questions and the answers, along to the 
percentage of the sample that chose each option. In case of scale ques-
tions, a mean score is provided. Finally, for the open questions, some con-
clusions must be drawn. 

 
7 Restrictions of the method 

7.1 Limitations 
A questionnaire study considers self-reported behaviour, so all the meas-
ures are subjective. This is not a real limitation as the objective of the 
method is to know the participants’ subjective opinions. 
  
7.2 Scalability; extension to real world 
The results are easily extended to real world, as the participants are real 
drivers who have already used the system. The only restriction can be if 
the sample is not similar enough to the population, but this can be avoided 
with a correct recruitment process. 

 
7.3 Reliability and risks 
It is not easy to provide confidence limits or similar error margins for im-
pact estimates, since only subjective information is obtained. 

 
8 Examples of use  

 
Fishbein, M., & Ajzen, I. (1975). Belief, Attitude, Intention, and Behavior: 
An Introduction to Theory and Research. Reading, MA: Addison-Wesley. 
also: http://www.people.umass.edu/aizen/f&a1975.html  
 
Anttila, V., Rainio, A., Penttinen, M. (2001). User need research in per-
sonal navigation - development programme NAVI 2000-2002. 8th World 
Congress on Intelligent Transport Systems. Sydney, AU, 30 Sept. - 4 Oct. 
2000. ITS Australia (2001) 
 
Bonsall, P. (2008). What is So Special About Surveys Designed to Investi-
gate the Sustainability of Travel Behaviour?  
Survey Methods in Transport (ISCTSC), Annecy, France, May 2008 
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Bonsall, P., Shires, J.,Link, H., Becker, A. (2007). Complex congestion 
charging – an assessment of motorists’ comprehension and the impact on 
their driving behaviour. ETC 2007 Proceedings. 
http://www.etcproceedings.org/paper/complex-congestion-charging-an-
assessment-of-motorists-comprehension-and-the-i 

Bonsall, P;Shires, J. (2006). Employer expectations for commuting and 
business-related travel in an environment rich in information and commu-
nication technologies. Transportation Research Board (TRB) Conference, 
Washington DC, USA, 22-26 January 2006 

 
Hess, S., Rose, J.M. & Polak, J.W. (2008). Nontrading, Lexicographic, and 
Inconsistent Behaviour in Stated-Preference Choice  
Transportation Research Board (TRB) Conference, Washington DC, USA 
13-17 January 2008 

 
Jakobsson C., Fujii S., Gärling T. (2000) “Determinants of private car us-
ers’ acceptance of road pricing”. Transport Policy 7, 153-158.  

http://pew.psy.gu.se/Personal/Transport%20Policy.pdf 
 

 
Jamson, S. (2006). Would those who need ISA, use it? Investigating the 
relationship between drivers’ speed choice and their use of a voluntary ISA 
system. Transportation Research Part F: Traffic Psychology and Behaviour 
Volume 9, Issue 3, May 2006, Pages 195-206  
 
Kenyon, S., Lyons, G. (2003). The value of integrated multimodal traveller 
information and its potential contribution to modal change  
Transportation Research Part F: Traffic Psychology and Behaviour Volume 
6, Issue 1, March 2003, Pages 1-21  
 
Mankkinen, E., Anttila, V., Penttinen, M., Marchau, V., Stevens, A. (2001)  
ADVISORS, Actor interests, acceptance, responsibilities and user's aware-
ness enhancement. Deliverable D2 V2 . VTT; TRAIL; TRL (2001), 168 p. 

 
Molin E.J.E., Brookhuis, K.A. (2007). Modelling acceptability of the intelli-
gent speed adapter. Transportation Research Part F: Traffic Psychology 
and BehaviourVolume 10, Issue 2, March 2007, Pages 99-108  

 
Penttinen, M., Luoma, J., Rämä, P. (1997). Finnish driver's information 
needs. Proceedings of the 13th Triennial Congress of the International Er-
gonomics Association. Vol. 6. International Ergonomics Associa-
tion. Tampere (1997) , 403 – 405 
 
Vlassenroot, S., Brookhuis, K., Marchau, V., Witlox, F. (2010). Towards 
defining a unified concept for the acceptability of Intelligent Transport Sys-
tems (ITS): A conceptual analysis based on the case of Intelligent Speed 
Adaptation (ISA) 
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Pages 164-178. Transportation Research Part F: Traffic Psychology and 
Behaviour. Volume 13, Issue 3, Pages 143-222 (May 2010) 
 
Wallén Warner, H., Özkan, T., Lajunen, T. (2010). Drivers’ propensity to 
have different types of intelligent speed adaptation installed in their cars. 
Transportation Research Part F: Traffic Psychology and Behaviour,  Volume 
13, Issue 3, Pages 206-214 (May 2010) 
 

Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Statistical_survey 
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Mobility 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.7. Travel diaries 

 
1 Title and short description of the method 
Travel diaries 
Travel pattern study (one day travel diaries) based on questionnaires.  

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
 
Travel diaries are used to report real travel patterns. The phase of the 
product should therefore be already on or almost ready for the market. It 
can be used in pilots, FOTs or large-scale demos. 
 
2.2 Expected outcome, research questions 
The reference study [ref] utilised the results in recommending decisions 
and providing information for a referendum about the deployment of road 
user charging. 
 
2.3 Target group of the outcome  
This method is often used as a data collection tool for transport system 
planning. It is therefore very useful for public authorities. 
 
2.4 Resources needed  

2.4.1 Organisational 
Small organisational effort: composing instructions and questions for 
the travel diaries, selecting a group of participants, instruct and guide 
the participants, receive the travel diaries and analyze them. 
 
2.4.2 Personnel 

Criteria / topics to be covered in mobility assessments: 
 

 Impacts on time budget; Total travel time when changing travel 
modes 

 Number of journeys  
 Length of journeys  
 Travel mode impacts; Alternatives in making the trips 
 Impacts on routes?  
 Impacts on timing of trip?  
 Journey quality: stress, subjective safety, comfort etc  
 Impacts on destinations; Impacts on accessibility 
 Mobility choice enablers and constraints?  
 Are the effects separated for commuting and other trips? 
 Total cost to go from A to B 
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Transport Engineering and Planning 
The efficiency relies on the application of the method, but basically the 
method can be applied quite efficiently with automated scanning of re-
sponses. Nevertheless a large amount of manual work needs to be 
done especially for the unstructured answers with written comments. A 
person with transport background is useful to interpret the results. 
 
2.4.3 Technical 
No special technical requirements Travel diaries can be postal or web-
based questionnaires. In the latter case, the questionnaires should be 
implemented in a web-based environment, which requires a normal pc 
or possibly some additional software. 
 
2.4.4 Financial 
Low financial expenses, no hardware costs, low personnel costs 

 
3 Orientation of the method 

3.1 Theoretical / empirical; Ex-ante / ex-post 
Empirical before and after study 
 
3.2 Experimental / natural 
This method analyzes the natural mobility and travel behaviour. 
 
3.3 Background 
In many countries there are long traditions to study repeatedly the travel-
ling behaviour of road users. Use of travel diaries to assess mobility im-
pacts base on that tradition. It is a practical method, in the sense that 
real-world behaviour is reported. The analysis requires a theoretical (sta-
tistical) background. 

 
4 Focus   
 

4.1 Mobility  
The method is capable of determining the average mobility behaviour or 
the mobility behaviour of a group of people with certain characteristics, 
before and after the introduction of the IVSS. Mobility issues that can be 
covered by travel diaries are e.g. impacts on number of journeys, length of 
journeys, travel mode, destinations, routes, timing of trip, journey quality 
(stress, subjective safety, comfort). Also the differences for different trip 
purposes (e.g. commuting, leisure, business) can be analyzed.  

 
5 Description of the method 

5.1 Short description of the underlying principles 
Travel diaries are considered widely to capture the daily journeys in an ap-
propriate manner. The travel diary is a survey instrument designed to re-
cord all movements during the course of one or more days including their 
relevant details. It can be complemented by separate household and per-
sonal forms for recording general information. 

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
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The travel diaries are assessed with a desktop study and statistical analy-
sis. 
 
5.3 Process/design 

5.3.1 Test persons 
A desired distribution over relevant aspects of the participants should 
be chosen, such as gender, age, possession of driver license, income 
etc.  
 Usually this distribution should be equal to the distribution of the total 
population. 
 
5.3.2 Sample size 
The group of test persons should be large enough for statistical signifi-
cance (as a rule of thumb, minimal around 30).  
 
5.3.3 Set-up, design 
Before and after study (before and after the introduction of a certain 
IVSS) with large panels of persons.   
Compose instructions and questions for the travel diaries, select a 
group of participants, instruct and guide the participants, receive the 
travel diaries and analyze them. The same persons in before and after 
phase should be matched. The non-respondents could be included with 
a separate enquiry. 

 
5.3.4 Measuring equipment  
No special measuring equipment needed, it concerns self-reported be-
haviour of the participants. 
 
5.3.5 Data requirements 

No input data are required for a travel diary study, except information to 
compose relevant questions for the travel diaries. The number of questions 
is to be minimised in order to get a better response rate. 

 
5.4 Expertise needed 
Expertise is needed on composing questionnaires for the travel diaries, 
setting-up the travel diary study (selecting test persons, communication 
and instruction to the test persons, collecting results) and the statistical 
analysis of the results.  

 
6 Results:  

6.1 Type of output 
The output is a statistical report of the travel diaries, which usually in-
cludes impacts on travel modes, destinations and timing of trip. 
 
6.2 Parameters / description 
Examples of output parameters are: 

- Number of journeys by mode 
- Length of journeys 
- Journey quality: stress, subjective safety, comfort  
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- Separate results for different trip purposes, such as commuting trips 
and leisure time trips. 

Long term effects can be studied by performing an after measurement 
long after the introduction of the IVSS. 
Furthermore, the mobility output can be complemented by separate 
household and personal forms for recording general information, such as 
employment, consumption level and area of living. 

 
7 Restrictions of the method 

7.1 Limitations 
The travel diaries should be kept short in order to get a better response 
rate. Therefore, not all relevant aspects, such as rationale for mode choice 
in individual journeys, are covered in detail. Also, since it concerns self-
reported behaviour, there is no guarantee on the correctness and com-
pleteness of their responses. 
 
7.2 Scalability; extension to real world 
The method is applied in a real world situation, in an existing transport 
system. Scaling the results of the study to e.g. city or regional level with 
the same transport system is straightforward. Scalability to other cities or 
regions with a different transport system is not always possible. However, 
general results about e.g. number and lengths of journeys are usually ap-
plicable on a much larger scale (e.g. the “BREVER-law” states that on av-
erage, everyone spends the same amount of time to travelling, no matter 
when or where). 
 
7.3 Reliability and risks  
The quality of the travel diary study depends on the selection of respon-
dents with regard to the sample size, the coverage of journeys and other 
relevant factors, the willingness to respond by the participants and the ac-
curacy of their responses. If the sample size of the participants is large 
enough, satisfactory accuracy (with statistical significance) can be ob-
tained. 

 
8 Examples of use:  
- Allström, A., Bengtsson, L., Neergaard, K., Nilsson, A., Smidfelt, L., 

Rosqvist, L., Ström, L., Viklund, L. (2006). Changes in travel habits in 
Stockholm County – Effects of the Stockholm Trial. Trivector Traffic, Re-
port 2006:67. 
http://www.stockholmsforsoket.se/upload/Sammanfattningar/English/Cha
nges%20in%20travel%20habits%20in%20Stockholm%20County.pdf  
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Efficiency and traffic flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.8.  Traffic simulation 

 
1 Short description of the method 
 
Traffic simulation is a means to represent a traffic situation by a mathematical 
model (with computer software). This traffic situation holds a traffic network 
of one or many roads of a road network and up to thousands of vehicles. By 
simulating a change in the traffic situation, such as the introduction of an IVS, 
the effects on the traffic flow in a network can be studied. Traffic simulation is 
of importance for controlling goal attainment in the field of a more energy ef-
ficient and cleaner transport.  
 

 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
Traffic simulation is especially suitable when the ITS system or traffic 
situation does not yet exist in the real world. It is therefore especially suit-
able for the idea and plan phases. Also suitable for ex-ante tests, e.g. to 
use before a large field operational test will be set-up, to get an idea about 
the requirements for the field operational test, such as the required pene-
tration rates, system design and settings etc. Furthermore, it can comple-
ment a pilot or large-scale demo. In a pilot or demo, usually only a few 
vehicles are equipped. Traffic simulation can be used to evaluate the effect 
for larger penetration rates, or for other traffic demands than were en-
countered during the pilot. 
The method can also motivate the decisions to either continue or stop a 
system or service development based on the effects the systems seems to 
have on network level 

 
2.2 Expected outcome, research questions 

Criteria / topics to be covered in efficiency and traffic flow 
assessments: 
 

 Impacts on journey time  
 Impacts on congestion / delays 
 Impacts on traffic volume  
 Impacts on density 
 Impacts on speed 
 Impacts on time headways  
 Impacts on public transport  
 Impacts on traffic composition 
 Use of simulation-models (extrapolation of data etc) 
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The expected outcome are the effects of a (new) ITS system on a network 
level in terms of speeds, traffic counts or other traffic parameters. These 
can be used to derive effects on both traffic flow/efficiency, safety and en-
vironment. Research questions can for example be: “Will the air quality at 
this location improve as a certain IVS is applied?” or “How many accidents 
could be avoided by applying this type of IVS at 1% of all vehicles?”, or 
“What will be the effect of this IVS on the average travel time between A 
and B?” 
In the case of macrosimulation, large network effects can be determined 
on an aggregated traffic level (average speeds and flows per link) of up to 
a whole country (or more, depending on the available computational 
power and detail of the network). With microsimulation, the traffic is simu-
lated at the individual vehicle level, which gives the opportunity to define 
and evaluate the ITS system on an individual vehicle level, however, the 
size of the network that can be simulated is smaller due to the higher 
complexity and required computational power. 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
Mainly public authorities, such as cities, regions or national road authori-
ties. The method focuses on traffic flow effects on a larger scale (in a net-
work, effect of many equipped vehicles), which is of interest of public au-
thorities, but of less interest for individual users, manufacturers etc. It can 
show the possible benefits of IVSS on traffic flow in road networks. Results 
can be important for decisions makers such as road authorities / operators 
/ managers e.g. to support further research on IVSS. However, it could 
also be used to design the system in such a way that the desired effects 
will be reached (e.g. higher traffic flow efficiency (increased road capac-
ity), better safety by better stability of the traffic flow). System settings 
and algorithms can be tested beforehand. It can therefore be useful for 
manufacturers too. 

 
2.4 Resources needed  

2.4.1 Organisational 
Traffic simulation does not require special organisational resources, as 
long as the personnel and technical resources are covered, such as a li-
cence for a (commercial) traffic simulation model. 
 
2.4.2 Personnel 
Fairly high expertise and experience in traffic simulations is needed, 
such as expertise on calibration of traffic models, traffic flow theory, 
driver behaviour modelling and programming (depending on the used 
simulation model and the type of changes that need to be modelled, 
some changes are possible without programming, other changes can 
require programming in Java, C etc.). Interpreting (random) values of 
simulation runs requires furthermore statistical expertise. 
 
2.4.3 Technical 
A traffic simulation model is needed (e.g. Vissim, Paramics, Aimsun), as 
well as computers with sufficient computational power. Normally, a 
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modern pc is sufficient. Also some additional tools or software packages 
may be used to analyse the data (e.g. excel, SPSS, Matlab). 

 
2.4.4 Financial 
A traffic simulation study requires relatively modest investments. The 
only required finances are for the licence costs for the traffic simulation 
model (sometimes up to 10000 euro’s), computer hardware (normal 
pc) and for the required manpower and time (some weeks to some 
months). 

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation is mainly theoretical and ex-ante, however, empirical data 
can be used to calibrate the model in order to resemble a real-life situa-
tion. 

 
3.2 Experimental / natural 
The method is experimental, in the sense that it is no real-world situation, 
but a simulation (matching as good as possible with the real-world). 
 
3.3 Background 
The method is theoretical, since the simulation with the ITS system does 
not exist (in the exact form as simulated) in the real-world (otherwise it 
would have no use of simulating it). However, empirical evidence is 
needed to define the parameter values in a simulation model. 

 
4 Focus  
 

4.1 Driver behaviour 
The driver behaviour can be changed (due to the IVS) at the strategic and 
tactical level.  
At the strategic level, route choice can be changed (e.g. if certain routes 
become less congested). Most traffic models already use algorithms to de-
termine the route choice based on the travel times between origin-
destination pairs, e.g. by determining the equilibrium assignment in which 
none of the drivers can improve their travel time. If the route choice will 
change differently due to some IVS, e.g. due to better availability of traffic 
information for some of the drivers, the traffic model has to be extended in 
order to be able to model this. Some traffic models contain a module to 
simulate this kind of route choice behaviour (e.g. the ITS modeller). 
Driver behaviour can also change at the tactical level due to an IVS (e.g. 
speed choice). This also has to be modelled in the traffic simulation model.  
Some traffic simulation models only allow certain parameters to be 
changed. In order to be able to model the effects of every possible IVS, a 
simulation model with an open Application Programming Interface should 
be used (e.g. Paramics, Vissim).  

 
4.2 Traffic flow and efficiency 
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The focus of traffic simulation studies is usually traffic flow and efficiency. 
To study this, indicators like average speeds, flows and travel times are 
derived from the simulations. See also 6.2 with examples of traffic flow in-
dicators. . By scaling up to the vehicle fleet impacts of IVS on journey 
times, fuel consumption and emissions can be inferred. Thus impacts of 
IVS on energy saving aspects can be addressed by traffic simulation. 
 

 
4.3 Traffic safety 
Traffic safety issues can also be studies from traffic simulation results, 
however, this is tricky since accidents are statistically insignificant in num-
bers during short time periods, such that you cannot generate them in a 
realistic short-time simulation. Also, the driving behaviour in simulation 
models is usually programmed such that driving errors which can cause 
accidents can not occur. Therefore, if safety studies are done based on mi-
cro-simulation studies, usually this is done by analyzing so called “surro-
gate safety measures”, which represent dangerous situations with a higher 
accident probability. Examples are critical “Time-To-Collision” (the time 
until two successive vehicles would collide if their speed and trajectory re-
mained unchanged), short headways, speed difference between successive 
vehicles and between adjacent lanes, proportion of small headways, fre-
quency of strong decelerations etc. Usually these indicators can be used to 
derive relative conclusions such as “in the new situation, the accident 
probability will reduce”, but not in terms of absolute number of accidents. 
However, there are some research attempts which try to develop accurate 
driver models and calibrate this with extensive traffic and accident data in 
order to be able to derive such conclusions in terms of numbers of acci-
dents, but these models are not yet available in commercial traffic simula-
tion software.  
On a more aggregate level, indicators such as change in average speeds, 
flows and total vehicle kilometres can be used to derive conclusions about 
the safety, e.g. by using average numbers of accidents per vehicle kilome-
tre per road type. 
 
More specifically, the defined safety criteria from chapter 2.1 can be met 
as follows: 

- Impacts on crash risk: derived from surrogate safety measures as 
described above. 

- Impacts on crash consequences: derived from surrogate safety 
measures that are indicators the accident severity, such as speed 
difference of the two vehicles just before colliding. 

- Impacts on exposure: can be derived from flows. Also, route choice 
has an influence on exposure, so the microscopic model should have 
a well calibrated route choice model. 

- Impacts by road user: Usually, only car drivers are taken into ac-
count, but some microscopic models model cyclists and pedestrians 
as well. 

- Forecasting of traffic data: forecasting future traffic demand, e.g. 
with extrapolation or scenarios based on (economical) predictions 
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from other studies, and Origin-Destination matrix prediction (differ-
ent models and algorithms exist for this). 

- Forecasting of accident data: can be done by using the forecasted 
future traffic demand. 

- Impacts by road type: the effects can be analysed per road type 
present in the simulations. 

- Impacts by vehicle type: the effects can be analysed per vehicle 
type present in the simulations, however, this only makes sense if 
the microscopic model properly models the differences between the 
different vehicle models. 

- Impacts by weather conditions: can be taken into account by chang-
ing the driver behaviour models for other weather conditions, such 
as longer following distances in heavy rain. 

- Impacts by lighting conditions: can be taken into account by chang-
ing the driver behaviour models for other lighting conditions, such 
as longer following distances in the dark. 

 
4.4 Environment  
The output of traffic simulation models can be used to derive emission ef-
fects of e.g. CO2, NOx, PM10 with the help of emission models. This can be 
done again at an aggregate or more detailed level. At the aggregated 
level, emissions are calculated from average speeds and flows and average 
emission factors. However, since emissions depend strongly on the dy-
namics (accelerations) and the composition (percentage heavy trucks, die-
sel vehicles) of the traffic flow, and IVS systems usually intervene on the 
level of individual speeds and acceleration behaviour, a detailed approach 
with microsimulation is recommended. Since traffic microsimulation mod-
els simulate individual driver behaviour, such as speeds and accelerations 
per second (or 0.1 second), detailed emission calculations are possible. 
There are some (commercial) emission models available that are able to 
calculate emissions based on these microscopic vehicle trajectories (e.g. 
the TNO emission model Enviver in combination with Vissim). The accuracy 
of these calculations are much better than calculations based only on av-
erage speeds and flows, however, it depends on the accuracy and calibra-
tion of the acceleration behaviour of the microsimulation model1.  

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
With a microscopic traffic simulation model, vehicles are simulated at an 
individual vehicle level in a simulated network, usually of the size of a 
small network and thousands of vehicles, e.g. part of a town. Both traffic 
management and in-car systems can be modelled. 
In the simulation model, vehicle and driver behaviour is modelled on the 
individual vehicle level, with mathematical rules that define the driver be-
haviour in relation to the surrounding vehicles in terms of speed, headway 
etc. These rules contain (among others) the car-following behaviour, free 
flow behaviour and lane change behaviour.  

                                       
1 A recent study revealed that the default acceleration behaviour in some microsimulation 
models should be adapted in order to get realistic emission calculations ([ref T3]). 
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5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
A traffic simulation study is a desktop study, which can be performed on a 
normal pc. However, some real-world measurement data is often used to 
calibrate the model. 

 
5.3 Process/design 

5.3.1 Test persons 
The method does not require test persons. 
 
5.3.2 Sample size 
To represent the stochastic nature of traffic, microsimulation models 
use random variables. In order to be able to draw statistically signifi-
cant conclusions, therefore several simulations runs of the same sce-
nario are usually done, usually 5 or 10 (depends on the variability of 
the output values). The resulting values are averaged from the sepa-
rate simulation runs. 
 
5.3.3 Set-up, design 
First the network in the microscopic traffic simulation model is con-
structed and calibrated, if possible with real-world traffic data. This in-
cludes the calibration of OD-matrices and traffic counts at certain loca-
tions in the network. 
Next, in order to study the effects of ITS, the changes in driver behav-
iour on the level of the behavioural rules and input parameters should 
be determined and implemented. 
The scenario’s that will be evaluated have to be determined and imple-
mented (e.g. different penetration rates of the ITS system). 
Also the output parameters to be analysed have to be determined, and 
the simulation model needs to be initialized such that the desired out-
put parameters will be logged during the simulations.  
In order to get statistical significant results, a number of simulation 
runs with different random seeds will be done per scenario. 
Finally the results will be analyzed in order to study the effects of the 
ITS system. 

 
5.3.4 Measuring or technical equipment 
The required equipment is a (microscopic) traffic simulation model (e.g. 
Vissim, Paramics, Aimsun) and a (normal) pc suitable for the mi-
crosimulation software. The microsimulation model should have an 
open interface to adapt the driver behaviour or add traffic management 
and IVS. 

  
5.3.5 Data requirements 
Required data are the road lay-out and infrastructural features of the 
road network (coordinates of roads and crossings, curvatures, number 
of lanes etc), as well as traffic data of the studies network. These are 
e.g. traffic counts (per vehicle type) and speeds at several locations in 
the network, or, if possible, number of trips per origin-destination pair 
per time of day. 
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Furthermore, to adapt the driver behaviour, information is needed on 
how the driver behaviour will change. (This could e.g. be tested in a 
driving simulator). 

 
5.4 Expertise needed 
The required expertise is expertise on using microsimulation models, using 
and calibrating the model, programming for adapting the driver behaviour 
of the model (usually by an API in C or Java), knowledge of traffic flow in-
dicators and traffic analysis. 

 
6 Results 

6.1 Type of output 
The output is (quantitative) traffic data and derived indicators from the 
simulation runs. Also more advanced analysis can be done with additional 
methods or statistical analysis and reported in graphics, numbers and text. 
 
6.2 Parameters / description 
In principle, every indicator at the individual vehicle or network level can 
be derived. This can include e.g. vehicle trajectories for environmental ef-
fects, safety indicators such as Time To Collision and traffic flow efficiency 
parameters such as average speeds, total vehicle delay hours etc. 
Some examples of traffic flow indicators which are often derived from and 
analysed in traffic simulation studies are: 
- Impacts on speeds 
- Impacts on flows  
- Impacts on density  
- Impacts on headways. 
- network total journey time  
- network total delay time (difference of free flow travel time and real-

ized travel time) 
- travel times  
- Impacts on congestions 
- homogenisation of traffic flow (e.g. decreasing standard deviation of 

speeds). 
- Impacts on safety by means of surrogate safety measures (TTC, pro-

portion of small headways, speed differences etc.) 
From these traffic data, by post processing with extended models also in-
dicators related to environment can be derived (e.g. fuel consumption, 
emissions for pollutants CO, NOx, and HC)  

 
7 Restrictions of the method 
 

7.1 Limitations 
The main limitation is that it is a simulation, hence you will never be 100% 
sure that the result will be the same in the real-world. However, a good 
calibration procedure based on real-data can reasonably guarantee a rep-
resentative traffic situation, though calibrating the network is demanding 
in terms of both real-world data and expertise. 
Concerning the driver behaviour, both the reference behaviour (non-users) 
as the behaviour of the drivers equipped with the IVS need to be modelled 
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in a reasonably correct and realistic way, including differences between 
drivers. In principle this is possible , e.g. by using detailed traffic data or 
driver simulation studies. In practice, good detailed data (on individual 
driver level) is often lacking, in which case assumptions are made or re-
sults from earlier studies are used. 
Also, most (microscopic) traffic models are not multi-model (do not include 
public transport). 

 
7.2 Scalability; extension to real world 
Traffic simulation models are usually used to represent a real-world traffic 
situation, based on real world traffic data and road lay-out.  
Transferring or generalizing the simulation results to other traffic situa-
tions is possible if the simulations are set-up with scenarios that cover dif-
ferent traffic situations (e.g. different traffic demands, penetration rates, 
road types). This can also be used for forecasting effects for future pene-
tration rates, vehicle fleets and traffic demands. 
Upscaling the results to the country or even EU-25 level is not common, 
but theoretically possible, however, the problem for this is the (lack of) 
data availability on country and EU level. Data which are needed are e.g. 
vehicle kilometres per road type, and differences in vehicle fleets and 
driver behaviour between countries.  
 
7.3 Reliability and risks  
Since it is a simulation, a 100% reliability of the results cannot be guaran-
teed. However, it is possible to derive confidence limits or similar error 
margins for the impact estimates, based on several runs. Since (micro-
scopic) traffic simulations are based on stochastic processes, different runs 
produce different results, just like in reality the same traffic situation in 
terms of hourly demand could lead to different realizations concerning 
congestion, accidents etc. By increasing the number of runs, the likelihood 
of various outcomes can be more accurately estimated. 
The reliability will depend on both the quality of the traffic data used for 
calibration and the driver models in the simulation model. Many research 
is going on on both topics2.  
Nevertheless, one could say that concerning traffic situations and systems 
that do not yet exist in the real-world, traffic simulation is a good means 
to get an idea of the effects, and about the best one could get for a non-
existing situation. 

 
8 Examples of use  
 

Balijepalli, N.C., Ngoduy, D., Watling, D. (2009). Dynamic traffic assign-
ment with information provision. Models and Technologies for ITS, Rome, 
Italy, 22-23 June 2009 
 

                                       
2 e.g. in (Ossen, 2008) calibration of driver models is done with the help of Heli-
copter data. This revealed that to represent the traffic behaviour best, a mix of 
different driver models for different drivers is needed. 
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eIMPACT, “Socio-economic Impact Assessment of stand-alone and co-
operative intelligent vehicle safety systems (IVSS) in Europe”, Deliverable 
4, 5. http://www.eimpact.info/results.html  
 
Innamaa, S. (2009). Short-term prediction of traffic flow status for online 
driver information. VTT Publications : 708, 2009. Espoo, VTT. 79p. + app. 
90p. 
http://www.vtt.fi/inf/pdf/publications/2009/P708.pdf 

 
Network effects of Intelligent Speed Adaptation Systems 
http://eprints.whiterose.ac.uk/2489/ 

 
Ossen, S., (2008) “Longitudinal Driving Behavior: Theory and Empirics”, 
Ph.D. thesis TU Delft, 2008 

 
Sumalee, A., Luathep, P., Lam, W.H.K., Connors, R.D. (2009). Transport 
Network Capacity Evaluation and Design under Demand Uncertainty. 
Transportation Research Board (TRB) Conference, Washington DC, USA, 
11-15 January 2009 
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Traffic safety 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.9. Expert assessment on safety impacts 

 
1 Short description of the method 
 
ITS systems affect driver behaviour in many, sometimes unforeseen and indi-
rect, ways. Therefore, the systems usually also affect other accidents than 
those that the system was designed for to prevent or mitigate. It is needed to 
cover systematically all safety effects of each system describing the systems 
effects on behaviour and then transforming these into safety effects. The 
main objective of the method is to provide an independent assessment of di-
rect and indirect impacts, costs and benefits of a set of chosen functionalities 
related to safety properties. 
 
As the systems are new and their specifications have not been determined to 
any level of detail, a number of expert opinions on system functionalities, 
technologies, HMI, costs, vehicle market penetration, infrastructure coverage, 
and effects on driver and travel behaviour are needed.  

 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
 
The method is suitable already for the idea and plan phases. However, use 
of the method requires unambiguous system and functions specifications. 
The results provide a good basis to develop FOTs and to be validated in 
FOTs. 

 
2.2 Expected outcome, research questions 
 

Criteria / topics to be covered in traffic safety assessment 
 

 Impacts on crash risk 
 Impacts on crash consequences 
 Impacts on exposure  
 Impacts by road user  
 Is forecasting of accident data done? (extrapolation of data etc)  
 Is forecasting of traffic data done? (extrapolation of data etc)  
 Impacts by road type  
 Impacts by vehicle type  
 Impacts by weather conditions  
 Impacts by lighting conditions 
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The behaviour and safety effects differ according to various factors in or-
der to estimate the effects on safety in terms of accidents and injuries, 
these factors need to correspond to those available in accident data. 
Expected outcomes and research questions are: 
 

• The impact estimates of ITS in terms of percent changes, numbers 
of fatalities and injuries  

o The user reaction to the system 
o How can user reactions and modification of the situation be 

‘translated’ into expected safety effects? 
o How do these reactions depend on the characteristics of the 

system? 
• How do the impacts depend on penetration degree? 
• What other effects can be identified? 
 

This method addresses how the system is planned to prevent or mitigate 
accidents, how the system changes the driver behaviour, handling the 
traffic situations and the vehicle compared with the situation without the 
system, how the system interacts with the driver, how the system inter-
acts with other applications, which requirements the system sets to the 
driver or the vehicle or infrastructure or scenario and how the system in-
teracts with other applications. 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
 
Results are important for system manufacturers and designers and con-
cept car makers. It should be used to design the system preserving safety 
requirements and features. The results provide a good basis for public au-
thorities but a continuous analysis is needed to update the long-term pre-
dictions with the new data available. 

 
2.4 Resources needed  

2.4.1 Organisational 
 
Preferably, different kinds of organisations are involved. Impartial re-
search organisations are in central position to provide the knowledge 
and expert opinions. However, the OEMs are needed to provide the in-
formation on system specification. Especially, concerning cooperative 
systems participation of road authorities would be advantageous.  
 
2.4.2 Personnel 
 
High experience in traffic safety, driver behaviour and statistics is 
needed. Experts are needed in the following areas: psychology, statis-
tics, technology, simulation. In addition, knowledge on the IVS system 
properties is needed. 
 
2.4.3 Technical 

 
No specific technical requirements are set.  
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2.4.4 Financial 

 
The costs depend mainly on the person months required. 
 

3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
 
The orientation is mainly ex-ante, however, empirical data is used to ana-
lyse the safety impacts. 

 
3.2 Experimental / natural 
 
This aspect is not valid for the method. 
 
3.3 Background 
 
The method is partly theoretical and partly practical; The basis is theoreti-
cal but it is connected to empirical data from the real world. In many 
cases, experience on the systems in question does not yet exist, but with 
an expert assessment, assumptions can be based on earlier results con-
cerning systems with similar properties and features, or on general knowl-
edge about driver behaviour and expert judgments. 
 

4 Focus  
 

4.1 Driver behaviour 
 
The traffic demand used in the different scenarios was based on the level 
of service indicators. The study required the systems to be evaluated in 
situations where they are likely to be employed. Hence, the situations with 
accidents, congestions and weather were modelled. The reactions of driv-
ers used as input to the modelling were determined by expert assessment 
taking into account literature on the different systems and their likely ef-
fects on driver behaviour. The whole method is based on linking the driver 
behaviour impacts to safety impacts. 
 
4.2 Traffic flow and efficiency 
 
Changes in accident occurrence have also large effects in accident related 
congestion, and these are considered in the various impact mechanisms 
utilised in the method. 

 
4.3 Traffic safety 
 
The whole method is focussed on road safety, and aims to cover all possi-
ble effects of an ITS system on safety. The method fulfils all the assess-
ment criteria for safety as presented in chapter 2.1. For the eImpact study 
(2), the criteria were assessed as follows: 
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Impacts on crash risk and crash consequences: estimated by expert 
assessment on modification of accident consequences (mechanism 9 in 
the eImpact study, below ‘Parameters/Description’). 

Impacts on exposure: was taken into account by estimating the modifi-
cation of road user exposure (mechanism 6), modification of modal 
choice (mechanism 7) and modification of route choice (mechanism 8). 

Impacts by road user: estimated by expert assessment on direct in-car 
modification of the driving task (mechanism 1 in the eImpact study), 
indirect modification of user behaviour (mechanism 3) and modification 
of interaction between users and non-users (mechanism 5). 

Forecasting of accident and traffic data: estimation of future penetra-
tion rates until 2025-2030. 

Impacts by road type: Modification of route choice is estimated 
(mechanism 8). Also, traffic simulations are done for different road 
types. 

Impacts by vehicle type: was not estimated. 

Impacts by weather and lightning conditions: lightning conditions were 
taken into account a little, by estimating the accident distribution to 
time of the day. 

 
4.4 Environment  
 
Not relevant for the method 

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
  
The starting point for the safety impact assessment is the system specifi-
cations, including anticipated driver reactions. Next step is the relevant 
safety mechanisms were selected for each system studied, and the ex-
pected changes in driver behaviour were described. Each system was 
compared to the base or reference case with no system. Based on existing 
knowledge, a numerical percentage value for the change in fatalities and 
injuries was estimated for each safety mechanism. 

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
 
The assessment is a desktop study. 

 
5.3 Process/design 

5.3.1 Test persons 
 
The method does not require test persons. 

 
5.3.2 Sample size 
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This method does not require any sample size, only statistics of past 
accidents. 
 
5.3.3 Set-up, design 
 
Start with a clear system specification, including anticipated driver re-
actions. For each system and for each functionality the safety mecha-
nisms are needed and the expected changes in driver behaviour are to 
be described. Each system will be compared to the base or reference 
case with no system. Based on existing knowledge, a numerical per-
centage value for the change in fatalities and injuries is estimated for 
each safety mechanism. 
 
5.3.4 Measuring or technical equipment 

 
Statistical techniques are applied. 

  
5.3.5 Data requirements 

 
The data requirements for applying the method are the exposure data 
in terms of vehicle kilometres driven, as well as the accident data dis-
aggregated on the basis of the key factors identified in the method. The 
factors were accident type, vehicle type, road type, weather, lighting, 
section (junction or not). 

 
5.4 Expertise needed 

 
The required expertise is focused on knowledge of safety impacts, psy-
chology and statistics. Experience with the use of Excel is useful. 

 
6 Results 
 

6.1 Type of output 
 

The impact estimates of ITS in terms of percent changes, numbers of fa-
talities and injuries in the selected target years. These are also disaggre-
gated by accident type, road type, vehicle type, weather, lighting and sec-
tion type (junction or not). This data is given in a form directly suited for 
input to Cost Benefit Analysis. In addition, the impact mechanism descrip-
tions describe the effects of the systems on driver behaviour.  
  
 
6.2 Parameters / description 

 
When one element of the system is affected, the consequences may ap-
pear in several elements and levels of the system, both immediately and in 
the long term, due to behavioural modification. Road safety is regarded as 
a multiplication of three orthogonal factors: (1) exposure, (2) risk of a col-
lision to take place during a trip and (3) risk of a collision to result in inju-
ries or death.  



 
D3.5 – Catalogue of impact assessment methods for 

intelligent vehicle systems 

 
 

25/06/2010 Page 77 of 119 Version 1.0 
 

The analysis covers the three main factors of traffic safety by nine behav-
ioural mechanisms via IVSS affects safety. 
The first five mechanisms are connected to the accident risk: 
 

1. Direct in-car modification of the driving task 
2. Direct influence by roadside systems 
3. Indirect modification of user behaviour 
4. Indirect modification of non-user behaviour 
5. Modification of interaction between users and non-users 

 
The second group deals mainly with exposure: 
 

6. Modification of road user exposure  
7. Modification of modal choice 
8. Modification of route choice 

 
Finally, there is the mechanism that deals with changes in accident conse-
quences: 
 

9. Modification of accident consequences 
 

7 Restrictions of the method 
 

7.1 Limitations 
 
The main restriction of the method is that it needs a special data set, con-
taining accident and victim data disaggregated in a specific way. 

 
7.2 Scalability; extension to real world 
 
The safety assessment is developed in real ITS systems and functions.  
 
7.3 Reliability and risks  
 
Predictions rely very much on the assumptions made and the accident 
data quality. On the other hand, the method is transparent and false as-
sumptions can be easily corrected. 

 
8 Examples of use  

 
Aittoniemi E. (2008).Potential safety impacts of in-vehicle information 
services. Proceedings of the 15th World Congress on Intelligent Transport 
Systems and ITS America's 2008 Annual Meeting 
 
Höjer M. (1997). Telematics in Urban Transport – a Delphi Study Using 
Scenarios. TRITA-IP FR 97-23. Infrastructure and Planning, Royal Institute 
of Technology, Stockholm. 
 
Jamson, S., Wardman, M., Batley, R., Carsten, O. (2008). Developing a 
driving Safety Index using a Delphi  stated preference experiment. Acci-
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dent Analysis & Prevention Volume 40, Issue 2, March 2008, Pages 435-
442 
 
Kulmala R. (2008). User Benefits Drive the Market: Deploying eSafety. 
eSafety Forum Plenary Meeting, Brussels, 6 November 2008  (2008)  
http://www.esafetysupport.org/download/esafety_forum/10th_plenary/03
%20-%20RK%20-%20Kulmala_Conclusions.pdf  

 
Kulmala, R.; Leviäkangas, P.; Sihvola, N.; Rämä, P.; Francics, J.; 
Hardman, E.; Ball, S.; Smith, B.; McCrae, I., Barlow, T.; Stevens, A. 
(2008). CODIA Deliverable 5: Final Study Report. CODIA Co-Operative 
systems Deployment Impact Assessment. Submitted to European Commis-
sion DG-INFSO 
 
Mankkinen, E., Anttila, V., Penttinen, M., Marchau, V., Stevens, A. (2001). 
ADVISORS, Actor interests, acceptance, responsibilities and user's aware-
ness enhancement. ADVISORS Deliverable D2 VTT; TRAIL; 
TRL (2001), 168 p.  
 
Penttinen, M., Anttila, V., Sandberg, H. (2003). ITS-services: user needs 
and transport policy goals. Proceedings of the 10th World Congress on In-
telligent Transport Systems, Madrid, Spain, 16 – 20 Nov. 
2003. ERTICO. Brussels (2003)  
 
Sihvola, N., Luoma, J., Schirokoff, A., Salo, J., Karkola, K. (2009). In-
depth evaluation of the effects of an automatic emergency call system on 
road fatalities. European Transport Research Review. Vol. 1 (2009) No: 3 
, 99 - 105 doi: 10.1007/s12544-009-0016-3 

 
Wilmink, I., Janssen, W., Jonkers, E., Malone, K., van Noort, M., Klunder, 
G., Rämä, P., Sihvola, N., Kulmala, R., Schirokoff, A., Lind, G., Benz, T., 
Peters, H., Schönebeck, S. (2008). Impact assessment of intelligent vehi-
cle safety systems. eIMPACT Deliverable D4. Version 1.0 July 2008. 
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4.10. Safety assessment with Crash Data 

 
1 Short description of the method 
 
The aim of the study is to estimate the impacts of a specific safety system on 
accident consequences in a certain country (or place). The estimated number 
of fatalities that could be avoided using the selected safety system is based 
on the case reports of road accidents published covering a determined period 
of time. 

 
The study evaluates the potential reduction in crash involvement of cars 
equipped with the selected specific safety system. The evaluation outcome 
can be presented in terms of global number of fatalities (or accidents) that 
could have been prevented with the safety system and/or minimising of dam-
ages achieved.  
 
The evaluation should be conducted for all crashes as well as for a variety of 
road and loss of control conditions, driver gender, impact type and single ve-
hicle crashes. In addition, a study of the selected safety system benefits in 
terms of crash costs could be undertaken. 

 
2 Context of the evaluation 
 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
 
Study with crash data is only suitable when the ITS system is in its full 
scale implementation cycle time. It is therefore suitable to evaluate the 
safety impact of the system in the real world.  
 
It can be used to study the effects of the usage of a specific safety system 
(benefits in terms of avoiding fatalities of a particular safety system). 
An indirect cost-benefit ratio due to the accidents avoided can be taken 
into consideration so that the economic benefits of the selected safety sys-
tem can also be evaluated. 
 
2.2 Expected outcome, research questions 
The expected outcome is the effect of a safety system on a full scale level 
in terms of number of fatalities that could have been prevented and of 
minimising damages as well as the indirect benefit cost ratio of fitting the 
safety system in vehicles. The resulting parameters include the relatively 
rates of crash involvement for cars fitting the selected safety system and 
not fitting it and a rough estimation about cost-savings calculated based 
on some assumptions as penetration of the selected safety system in the 
market. 
 
Research questions can for example be: “How many accidents could be 
avoided by applying this type of IVS at 100% of the vehicles in this coun-
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try?”, or “what could be the cost reduction in assurances if this system is 
fitted in all vehicles?” 
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
 
Mainly public authorities, such as cities, regions or national road authori-
ties, also assurance companies could be the target outcome. But also indi-
vidual users are interested in safety of their car and thus, manufacturers 
can express interest for this sort of study. 
The output in terms of the benefit cost-ratio can be important for decision 
makers to support further research on IVSS and insurers to enhance the 
usage of the selected safety system. 
 
2.4 Resources needed  

2.4.1 Organisational 
A crash study does in most cases not require special organisational re-
sources, as long as the personnel and technical resources are covered, 
such as software licences and so on. However, in some cases when it is 
desired to perform a more in depth study, some road accident teams 
should be composed by different experts such as police officers, doc-
tors, psychologist, etc, apart form technicians. 
 
2.4.2 Personnel 
This sort of study mainly requires statistical expertise. If suitable data 
is available, the analysis is quite straight forward. However, the most 
effortful part of the method concerns finding the suitable case and con-
trol vehicles, which requires special expertise. In ideal comparison they 
should differ only by availability of the evaluated system, but in reality 
there are often differences in vehicle types (also improvements in pas-
sive safety to be distinguished) and ages, in driver gender and age, and 
how much the vehicles have driven. 
Road accident investigation teams could be needed to study each fatal 
road accident type. Police officers, road specialists, vehicle specialists, 
physician and psychologists can be members of these teams. Medical 
doctors specialized in traffic traumatology could be needed too. 

 
2.4.3 Technical 
No specific technical tools are required, apart form those mathematical 
or statistical tools that can help to calculate or visualized the important 
data (e.g. excel, SPSS, Matlab). In terms of computational power, usu-
ally, a modern pc is sufficient.  

 
2.4.4 Financial 
A study with crash data requires relatively modest investments. The 
only required finances are for the licence costs for the statistical soft-
ware, computer hardware (normal pc) and for the required manpower 
and time (some weeks to some months): 1 to 10 man-months. 

 
3 Orientation of the method 
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3.1 Theoretical / empirical; Ex-ante / ex-post 
The orientation is empirical and ex-post, since crash data need to be avail-
able.  

 
3.2 Experimental / natural 
The method is natural in the sense that it is based on ex-post analysis of a 
real-world situation and dataset which is totally natural and unobtrusive, 
since no instrumented vehicles were used (generally, the study uses vehi-
cles were the IVS system was already installed) and drivers were not in-
structed to participate in a test. 
 
3.3 Background 
The method is empirical, based on crashes that already occurred in real-
world traffic (often several years to have enough crash data for statistical 
significancy). For a theoretical background can be referred to Evans (Ev-
ans,L. 1986: “Double paired comparison- a new method to determine how 
occupant characteristics affect fatality risk in traffic crashes”, Crash Analy-
sis and Prevention, Vol.18, No 3, pp.217-227). Also some statistical meth-
ods are used and should be described in each particular study. 

 
4 Focus 

 
4.1 Traffic safety 
 
The method is used to compare crash risks among vehicles with and with-
out an ITS system under different conditions. So, the method takes into 
account impacts on crash risk. Also, as the method evaluates real world 
data, impacts on crash consequences are taken into account during the 
study. 
Impacts by road user can be calculated with the method if suitable data is 
available. The method can e.g. differentiate between protected and unpro-
tected road users. However, often in this sort of study, crashes involving 
vulnerable road users (pedestrians, motor cycles and bicycles) are ex-
cluded as they tend to dominate the injury severity of the crash and in 
general.  
Regarding vehicle type, the vehicles should be divided in at least two 
groups to follow the control method: vehicles where the selected ITS sys-
tem is fitted and vehicles where it is not. The study can be subdivided in 
more groups of vehicles if suitable data is available. 
Impacts by road type can be calculated with the method, again if suitable 
data is available. Road accident investigation teams can be composed in 
order to separate the investigations by road type. 
Also an evaluation related to weather condition can be carried out if suit-
able data is available, such as with a separated analyis by road surface 
conditions (dry, wet, icy/snow). 
Furthermore, extrapolation of data can be done (although the method it-
self does not require forecasting of accident data) making some assump-
tions such as (e.g.) that the average decline is linear and amounts to 
0.5% for fatalities, 4% for serious and 0.9% for slight casualties (based on 
the average decline year on year) to be able to predict the reduction in car 
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occupant casualties, or that the total number of vehicles in a country re-
mains constant some years.  

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
 
Crashes which occur in a certain country or region resulting in injuries or 
deaths are usually reported and recorded in a public register. 
The data collected corresponding to a certain period of time should be 
matched to vehicle licensing information so that car make, model, variant 
and year of manufacture was known. 
The particular ITS (Safety system) of the study can be matched to the 
crash data by using data from a Vehicle Identification Checkbook. A subset 
of this data can be selected to include all injury accidents in which a car 
was involved. Crashes involving vulnerable road users, whether pedestri-
ans, motor cycles or bicycles, will often be excluded. This subset selection 
is based on the fact that these vulnerable road users tend to dominate the 
injury severity of the crash and in general, such crashes are not those 
where we would expect a major safety system effect.  
 
The analysis uses a case-control method based on the induced exposure 
method (Evans,L. 1986: “Double paired comparison- a new method to de-
termine how occupant characteristics affect fatality risk in traffic crashes”, 
Crash Analysis and Prevention, Vol.18, No 3, pp.217-227). The case-
control method compares vehicles including the specific safety system and 
vehicles non-including the specific safety system in total.  
Case vehicles will be defined as those known to be equipped with the se-
lected safety system. A comparable group of control vehicles not fitted 
with that specific Safety system have to be defined as well. These can be, 
in general, the previous version of a case vehicle. The make and model of 
case and control vehicles should be collected and referenced. Every effort 
should be made to compare cars that were as similar as possible so that 
the major difference would be the specific Safety System fitment.  
The case control method may also require vehicle manoeuvres to be sepa-
rated into those where the specific safety system could have had an effect 
and those where no safety system effect is assumed.  

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
 
A crash data study is a desktop study, which can be performed on a nor-
mal pc taking into account published information such as accident reports 
and vehicle identification checkbooks.  

 
5.3 Process/design 
 

5.3.1 Test persons 
The method does not require test persons. 
 
5.3.2 Sample size 
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The sample size in these sorts of studies is limited by the available in-
formation in terms of accidents and vehicle information related possible 
to match. In order to draw statistically significant conclusions, the 
number of available accidents should be large enough. 
 
5.3.3 Set-up, design 
First the road accident data with real-world data is collected from a re-
corded published report.  
Then information on the particular IVS of the study has to be matched 
with the accident data, using data from the Vehicle Identification 
Checkbook.  
Subsets of the total amount of data can be made in order to exclude in-
formation that could dominate the severity of crashes where we would 
not expect a major safety system effect.  
A team of road accident investigators could be composed in order to 
perform a more in-depth study and to centre the study depending on a 
classification. Police officers, road specialists, vehicle specialists, physi-
cian and psychologists can be members of these teams. Medical doctors 
specialized in traffic traumatology could be needed too. 

 
5.3.4 Measuring or technical equipment 
The required equipment is a (normal) pc suitable for the desired statis-
tic software tools (e.g. excel, Access, SPSS, Matlab).  

  
5.3.5 Data requirements 
Required data are the real world national road accident reports (acci-
dent statistics) recorded in every country per year or per certain period 
of time, and the vehicle identification checkbooks to be able to match 
the data, meaning the fitment of the selected safety system in the ve-
hicles. 
Also interviews and surveys of emergency centres duty officers can be 
used for a more in-depth study, in order to understand the accident 
processes and causes. 

 
5.4 Expertise needed 
The required expertise is expertise on using mathematical or statistical 
methods or tools to perform an analysis of the different effects of a se-
lected ITS system on safety in terms of decreasing accidents or fatalities 
or minimising the different possible damages or injuries in an accident.  
For a more in-depth study based on crash data, also traffic safety and 
medical knowledge can be useful. Police officers, road specialists, vehicle 
specialists, physicians and psychologists can be members of composed 
road accident investigation teams. Medical doctors specialized in traffic 
traumatology could be needed too. 

 
6 Results 
 

6.1 Type of output 
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The method evaluates the potential reduction in crash involvement of cars 
equipped with the selected specific safety system. The evaluation can give 
output in terms of global number of fatalities (or accidents) that could 
have been prevented with the safety system (quantitative) and/or mini-
mising of damages achieved (qualitative) 
Also more advanced analysis can be done with additional methods or sta-
tistical analysis and reported in graphics, numbers and text. 
This study can also give figures as input for the benefit cost-ratio  

 
6.2 Parameters / description 

 
The evaluation should be conducted for all crashes as well as for a variety 
of road and loss of control conditions, driver gender, impact type and sin-
gle vehicle crashes.  
Also an indirect cost-benefit ratio due to the accidents avoided or the crash 
costs reduction can be an outcome, so that the economic benefits of the 
selected safety system could be specified.  

 
7 Restrictions of the method 
 

7.1 Limitations 
Restrictions of the method can be the probable change in number of fatali-
ties/injuries. 
A large amount of accident data is needed, with and without the system, 
and separated for different road types, driver types etc. Often these data 
is not available. 
Also, the ITS system should be in its full scale implementation cycle time 
and a sufficiently large amount of vehicles needs to be equipped with the 
system already. 
In a more in depth study, whether a person’s life could have been saved 
with faster help can only be estimated. 

 
7.2 Scalability; extension to real world 
 
Studies with crash data are based on real world data. In order to extrapo-
late the estimated accident reductions, assumptions as penetration of the 
selected safety system in the market should be made. In this sense, it is 
important that the set up covers different traffic situations (e.g. different 
traffic demands, penetration rates, road types) to be able to forecast the 
effects for future penetration rates, vehicle fleets and traffic demands. 
Upscaling the results from a country up to EU-25 level is not common, but 
theoretically possible, however, the problem for this is the (lack of) data 
availability on EU level.  
 
7.3 Reliability and risks  
The final figures are usually extracted making some assumptions, so that 
the reliability of the method is not 100%, and in this sense, the obtained 
figures can not be taken into account as absolute truth. 
The assumptions to be made, such as (e.g.) penetration of the selected 
safety system in the market in a certain period of time, average (linear) 
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decline of accidents per year or that the total number of vehicles in a 
country is assumed to remain constant in some years in order to extrapo-
late data, make that a 100% reliability of the results cannot be guaran-
teed. However, it is possible to derive confidence limits or similar error 
margins for the impact estimates.  
The reliability will depend on both the quality of the accident data used 
and the accuracy of the vehicle identification checkbook used to match the 
data. Every effort should be made to compare cars that were as similar as 
possible, so that the major difference will be the specific safety system 
equipment. However, in practice it will not be possible to compose such 
perfectly comparable cases. This adds a little uncertainty to the results. 
 
One important factor to consider when viewing results of this sort of study 
is the part played in injury reduction due to improvements in passive 
safety of the cars. There is no indication that passive safety improvements 
change driving behaviour that would influence the risk of crash involve-
ment, but the improvements could be expected to change injury out-
comes. Whilst the reductions in killed and seriously injured occupants will 
represent the combined effects of reduced crash involvement and reduced 
injury risk, a passive safety system would be expected to give the same 
protection on a wet as a dry road under the same crash conditions, yet 
there are very different risks of fatal and serious crashes in the data re-
ported. Although it is not easily possible to quantify the effects of passive 
safety improvements, the results in this type of study are considered 
largely to be a measure of improvements in handling performance.  
Nevertheless, as the basis is real world data, the method can be consid-
ered as sufficiently reliable. 

 
8 Examples of use  
 

Clarke, D.D., Ward, P., Truman, W., Bartle, C. (2006). Killer crashes: a 
multiple case-study of fatal road-traffic collisions. Behavioural Research in 
Road Safety 2006: Sixteenth Seminar 
http://www.bv.transports.gouv.qc.ca/mono/0996544.pdf 
 
Frampton R., Thomas P. (2007). Effectiveness of Electronic Stability Con-
trol Systems in Great Britain. Loughborough University. 
http://www.dft.gov.uk/pgr/roads/vehicles/vssafety/safetyresearch/esc/. 
 
Sihvola, N., Luoma, J., Schirokoff, A., Salo, J., Karkola, K. (2009). In-
depth evaluation of the effects of an automatic emergency call system on 
road fatalities European Transport Research Review. Vol. 1 (2009) No: 3 
 99 – 105. doi: 10.1007/s12544-009-0016-3 
 
Virtanen N. (2005). Automattisen hätäviestijärjesttelmän vaikutukset on-
nettomuustilanteessa [Impacts of an automatic emergency call system on 
accident consequences]. AINO-publications 14/2005. ministry of Transport 
and Comunications, Helsinki. 
http://www.aino.info/julkaisut/4_kuljtuki/aino14_2005.pdf/ 
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Virtanen, N., Schirokoff, A., Luoma, J. (2005). Impacts of an automatic 
emergency call system on accident consequences  
18th ICTCT Workshop, 27-28 October 2005, Helsinki. ICTCT, International 
Co-operation on Theories and Concepts in Traffic Safety. Helsinki (2005)  
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Environment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.11. Emission modelling 

 
1 Title and short description of the method 

 
 
Traffic emission models estimate traffic emissions or changes in emissions 
when the vehicle fleet or its activities change.  These models are of impor-
tance for controlling the goal attainment of a cleaner road transport.  
The change in emission rates can be derived by using micro- and macro-
traffic simulation models or empirical emission data (e.g. by air quality 
monitoring). Thus the use of emission modelling requires combining the 
method with simulation and observational methods.  
 
For example instantaneous emission models provide a precise description of 
vehicle emission behaviour to the dynamics of driving patterns, and can 
therefore be used to explain some of the variability in emissions associated 
with given average speeds. The emissions are calculated for any vehicle op-
erating profile, and thus also the vehicle profiles produced by micro-
simulation traffic models can be used. On the contrary, emission models 
based on macro-simulation estimate a change in fuel consumption and re-

Criteria / topics to be covered in  assessment of environ-
mental impacts 
 

 Impacts on fuel consumption 
 Impacts on NOX, SO2, and HC emissions of petrol fuel 
 Impacts on CO2 emissions of petrol fuel 
 Impacts on particulate matter (PM) emissions of diesel fuel 
 Impacts on noise emissions 
 Impacts on the impacts of emissions on environment and health of 

human beings (toxicity)  
 Impacts on further emissions of diesel fuel like lead (Pb), benzene 

and benzo-a-pyrene 
 Impacts on secondary emissions generated by chemical reactions in 

the atmosphere like ozone  
 Does the impact assessment of pollutants differentiate between 

road types (e.g. urban, non-urban)?  
 Does the impact assessment of pollutants differentiate between the 

structure of vehicle fleet concerning age, installed emission avoid-
ing technology?  

 Is traffic intensity considered?  
 Does the impact assessment of pollutants differentiate between ve-

hicle types (passenger car, truck)?  
 Are weighing factors provided to compare and aggregate toxicity of 

different emissions used? 
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sulting emissions from the change in average speeds observed in the net-
work.  
 
Also a functional relationship connecting average speeds and emissions can 
be used to estimate the environmental impacts of IVS. Input data for this 
relationship can be gathered by recording driving patterns vehicle speed 
data inside or outside the vehicle. For example given a specific velocity pro-
file during a trip and detailed information on the vehicle, emissions can be 
estimate using a vehicle emissions model. In addition, parameters of the 
emission model can be based on emission data generated by an engine dy-
namometer in a laboratory. 

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
Emission models using micro- and macro simulation models are especially 
suitable in early phases of the product development life cycle of the IVS 
(idea and plan phase). Furthermore, simulation tools can also provide com-
plementary data to a pilot or a large-scale demo. In a pilot or demo, usually 
only a few vehicles are equipped. Therefore emission models based on 
simulations can generate additional data showing the impact on emissions if 
larger penetration rates or different traffic situations are assumed than the 
one prevailing during the pilot or the demo of the IVS.  
Emission models applying empirical data can be used mainly in large-scale 
demos and during the full-implementation phase of the development lifecy-
cle when a huge amount of empirical data is available.  
 
2.2 Expected outcome, research questions 
Results of emission models provide some data about possible environmental 
impacts of IVS to decision makers. The results could be used as a first indi-
cation about the performance of an IVS with respect to emission savings.  
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
The environmental impact assessment shown by emission models can pro-
vide public authorities first data about how a specific IVS can contribute to 
emission reduction. Thus some input for decision making on how to distrib-
ute public funds on research development expenses in the field of environ-
mental impacts of traffic is provided.  
The results can also provide data to manufactures / suppliers about the en-
vironmental performance of the IVS, to fulfil the emission standards for ve-
hicles. For vehicles for which the environmental performance is increased by 
a specific IVS, this information can be used also for the promotion strategy 
to influence purchase decisions of vehicle drivers interested in “green mobil-
ity”.  
 
2.4 Resources needed  

 
2.4.1 Organisational 
The method does not require special organisational resources.  
 
2.4.2 Personnel 



 
D3.5 – Catalogue of impact assessment methods for 

intelligent vehicle systems 

 
 

25/06/2010 Page 89 of 119 Version 1.0 
 

For simulation based emission models, experience in simulation and 
some expertise on vehicle emissions is necessary. Interpreting (ran-
dom) values of simulation runs requires furthermore statistical exper-
tise.  
If empirical data in emission models is applied, experts in statistics are 
needed for data analyzing. Also personnel for installation of data re-
cording systems are needed.  

 
2.4.3 Technical 
For simulation based emission modes, a  traffic simulation model is 
needed (e.g. Vissim, SISTM), as well as computers with sufficient com-
putational power. Normally, a modern PC is sufficient. Also some addi-
tional tools or software packages may be used to analyse the data (e.g. 
excel, SPSS, Matlab).  
For gathering of empirical data, sensors and measuring instruments are 
needed, such as induction loop detectors for measuring traffic flows, 
Global Positioning System (GPS) dataloggers for measuring driving pat-
ters, or radar to measure traffic speeds. 

 
2.4.4 Financial 
Emission models based on simulation require relatively modest invest-
ments. The only required finances are for the licence costs for the 
simulation model (sometimes up to 10000 euro’s), computer hardware 
(normal PC) and for the required manpower and time (some weeks to 
some months).  
Using empirical data by equipping vehicles or the infrastructure with 
data sensors and measuring instruments will noticeable increase the 
costs of emission models compared to using simulation tools only.  

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
In principle, the method is theoretical, but empirical data can be used as in-
put data and to calibrate the simulation models according to real-life situa-
tions of traffic.  
 
3.2 Experimental / natural 
The method is experimental if the traffic situation is simulated, but can also 
be partly naturalistic if empirical data is used. The construction of a simula-
tion  model has to cover all relevant aspects of real traffic situations to gen-
erate meaningful results.  
 

3.3 Background: theoretical, practical 
The method is theoretical: It is based on mathematical models and uses al-
gorithms to calculate the results.  
 
 

4 Focus (choose the relevant ones and utilize the criteria from expert en-
quiry) 
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4.1 Driver behaviour 
not relevant 

 
4.2 Traffic flow and efficiency 
not relevant 

 
4.3 Traffic safety 
not relevant 
 
4.4 Environment  
Emission models based on simulations or empirical data input take the out-
put from a  traffic simulation model or travel activity data sets and evaluate 
the emissions for example of NOX, PM, total carbon (C) and CO2 as a result 
of the IVS being studied. In more aggregated macro simulation models the 
emissions are calculated based on average speeds and flows using average 
emission factors. Instantaneous emission models use the outcome of micro-
simulation about individual driver behaviour, such as speeds and accelera-
tions per second (or 0.1 second), such that detailed emission calculations 
are possible.  

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
Emission models based on simulations require detailed and precise informa-
tion on vehicle operation (e.g. speed, acceleration, headway). ). If Since di-
rect field measurements to gather these data are possible but represent a 
logistically too large exercise, it is easier to use traffic simulation modelling.  
The simulation models then simulate driving patterns at an individual vehi-
cle level or average speeds on an aggregate level by using mathematical 
rules. Alternatively, typical driving speed patterns for particular areas gath-
ered by travel survey projects can be used as data input for emission mod-
elling. were These vehicle activity datasets usually consist of velocity pro-
files from a sampling of vehicles, typically collected from Global Positioning 
System (GPS) dataloggers.  
 Micro simulation usually is applied for the assessment of local effects of an 
IVS on the level of a small network or a corridor. Emission effects on a re-
gional or national scale may be better derived from macroscopic emission 
models or total fuel consumption.  
 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
An environmental assessment with a simulation emission model is a desk-
top study using a PC and software tools. However, to calibrate the models, 
some real-world measurement data from a field-operational test is often 
used.  

 
5.3 Process/design 

5.3.1 Test persons 
The method does not require test persons. 
 
5.3.2 Sample size 
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If emission modelling is based on microscopic traffic simulations are 
based on stochastic processes; different runs produce different results; 
variability of data between different simulation runs can be described 
by statistical concepts such as standard deviation.  
In order to be able to draw statistically significant conclusions, several 
simulations runs of the same scenario are usually done, usually 5 or 10 
(depends on the variability of the output values). The resulting values 
are averaged from the separate simulation runs. For the case of using 
travel activity datasets the sample must be big enough to get statisti-
cally significant results. The sample should include driving patterns of 
more than 20 vehicles.  
 
5.3.3 Set-up, design 
First the technical and functional specifications of the selected IVS sys-
tems are translated into descriptions of vehicle and driver behaviour, 
which is then implemented in a traffic simulation model. The scenarios 
that will be evaluated have to be determined and implemented (e.g. 
different penetration rates of the IVS, levels of service, etc.). The emis-
sion model has to be fed with the speed and acceleration patterns as 
outcomes of the simulation model or as empirical data. These outcomes 
can differentiate according to parameters like vehicle type and size, 
technology level of vehicle, road type, fuel type etc. Using the outcome 
of the traffic simulation for different traffic scenarios (e.g.) then the 
emissions of grams per pollutant per vehicle kilometres is derived. In 
the final step these emissions can be scaled up to the EU level.  

 
5.3.4 Measuring or technical equipment 
A simulation traffic model is needed (e.g. VISSIM, SISTM), as well as 
computers with sufficient computational power. Normally, a modern PC 
is sufficient. Also some additional tools or software packages may be 
used to analyse the data (e.g. excel, SPSS, Matlab).  
For gathering of empirical input data sensors and measuring instru-
ments are needed. 

 
5.3.5 Data requirements 
Data on vehicle operation and location is needed. These are e.g. given 
by traffic counts (per vehicle category) and speeds / accelerations at 
several locations in the network. Also information about infrastructural 
features like road type is needed. For upscaling results to assess the 
impact on emissions across the EU level, traffic flow data and data 
about the composition of vehicle fleet and vehicle fleet kilometres are 
needed. For forecasting the emission levels, a forecast of the vehicle 
fleet and vehicle fleet kilometres has to be done.  

 
5.4 Expertise needed 
Experience in simulation and some expertise in vehicle emissions and emis-
sion models are necessary to apply the simulation based emission models. 
Interpreting (random) values of simulation runs requires furthermore statis-
tical expertise which is also needed if empirical data are integrated in the 
emission models.  
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6 Results 
 

6.1 Type of output 
The output is emissions in gram per vehicle and per kilometre; also the per-
centage change relative to the base case at different equipment rates of IVS 
can be shown.  
 
6.2 Parameters / description 
The parameters influencing emission levels can be vehicle-related and op-
erational parameters. Vehicle related parameters are e.g.: 
- Vehicle category (cars, vans, HGVs, buses) 
- Vehicle size 
- Fuel type  
- Technology level 
- Mileage.  

Operational factors are e.g.  
- Speed 
- Acceleration  
- Gear selection 
- Road gradient 
- Traffic density 
- Congestions. 

 
7 Restrictions of the method 
 

7.1 Limitations 
The results of the emission models depend critically on the simulation re-
sults and therefore on the realism of the simulation model. A simulation 
model covers a set of parameters and scenarios which are considered as 
relevant for description of the considered traffic situation. Thus not all fea-
tures of real-world traffic situations are incorporated into the model. How-
ever, using a calibration procedure based on validated empirical data will in-
crease realism of the model and representativeness of results.  
A further limitation arises because for micro-simulation models which can 
be performed only for representative network sections, considering the total 
road network would require a very large computational time and a very 
complex calibration of traffic data. Thus micro-simulation is typically re-
stricted to a representative number of traffic scenarios. 

 
7.2 Scalability; extension to real world 
The results of the emission models depend critically on the simulation re-
sults. Therefore the simulation model determines whether the emission re-
sults can be transferred or generalized to other traffic situations. If the 
simulation is set up to different scenarios that cover a broad set of different 
traffic situations (e.g. different traffic demands, penetration rates, road 
types) then transfer to real-world traffic situation is possible.  
Upscaling the results to the country or to EU level is also possible, but diffi-
cult because the problem of data availability on a national level can arise. 
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Data which are needed are e.g. vehicle kilometres per road type, and differ-
ences in vehicle fleets and driver behaviour between countries. 

 
7.3 Reliability and risks  
The results of the emission models depend critically on the reliability of the 
simulation results, and, if used, on the validity of the empirical data. The 
speed and acceleration behaviour is not always very accurate, since these 
models were originally developed for traffic efficiency studies, for which this 
is not as critical as for emission calculations. To get insight into and to im-
prove the accuracy of the speed and acceleration behaviour of the simula-
tion model for a certain traffic situation, a calibration and validation study 
can be done with real-world measurements (e.g. video), or information 
from previous validation studies can be used. 
Also, to derive indicators of the reliability of the results, confidence limits or 
similar error margins for the impact estimates, based on several simulation 
runs can be calculated. Since the simulations are based on stochastic proc-
esses, different runs produce different results. Thus by increasing the num-
ber of runs, the likelihood of various outcomes can be more accurately es-
timated. 
 

8 Examples of use  
 

ADVISORS, Action for Advanced Drivers Assistance and Vehicle Control 
System Implementation, Standardisation, Optimum Use of the Road Net-
work and Safety  

 
Bell, M., Chen, H., Hackman, M., McCabe, K., Price, S. (2006). Using ITS 
to reduce environmental impacts 
Intelligent Transport Systems and Services, World Congress, London, UK, 
8-12 October 2006

 

http://www.gifford.uk.com/fileadmin/uploads/Documents/Research_and_O
piniom/Price-1271_Using_ITS_to_reduce_environmental_impacts_final.pdf 

 
CODIA, Co-Operative systems Deployment Impact Assess, Final study re-
port, Deliverable 5, 2008 

 
DAPPLE - Dispersion of Air Pollution and its Penetration into the Local Envi-
ronment 
http://www.dapple.org.uk/index.html  

 
Gyarmati-Szabo, J; Chen, H; Bogachev, L. (2009). Modelling The Correla-
tion Of Roadside Air Pollution With Traffic Regimes And Meteorological 
Conditions Using The PLS Regression. 
Air Quality: Science and Application, Istanbul, Turkey, 24-27 March 2009 
 
Liu, S; Chen, H; Birkin, M; Mao, B; Guo, J. (2009). Assessment of The 
Transport Policy Effect on CO2 Emissions Using a System Dynamic Model  
Air Quality: Science and Application, Istanbul, Turkey, 24-27 March 2009 
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Zallinger, M., Tate, J., and Hausberger, S. (2008). Instantaneous emission 
model for the passenger car fleet.  
Transport and Air Pollution, International Symposium, Graz, Austria 16-17 
June 2008 
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4.12. Air quality monitoring 

 
1 Title and short description of the method 

 
 
With air quality monitoring, the air quality is measured continuously or 
frequently at one or several locations with measuring instruments for e.g. 
CO2, NOx or with particle counters for particulate matter (PM10).  
Air quality monitoring can be used to evaluate the effect of IVS on air 
quality. To determine the effect in relation to the IVS, also the number of 
passing vehicles equipped with the IVS and the use of the IVS has to be 
monitored, e.g. with instrumented vehicles. Air quality monitoring can con-
tribute to controlling the goal attainment of a cleaner road transport. 
 
 

2 Context of the evaluation 
2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
For applying the method to evaluate the effect of IVS on air quality, full-
scale implementation a pilot with of the IVS is needed since a sufficient 
penetration rate in the vehicle fleet is necessary to generate measurable 
effects. ; thus, the method will be applied in the more “late” phases of the 
development lifecycle. 
 
2.2 Expected outcome, research questions 
The outcome is the change in concentrations of the measured gases or 
particles, in relation to the use of the IVS. 

 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
National, regional and cities can use air quality monitoring to check the air 
quality against the air quality norms and to test how IVS can improve the 
air quality to reach a value below the norms, when necessary. 
This can also give useful information for manufacturers, e.g. on how their 
systems can be tuned to improve fuel efficiency. 

 
2.4 Resources needed  

2.4.1 Organisational 
Next to the organisation of a FOT with the IVS of study, measuring in-
struments need to be installed, maintained and the output stored and 
analysed. It requires organisational effort to find the right measuring 
equipment (e.g. outsourcing to a specialist company), find the right lo-
cation and to organise the installation, design and implementation of 
the experimental set-up (e.g. before and after measuring period) and 
arrange permissions to perform the measurements. Furthermore, a 
long measuring period is needed to determine the effect on air quality, 
since other (not controllable) factors disturb the measurements, such 
as wind power and direction. 
 
2.4.2 Personnel 
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Since different types of specialist measuring instruments can be used, 
several experts with very specific expertise on those measuring instru-
ments and air quality knowledge are needed. Also, statistical analysis is 
needed for the analysis.  

 
2.4.3 Technical 
Regarding the air quality monitoring instruments, this concerns very 
specialist and costly equipment. For different gases and particle sizes, 
there exist different types of measuring instruments which are able to 
whether or not to measure in real-time or with different frequency and 
accuracy. Some instruments (for particulate matter) e.g. work with the 
principle of light reflection, others with the weight of particles caught in 
a filter. 
 
To get a good insight in the effect of the traffic on air quality, not only 
the air quality itself, but also driving characteristics and vehicle types 
need to be monitored accurately. For this, detection loops and cameras 
(e.g. with license plate recognition to get accurate information on vehi-
cle and engine type) can be used. 
 
2.4.4 Financial 
The required measuring instruments are generally very expensive. Fur-
thermore, they need to be used and maintained for a long time. Also 
the required manpower is high. This is therefore a costly method (in 
ongoing research, it is investigated how the air quality and traffic can 
be monitored with less measuring instruments, while still attaining the 
required accuracy). 

 
3 Orientation of the method 

3.1 Theoretical / empirical; Ex-ante / ex-post 
Empirical (real-world measurements), ex-post with before (without IVS) 
and after measurements (with IVS).  
 
3.2 Experimental / natural 
The method is natural: real-world driver behaviour is measured. The 
method is unobtrusive, when the measuring instruments are not (obvi-
ously) visible, and therefore does not influence the driving behaviour. 
 
3.3 Background 
The theoretical background concerns chemical and physical processes of 
vehicle emissions (for the different gases and particulate matter) and 
emission propagation (dependent of weather variables). Also, knowledge 
of how vehicle behaviour is related to vehicle emissions, such as how ac-
celeration behaviour is related to higher emissions, are important for a 
good assessment of the impact of traffic and IVS on emissions. 
Furthermore, the analysis of the measurements is based on specific theo-
retical principles, such as image processing techniques when video cam-
eras are used. 
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4 Focus (choose the relevant ones and utilize the criteria from expert en-
quiry) 

 
4.1 Environment  
Emissions monitoring is used to assess the effects on the environment. 
Impacts on e.g. fuel consumption, CO2, NOX, SO2, particulate matter 
(PM), HC, secondary emissions generated by chemical reactions in the at-
mosphere like ozone, noise, can be measured and assessed. There can be 
differentiated between road types (e.g. urban, non-urban) by choosing the 
measurement locations. The effect of varying traffic intensities can be 
taken into account when this is measured, e.g. with loop detectors. Also, 
the effect on air quality of different vehicle (passenger car, truck), engine 
(e.g. diesel, gasoline) and Euro (Euro1 to Euro5) types and vehicle age 
can be assessed, when this is monitored (e.g. with license plate recogni-
tion). Vehicle types can be estimated from the vehicle length with loop de-
tectors. 

 
5 Description of the method 

 
5.1 Short description of the underlying principles 
With air quality monitoring, the air quality is measured continuously or 
frequently at one or several locations with measuring instruments for e.g. 
CO2, NOx or with particle counters for particulate matter (PM10). To be 
able to measure the traffic emissions for all wind directions, measuring in-
struments need to be placed close to the road and on both sides of the 
road. 
Air quality monitoring can be used to evaluate the effect of IVS on air 
quality. To determine the impact on emissions in relation to the IVS, a ‘Be-
fore’ and ‘After’ study can be carried out, or a distinction need to be made 
for vehicles with and without the IVS in the passing traffic. The number of 
passing vehicles equipped with the IVS and the use of the IVS can be 
monitored, e.g. with instrumented vehicles or cameras. Driving character-
istics with and without the implementation of the IVS can be measured 
e.g. with loop detectors or cameras. The emissions can be evaluated for 
various vehicle categories and Euro standards to reflect the varying emis-
sions for different vehicle types.  

 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
This method is a field test, since it is based on real-world measurements. 
The analysis afterwards furthermore requires a statistical analysis. 

 
5.3 Process/design 

5.3.1 Test persons 
No test persons are needed if the IVS is present on the road in part of 
the vehicles, and if this can be detected. In case the IVS is not yet on 
the market, the emission monitoring needs to be combined with a FOT, 
which needs test persons to drive the test vehicles (see method de-
scription of large-scale filed study). 

 
5.3.2 Sample size 
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The sample size is determined on the one hand by the length of the pe-
riod that the measurements are done, and on the other hand by the 
number of passing vehicles with the IVS of study. 
It is hard to determine beforehand how long the measurement period 
should be. This depends among others on the weather conditions. The 
desired weather conditions should have a wind direction from the traffic 
on the road to the measuring instrument next to the road, and a wind 
speed strong enough to blow the emissions to the measuring instru-
ment, but not too strong to spread the emissions in the air too much. 
Also, rain will influence air quality measurements, especially for particu-
late matter. The wind direction condition can be solved by using meas-
uring equipments on both sides of the road. 
When the right weather conditions are present, already one day will 
give valuable insights, but usually much longer periods are used, up to 
one year. Also, to be able to isolate the effect of the IVS, the traffic 
flows should be almost constant during the measurement period. A 
longer measurement period could be needed to find enough comparable 
traffic conditions. 
 
Concerning the required sample size for vehicles with the IVS for air 
quality monitoring, we did not find examples in existing studies, but an 
estimation would be that at least 10% of the vehicles need to be 
equipped during a certain measurement period (e.g. per 15 minutes) to 
be able to measure the impact with statistical significance. 

 
5.3.3 Set-up, design 
First, the measurement location, type of measurements, indicators to 
be measured and measurement period need to be chosen. Next, the 
specific measurement instruments (with different measuring technolo-
gies, costs, accuracies and measurement frequencies) and exact posi-
tions of the measuring instruments have to be chosen. As said before, 
it is better to measure the air quality on both sides of the roads to be 
prepared for more wind directions.  
Next to air quality, also the traffic characteristics need to be monitored. 
Some monitoring instruments might already be present, such as loop 
detectors in the road. To get the best information on vehicle types,  
video cameras can be used. 
 
5.3.4 Measuring equipment  
Regarding the air quality monitoring instruments, this concerns very 
specialist and costly equipment. For different gases and particle sizes, 
there exist different types of measuring instruments which are able to 
measure concentrations of gases or particles, whether or not in real-
time or with different frequency and accuracy. Some instruments (for 
particulate matter) work with the principle of light reflection, others 
with the weight of particles caught in a filter, and can therefore only be 
measured after longer measurement periods, e.g. at the end of each 
day. The air quality monitoring instruments furthermore need electrical 
power, which can be generated from an aggregate when necessary. 
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Sometimes the available power from road lightning or traffic lights can 
be used. 
 
To get a good insight in the effect of the traffic on air quality, not only 
the air quality itself, but also driving characteristics and vehicle types 
need to be monitored accurately. For this, detection loops and cameras 
(e.g. with license plate recognition to get accurate information on vehi-
cle and engine type) can be used. 

 
5.3.5 Data requirements 
Both the air quality and traffic measurements need to have sufficient 
accuracy and measuring frequency. Depending on the research ques-
tions and the type of IVS, this can e.g. be per day (when exceedence of 
daily air quality norms is checked), or for a much smaller period such 
as per 5 minutes. Usually IVS influence driving characteristics at a very 
detailed level, therefore to evaluate the impact of these, small time and 
space resolution measuring instruments are needed, both for the air 
quality as for the driving and traffic flow characteristics. There exist air 
quality measuring instruments that measure at a frequency of 4 to 10 
Hz, and cameras which take a picture of the traffic also at 10 Hz. Usu-
ally, a resolution of 1 Hz is more than enough for IVS impact assess-
ments. From this, accurate averages over 5 or 15 minutes can be de-
termined. 

 
5.4 Expertise needed 
A lot of different expertises are needed: experience with setting up feld 
tests with air quality and traffic monitoring, expertise on air quality moni-
toring instruments and traffic monitoring instruments, experience with 
FOTs when the test is combined with a FOT, knowledge of the chemical 
and physical properties of the measured gases and experience with the 
analysis of the different data sources. Synchronising and interpreting all 
these data sources is a complex and time consuming process, which will 
be done largely manually, with the help of different software packages 
such as Matlab. Furthermore, analysing the camera images can be done 
with sophisticated video imaging techniques, which also requires expertise 
on the specialistic software and analysing techniques. Also, some statisti-
cal expertise is needed.  

 
6 Results 

6.1 Type of output 
Usually, in an air quality monitoring study, the output is the percentage 
change in emissions of several gases or particulate matter, measured for 
intervals of a certain length, usually per hour, per day or per year. This 
can be linked to hourly, daily and yearly air quality norms. 

 
6.2 Parameters / description 
Examples of parameters that can be measured in an air quality monitoring 
study, are: 
- Percentage change of CO and C02 and link to fuel consumption 
- Percentage change of NOx, NO2, SO2 and HC 
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- particulate matter (PM) emissions of diesel fuel 
- Weather variables such as wind speed and direction, needed for inter-

pretation and further analysis with concentration models 
- noise levels (dB(A))  
- Impacts on further emissions of diesel fuel like lead (Pb) and benzene 
- Impacts on secondary emissions like ozone 
There can also be differentiated between road types (e.g. urban road,  
motorway, intersection), when measurements are done at different loca-
tions with different road types, and for various vehicle categories and Euro 
standards to reflect the varying emissions from different vehicle types of 
varying ages. 

 
7 Restrictions of the method 

7.1 Limitations 
Application of the method requires a sufficient rate of penetration of the 
vehicle fleet by the systems for getting measureable effects. Such rates 
will be just reached in the future.  
  
Main limitation of the method itself is that the method is costly and time 
consuming and requires a lot of expertise (however, it will provide a lot of 
valuable insights related to traffic in relation to air quality). Also, a lot of 
manual post-processing is needed for synchronising and analysing the dif-
ferent data-sources. Therefore, real-time monitoring is not yet possible, let 
alone forecasting. 
 
Furthermore, vandalism can be a problem for the costly equipment (espe-
cially when drivers think that their speed is monitored for enforcement 
purposes). 
 
7.2 Scalability; extension to real world 
An air quality monitoring study reflects the real-world already, since it 
concerns real-world measurements.  
Scalability to regional, national or EU level or translation of the results to 
other locations is however very difficult, since the effects very much de-
pend on the local traffic situation, such as vehicle fleet, speed limits, traffic 
light control etc.  

 
7.3 Reliability and risks 
When the available time is short, it could be that the traffic and weather 
circumstances during the monitoring period are not suitable for a good im-
pact assessment. Also, a lot of different indicators (both air quality and 
traffic) need to be measured with high accuracy to be able to draw good 
conclusions. Often, not enough traffic variables are measured (e.g. vehicle 
types are unknown) or with a too low resolution (e.g. per hour) to capture 
the small changes in driving behaviour from the IVS, needed to assess the 
impact on emissions. 
There are however measuring instruments available with sufficient accu-
racy and frequency, so when applied correctly, the method will be very ac-
curate and reliable. 
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8 Examples of use  
ATM Monitoring and Evaluation. Active Traffic Management on the M42 
motorway UK, Monitoring and Evaluation Report. Doc/1807/V3, 2008. 
http://www.dft.gov.uk/pgr/roads/tpm/m42activetrafficmanagement/ 
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Socio-economy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.13. Cost benefit analysis (CBA) 

 
1 Short description of the method 

The potential benefits and costs of an Intelligent vehicle system (IVS) are 
estimated across a set of impacts. The impacts e.g. in the field of accident 
prevention, travel time savings, fuel consumption, emission reduction (air 
pollution, noise) and driving comfort are converted into monetary terms by 

Criteria / topics to be covered in  assessment of environ-
mental impacts 
 

 Are all relevant cost components of IVS included (e.g. production, in-
stallation and operating costs)?  

 Are the main impacts in the field of safety, traffic flow and environ-
mental considered in socio-economic assessment of IVS?  

 Are CO2 emission costs considered?  
 Are travel time and vehicle operating cost (fuel consumption) savings 

considered as benefits?  
 Are economies of scale in IVS costs considered? (As more and more 

IVS are installed in vehicles average production costs of IVS will de-
crease.)  

 Does the calculation of accident costs comprise unit cost rates for fa-
talities, seriously and slightly injured persons?  

 Are human costs (pain, grief and suffering) considered?  
 Are other emission costs (NOX, PM) considered?  
 Are scenarios defined (e.g. “optimistic, realistic, pessimistic”) to show 

a range of results if critical external conditions (e.g. market penetra-
tion rate of IVS) are uncertain?  

 Is a sensitivity analysis done to identify critical input values for calcu-
lation of benefit-cost-ratios?  

 Are well established discount rates for calculation of costs and benefits 
used?  

 Are the costs of the whole lifetime of IVS considered? (e.g. initial de-
velopment and engineering costs, maintenance costs)  

 Are changes in congestion costs caused by accidents considered?  
 Are costs and benefits analyzed on a stakeholder perspective (e.g. 

user, manufacturers, insurance companies, public authorities) to inte-
grate distributional impacts of IVS investments (who has advantages 
and disadvantages)?  

 Are the benefits of the whole lifetime of IVS considered?  
 Are property damages integrated in cost-unit rates of accidents?  
 Is a financial analysis done to show financial impacts of IVS invest-

ments on revenues, expenditures and financial cash flow of public au-
thorities?  
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multiplying impact units by cost-unit rates per unit. By comparing the bene-
fits of the considered IVS with its costs including in-vehicle system costs, 
maintenance/operation and infrastructure costs the efficiency of the IVS is 
evaluated.  

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
For a CBA a specification of the functionalities of the system and of the pos-
sible use cases are needed. Thus a prototype can be sufficient for a first es-
timation of costs and benefits. But the range of possible CBA results will 
then be relatively large. Thus, CBA is more suitable when pilot test results 
are available and impacts (e.g. avoided fatalities, injuries) can be estimated 
for example by using an expert survey or a simulation study. The validity of 
the impact estimation will be further increased if also empirical data from a 
large-scale demo or full-scale implementation are available.  
The method can also motivate decisions to either continue or stop a system 
development based on the CBA results of the pilot test or a prototype.  

 
2.2 Expected outcome, research questions 
Results of CBA can inform policy decision makers about the social profitabil-
ity of IVS, i.e. whether the benefits in road safety and traffic flow over-
weight the costs of the system. This information can be useful to decide 
about further public supported research in IVS. For example, decisions 
about the set-up of field operational tests to get more accurate and reliable 
data about safety and traffic effects of IVS can be influenced by CBA re-
sults, and also decisions on research grants which support further technical 
development of IVS. In general, CBA results on IVS can provide, besides 
political and legal reasoning, foundation for distribution of public funds to 
reach goals in road safety and traffic management.  
 

2.3 Target group of the outcome (public authorities, manufacturers etc.) 
Benefit-cost ratios show on a highly aggregated value the socio-economic 
profitability of an Intelligent Vehicle System. Results can be important for 
decisions makers such as road authorities e.g. to support further research 
and to support market introduction of IVS. Since in a CBA the complete set 
of impacts of the system for society should be covered, results are not of di-
rect relevance for purchasing decisions of consumers and investment deci-
sions of manufactures. However, support of market introduction of IVS by 
public authorities based on CBA outcome can have a positive influence on 
long term investment decisions of manufacturers. 
 
2.4 Resources needed  

 
2.4.1 Organisational 
CBA does not require special organisational resources.  
 
2.4.2 Personnel 
Expertise in economics is needed for cost estimation and monetarisa-
tion of impacts. Expertise and experience is also necessary for accident 
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and traffic data analysis and in field studies for the evaluation of gener-
ated data.  
 
2.4.3 Technical 
Beside software tools for data analyses and calculations (e.g. excel, 
SPSS) no special tools or software packages are needed.  

 
2.4.4 Financial 
Beside financial outlays for required manpower no investments neces-
sary.  

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
The method is theoretical since benefits and costs are based on desk top re-
search; empirical results of e.g. field studies and expert surveys are used, 
but no empirical research is done. Benefit cost ratios can be calculated by 
using forecasts of impact and costs data (ex ante) or by using historical 
data (ex post).  
 
3.2 Experimental / natural 
The method can be based on both results of an experimental or naturalistic 
research design. For example, the assessment of safety effects can be 
based on empirical results of field operational tests. If traffic flow impacts 
are generated by simulation studies then an experimental research design is 
used for assessment.  

 
3.3 Background 
The method is based on (neoclassical) welfare economics. By using a CBA 
the efficiency rule is applied for public decision making. From a very theo-
retical point of view this approach evaluates economic effects of new tech-
nologies like IVS by measuring variations in the use of resources of the so-
ciety. The costs of the technologies in question are then confronted with its 
possible productive effect for the overall economy (its benefits). The valua-
tions of benefits can be based on willingness-to-pay or cost-unit rates for 
savings of resources due to the impacts of IVS.  
 

 
4 Focus (choose the relevant ones and utilize the criteria from expert en-

quiry) 
 
The method uses results of impact assessment in the impact areas shown be-
low as input data. 
 

4.1 driver behaviour 
not relevant (suitable for all focus areas) 

 
4.2 traffic flow and efficiency 
not relevant (suitable for all focus areas) 
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4.3 Traffic safety 
not relevant (suitable for all focus areas) 
 
4.4 Environment  
not relevant (suitable for all focus areas) 

 
 
5 Description of the method 
 

5.1 Short description of the underlying principles 
The CBA compares the potential economic benefits of an IVS, with all rele-
vant consumption in resources due to the implementation of the IVS. All the 
benefits and the costs are measured in monetary terms by multiplying the 
physical impact units, for example avoided injuries, with the accordant 
monetary values.  
The method uses the results of impact assessment especially in the area of 
traffic safety, traffic flow and efficiency, and environment. Avoided causali-
ties, a change in travel time, fuel consumption and emissions are valued 
with monetary terms. Mostly, market prices are not available for these im-
pacts, such that alternative concepts are used for economic evaluation. 
These alternative cost-unit rates can be based on a subjective or an objec-
tive approach. The subjective approach is based on individual evaluations 
expressed in monetary terms of a change e.g. in health risks (‘willingness-
to-pay’). The objective approach is differentiated into the cost-of-damage 
approach and the cost-of-avoidance approach. Both approaches use objec-
tive cost-data. In the cost-of-damage approach, costs for restoring health 
and possible productive losses caused by illnesses are calculated and in the 
cost-of-avoidance approach the costs of the measures to avoid the injury 
are determined. Because it is often more easy to calculate the costs of the 
damage than costs of a hypothetical measure to avoid the damage, mostly 
the cost-of-damage approach is applied.  
The CBA can be used to assess absolute efficiency and relative efficiency. A 
road safety measure is (absolute) efficient if implementation produces posi-
tive net benefits. When different road safety measures are compared to 
reach a safety goal, CBA can provide a ranking according to the level of net 
benefits generated by the different measures (relative efficiency).  
 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
CBA is a desktop study. However, data coming out of field studies are often 
used for impact estimation in the field of safety and traffic flow. Also simula-
tion results on changes in traffic flow (e.g. average speed, traffic density) 
are used as input for estimating changes in fuel consumption and emission 
levels.  

 
5.3 Process/design 

5.3.1 Test persons 
The method does not require test persons. 
 
5.3.2 Sample size 
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For impact estimation in the field of safety and traffic flow, CBA uses 
results of different methods. For considerations about statistical evi-
dence of these methods we refer to the description of these methods in 
the catalogue.  
 
5.3.3 Set-up, design 
The set-up is shown for the CODIA study as an example of a typically 
CBA:  
The assessment starts with a specification of the IVS, its functions and 
possible use cases. Based on these use cases, accident types were 
identified which will be addressed by the IVS by having an impact on 
the number of accidents and accident severity.  
The safety impact assessment then proceeds by estimating the safety 
effect of each IVS based on existing knowledge with references found in 
literature and other evidence available.  
The safety effect estimates are then applied to the EU-25 road accident 
data utilising the forecasted safety trends up to 2030 to provide esti-
mates about the effects of the systems in terms of fatalities, injuries 
and accidents saved by the systems in 2020 and 2030. For the estima-
tion of the safety effects also forecasted penetration rates of IVS in the 
vehicle fleet and the corresponding vehicle kilometres driven by IVS-
equipped vehicles in 2020 and 2030 are used.  
The traffic impact assessment focussed on effects on journey times at 
different system penetration rates by using micro-simulation modelling. 
The journey times produced in the simulation runs are converted into 
vehicle hour changes on an EU-25 scale.  
The emission effect assessment utilised instantaneous emission models 
describing vehicle emission behaviour by relating emission rates to ve-
hicle operation, working also with the outputs of the simulation runs. 
Emission changes in terms of grams of pollutant per vehicle kilometres 
are generated for different scenario and upscaled to the EU-25 level. 
Finally, cost-unit rates are applied to the estimated impacts of the IVS 
(safety, travel flow, emissions) to get the benefits. Given estimations 
about vehicle fleet and penetration rates of IVS in the total fleet, costs 
are calculated and benefit-cost ratios calculated as indicators of socio-
economic profitability of the considered IVS.  

 
5.3.4 Measuring or technical equipment 
Beside software tools for data analyses and calculations (e.g. excel, 
SPSS) no special tools or software packages are needed.  

  
5.3.5 Data requirements 
Base data are accident data (injuries, fatalities, accidents), traffic data 
(vehicle stock, vehicle kilometres), and penetrations rates of IVS into 
the vehicle fleet. The data are extrapolated for example to 2020 to get 
a forecast about the impacts of IVS.  
To get the safety and traffic impacts on the EU level the estimated 
safety (share of avoided accidents) and traffic effects (travel time re-
ductions) of the IVS are applied to the base data.  
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5.4 Expertise needed 
Expertise in economics is needed for cost estimation and monetarisation of 
impacts. Expertise and experience is also necessary for accident and traffic 
data analysis and in field studies for the evaluation of the generated data.  

 
6 Results 
 

6.1 Type of output 
The discounted benefits and costs of the IVS are measured in monetary 
values (Euro). As (quantitative) indicator of efficiency the benefit-cost ratio 
(BCR) is used.  
 
6.2 Parameters / description 
The following classes are used for qualifying the benefit-cost ratios: If the 
BCR is in the range 0 < BCR < 1 the BCR is rated “poor” showing the socio-
economic inefficiency of the IVS; if the BCR is in the range 1 ≤  BCR < 3 the 
BCR is rated “acceptable” meaning that the social benefits associated with 
the implementation of a safety system exceeds the costs and the IVS is effi-
cient; if BCR ≥  3 holds the BCR is labelled as “excellent”.  
In a sensitivity analyses, the depending of the BCR results on variables such 
as penetration rates, system costs, safety effects etc. can be shown. 

 
7 Restrictions of the method 
 

7.1 Limitations 
A problem of the method is that not for all benefits and costs of the IVS a 
quantification and a converting of the impacts into monetary values is pos-
sible. In consequence some impacts of an IVS for example by an improved 
driving comfort are not taken into account if no measurement instrument is 
available to transfer this impact into a monetary value. Also, if the objective 
approach of assessment is applied, human costs like pain, grief and suffer-
ing are not covered since no well accepted valuation method for these costs 
exists.  
In general, a CBA does not take into account how benefits and costs of IVS 
are distributed into the society. Thus, although an IVS is considered as effi-
cient from the point of view of the society, it may not be welfare increasing 
for all relevant groups. This can be an impediment for market introduction 
of IVS.  

 
7.2 Scalability; extension to real world 
The accident and traffic databases in the CBA are used to upscale safety 
impacts and traffic flow effects to the country-level. Often also upscaling to 
the EU level is necessary to show the efficiency of IVS on the EU level. 
However, upscaling to the EU level is sometimes difficult because on the 
country-level in-depth data about accident types and relevant environ-
mental conditions are not always available in equal quality and reliability to 
show safety effects of IVS.  
 

7.3 Reliability and risks  
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The costs and benefits are expected outcomes based on forecasts. With re-
spect to IVS, the market penetration rates in the future could be lower than 
expected because e.g. of shortcomings of and /or reluctance against the 
technology such that the safety effects diminish. Also estimations of devel-
opment of vehicle fleet and vehicle kilometres will be influenced by a 
change for example in fuel prices. Benefit-cost ratios are therefore estima-
tions under uncertainty. To cope with these risks, minimum and maximum 
values of costs and benefits can be calculated by developing optimistic and 
pessimistic scenarios. This may highlight the fact that economic analysis 
cannot provide exact estimates but rather probable intervals. Also a sensi-
tivity analysis which discusses the reaction of the benefit-cost ratios to criti-
cal values of assessment can reduce the uncertainties about the results.  
 

8 Examples of use  
 

Abele, J., Kerlen, C., Krueger, S., Baum, H., Geißler, T., Grawenhoff, 
S., Schneider, J., Schulz, W.H. (2004). Exploratory study on the poten-
tial socio-economic impact of the intro-duction of intelligent safety sys-
tems in road vehicles. SEiSS. VDI/VDE Innovation + Technik GmbH 
and Institute for Transport Economics at the University of Cologne. 
 
Baum, H., Geißler T., Westerkamp, U. & Vitale, C. (2008). Cost-Benefit 
Analyses for standalone and co-operative Intelligent Vehicle Safety 
Systems, eIMPACT Deliverable D6. 
http://www.eimpact.info/results.html 
 
Carsten, O., Tate, F.N. (2005). Intelligent speed adaptation: accident 
savings and cost–benefit analysis. Accident Analysis & Prevention Vol-
ume 37, Issue 3, May 2005, Pages 407-416  
 
Kulmala, R.; Leviäkangas, P.; Sihvola, N.; Rämä, P.; Francics, J.; 
Hardman, E.; Ball, S.; Smith, B.; McCrae, I., Barlow, T.; Stevens, A. 
(2008). CODIA Deliverable 5: Final Study Report. CODIA Co-Operative 
systems Deployment Impact Assessment. Submitted to European 
Commission DG-INFSO 
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4.14. Multi criteria analysis (MCA) 

 
1 Short description of the method 

 
Multi criteria analysis 
As a method for socio-economic evaluation, multi criteria analysis (MCA) is 
used to measure the performance of an IVS against established criteria. The 
criteria of the MCA are built on the objectives of the decision making group. 
This group can consist of experts and relevant stakeholders in the field of 
IVS. Examples of evaluation criteria are driver safety and comfort, third-
party safety, energy efficiency, environmental impact and travel time reduc-
tions. The experts value the different alternatives against the criteria by 
given scores for goal achievement.  
The analytical hierarchy process (AHP) is probably the most widely used 
MCA method in decision-making. It provides an explicit relative weighting 
system for the selected criteria. Given the weights of the various criteria, 
the analysis permits to measure each systems overall level of goal-
achievement such that a complete ranking of the considered IVS results.  

 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
Because the Information requirements for MCA are relatively less demand-
ing compared to cost-benefit analysis, the MCA is applicable especially for 
the plan/ prototype phase of system development.  
 
2.2 Expected outcome, research questions 
Results of MCA inform decision makers about the ranking of the IVS given a 
set of limited criteria. However, the ranking is only ordinal, i.e. from the 
values no information about how much one alternative is preferred against 
a different alternative can be generated. The results could be used as a first 
indication about the relative performance of an IVS and thus can provide 
some help to plan further research steps about functions, use cases and po-
tential impacts of IVS.  
 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
An assessment by MCA can provide manufactures / suppliers some informa-
tion about how to select the most suitable IVS for development e.g. of a 
prototype or pilot. Such information can also be of some interest for public 
authorities when they decide about how to distribute public funds on re-
search development expenses for different alternatives of IVS. Consumers 
usually will not have the data to apply the methods for their choice of an 
IVS in a vehicle.  
 
2.4 Resources needed  

 
2.4.1 Organisational 
MCA does not require special organisational resources.  
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2.4.2 Personnel 
Some experience in empirical research and impact analysis is needed 
for developing goals, criteria and scenarios for the MCA method.  

 
2.4.3 Technical 
Beside software tools for data analyses and calculations (e.g. excel, 
SPSS) no special tools or software packages are needed.  

 
2.4.4 Financial 
Beside financial outlays for required manpower no investments are 
necessary.  

 
3 Orientation of the method 
 

3.1 Theoretical / empirical; Ex-ante / ex-post 
In principal, the scoring against the criteria represents estimations of ex-
perts about the performance of IVS according to defined criteria. In addi-
tion, the estimations can be based on (theoretical) desk top research, and 
do not demand empirical research. The assessment can be applied to the 
past or future performance of IVS.  
 
3.2 Experimental / natural 
Not relevant because the method is mainly a decision method.  
 

3.3 Background 
The method is a theoretical concept generating an assessment which is 
valid only for the given objectives of the experts and stakeholders who par-
ticipate in the assessment.  
 

4 Focus (choose the relevant ones and utilize the criteria from expert en-
quiry) 

The method uses results of impact assessment in the impact areas shown be-
low as input data. 
 
 

4.1 driver behaviour 
not relevant 

 
4.2 traffic flow and efficiency 
not relevant 

 
4.3 Traffic safety 
not relevant 
 
4.4 Environment  
not relevant 

 
5 Description of the method 
 

5.1 Short description of the underlying principles 
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The process of subjective valuation allows integrating impacts of an IVS 
which cannot be quantified or valued in monetary values in an assessment 
(e.g. comfort benefits) by using scores. Thus by using the AHP-method, a 
complete aggregation of valuation results will be obtained. However, by ag-
gregation, compensatory effects are possible, such that low scores of a cri-
terion could become more important if the weight for this criterion is higher 
than the weight of a criterion which has a higher score. This means that by 
weighting and aggregating of single valuations, detailed and often important 
information can be lost.  
 
5.2 Type of assessment (desktop, lab, simulator, field, statistics) 
The MCA approach will be based on an experts´ survey, for example during 
a workshop. Also data from a desktop study can be used as input.  

 
5.3 Process/design 

5.3.1 Test persons 
The method does not require test persons, but experts´ estimations 
about performance of IVS with respect to selected criteria.  
 
5.3.2 Sample size 
If the MCA is based on a survey, the validity of the results depends on 
the number of experts in the sample. Standard statistical methods can 
then be used to state the significance of the results.  
 
5.3.3 Set-up, design 
The MCA is based on a hierarchy of objectives and sub-objectives. This 
hierarchy can be constructed top-down or bottom-up. Often, a combi-
nation of both is applied. The top-down method starts at the top at the 
fundamental objectives and proceeds downwards until all criteria are 
included (if possible measured by operational criteria). On the contrary, 
the bottom-up approach will generate a large unstructured list of crite-
ria, which can be clustered into groups of common elements (sub-
objectives), leading to potentially the same hierarchy as the top-down 
approach.  
The top-down approach is preferable for dealing with strategic deci-
sions, when the suitable alternatives have not been identified yet. The 
bottom-up approach works better in situations when the set of alterna-
tives is fixed, and the decision problem is to select a single alternative 
among them.  
The next step of a MCA consists of setting priorities among the criteria 
such that a weight is given to each criterion. If the number of criteria is 
relatively large, the method of pairwise comparisons can be used to get 
a consistent weighting.  
Finally, a scoring is done by using a scale, for example a 9-point scale 
or a 100-point scale. The former scale is easier to apply but reduces 
the ability to show accurately the differences in goal attainment of the 
different alternatives.3 

                                       
3 For more information about the theoretical foundations of MCA see for example the 
ADVISORS study (Integrated Multicriteria Analysis for Advanced Driver Assistance Sys-
tems, Deliverable 6.1, 2000), and the SEISS study (ABELE, J. et al., Exploratory Study 
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5.3.4 Measuring or technical equipment 
Beside software tools for data analyses and calculations (e.g. excel, 
SPSS) no special tools or software packages are needed.  

  
5.3.5 Data requirements 
As input to an MCA, experts´ surveys or desktop results can be used.  

 
5.4 Expertise needed 
Some experience in empirical research and impact analysis is needed for 
developing goals, criteria and scenarios for the MCA method. Thus expertise 
will be necessary for developing a questionnaire and preparing and conduct-
ing an expert survey for getting weights and votes for the evaluation of IVS. 

 
6 Results 
 

6.1 Type of output 
After giving weights to various criteria, the analysis permits to measure 
each system overall level of goal achievement by scoring and thus identify-
ing the most preferred alternative and providing a ranking of all considered 
alternatives of the IVS.  
 
6.2 Parameters / description 
The parameters of the evaluation are weights and scores. To each criterion 
of an alternative, a weight is assigned to express how favoured the criterion 
is. By scoring the expected consequences, each option has to be assigned to 
a numerical score. The numerical score reflects the strength of preference 
for each alternative for each criterion. The result is that more preferred op-
tions have a higher score on the scale than less preferred options. A usual 
scale is from 0 to 100. With 0 as least preferred option and 100 as most 
preferred option. 

 
7 Restrictions of the method 
 

7.1 Limitations 
The main limitation of the MCA method is that the generated results hold 
only for the group of experts who were undertaking the assessment. A gen-
eralisation of the results is difficult since a different group of experts will use 
different evaluation criteria. In addition, the scoring of the alternatives is 
subjective, but of course based on the scientific expertise of the experts.  
The main limitation of the MCA method is that it depends on the expertise 
and judgements of who were undertaking the assessment. A generalisation 
of the results is difficult since a different group of experts will use different 
evaluation criteria. The scoring of the alternatives also, in principle, is sub-
jective, but, of course based on the expertise of the experts 
A further problem of the method is the rank reversal problem. This means 
that, in some cases, the ranking of the alternatives can be reversed when a 
new alternative is introduced. In the AHP method, rank reversal is likely to 

                                                                                                                        
on the potential socio-economic impact of the introduction of Intelligent Safety Systems 
in Road Vehicles, 2005).  
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occur e.g. when a copy or a near copy of an existing alternative is added to 
the set of alternatives that are being evaluated.  

 
7.2 Scalability; extension to real world 
Because the ranking of the alternatives is based on subjective estimations 
of an experts´ survey and since the assessment holds only given the set of 
alternatives and criteria, a generalisation of the ranking is normally not pos-
sible. A minimal requirement for a careful generalisation would be that the 
sample of experts represents the scientific state of the art according to the 
scientific community to which they belong. If this is the case, 10 to 20 ex-
perts can be enough to get meaningful results.  

 
7.3 Reliability and risks  
Because of the subjectivity of the assessment and the Rank-reversal prob-
lem, the risks of using the method for decision making is relatively high. 
Therefore an extensive sensitivity analysis of these evaluations should be 
performed in order to investigate whether the ranking of the IVS would 
change when other sets of weights would be used to get some hints about 
stability of the results. 
 

8 Examples of use  
 

ADVISORS, Action for Advanced Drivers Assistance and Vehicle Con-
trol System Implementation, Standardisation, Optimum Use of the 
Road Network and Safety  

 
eIMPACT, Socio-economic Impact Assessment of stand-alone and 
co-operative intelligent vehicle safety systems (IVSS) in Europe, De-
liverable 7, 2008, http://www.eimpact.info/results.html  
 
Estlander, K., Pekkarinen, S. (2007). Findings on a Finnish method 
to assess welfare impacts of transport plans. The 11th World Con-
ference on Transport Research, University of California, Berkeley, 
USA. WCTR ( 2007), 23 p. http://www.uctc.net/wctrs  
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5. Conclusions 
 
 
This document presents the catalogue of impact assessment methods for intelli-
gent vehicle systems (IVS). It is directed to anyone who is responsible for the 
impact assessment of IVS or uses the results of the assessment of IVS, such as 
decision makers, developers and researchers.  
 
This catalogue is a first of its kind. The catalogue should act as a basis and cata-
lyst to the discussion on the use, requirements and detailed contents of such a 
catalogue with the aim of providing improved and more comprehensive cata-
logues. 
 
The methods were identified and described based on the sample of studies listed 
and shortly described in the iCars deliverable D3.1 and D3.2. The impact as-
sessment criteria were developed in these earlier phases and complemented in 
this report.  
 
The catalogue includes methods for various uses with regard to impact areas, 
assessment type as well as the phase in the life-cycle of the system assessed. In 
all, 14 methods are described in this catalogue. Six methods to study behav-
ioural effects were included, two for safety, two for environment, one for effi-
ciency, one for mobility and two for socio-economic impact assessment. 
 
Safety impact assessment methods dominate the material. In addition to the two 
directly traffic safety focused methods, the four methods on behavioural changes 
focus on traffic safety. Traffic safety goals have dominated the impact assess-
ments because the societal impacts for safety, also indicated in monetary values, 
are considerable, and most systems deployed during the past decade have spe-
cifically targeted safety.   
 
However, the methods as such or slightly modified could be utilized for other 
purposes as well. The global goal to reduce CO2 emissions calls for new applica-
tions and impact assessment methods for the environmental impacts. Until now, 
the weight of environmental impacts has been quite small in the socio-
economical calculations. In the future the importance to assess the environ-
mental impacts is likely more important. 
 
Mobility impact assessment of ITS systems seems to be a new area, and not too 
many methods were identified. It is assumed that the demand of mobility impact 
assessment is increasing in the future, based on the of ITS applications’ ability to 
affect mobility as well as the end users' high willingness to pay for improved mo-
bility. 
 
All phases in the life cycle have been covered by the methods. Concerning the 
impact areas, all areas were covered as well. Most methods can be used for more 
than one impact area. 
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The purpose of the document is not only to list different methods, but also to 
characterize a method’s application area and the method, including its limita-
tions, by suggesting appropriate assessment criteria and then assessing the 
methods. The concept of ‘method’ is elaborated in the form of a framework as 
presented in the appendix of the catalogue. This framework includes (among 
others) a description of the method, context of the evaluation, the expected out-
come, target group of the outcome, resources needed, process/design, type of 
output and parameters, restrictions of the method, scalability and extension to 
real world, reliability and risks and examples of use. 
 
The authors are aware that the assessment of the methods without any practical, 
financial or other real context is theoretical. The context issue was addressed to 
some extent in the method descriptions. 
 
The selection of a method for an impact assessment study of an IVS is always 
related to a research question, either implicitly or explicitly expressed, which is 
covered by one of the defined impact areas. For example, if the research ques-
tion is how drivers will use a new IVS, this is contained in the impact area Driver 
behaviour, and a Driving simulator could be an appropriate method. 
 
Also, the choice of a method depends on type of approach and costs (figure 3). 
 
 
 

 
Figure 3. Methods classified according to costs and study type  
 
In Table 3 the investigated methods are shown in relation to how far the IVS is 
developed (the phase in the life cycle) and the available finances. It however has 
to be noted that the cost indication is only a rough estimation and depends on 
many factors.



 
D3.5 – Catalogue of impact assessment methods for 

intelligent vehicle systems 

 
 

25/06/2010 Page 116 of 119 Version 1.0 
 

 
Table 3:  Methods classified to costs and development phase  
  Development phase 

  Idea Plan Prototype Pilot test 
Large-scale 

demos 

Full-scale 
imple-

mentation 

low 
cost 

Expert 
assessment 
on safety 
impacts 
 
Multi crite-
ria analysis 
(MCA) 
 
Traffic 
simulation 

Expert 
assessment 
on safety 
impacts 
 
Multi crite-
ria analysis 
(MCA) 
 
Traffic 
simulation 

Expert as-
sessment on 
safety im-
pacts 
 
Multi criteria 
analysis 
(MCA) 
 
Focus group 
study  
 
Traffic simu-
lation 

Expert as-
sessment on 
safety im-
pacts 
 
Cost benefit 
analysis 
(CBA) 
 
Focus group 
study  
 
Traffic simu-
lation 

Expert as-
sessment on 
safety im-
pacts 
 
Cost benefit 
analysis 
(CBA) 
 
Focus group 
study  
 
Travel diaries 

Expert 
assess-
ment on 
safety im-
pacts 
 
Safety 
assess-
ment with 
Crash Data 
 
Cost bene-
fit analysis 
(CBA) 
 
Focus 
group 
study  
 
Travel 
diaries 

medium 
cost  

Emission 
modelling 
 
Driving 
simulator 
studies 

Emission 
modelling 
 
Driving 
simulator 
studies 

Emission 
modelling 
 
Driving 
simulator 
studies 
 
Small-scale 
field test 
with instru-
mented ve-
hicles 

Combined 
driving simu-
lator and 
field test 
 
Small-scale 
field test 
with instru-
mented ve-
hicles 
 
Air quality 
monitoring 

Combined 
driving simu-
lator and 
field test 
 
Air quality 
monitoring 

Combined 
driving 
simulator 
and field 
test 
 
Air quality 
monitoring 

Costs 

high 
cost 

       Large-scale 
field study 

Large-scale 
field study 

 
 
 

The methods can be applied in a more or less successive manner depending on 
the resources available. Furthermore, a closer look to the methods reveals that 
in some cases they overlap – especially, a field study may include several sub-
methods and measurements. The methods have varying levels of details, and 
there might also be effective combinations of methods as combined driving simu-
lator and field test.  

Combination of methods 

In the figure as an example of possible method combinations the combined driv-
ing simulator and field test study is explicitly mentioned as that combination has 
been widely used. Naturally, many possible method combinations are feasible. 
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Usually it is interesting to combine methods in order to obtain different kinds of 
information about the studied area. For instance, driving simulators can cover 
short-term effects, but they are not useful measuring long-term ones. So, com-
bining driving simulator tests with a field study can lead to obtain a very com-
plete set of results, covering both short and long term effects. 

Other example can be, for instance, combining expert assessment with a focus 
group. Like this, it is possible to get the opinions from both experts and users of 
the system, resulting in a wider view of the system’s impact. 

Finally, it can also be interesting to combine methods with different kind of out-
put data, e.g. a questionnaire or focus group study with a driving simulator test 
or a field study. The first method (questionnaire/focus group) will provide the 
subjective perception of the user, while the second one (simulator/on road test) 
will show the objective behaviour of the driver. 

For modelling purposes specifically, an iterative process is needed. New field 
studies provide new information to update the values in the model parameters to 
improve the power of the models to explain the reality. 

Transferability of the results from the methods 
 
A critical point of applying the results of the different methods to the real world is 
how the results from individual users can be expanded to the whole transport 
system in a country or EU, and into the future.  

The impacts generated in the different impact areas increase with the penetra-
tion rate and the share of kilometres driven by equipped cars. Because the diffu-
sion of ITS based safety systems into the vehicle fleet has just started or will for 
some systems start in the next years, forecasts are uncertain. Forecasts are usu-
ally based on information on current fleet composition and mileage, diffusion pat-
terns of similar safety feature like ABS or ESC, (expected) market acceptance of 
systems, and estimations of experts. To cope with these uncertainties well de-
fined scenarios of market penetration should be used which will show a band-
width of impacts in the real world.  

Concerning the other aspects of transferability, the methods should be applied in 
a way that differences in the different driving cultures and environments, user 
segments, age groups, etc. are investigated to sufficient extent.  

Further development of the catalogue 

It is obvious that any method catalogue must be updated at regular intervals to 
take on board new experiences as well as examples of good and bad practices 
related to the use of the methods. Hence, it is recommended that this catalogue 
will also be regularly reviewed and updated when new evidence from the use of 
the methods in the catalogue becomes available. 
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The current catalogue only contains a part of all available methods today, and 
naturally new methods will be developed in the future, connected to virtual real-
ity tools, naturalistic driving, electronic travel diaries, etc. Before entering new 
methods in the catalogue, sufficient experience from the methods should be 
available so that the catalogue could also recommend some good if not best 
practices in applying the new methods. 

It is also likely that the actual users of the catalogue are not fully happy with the 
content of the catalogue, despite the validation workshops carried out during the 
iCars Network project. It is recommended that some sort of user feedback is set 
up, for instance in connection with the iCars Network internet site to facilitate the 
systematic collection of user comments and proposals for improvement of the 
impact assessment method catalogue. The general impression of external ex-
perts has been that the catalogue is useful, because it gives an overview of a 
wide range of methods.  
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APPENDIX 1: Framework for method description 
 
1 Short description of the method 
2 Context of the evaluation 

2.1 Phase – lifecycle of the product / Intelligent Vehicle system  
2.2 Expected outcome, research questions 
2.3 Target group of the outcome (public authorities, manufacturers etc.) 
2.4 Resources needed  

2.4.1 Organisational 
2.4.2 Personnel 
2.4.3 Technical 
2.4.4 Financial 

3 Orientation of the method 
3.1 Theoretical / empirical; Ex-ante / ex-post 
3.2 Experimental / natural 
3.3 Background 

4 Focus (choose the relevant ones) 
4.1 driver behaviour 
4.2 travel behaviour 
4.3 traffic flow  
4.4 efficiency 
4.5 safety  
4.6 environment  
4.7 mobility  
4.8 socio-economy 

5 Description of the method 
5.1 Type of assessment (desktop, lab, simulator, field, statistics) 
5.2 Process/design 

5.2.1 Test persons 
5.2.2 Sample size 
5.2.3 Set-up, design 
5.2.4 Measuring equipment  
5.2.5 Data requirements 

5.3 Expertise needed 
6 Results:  

6.1 Parameters / description 
6.2 Type of output 

7 Restrictions of the method 
7.1 Limitations 
7.2 Scalability; extension to real world 
7.3 Reliability and risks  

8 Examples of use  
8.1 Authors / Developers, key references to the method and its applica-

tion to ITS 
8.2 Availability of an electronic version 


