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Executive Summary 
 
This deliverable presents the results of the work performed within activity 1.2.3 of AIDE 
project, entitled “Assessment of variables: Integration (long-term effects) phase. The 
objective of this work was to provide data on driving behavioural changes after long term use 
of five support systems, namely Cruise Control (CC), Speed Limiter (SL), Intelligent Speed 
Adaptation (ISA), Frontal Collision Warning (FCW) and Lane Departure Warning (LDW).  
 
Six studies have been performed. Four of them investigated a stand alone support system. In 
the ULeeds – VTI studies the ISA system was investigated, while in the PSA –TNO studies 
the LDW was investigated. In the INRETS-Renault study two functionally compatible 
systems were investigated, namely the SL and CC. The CERTH/HIT study involved two 
systems, namely the FCW and LDW, which were studied either as stand alone or as 
concurrently functioning. The methods that were used in these studies are broadly grouped, 
according to the data collected, into two categories: those that provide subjective data on how 
participants describe their adaptation to a given support system (this is the case in the 
INRETS - Renault and PSA - TNO studies) and those that provide objective data on 
participants’ driving behaviour after long-term exposure to a particular system based on 
various measures of vehicle parameters (this is the case in the ULeeds - VTI and 
CERTH/HIT studies).  
 
The reported results indicate that long-term behavioural change is highly influenced by the 
number of the systems used, the compatibility of systems’ functionality and the attitudes of 
participants. In specific, when two antagonistic support systems (namely FCW+LDW) 
function concurrently, drivers intentionally ignored both systems, whereas with two 
compatible support systems (SL/CC) no detrimental effects in regard to participants’ 
interaction with the chosen support system was reported. 
 
In contrast, considering the long-term effects of stand alone support systems there are 
certainly positive effects in accordance to the driving assistance function that a system has 
been designed for. Occasionally, some side-effects either related to system use (e.g. reported 
side-effect of FCW in lateral behaviour) or to wrong interpretation of system use (e.g. in 
LDWS study, a large part of participants said they bought the system because they tended to 
feel asleep, while the LDWS was not designed for this goal) have to be considered into 
systems’ design. However, the reported results support the idea, either implicitly or explicitly, 
that a stand alone support system could have a positive effect in relation to driving behaviour 
but the magnitude of long-term effects is more dependent on the “attitudes of participants”.       
 
A further issue is the length of period needed for perceiving these behavioural changes. For 
all studied systems there are indications either implicit or explicit that systems are easy to 
learn and use, requiring little time to adapt. However the interaction between the driver and a 
support system increases in line with an increase in system exposure. Thus, time exposure is 
the most critical parameter for further developing the system “image”, and this process 
cannot be confined in strict time terms. 
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1 Introduction 
 
Driver support systems, such as Cruise Control (CC), Speed Limiter (SL), Intelligent Speed 
Adaptation (ISA), Frontal Collision Warning (FCW) and Lane Departure Warning (LDW), 
already exist in modern vehicles, and in the following years more vehicles are expected to be 
equipped with them. An emerging issue of particular concern is the potential changes that 
these systems might induce in driving behaviour after long- term use. However, no details of 
driving behavioural adaptation and how it is affected by attitude and system exposure after 
long-term use have been provided from current research work. Thus, the objective of the 
present studies is to provide data on driving behavioural changes after long term use of five 
support systems, namely CC, SL, ISA, FCW and LDW.    
 
A major source of difficulty is to define how long a period is enough in order to consider the 
potential driving behaviour changes as a long-term effect of system exposure. Another 
difficulty is to determine which aspects of driving behaviour are of particular interest in order 
to evaluate the potential impact of system use in terms of driving behaviour and traffic safety. 
 
Regarding the first issue, a major decision that has been made is that it is only feasible to 
distinguish between the possible short-term effects that are related to learning and 
appropriation phase of the system(s) used and the possible long-term effects that are related 
to driving behavioural changes after short-term use. Any conclusion about the duration of 
these changes as well as the occurrence of other potential changes -after a longer period of 
use- can be drawn on the basis of research work. Thus, the first objective of the present 
studies was to analyse the participants’ driving behaviour changes due to the use of a 
particular support system 
–after learning and appropriation phase - and these driving behaviour changes are clearly 
referred to behavioural changes for the given period being studied.  
 
Regarding the second issue, several different aspects need to be clarified in order to evaluate 
the potential impact of a particular support system after long-term use e.g. changing attitudes 
in terms of perceived safety, development of wrong interpretation about system use, 
intentional activation/ deactivation of a system in particular traffic environment etc. After all, 
the core issue of behavioural adaptation is whether a particular intervention does lead to a 
change of drivers’ motives or not, and accordingly, whether this motivational change does 
make drivers to adapt their behaviour to desired direction or not. To this extent, in the studies 
presented below different research methods have been used, addressing several different 
aspects about the long-term effect of a particular support system into driving behaviour. 
Moreover, different support systems have been studied, addressing different adaptation 
strategies in relation to their functionality and their traffic-context use. 
 
In specific, five support systems namely ISA, CC, SL, FCW and LDW were studied. The 
methods that were used can be broadly grouped, according to the data collected, into two 
categories: those that provide subjective data on how participants describe their adaptation to 
a given support system (this is the case in the INRETS - Renault and PSA - TNO studies) and 
those that provide objective data on participants’ driving behaviour after long-term exposure 
to a particular system based on various measures of vehicle parameters (this is the case in the 
ULeeds - VTI and CERTH/HIT studies).  
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An overview of systems investigated and methodologies used per study is given below. 
 

Partners ULeeds- VTI INRETS- Renault CERTH/HIT 

 

PSA- TNO 

Support 
system 

ISA SL/ CC FDW+LDW LDW 

Method Field study Questionnaires Objective recordings 
from on-road study 

Follow-up interviews 

Interviews 

Questionnaires 

Table 1: Overview of systems and methodologies per study 

 
The questionnaires approach has the advantage of exploring more hidden aspects regarding to 
participants’ internal representations about the system “image” and/ or participants’ 
motivations of system use in long-term, but there is no precision on how each system is 
integrated in real driving (e.g. frequency of use of SL/CC, number of activation of LDWS, 
etc). The objective recordings from field studies, on the other hand, have the advantage of 
providing real measurements of vehicle parameters, reflecting the interaction between driver 
and support system(s) in real traffic conditions, but certain aspect about the drivers’ motives 
behind potential changes are only implicit. 
 
Thus, in the following studies apart from the analysis of participants’ behavioural changes 
after long-term use of a particular support system, a further interest is placed on the methods 
used in each study for revealing different aspects of behavioural adaptation.  
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2 Long term effects of ISA 

2.1 Introduction 
 
In-vehicle speed-adapters, which have been researched for more than 20 years in various 
systems, have been ascribed great safety potential; ranging from a 10 % reduction in injury 
accidents for a system informing the driver of the speed limit, up to a 40 % reduction for a 
limiting dynamic system, i.e. where the highest appropriate speed is changed due to traffic, 
weather and road conditions etc. (Almqvist et al., 1991, Almqvist and Nygård, 1997, Carsten 
and Fowkes, 2000, Brookhuis and de Waard, 1999, Persson et al., 1993, Varhelyi and 
Makinen, 2001, Várhelyi, 1997, Varhelyi, 2002). These calculations are based on the 
assumption that all vehicles on the road have a system installed, or at least that the number of 
equipped vehicles is high enough to affect all the others. If systems like this are implemented, 
it is likely that it will take quite a long time to reach an implementation rate that is high 
enough to obtain the safety effects indicated above. According to the recommendations from 
the Swedish Large Scale Trial with Intelligent Speed Adaptation (ISA), carried out in 1999 – 
2002, ISA-equipment should be available as an option in new cars or to be retrofitted in 
existing cars by 2005. ISA should become compulsory in new vehicles by 2010 and by 2020 
80 % of all vehicles in Sweden should have ISA (Biding and Lind, 2002). Carsten and 
Fowkes (2000) presented a similar implementation strategy where usage of the system would 
be mandatory on all vehicles in the UK by 2019. 
 
The studies of ISA carried out in the city of Lund, Sweden has shown that the drivers initially 
reduce the speed to a great extent but after long-term use most drivers had a higher mean 
speed compared to the short-term use, even though the mean speed was still below the mean 
speed when driving without the system (Hjälmdahl, 2004). Hjälmdahl further found that the 
difference between short and long-term behaviour differs depending on the driver and the 
driver’s attitude to the system. It was concluded that drivers initially gives the system a 
chance but after time when they either accepted the system or grew tired of it they changed 
their behaviour. However, the details of the behavioural adaptation and how it was affected 
by attitude and system exposure was not clearly demonstrated in that study. 
 
The purpose of the current study was to analyse how participants’ behaviour changed as 
exposure to the ISA system increased. Studies have shown a clear reduction of speed during 
the early stages of system usage followed by a gradual increase back towards the initial 
behaviour.  To date however, little work has clearly demonstrated this continuous relationship 
between exposure and behaviour.  Data collected during the ISA UK study and the Lund 
ISA-trial provided the opportunity to investigate the exact nature of this relationship.  
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2.2 Project Overview 

2.2.1 The ISA-UK Project 
 
The ISA-UK project’s major objective was to investigate user behaviour with Intelligent 
Speed Adaptation (ISA) by means of set of field trials.  Twenty identical vehicles were 
converted with the capability to provide a voluntary (overridable) ISA system and to record 
data on each drive.  Four successive trials were completed, each of six months duration.  The 
four field trials were: 
 
Trial 1: Leeds area with private motorists. 
Trial 2: Leeds area with fleet motorists. 
Trial 3: Leicestershire with private motorists. 
Trial 4: Leicestershire with fleet motorists. 
 
Participants were recruited from responses to local advertisements and 20 drivers took part in 
each trial.  The trials were designed to be non-intrusive — the vehicles behaved like “normal” 
cars apart from the ISA feature.  Data was logged automatically, and summary data was 
collected after each trip through a GSM link.  The ISA system designed for the four field 
trials was user overridable by means of a button on the steering wheel or kick through on the 
accelerator pedal.  The intention was to give drivers ISA support for almost all their regular 
driving. 
 
The main focus of the trials was on driver behaviour when using ISA over a relatively long 
period, i.e. four months of driving.  There was one-month driving without ISA functions 
before and after the four-month driving with ISA respectively.  The inclusion of the post-ISA 
driving allowed the investigation of any carry-over effects of the ISA intervention.  Details of 
the field trial methodology are provided in Annex 1. 
 

2.2.2 The Swedish Lund ISA-trial 
 
The system used in this study is known as an active accelerator pedal (AAP). It is based on a 
GPS receiver, continuously identifying the position of the vehicle, and a digital map, 
containing all the current speed limits within the test area. The interface with the driver 
consists of a display, showing the current speed limit, and an active accelerator pedal, which 
exerts a counterforce at speeds over the speed limit. In order to exceed the speed limit the 
pedal must be pressed approximately three to five times harder than normally. The vehicles 
were also equipped with a data-logger, recording, among other things time, position and 
speed.  
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Figure 1 The Active Accelerator Pedal used in this study. 

2.2.2.1 Study design 

The data used for this analysis was collected during a trial with 284 vehicles equipped with 
an Active Accelerator Pedal (AAP) for up to one year in the city of Lund in 1999-2002. The 
test area consisted of the entire city of Lund (100,000 inhabitants) and included 30, 50 and 70 
km/h speed limits. The system was activated automatically when the vehicle was within the 
test area and could not be turned off. 

2.2.2.2 Driver recruitment 

In the AAP trial in Lund there were both private drivers and drivers of fleet vehicles. The 
private drivers were selected randomly from the vehicle registry, the intention being to have 
an even distribution of drivers with regard to sex, age and initial attitude towards the AAP. 
(During the recruitment the drivers were asked: “What do you think of having the following 
equipment in your car? A system that gives a counter force in the accelerator when the 
vehicle has reached the speed-limit, and the speed-limit can not be over-ridden except in an 
emergency; “Good”; “Not good”; “Neither”?” The drivers were then classified as positive, 
negative or neutral according to their answers.) However, since drivers could not be forced to 
participate there was a bias towards drivers with a positive attitude towards the system. Due 
to vehicle-ownership demography there was also a bias towards middle-aged men. Still, all 
the above groups were well represented in the driver population. For the drivers of the fleet 
vehicles the selection method was somewhat different; a number of companies were 
contacted and asked whether they wanted to participate, and those that agreed selected the 
participating drivers. 
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2.3 Analysis of Vehicle Data 

2.3.1 UK data 
 
The purpose of the current study was to analyse how participants’ behaviour changed as 
exposure to the ISA system increased. Studies have shown a clear reduction of speed during 
the early stages of system usage followed by a gradual increase back towards the initial 
behaviour.  To date however, little work has clearly demonstrated this continuous relationship 
between exposure and behaviour.  Data collected during the ISA activated phase within the 
current ISA UK study provided the opportunity to investigate the exact nature of this 
relationship.  
 
The main aims of the analysis were to: 
 

• Examine the nature and extent of behavioural changes associated with driving with an 
ISA system; 

• Examine the conditions in which these changes take place; 
• Examine the characteristics of the drivers more likely to present these behavioural 

changes. 
 
Analysis therefore focuses on data collected during the ISA activated phase of the first three 
field trials (i.e. 60 drivers) since the fourth has only recently completed.  Comparisons over 
time, accrued distance, and characteristics of driving environment (e.g. speed limit zones and 
weekday/weekend) allowed investigation into key issues regarding when and where 
behavioural adaptation manifests.  In order to determine any individual differences across 
groups, comparisons were also made between intention groups.  Participants were categorised 
(by means of a Theory of Planned Behaviour questionnaire, see Annex) as those intending or 
not intending to exceed the speed limit.  It was hypothesised that ‘Intenders’ would 
demonstrate greater resistance to the system and thus show more pronounced changes in 
behaviour as exposure increased.  
 
In the next section preliminary analysis within Trial 1 examines the best determinant of 
exposure (time against distance).  Following this, a comprehensive comparison across key 
measures (such as system compliance and recorded vehicle speed etc.) investigates the 
continuous relationship between exposure and behaviour. 

2.3.2 Swedish data 
 
All vehicles were equipped with data-loggers that stored data five times per second. Variables 
logged and used in this study were time, vehicle ID, speed and speed limit. Data logging of 
the vehicles in the trial started one month before the AAP was activated and continued 
throughout the entire trial. The time each vehicle was equipped with the AAP varied between 
6 and 11 months due to the lengthy process of installing them. There were also a few drivers 
who wished to abort the trial before hand due to various reason (mainly a strong dislike of the 
system). These drivers’ vehicles were then activated for a shorter period than 5 months. 
Depending on the length of participation and how much each vehicle drives within the test 
area the amount of data differs between subjects. 
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Of the initial 284 vehicles there are 173 that are included in this study. The criteria for a 
vehicle to be included in this study were that there was data for the month before activation 
and data for the first period with the system activated. For some vehicles data logging failed 
for one of these periods which meant that one or several pieces of data were missing. Since 
the system interfered with the throttle some vehicles became difficult to handle with the 
system installed. Drivers of these vehicles often aborted the trial before the system was 
activated. 
 
The data used in this analysis has been aggregated for each vehicle into sections containing 
50 km driving within the test area. For each section the percentage of the distance driven 
below, at and above the speed limit has been calculated (at equals the interval from the 
speed-limit till 3 km/h above). In this study it is the percentage driven above the speed limit 
that has been analysed (hereinafter labelled Vabove). These 50 km sections are generated and 
studied in four ways; for all data and for 70 km/h roads, 50 km/h roads and 30 km/h roads 
respectively. The distance driven is however always based on the total amount of driving. 
This may mean that for a certain driver and speed limit there could be data missing in some 
sections. This is the case if the driver has not been driving on that type of roads within that 
interval. Due to the geography of the city of Lund and the travel patterns of the drivers this is 
most likely to happen for 30 km/h roads. 
 
Due to the high resolution in data (50 km) there is some fluctuation in the data. There may be 
several reasons for this fluctuation such as bad weather, congestion, route choices, different 
drivers etc. The main reason however is probably the fact that drivers do not drive in exactly 
the same manner from day to day. Figure 2 below shows Vabove for six drivers individually 
and the graph illustrates the fluctuation. 
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Figure 2 Vabove plotted for 6 drivers illustrating the fluctuation in the data. 
The top 2 are SI1, followed by 2 SI2 and 2 SI3. 

2.3.2.1 Change point estimation 

One assumption on the drivers’ behaviour after the ISA devices are implemented is that 
during an initial driving distance the proportion of exceeding the speed limit will reduce to a 
comparable low level and then increase to a steady level. This assumption raises some 
questions. 

1. How long is the initial driving distance with comparable low rate of exceeding the 
speed limit? 

2. How high is the exceeding rate during the initial phase and how high is it afterwards? 

3. Is there an initial phase for all drivers? 
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Then an initial phase is estimated for each driver in the study. This is done by change point 
estimation. In this case the maximum likelihood method is used. Although inference of 
changes in sequences has a history back to the 1930’s in statistical theory the notion of 
change-point was introduced by Hinkley (1970). Research on change-point problems has 
been done since then, e.g. a Bayesian approach by Thomas (2001).   
 
Each driver participating in the study is monitored continuously, so that it is possible to see 
when and for how long driving distance the speed limit is exceeded. This information is 
aggregated to 50 km driving distance. Then there is a sequence of observations for each 
driver, where each observation shows the proportion of the driven 50 km where the existing 
speed limit was exceeded.  
 
The assumption above implies the observations in the beginning of a sequence will have a 
lower mean than the observations in the end. Then obviously there is a point where the mean 
changes from the lower to the higher level. Still, the change point might not be within range 
of the observed traffic mileage or it might not exist at all. In the latter case it is assumed that 
the change point is at zero, i.e. just before the ISA device is implemented. It should then be 
emphasised that whenever the change point is zero it might either imply that the higher lever 
of violate the speed limit is reached at once or that it is not reached within the range of 
observations.  
 
Let nYY ,,1 K  be the sequence of observations from an individual driver and assume that the 
drivers change of point is { }1,,1,0 −∈ nr K , such that ( )2, rrli NY σµ∈  for ri ≤ when 

{ }1,,1 −∈ nr K  and ( )2, rrui NY σµ∈  for ri >  when { }1,,1,0 −= nr K . For a given change 

point, r, rlµ  is estimated by rYY r
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Now, under the null hypothesis that there is no change point 2−nT  is t-distributed with n – 2 
degrees of freedom, which makes it possible to test for each individual driver if there is a 
significant change point.  
 
However, there is a problem with multiple significances.  One way to solve that is by 
Bonferroni’s method. Here is a development of Bonferroni’s method, Holm’s sequentially 
rejective, see Holm (1979), applied. The procedure is as follows. The significance level is set 
to α. Consider n drivers. The t-ratio is maximised for each driver and a corresponding p-value 
is calculated. If the smallest of those p-values is less than nα , then it can be concluded that 
there is a significant change point for the corresponding driver. If the second smallest is less 
than ( )1−nα , then it can be concluded that there is a significant change point for the 
corresponding driver. The procedure is repeated until the first driver is reached where there is 
no significant change point. For that driver and its followers there are no significant change 
points. 
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2.3.2.2 Validity of data 

The data used in this study was validated by (Várhelyi et al., 2002) when they showed that 
the mean speeds logged in the vehicles in the study did not differ from the mean speeds of 
other vehicles measured with pneumatic tubes at 21 spots in the city of Lund. The validity of 
the data was further validated by Hjälmdahl (2004) where he compared the speeds of drivers 
with regard to their sex, age, annual driven mileage and comparing drivers of private cars 
with drivers of fleet vehicles. Studies have shown that men, young persons, drivers who have 
a high annual mileage and drivers of fleet vehicles usually choose a higher speed than their 
counterparts (Fields et al., 1991, Webster and Wells, 2000, Kaufmann, 2002, Cowley, 1983) 
and the drivers included in this data set where in correspondence with those studies. 
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2.4 Results UK-trial 

2.4.1 Comparison between time and distance as measure of system exposure 
 
It was initially thought best to examine participants’ response to the ISA system on a week by 
week basis.  However as between-driver mileage variation from week to week would be high 
it was not considered a reliable and robust measure of exposure. 
Figure 3 illustrates the potential biases of examining the data on a week by week basis.  
Comparisons across the four drivers selected here, shows a considerable difference in 
mileage covered per week both between and within drivers.  A week by week based analysis 
would not therefore reflect behavioural adaptation to a systematic increase in exposure to the 
ISA system.  Defining exposure in terms of distance travelled was regarded as a much more 
reliable measure as this would allow identification of behavioural changes as actual on the 
road driving experience with the system increased. 
 
As the total mileage accrued differed across drivers, patterns of behaviour could be 
attributable to variances in the sample size.  Although the representativeness of the 
behavioural pattern is unavoidably affected by a drop in sample size, it remains possible to 
make reliable interpretations where the pattern of behavioural adaptation is demonstrated 
based on a relatively full sample size. 

2.4.2 Distance based analysis 
To investigate the long term effect of ISA on driver behavioural adaptation, system 
compliance provides an explicit indication of the interaction between the driver and the 
system, i.e. how often did the driver override the system? The next section presents analysis 
of the travel pattern affected by ISA intervention, i.e. percentage of distance driven with ISA 
overridden. As ISA is designed to influence driving speed, it is therefore of interest to 
investigate whether recorded vehicle speed fluctuated along system exposure. This is then 
followed by analysis of the difference in ISA usage between weekdays and weekends. 
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Figure 3: Distance travelled per week by four participants 
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2.4.2.1 System Compliance 

Figure 4 reveals an upward trend in overriding behaviour as exposure to the ISA system 
increased.  This suggests that drivers became increasingly frustrated with increased 
experience of the system.  Although the graphs show an apparent decline in overriding 
behaviour as exposure progressed, this is likely to be biased by the low sample size.  
Intenders also demonstrate a greater propensity to override the ISA system compared to non 
intenders. In particular, intenders demonstrated a sharp rise in the frequency of opt-out in the 
early stage of system exposure (i.e. from 0-500 km to 501-1000 km in the top half of Figure 
4), as opposed to a steady rise shown by non-intenders. This clearly suggests that driver 
characteristics have an impact on behavioural adaptation. 
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Figure 4: Mean frequency of opt out 

 
Examining overriding behaviour by speed zone (Figure 5 through to Figure 7) suggests that 
overriding behaviour is more prominent in urban environments (i.e. the 30 mph zones), 
presumably because the complexity of the driving environment (where vulnerable road users, 
traffic signals, and more complex road fixtures are present) provides more opportunities of 
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interaction between the system and the driver.  Overriding behaviour was relatively 
uncommon on the higher speed limits roads which may be due to natural constraints of the 
road geometry (e.g. rural single carriageway where 60 mph speed limit applies) or drivers 
feeling comfortable with keeping to speed limit on wide open roads during the majority of 
their trips (e.g. dual carriageway or motorway where 70 mph speed limit apply). This 
undoubtedly suggests that environment characteristics influences behavioural adaptation.  
 
Differences across driver groups are apparent with non intenders displaying a lesser tendency 
to override the ISA system. Again, there was a difference in the pattern of behavioural 
adaptation along system exposure between the two groups of driver (i.e. intenders 
demonstrated a sharper rise in frequency of opt-out in the early stage of system exposure as 
opposed to non-intenders). However, the difference was only prominent in urban 
environments, presumably due to increased opportunities of system interference with driving 
as a result of environment complexity, which in turn magnifies the between-group difference. 
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Figure 5: Mean frequency of opt out on 30mph roads 
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Figure 6: Mean frequency of opt out on 60mph roads 
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Figure 7: Mean frequency of opt out on 70mph roads 
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2.4.2.2 Percentage of distance travelled with ISA overridden 

The percentage of distance travelled with ISA overridden was also regarded as a measure of 
system compliance. In addition, it serves as an indication of the durability of the influence of 
the (overridable) ISA system on driver behaviour. Similar to the upward trend revealed by 
frequency of overriding, Figure 8 through to Figure 10 demonstrate that the percentage of 
distance travelled with ISA overridden increased along with an increase in system exposure, 
which suggests that as participants’ experience with ISA increased the less they used the 
system. As a result, the influence of ISA on vehicle speed faded away in line with an increase 
in system exposure. 
 
However, there is less of a noticeable trend within the 70mph zone (i.e. Figure 10) which 
may be attributable to unknown variances from the driving environment outside the vehicle. 
Driving is inherently a highly dynamic task, with its surrounding environment changing from 
time to time. External variables, such as traffic density or weather conditions etc, could 
influence how the participants behaved and, as a result, the level of system interference. It is 
worth noting that variables outside the vehicle were not monitored during unsupervised trips 
(which contributed to the data used for this analysis), and hence the variance in driver 
behaviour attributable to such external factors is unknown. The unknown variance in the data 
representing travel distance could be further magnified by driving speed, and therefore the 
pattern of distance travelled with ISA overridden in the 70 mph zones could have been 
distorted to some extent. 
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Figure 8: Percentage of distance travelled on 30mph roads with ISA overridden 
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Figure 9: Percentage of distance travelled on 40mph roads with ISA overridden 
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Figure 10: Percentage of distance travelled on 70mph roads with ISA overridden 
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Across all speed zones, intenders showed a greater propensity to drive without using ISA. In 
addition, Intenders also demonstrated a sharper rise in the distance travelled with ISA 
overridden along system exposure than their counterpart across individual speed zones. These 
trends further support the findings from the previous section that behavioural adaptation is 
subject to individual as well as environmental characteristics. 

2.4.2.3 Mean speed 

Although analysis depicted in the previous two sections suggests that system compliance 
decreased in line with in increase in system exposure, mean vehicle speed showed little 
change along increased system exposure, as displayed in Figure 11 through to Figure 13. This 
may be due to constraints imposed by external factors (e.g. presence of a lead car) or by 
perceived risks (e.g. Wilde, 1982; 1988) on the speed that a driver can afford to go over the 
speed limits, which may be in particular applicable to urban environments (i.e. Figure 11 and 
Figure 12). Mean speed derived from the 70 mph zones fluctuated slightly along increased 
system exposure, in comparison with lower speed zones, but the changes seem to be minimal. 
Overall, the analysis results imply that mean speed appears to be insensitive to behavioural 
changes with exposure and individual differences (i.e. intention to speed) and suggest that 
mean speed was a weak indicator of behavioural adaptation to an ISA system. 
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Figure 11: Mean speed on 30mph roads 
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Figure 12: Mean speed on 40mph roads 
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Figure 13: Mean speed on 70mph roads 
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2.4.2.4 85th percentile speeds 

In addition to mean speed, the 85th percentile speed is also a commonly adopted measure for 
investigation into driving behaviour, as it is widely used by traffic engineers to determine 
appropriate speed limits. However, similar to mean speeds, 85th percentile speeds showed 
little change along increased system exposure, as illustrated in Figure 14 through to Figure 
16. The only exception was demonstrated by data derived from intenders in the 70 mph zones 
(i.e. Figure 16), which illustrates an upward trend along system exposure. 
As discussed in the previous section, the little change in vehicle speed along increased system 
exposure may be due to constraints on what speed a driver can afford to go over the posted 
speed limits under the circumstances in question. When circumstances permitted (e.g. 
sufficient headway, wide open road, and good surface condition), participants may have 
pushed their safety boundary further (Wilde, 1982; 1988) and gone faster. This may in 
particular be applicable to motorways when the traffic flow was light, and the comparison 
between intenders and non-intenders (Figure 16) shows some support for this assumption; i.e. 
intenders pushed their safety boundary when driving environment permitted but non-
intenders did not. In addition, the 85th percentile speed represents the higher end of the speed 
distribution and may therefore reveal what was evened out by means (i.e. comparing Figure 
13 and Figure 16). Despite this, vehicle speed was still in general insensitive to behavioural 
changes, which suggests that it was a weak indicator of behavioural adaptation in the 
presence of an ISA system. 
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Figure 14: 85th percentile speed on 30mph roads 
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Figure 15: 85th percentile speed on 50mph roads 
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Figure 16: 85th percentile speed on 70mph road 
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2.4.2.5 Weekday vs weekend 

Since measures of system compliance provided the most reliable measures of behavioural 
adaptation, comparisons across weekend and weekday were limited to these. In addition, due 
to the imbalanced number of days during the week and weekend (i.e. 5 days against 2 days), 
mean daily frequency of opt out was adopted to enable the comparison between weekday and 
weekend being made on the same basis. 
 
Comparison across Figure 17 to Figure 18 highlight that participants, in the 30 mph zones, 
overrode the ISA system slightly more frequently during the week. This was presumably due 
to a more relaxed driving style during the weekend as a result of variations in traffic density 
and individuals’ value of time (Shinar and Compton, 2004) and hence the participants felt 
less need to override the ISA system. However, intenders still demonstrated a higher 
frequency of opt out than their counterparts regardless of time of week, which again 
highlights the role of individual differences in the pattern of behavioural adaptation. 
 
The difference in frequency of opt out between weekday and weekend was less pronounced 
amongst other speed zones, presumably because the driving environment was less complex in 
comparison with urban environment and therefore diminished opportunities of system 
interference; the underlying trend of behavioural adaptation in the presence of an ISA system 
may, as a consequence, be distorted to some extent. 
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Figure 17: Mean frequency of opt out during the week on 30mph roads 
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Figure 18: Mean frequency of opt out during the weekend on 30mph roads 
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2.4.3 Further consideration of distance as measure of system exposure 
Despite the apparent merits of using distance as measure of system exposure (i.e. Section 
2.4.1), the analysis presented throughout Section 2.4.2 demonstrated that sample size 
decreases along kilometres driven, which is in fact a valid representation of the driving 
population, since annual mileage naturally varies from one driver to another. However, as a 
result, interpretation of the underlying trend after the point where the sample size starts 
dropping becomes difficult. Therefore, attempts were made to further analyse the data by 
grouping participants based on bands of total kilometres driven. This would warrant that the 
sample size of a group of participants remains unchanged along the exposure but the 
drawback is that analysis would be less reliable due to small samples. 
 
Figure 19 illustrates the distribution of total kilometres driven from all 60 participants, which 
suggests that it seems feasible to group participants by multipliers of 1000 km; e.g. 
participants who drove between 1000 km and 2000 km during the trial period were grouped 
together, and so forth. In addition, following the analysis results based on full sample size 
(i.e. Section 2.4.2), system compliance provided the most reliable measures of behavioural 
adaptation, and therefore further analyses based on total kilometres driven were limited to 
these. 
 
Figure 20 compares the mean frequency of opt out among four groups of kilometre bands; 
within each group, participants were further split into two sub-groups according to their 
intention to obey speed limits. As can be seen in Figure 20, participants demonstrated an 
upward trend of overriding the ISA system along system exposure and intenders showed 
stronger tendency in overriding the ISA system than non-intenders, apart from those drove 
between 5000 and 6000 km. It is worth noting that the sample size in the band of 5000-6000 
km is very small, which may affect the reliability of the analysis result. 
 
In addition, Figure 20 seems to suggest that non-intenders ‘stopped’ overriding the ISA 
system after certain amount of system exposure. While this might appear to be a turning point 
of behavioural adaptation, interpretation should be made with caution. The illustrated trends 
were fluctuated along system exposure, which implies that the trends might turn upward 
again if the survey period was prolonged (i.e. how long is long-term?). More importantly, the 
point at which the trend plateaus or even starts dropping was not consistent across different 
kilometre bands, which no doubt diminishes the confidence in suggesting a generalised 
turning point of behavioural adaptation (e.g. 3000km, 4000km, or 5000km). 
 
It is worth noting that not all bands of total kilometres driven are presented in Figure 20 
because some bands have extremely small number of participants in each intention group and 
some bands have very imbalanced number of participants across the two intention groups. In 
addition, attempts were made to split the sample by speed zones and time of week within 
bands of total kilometres driven. However, the sample size in individual sub-groups is mostly 
extremely small, which led to difficulty in producing meaningful comparisons.  
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Figure 19: Distribution of total kilometres driven 
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Figure 20: Comparison of mean frequency of opt out by total distance driven 
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2.5 Results Swedish Lund ISA-trial 

2.5.1 The driver population 
In this study the drivers where classified according to their speed behaviour. The average 
percentage of distance driven above the speed limit (hereinafter labelled Vabove) when driving 
without the system activated was calculated and the drivers where divided into three groups, 
the slowest 3rd, the middle 3rd and the fastest 3rd of the drivers. They are hereinafter labelled 
as SI1, 2 and 3 (Speed Index) (Figure 21). 
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Figure 21 The drivers Vabove without ISA divided into three groups. 

 
An analysis was carried out to see how the SI correlated with other variables such as Age, Sex 
and Attitude to the system. It turned out that there was no difference in SI-distribution due to 
sex (p=0.643) (Table 2). 
 

Speed Index 
 Slow Medium Fast Total 

Men 34 36 36 106Sex 
Women 19 16 17 52

Total 53 52 53 158

Table 2 The distribution of men and women across the SI-groups 
(the total differs from the total number of drivers due to missing data) 
 
For age however there is a clear difference for SI where the younger drivers are more prone to 
drive fast. The mean difference is significant at the 0.5 level. 
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Figure 22 Mean SI for the four age groups in the study.  

2.5.2 Overall results 
 
Based on the results from the ISA UK study distance driven was chosen as the best measure 
of system exposure. Data is studied for all drivers and for the three SI-groups respectively. 
 
In Figure 23 Vabove is plotted against the distance driven with the system, the negative distance 
indicates distance driven without the system. As Figure 23 shows the system affects the 
drivers immediately at system activation. The Vabove is reduced drastically from the first 
kilometre driven. The effect is greater for the fast drivers and then smaller for the medium 
drivers and even smaller for the slow drivers due to the different starting points. Despite the 
greater reduction in Vabove the fast drivers does not come down to the same level as the slow 
drivers, in fact, they do not even come down to the same level as the slowest drivers have 
without the system. 
 
After the initial reduction in Vabove it slowly starts increasing back towards its initial value. 
The increase appears to be linear, at least when studied at group level. As shown in Figure 23, 
bottom right graph, the increase is greater for the fast drivers. The medium fast and even the 
slow drivers also increase their Vabove but less rapidly and to a lesser extent. 
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Figure 23 The percentage of distance driven 3 km/h or more over the speed limit for all drivers 
and for the SI’s respectively. 
Top left, all drivers; top right, slow drivers; bottom left, medium drivers and bottom right, fast drivers. 
 

2.5.3 Results on 70 km/h roads 
The 70 km/h roads in the city of the Lund are the ones that best provide opportunities to speed 
and this is reflected in the high percentage of Vabove. The drivers also consider that it is more 
ok to speed on these roads than on the slower more urban roads (Falk et al., 2002). It is 
especially the fast drivers that have a high proportion of speeding and their Vabove is more than 
40 percent when driving without ISA. After long term use the Vabove is back to almost 30 
percent again. There is some decline in the Vabove again after 3 000 kilometres of driving with 
the system, but this could be an effect of the reduced sample size as well as an actual effect. 
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Slow drivers 70 km/h
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Medium drivers, all roads 
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Medium drivers 70 km/h
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Fast drivers 70 km/h
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Figure 24 Vabove for 70 km/h roads 
Top left, all drivers; top right, slow drivers; bottom left, medium drivers and bottom right, fast drivers. 

2.5.4 Results on 50 km/h roads 
The 50 km/h roads in Lund are more varied than the 70 km/h roads where some of them 
provide free flowing conditions where it is possible to speed while others are more crowded 
with other cars, cyclist and pedestrian crossings. On these roads the drivers generally state 
that they intend to keep the speed limit (Falk et al., 2002). As for the 70 km/h roads there is a 
difference depending on the drivers SI, however it is not as great as it is for the faster roads. 
The fastest drivers reduce their Vabove from ca 30 percent without the system to ca 10 percent 
with the system. This means that 1/3rd of the initial reduction in Vabove is regained compared to 
more than half for the 70 km/h roads. 
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Slow drivers 50 km/h 
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Fast drivers 50 km/h 
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Figure 25 Vabove for 50 km/h roads 
Top left, all drivers; top right, slow drivers; bottom left, medium drivers and bottom right, fast drivers. 
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2.5.5 Results on 30 km/h roads 
The 30 km/h roads in Lund are mainly located in the centre of Lund and they comprise a 
mixture of cars, cyclists and pedestrian. Many of them also have cobble-stone paving and this 
is reflected in the speed. Unfortunately for this study the number of kilometres travelled on 
these roads is quite low and even though many drivers may have travelled on them one should 
bear in mind that the distance driven per driver in each 50 kilometre section is low, maybe as 
low as a few hundred metres. This is the reason for the fluctuation in data which makes it hard 
to draw any clear conclusions. The results however does appear to be similar to the results for 
the 50 km/h roads, i.e. there is a increase in Vabove after the initial reduction but not as great as 
for the 70 km/h roads.  
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Slow drivers 30 km/h
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Slow drivers 30 km/h
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Figure 26 Vabove for 30 km/h roads 
Top left, all drivers; top right, slow drivers; bottom left, medium drivers and bottom right, fast drivers. 
 

2.5.6 Change point estimation 
In order to ensure pure estimates of a change point only drivers with at least 2500 km with 
ISA-device were included in the analysis, so then there were at least 50 observations for each 
driver. That condition resulted in that 41 drivers were included in the analysis. The 
significance level was set to 5 per cent. There were significant change points for 22 drivers.  
Below 95% confidence interval is indicated by ±.  
The mean driving distance for the group with significant change point was 4784 ± 946 km 
while it was 3200 ± 319 km. Unfortunately the difference between the mean driving distances 
differed significantly from zero, 1584 ± 1032 km.  
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2.5.6.1 With significant change point 

In the group of drivers with significant change points there were no significant differences 
between the slow, medium and fast drivers see Table 3 and Table 4.  
 
Slow 914 ± 341 km 
Medium 650 ± 341 km 
Fast 788 ± 319 km 
Table 3 Estimated change points (km) 

 
 Medium Fast 
Slow 264 ± 586 km 127 ± 567 km 
Medium - 138 ± 567 km  
Table 4 Estimated differences for change points, row minus column 

 
Table 5 and Table 6 show the immediate effect on the proportion exceeding the speed limit 
form the ISA-device. There is significant effects for all three groups as well as significant 
differences between the groups.  
 
 
Slow - 7.6 ± 3.5 percentage units 
Medium - 18,9 ± 3.5  
Fast - 28.4 ± 3.2  
Table 5 Estimated immediate effect, percentage unit 

 
 Medium Fast 
Slow 11,2 ± 5.9 20,8 ± 5.8 
Medium 9.5 ± 5.8  
Table 6 Estimated differences for immediate effect, row minus column 

 
Table 7 and Table 8 show the long term effects (after the change point). There are significant 
long term effects for the fast end medium fast drivers. The long term effect for the slower 
drives is significantly lower than for the other drivers.  
 
Slow - 3.4 ± 3.7 
Medium - 9.3 ± 3.7 
Fast - 16.0 ± 3.5 
Table 7 Estimated long term effect, percentage unit 

 
 Medium Fast 
Slow 5.9 ± 6.4 12.6 ± 6.2 
Medium 6.7 ± 6.2  
Table 8 Estimated differences for long term effect, row minus column 
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2.5.6.2 Without significant change point 

Table 9 and Table 10 show the effect, when there are no significant change points. The 
proportion of driving distance above the speed limit is reduced significantly for all drivers and 
there are significant differences between the groups. 
 

Slow - 5.6 ± 3.4 
Medium - 13.3 ± 2.8 
Fast - 23.3 ± 4.2 
Table 9 Estimated effect, percentage unit 

 
 Medium Fast 
Slow 7.8 ± 5.3 17.8 ± 6.5 
Medium 10.0 ± 6.1  
Table 10 Estimated differences for effects, row minus column 

2.5.7 Further considerations of the data 
From the graphs in the previous sections there seems to be a plateau effect after about 2 000 
kilometres. It is however impossible from those graphs to say whether that is an effect of the 
sample size being reduced or if it is an actual effect. For that reason the drivers who had 
driven the longest distance during the experiment were isolated and studied separately. There 
were thirty drivers who had driven up to 3 000 kilometres or more during the experiment and 
these drivers were selected for analysis. Of these thirty drivers nine very classified as slow, 
thirteen as medium and eight as fast. In Figure 27 the progress of Vabove for these thirty drivers 
is displayed for the duration of 3 000 kilometres travelled.  
 
As Figure 27 shows all three groups of drivers show the same pattern where Vabove starts low 
and then increases gradually, and more so the faster the driver. The plateau effect that was 
predicted from the graphs in Figure 23 to Figure 26 can be seen in Figure 27 as well. For the 
slow drivers the effect is small and the graph is fairly constant for the duration of the 
experiment. For the medium fast drivers the effect is more clear and it even seems that the 
Vabove is actually decreasing again after 2 000 kilometres. For the fastest drivers there are no 
signs of the increase in Vabove is flattening out. If this is due to the experimental period not 
being long enough or whether no such effect exists cannot be told by this study. It should also 
be noted that the finding that there is a plateau effect is based on a small sample of drivers and 
that there is no way of telling that it actually is a plateau and not just a continuous fluctuation. 
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Vabove, 30 highest mileage drivers
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Figure 27 Vabove for the 30 drivers with the highest mileage during the experiment. 

2.6 Discussion 
 
Current analysis demonstrated that distance was a robust and reliable measure of exposure to 
an ISA system. Comparisons across various measures showed that variables relating to 
system compliance (i.e. a participant’s tendency to override the system) were most sensitive 
to behavioural changes and highlighted key trends regarding an individual’s behavioural 
adaptation to an ISA system. 
 
Vehicle speed was thought to be a meaningful indication of behavioural adaptation in the 
presence of an ISA system, as the ISA system is designed to influence driving speed. 
However, the analysis results revealed that vehicle speed showed little change along increased 
system exposure. This may be due to constraints imposed by external factors (e.g. presence of 
a lead car) or by perceived risks (Wilde, 1982; 1988) on the speed that a driver can afford to 
achieve in a given driving environment. Therefore, vehicle speed did not show an apparent 
upward pattern, although both frequency of opt out and distance driven with ISA overridden 
demonstrated an upward trend along an increase in system exposure. Such constraints may be 
less prominent on motorways due to its openness. Hence, when circumstances permitted (e.g. 
absence of lead car, low traffic volume etc), participants demonstrated a slight upward trend 
in their 85th percentile speed (i.e. Figure 16). 
 
Although the results based on the current dataset suggest that vehicle speed is a weak 
indicator of behavioural adaptation, it is worth noting that the sensitivity of vehicle speed as 
an indicator of behavioural adaptation may depend on the function of the ADAS in question; 
i.e. vehicle speed may be a good indicator in the presence of an ADAS system providing 
assistance in vehicle longitudinal (e.g. forward collision warning) or lateral (e.g. lane 
departure warning) control. 
 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 37

One assumption on the drivers’ behaviour after the ISA devices are implemented is that 
during an initial driving distance the proportion of exceeding the speed limit will reduce to a 
comparable low level and then increase to a steady level. To study whether such a change 
point exists and when it occurs a change point estimation was carried out on a subset1 of the 
Swedish data. It revealed that about half of the drivers had a significant change point.  The 
other half did not have any significant change point. The analysis showed that those drivers 
with a change point had a rapid increase in their Vabove after between 650 – 914 kilometres 
driving (± 340 km). The group with a change point had a higher degree of Vabove after long 
term use than the group that did not have a change point; even though they did not go back to 
their initial level. The underlying motives for this difference could not be established by this 
study. 
 
Interrogation of the system compliance data demonstrated a concommittal increase in 
overriding behaviour and exposure.  More simply, participants’ tendency to override the 
system increased as their experience with the system progressed, which implies that 
prolonged use of the ISA system caused frustration amongst the participants which 
manifested itself as increased overriding behaviour. This trend is clear for both the UK data 
and the Swedish data which suggests that the effect is not dependent on the specific system 
design but rather for all ISA-applications which has an override function. Unfortunately due 
to a drop in sample size it is not possible to ascertain whether and when this trend plateaus. 
Further analyses to tackle the issue of dropping sample size (i.e. Section 2.4.3 & 2.5.7) also 
led to inconclusive results. It is clear however that participants’ frustration is still apparent 
having accrued up to 3000 km of driving experience with the UK ISA system and up to 2000 
km for the Swedish system. 
 
The frustration may be due to locus of control (Rotter, 1966; Rotter and Hochreich, 1975). 
Based on the results from a previous ISA field trial carried out in Leeds (Comte, 1999), 
participants reported that they felt they were not “in control” of the car and that the system 
disrupted “normal” driving habits; e.g. being able to go over speed limits when they regard 
the circumstances being necessary, such as overtaking or merging into traffic. The ISA 
system also made them feel vulnerable sometimes as they were driving much more slowly 
than the surrounding traffic (i.e. a great percentage of traffic go over speed limit) and felt this 
annoyed other drivers. Some participants mentioned that they were aware of close following 
traffic behind them when they were unable to exceed the speed limit, and this was therefore 
deemed as unsafe. Not surprisingly, most participants, both in the UK and in Sweden 
expressed that they preferred overridable ISA to mandatory ISA (i.e. non-overridable). 
 
Across all scenarios, intenders consistently demonstrated a greater propensity to override the 
ISA system as exposure increased.  Findings here suggest that cognitions play an important 
role in understanding driving behaviour and responses to intelligent transport systems such an 
ISA system.  This is unsurprising given the literature relating cognitions to future speeding 
intentions (Parker, Lajunen and Stradling, 1998; Parker, Manstead, Stradling, Reason and 
Baxter, 1992; Parker, Manstead and Stradling, 1995) and behaviour (Elliott, Armitage and 
Baughan, in press).  Rudin-Brown and Parkers (2004) qualitative theory of behavioural 
adaptation to in-vehicle intelligent transport systems also “views driving behaviour as 
dependent on an individual’s mental model of the diving task.  The mental model is directly 
influenced by a driver’s psychological characteristics as well as feedback from the in-vehicle 
system and the degree to which the driver trusts that the device will do what it is intended to 

                                                 
1 The 44 drivers that had accumulated more than 2500 kilometres during the experiment. 
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do”(p.60).  It is therefore important to understand and accommodate for individual differences 
when deploying an ADAS system; i.e. the driver element in the DVE model. 
 
The data from the UK also suggest that drivers’ overriding behaviour would be greatest when 
driving in the lower speed zones. In urban environments, there is considerably more variation 
in traffic speeds due to environmental complexity (e.g. presence of vulnerable road users, 
traffic signals, and more complex road fixtures etc). The ISA system is therefore much more 
likely to ‘interfere’ with driving and thus increased interaction with the system may evoke 
increased frustration. The Swedish data does not comprise any rural roads but there is a clear 
difference between urban roads where the faster 70 km/h roads have a higher degree of 
overriding than the slower 50 and 30 km/h roads. If this is due to the fact that it is easier to 
speed on these roads, the faster traffic rhythm or just that the drivers consider it to be more ok 
to speed on these roads is difficult to say. Most likely it is a combination of the three which 
would fit the Theory of Planned Behaviour well. 
 
In addition, comparisons relating to time of week suggested that overriding was slightly more 
likely during the week. These findings reflect the influence of situational variables on drivers’ 
behavioural adaptation in the presence of an ADAS system; i.e. the environment element in 
the DVE model. 
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3 Behavioural changes due to long term use of Speed Limiter 
and Cruise Control 

3.1 Introduction 
 
INRETS, the social psychology laboratory of the University of Provence and Renault 
collaborated closely with the particular aim of studying the long-term use and integration of, 
and the behavioural changes induced by two ADAS systems which offers two complementary 
modes of speed management : a speed limiter (SL) and a cruise control (CC).  
 
The impacts of the use of these systems, their integration in driving and the changes they 
occasion, especially in terms of speed reduction, have been studied from a short-term 
perspective (Saad et al., 2006). The interest of the present study is that it adopts a standpoint 
geared to the long term in order to gain a better knowledge of the development over several 
months/years of phenomena. Thus the main objectives of the study are: 

o To study the quantitative and qualitative impact of the use of these two systems, as 
well as the long-term development of the phenomena studied. 

o To estimate to what extent certain personal characteristics, such as gender and age, are 
at the root of substantial differences in the use of the support systems. 

o To examine drivers’ perceptions (or “images”) of the support systems and how they 
influence their use and acceptance.    

3.2 Method 

3.2.1 Data collection 
The method used was a postal questionnaire survey. In view of the time allowed for the study 
(January to June 2006), a transversal perspective was retained, so that different groups of 
drivers could be compared with different potential levels of driving support utilisation. 
 
The population surveyed is composed exclusively of customers of the car manufacturer 
Renault living in mainland France. This type of population is very interesting because it 
represents a "real" population, namely people driving their own vehicle as part of their daily 
travel. They all possessed a vehicle equipped with the same driving aids - a speed limiter and 
a cruise control - thus offering the opportunity of studying their daily use of these support 
systems.  
 
A file of 1,200 people was created. They were all contacted by a letter that included a 
questionnaire and a stamped addressed envelope for returning it. These 1,200 people were 
chosen on the basis of two sampling variables: gender and the date the vehicle was first 
licensed (T1 = the 10-11/2005 period; T2 = the 06-07/2005 period; T3 = the 05-06/2004 
period). This sampling thus defines six groups of participants with 200 people in them 
according to a Date (3) X Gender (2) plan. The questionnaire was composed of the same 
questions for the limiter as for the cruise control. To neutralise a possible effect of the order in 
which they were answered, half the participants (600) answered the questions on the limiter 
first, and then those on the cruise control (the SL_CC version), while the other half replied 
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firstly to the questions on the cruise control, and then those on the limiter (the CC_SL 
version). These two versions of the questionnaire were distributed equally in each group of 
the sample. 
 
The questionnaire was the fruit of collaboration between INRETS and the social psychology 
laboratory of the University of Provence. Different types of phenomena were studied. The 
main ones related to the use of the systems, to the process of learning to use them, and to the 
experience of driving with them, as well as to perceived differences between driving with and 
driving without them, to comparisons between the systems and to the behavioural changes 
they induce. Two personal data (notably gender and age) were taken into consideration.  
 
Of the 1,200 questionnaires sent out, 236 were returned filled out and 28 were returned to 
sender. The rate of return was thus 19.66%, which is sufficient for reliable analyses and 
attests to the good acceptance of the questionnaire.  

3.2.2 Data analysis 
All the analysis carried out was performed using the Statistica software and starting from a 
single data file. The different data collected served as a basis for different, almost systematic 
comparisons according to different variables: the "time they have possessed the system" 
variable (5, 10 or 24 months), the "gender" variable and the "age" variable (20-29, 40-59 and 
60 or over). Furthermore, particular attention was paid to the distinction between users and 
non-users of a system. Statistical analysis was carried out by means of, depending on the case, 
the "t" test, Chi2, ascending hierarchical classification analysis, and ANOVA/MANOVA, 
with a Post Hoc test. These different Post Hoc tests are the Fischer LSD and Scheffé tests. 
Preference was given to the Scheffé test, the "most severe" of them, since it ensures that the 
differences observed are measured with considerable statistical robustness. However, the 
Fischer LSD test was also used as a complement and was sometimes preferred, since it sheds 
light on certain interesting results. Hence, the results obtained do not have the same degree of 
certainty depending on the test used. The reason for this choice of analysis was to avoid the 
risk of ignoring some interesting trends. The same perspective was adopted as regards the 
value "p", on the basis of which an effect is considered significant. Starting from a value 
p<08, the result is given, although it cannot be considered to have as much interest as a result 
with p<. 0001. 
 
As far as the MANOVA tests are concerned, they yield a statistic called "Wilks' Lambda" 
(situated between 0 and 1). The lower this is, the stronger the effect, and a value p is 
associated with this statistic. One detail has absolutely to be taken into account: while, in 
some tables, the sum of the percentages is not equal to 100%, and while, in inferential 
analysis (ANOVA and Chi2), the degrees of liberty are lower than those expected, this is due 
to missing values that are not exploitable for analytical purposes. They are not errors, 
therefore. 

3.3 Results 

3.3.1 Characteristics of the respondents 
Firstly, let us analyse the composition of the population according to gender, age, time they 
have possessed the systems ("MV" indicates "missing values"). 
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In Table 11, we see that nearly 20% of the respondents have possessed the systems for about 
five months (group 1), nearly one-third have possessed them for about 10 months (group 2) 
and about one-third for about 24 months (group 3). Unfortunately, about 15% of the people 
either did not understand the question and referred to a former vehicle (indicating the year 
they drove with a system for the first time), or did not reply. Thus, it will not be possible to 
include these 15% of replies in the analyses involving the "time they have possessed the 
system" variable.  
 
It should be noted that, when one weights time of possession by removing the time during 
which the driver did not yet use the system, that does not alter the results of the analysis 
carried out with this variable at all. In effect, a very large majority of users of a system started 
using it in the first few days or month following its purchase (82% for the SL and 90% for the 
CC). 
 

 Men Women MV Age  
20-39  

Age 
40-59  

Age 60 
and over MV Line 

total 
For 5 months 15 31 0 7 27 12 0 46 

%age column 22.73% 18.45% 0% 14.58% 26.47% 14.29% 0% 19.49% 
For 10 months 23 54 0 22 29 26 0 77 

%age column 34.85% 32.14% 0% 45.83% 28.43% 30.95% 0% 32.63% 
For 24 months 20 56 2 13 33 30 2 78 

%age column 30.30% 33.33% 100% 27.08% 32.35% 35.71% 100% 33.05% 
Over 24 months 6 23 0 5 11 13 0 29 

%age column 9.09% 13.69% 0% 10.42% 10.78% 15.48% 0% 12.29% 
MV 2 4 0 1 2 3 0 6 

%age column 3.03% 2.38% 0% 2.08% 1.96% 3.57% 0% 2.54% 
Column total 66 168 2 48 102 84 2 236 

%age table 27.97% 71.19% 0.85% 20.34% 43.22% 35.59% 0.85% 100% 

Table 11: Characteristics of the sample according to gender, age and period of ownership of the 
systems.  

 
As regards the gender of the respondents, it is important to discuss the over-representation of 
men (168, or 71%) and the under-representation of women (66, or 28%). In effect, two and a 
half times more men participated in the survey than women, although as many women as men 
were approached. Could this imbalance be due to a greater interest shown in these systems by 
men? Or again, does it reflect the fact that men use the family car more often than women (if 
a woman is officially the owner of the vehicle, that does not mean she is the main user)? One 
can scarcely draw any conclusion on that point. Be that as it may, from a statistical 
standpoint, there is no real imbalance (insignificant Chi2) as regards the breakdown by gender 
of the respondents in the different groups (5, 10 or 24 months). Similarly, the number of 
women is sufficient to enable the "gender" variable to be exploited statistically. 
 
As far as the respondents' age is concerned, one finds a majority of people aged 40-59 (102, 
or 43%) and a minority of 20-39-year-olds (48, or 20%). We would point out that age was not 
a variable in the sampling, and as a result one cannot know whether this apparent imbalance is 
a faithful reflection of the age pyramid of the targeted population or is due to more 
psychological factors. However, since there are many more young drivers driving unequipped 
second-hand cars, the age distribution is nevertheless likely to be relatively close to the reality 
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of the targeted population as a whole. Be that as it may, from a statistical standpoint, there is 
no real imbalance (insignificant Chi2) as regards the breakdown by age of the respondents in 
the different groups (5, 10 or 24 months). Similarly, the number of 20-39-year-olds is 
sufficient to enable the three modes of the "age" variable to be exploited statistically. 
Finally, it should be pointed out that the men in our sample are older than the women on 
average (F(1; 232) = 18.88; p<.0001 ; 55.63 years vs. 46.58 years). 

3.3.2 Overall description of the system’s usage 
 
Now, let us consider the breakdown of the respondents by their gender and their age as a 
function of the use they make or not of each system (Table 12). 
 
We can distinguish four groups of drivers: the "dual SL/CC users" who utilise both systems, 
those who use solely the CC (and do not use the SL), those who use solely the SL (and do not 
use the CC), and those who use neither the SL nor the CC. The group of dual users is the 
largest, representing 44% of the population. Conversely, those who use only the SL are the 
least numerous, representing only 7% of the population. There is an almost equal proportion 
of those who use solely the CC (25%) and those who use neither (20%). There are thus 162 
CC users (69%) and 121 SL users (51%). This suggests a "system effect", with the CC being 
the most used.  
 
However, one must treat this result with some caution to the extent that one finds that the men 
use the CC significantly more than the women (74% as against 53%; F(1; 228) = 13.33; 
p<.0004). Given that there are 2.5 times more men than women in our population, it is normal 
that the CC seems to be used more than the SL. As regards SL use, one does not find a 
significant difference according to the gender of the respondents.  
 
As far as CC use in terms of age is concerned, a higher proportion of the 20-29 age group 
only use this system and a lower proportion are non-users than in the 40-59 and over-60 age 
groups. The average age of sole CC users is significantly lower than that of non-users (49.17 
as against 55.92; p<.02) and also significantly lower than that of dual users (49.17 as against 
53.71; p<.06), according to the Fischer LSD Post Hoc test. As regards SL use, one does not 
find a significant difference according to the age of the respondents. 
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 Women Men MV Age  
20-39  

Age 
40-59  

Age 60 
and over MV Line 

total 
Dual SL/CC users 24 78 2 19 46 37 2 104 

%age column 36.36% 46.43% 100% 39.58% 45.10% 44.05% 100% 44.07% 
CC users who do not use 
the SL 11 47 0 18 22 18 0 58 

%age column 16.67% 27.98% 0% 37.50% 21.57% 21.43% 0% 24.58% 
SL users who do not use 
the CC 7 10 0 3 9 5 0 17 

%age column 10.61% 5.95% 0% 6.25% 8.82% 5.95% 0% 7.20% 
Those who use neither 
the SL nor the CC 21 27 0 6 22 20 0 48 

%age column 31.82% 16.07% 0% 12.50% 21.57% 23.81% 0% 20.34% 
MV 3 6 0 2 3 4 0 9 

%age column 4.55% 3.57% 0% 4.17% 2.94% 4.76% 0% 3.81% 
Column total 66 168 2 48 102 84 2 236 

%age table 27.97% 71.19% 0.9% 20.34% 43.22% 35.59% 0.9% 100% 
Table 12: Breakdown of the different user profiles by gender and age 

 
Finally (Figure 28), there is a significant relationship between the time drivers have owned 
the systems and their use (Pearson Chi2 (6) = 14.42; p<.03). The proportion of those using 
solely the CC rises with time (from 17% to 36%), while the number of non-users falls (from 
28% to 12%). 
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Figure 28: Proportion of different user profiles according to period of ownership  

 
We thus have a large majority of users, whether they be "dual" users or users of only one 
system (179, or 76%). This fact already informs us about the overall integration of the 
systems in respondents' everyday driving habits. Furthermore, it gives us access to a 
sufficiently large number of users for making the analysis needed to study the utilisation 
context and the changes observed in driving behaviour. It has to be pointed out, however, that 
some drivers do not use either of the systems available on their vehicle (20%), while others 
use only one of them, either the CC (25%) or the SL (7%). There is thus a need to examine in 
greater detail the reasons that could account for the use or non-use of these systems. There 
could be a number of reasons. In particular, they could be linked to the very motives that led 
the drivers to acquire the systems in the first place. This is the first factor we discuss below.  
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3.3.3 Motives for owning the systems and their links with the use made of them  
 
In Table 12 below, we can see in what proportions the participants selected the different 
"motives" from which they were able to choose freely to explain their ownership of the SL or 
the CC.  
 

 SL CC  SL CC 

Because it was standard 
equipment 71.19% 65.68% To economise on fuel 

consumption 7.63% 11.86% 

In order not to worry about 
police checks  20.34% 22.88% Interest in new technology 6.78% 9.32% 

For greater driving comfort 16.95% 30.93% Because I had had the 
opportunity to try it earlier  6.36% 8.05% 

For the assistance it provides 13.98% 13.56% Because someone mentioned it 
to me 4.24% 4.24% 

For greater driving safety 11.44% 12.29% Total 100% 
(236) 

100% 
(236) 

Table 13: Frequency (%) with which the different motives for owning the systems were selected 
 

One item in particular was selected overwhelmingly: "because it was standard equipment". 
Since it was a relatively factual point (the systems were effectively installed as standard 
equipment on the vehicles), it is not surprising that it was chosen the most frequently. The 
next most frequently selected options were "in order not to worry about police checks", "for 
greater driving comfort" and "for the assistance it provides". 
 
The general trend is the same for the SL as for the CC, although one finds appreciable 
differences when one compares the frequency of the different motives given for each system. 
In effect, the "standard equipment" item is selected significantly more frequently for the SL 
than for the CC (66% as against 71%; t = 2.83; p<.006), while comfort is selected more for 
the CC than the SL (31% as against 17%; t = 4.43; p<.0001) and fuel savings also more for 
the CC than the SL (12% as against 8%; t = 2.26; p<.03).  
 
There are thus variations as regards drivers' expectations about each system. Drivers seem to 
have relatively more expectations ("comfort" and "savings") about the CC than the SL. All 
these factors may constitute potential motives for using a system or not.  

3.3.3.1 Motives for owning the SL and their links with its use  

A MANOVA (Multiple ANalysis Of VAriance) with SL use (yes vs. no) and CC use (yes vs. 
no) as independent variables and the nine items relating to the SL as dependent variables 
shows a simple SL effect (Wilks' Lambda = 0.85; p<.0001). One finds differences between 
SL users and non-users for the items "standard equipment" (F(1; 221) = 3.73; p<.06), "safety" 
(F(1; 221) = 11.63; p<.0008), "comfort" (F(1; 221) = 11.80; p<.0008), "assistance" (F(1; 221) 
= 20.59; p<.0001), "police checks" (F(1; 221) = 7.71; p<.006) and " fuel savings" (F(1; 221) = 
9.93; p<.002).  
These results (Figure 37) indicate a relationship between existing expectations about a system 
and its use or non-use. For example, SL users (dual users as well as SL only users) cite "so as 
not to worry about police checks", "for greater driving comfort", "for the assistance it 
provides", "for greater driving safety" and "to make fuel savings" as motives far more often 
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than non-SL users (those who use only the CC and those who use neither the SL nor the CC). 
Furthermore, dual users mention the fact that the SL was standard equipment far less than the 
other three groups. 
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Figure 29: Frequency (%) with which motives for owning the SL was cited according to the 
profile of the user  

3.3.3.2 Motives for owning the CC and their links with its use  

A MANOVA with SL use (yes vs. no) and CC use (yes vs. no) as independent variables and 
the nine items concerning the CC as dependent variables shows a simple CC use effect 
(Wilks' Lambda = 0.79; p<.0001) on the reasons given for owning a CC. Differences were 
observed between CC users and non-users for the items "standard equipment" (F(1; 220) = 
25.63; p<.0001), "safety" (F(1; 220) = 7.18; p<.008), "comfort" (F(1; 220) = 33.32; p<.0001), 
"assistance" (F(1; 220) = 10.99; p<.002), "police checks" (F(1; 220) = 25.44; p<.0001), "fuel 
savings" (F(1; 220) = 6.89; p<.01) and "had previously tried it" (F(1; 220) = 7.03; p<.009). 
 
One also finds a relationship between the motives for owning a system (the "expectations") 
and its use or non-use (Figure 38). Users of the CC (both dual users and CC only users) 
choose the motives "so as not to worry about police checks", "for greater driving comfort", 
"for the assistance it provides", "for greater driving safety", "to save on fuel" and "because I 
had previously had the opportunity to try it" far more than non-CC users (SL only users or 
users of neither). Furthermore, non-CC users choose the option "because it was standard 
equipment" far more than CC users.  
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Figure 30: Frequency (%) with which motives for owning the CC was cited according to the 
profile of the user 
 
Apart from the fact that the systems were standard equipment, it emerges that the most 
frequently cited motives for owning a system are comfort, not having to worry about police 
checks, a driving aid and safety. It appears that the greatest expectations surround the CC. 
Furthermore, the motives put forward relate to the use or non-use of the systems. The users of 
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the systems are more likely to give reasons of a functional nature (comfort, driving aid, fuel 
savings, and so on), while non-users are more likely to mention the fact that the system is 
standard equipment. Other elements in the questionnaire will enable us to deepen the analysis. 
We will firstly examine the reasons mentioned by drivers to account for their non-use of the 
systems, and then examine the characteristics (positive or negative) they impute to these 
systems (the “image” they have of support systems). 

3.3.4 The reasons for not using the driving support systems  

3.3.4.1 The reasons for not using the SL 

Table 29 below shows in what proportions the participants selected the different "reasons" 
proposed to explain their non-use of the SL. It breaks the subjects down between men and 
women and according to three age brackets. Participants were allowed to choose as many 
reasons as they wanted.  
 
Overall, the three main reasons given for not using the SL are "I prefer to adjust my speed 
myself", "I don't find it useful" and "I find it dangerous".  
 
There is only one significant difference between men and women to take note of. It concerns 
the item "I don't know how to use it" (F(1; 85) = 9.27; p<.004). There are thus more women 
(19%) than men (3%) saying they do not use the SL because they do not know how to use it. 
There are no significant differences in terms of respondents' age 
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Table 14: Frequency (%) with which the different reasons were given for not using the SL, 
according to gender and age 

3.3.4.2 The reasons for not using the CC 

The three main reasons advanced for not using the CC are similar to those for not using the 
SL (Table 15). There is only one significant difference between men and women. It relates to 
the item "dangerous" (F(1; 47) = 3.58; p<.07). There are thus relatively more women (43%) 
than men (19%) who say they do not use the CC because they think it is dangerous.  
 
In terms of the participants' age, one finds two significant differences. They relate to the items 
"dangerous" (F(1; 46) = 3.37; p<.05), which the 40-59 age group choose significantly more 
than the over-60s (de Scheffé Post Hoc test; p<.05), and "unpleasant" (F(1; 46) = 3.09; 
p<.06), which the 40-59-year-olds also select significantly more than that over-60s (de 
Scheffé Post Hoc test; p<.02). 

For the SL Female 
non-users  

Male 
non-users  

Non-users 
aged 
20-39  

Non-users 
aged 
40-59 

Non-users 
aged 60 
and over 

Total 

Prefer to adjust my speed 
myself 56.25% 52.63% 54.17% 54.55% 52.50% 53.70% 

Not useful 15.63% 28.95% 25% 29.55% 20% 25% 

Dangerous 21.88% 21.05% 20.83% 22.73% 20% 21.30% 

Too constraining 6.25% 13.16% 16.67% 9.09% 10% 11.11% 

Prefer to adjust my speed 
to that of others   9.38% 9.21% 12.50% 9.09% 7.50% 9.26% 

I don't know how to use it  18.75% 2.63% 4.17% 11.36% 5% 7.41% 

No one explained to me 
how it works 9.38% 2.63% 0% 2.27% 10% 4.63% 

Too unpleasant 6.25% 3.95% 0% 6.82% 5% 4.63% 

Too hard to use  0% 5.26% 0% 4.55% 5% 3.70% 

There aren't any radars 
where I drive 0% 0% 0% 0% 0% 0% 

 29.63% (32) 70.37% (76) 22.22% (24) 40.74% (44) 37.04% (40) 100% 
(108) 
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For the CC Female 
non-users  

Male 
non-users  

Non-users 
aged 
20-39  

Non-users 
aged 
40-59 

Non-users 
aged 60 
and over 

Total 

Prefer to adjust my 
speed myself 43,33% 41,67% 30% 40,63% 50% 42,42% 

Dangerous 43,33% 19,44% 20% 43,75% 16,67% 30,30% 

Not useful 20% 22,22% 30% 18,75% 20,83% 21,21% 
I don't know how to use 
it 20% 5,56% 20% 9,38% 12,50% 12,12% 

No one explained to me 
how it works 13,33% 8,33% 0% 6,25% 20,83% 10,61% 

Too unpleasant 10% 5,56% 0% 15,63% 0% 7,58% 

Prefer to adjust my 
speed to that of others 6,67% 5,56% 0% 3,13% 12,50% 6,06% 

Too constraining 3,33% 8,33% 0% 12,50% 0% 6,06% 

Too hard to use 3,33% 5,56% 0% 6,25% 4,17% 4,55% 

There aren't any radars 
where I drive 0% 2,78% 0% 0% 4,17% 1,52% 

 45,45% (30) 54,55% (36) 15,15% (10) 48,48% (32) 36,36% (24) 100% (66)
Table 15: Frequency (%) with which the different reasons were given for not using the CC, according to 
gender and age 
 
It should also be noted that there is no "reason" that is selected significantly more for one 
system than for the other. One should also note that the reasons advanced to explain the non-
use of the systems (SL and CC) do not vary according to the period of ownership of the 
system. 

3.3.4.3 Characteristics imputed to the support systems by non-users 

To complete the analysis, one can also take into account the answers given by non-users of 
the two systems when they have to select the characteristics of each system from a list of 
possibilities (for more information about the method see Abric, 2003). Nine characteristics 
were proposed, and respondents had to indicate the three most relevant, then the three least 
relevant to describe what they think of each system (three characteristics remained 
unselected). If one studies Table 16 below, one finds that non-users of the systems are 
generally not in agreement with the positive characteristics proposed and far more in 
agreement with some of the negative ones.  
 
The most interesting answers to explain non-use of the SL and the CC are the rejection of the 
notion that they are an "aid to driving" and a factor of "safety" and the agreement shown with 
the notion that they represent a "loss of control over the vehicle" and that they are a "factor of 
monotony" when driving. Similarly, the idea of "constraint" receives a substantial measure of 
agreement, while those of "peace of mind when driving", an "economy" factor and "peace of 
mind vis-à-vis police checks" do not attract much support. 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 49

  Non-users' 
answers For the SL For the CC 

NO 41.67% 35.42% Driving aid 
YES 27.08% 16.67% 
NO 27.08% 33.33% Factor of safety YES 18.75% 12.50% 
NO 20.83% 27.08% Peace of mind when driving YES 37.50% 33.33% 
NO 14.58% 14.58% Fuel savings YES 35.42% 27.08% 
NO 16.67% 16.67% 

Positive characteristics 

Peace of mind vis-à-vis 
police checks YES 37.50% 29.17% 

NO 25% 25% Loss of control over the 
vehicle YES 43.75% 54.17% 

NO 16.67% 16.67% Factor of monotony YES 43.75% 54.17% 
NO 37.50% 29.17% Constraining YES 35.42% 37.50% 
NO 39.58% 43.75% 

Negative 
characteristics  

Loss of freedom YES 14.58% 20.83% 
Table 16: Frequency (%) with which non-users select or reject the different characteristics 
proposed 
 
Some important reasons for not using the systems were identified ("I prefer to adjust my 
speed myself", "not useful" and "dangerous"), and differences were also found between men 
and women. Non-users generally consider that the systems result in a loss of control over the 
vehicle, are a factor of monotony and are not an aid or a safety factor.  

3.3.5 Using the driver support systems 
Several aspects of the use of driver support systems were examined. We will tackle in order 
the characteristics imputed to the systems by users, then drivers' familiarisation with and 
integration of support systems, and after that we will deal with the changes in behaviour 
engendered by the systems. The context in which they are used will also be analysed, after 
which several comparisons between the systems will be discussed  

3.3.5.1 Characteristics imputed to the support systems by users 

We saw above that users of the systems are more likely to mention reasons of an operational 
nature than non-users to account for their ownership of support systems. As in the case of 
non-users, we rounded off the analysis by taking account of the characteristics that users 
impute to the system. Table 17 below shows the frequency with which the different 
characteristics mentioned above are selected or rejected. 
 
Users overwhelmingly agree with the positive characteristics proposed (Table 17). Among 
them, the most frequently selected are "peace of mind when driving" and "peace of mind vis-
à-vis police checks". Mirroring these replies, the negative characteristics were equally 
strongly rejected, especially "loss of freedom" and "constraining". The reasons that could 
explain the use of the SL and the CC are thus identified more clearly: driving aids are 
perceived by users as factors of "peace of mind", whether in relation to police checks or by 
relieving them of concerns about control over their speed. 
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  Users' 
answers for the SL for the CC 

NO 9.09% 5.42% Driving aid YES 50.41% 56.63% 
NO 13.22% 16.87% Factor of safety YES 41.32% 31.33% 
NO 0% 2.41% Peace of mind when 

driving YES 83.47% 83.73% 
NO 14.05% 11.45% Fuel savings YES 36.36% 43,37% 
NO 4.96% 6.02% 

Positive 
characteristics 

Peace of mind vis-à-vis 
police checks YES 73.55% 59.04% 

NO 57.85% 53.61% Loss of control over the 
vehicle YES 4.96% 7.83% 

NO 39.67% 27.71% Factor of monotony YES 7.44% 16.27% 
NO 56.20% 72.89% Constraining YES 2.48% 1.20% 
NO 75.21% 75.90% 

Negative 
characteristics  

Loss of freedom YES 0% 0% 
Table 17: Frequency (%) with which users select or reject the different characteristics proposed 

3.3.5.2 Familiarisation with and integration of the support systems 

Using a system necessitates a prior phase of familiarisation with the way it operates. It is thus  
important to find out the relative frequency with which different methods of familiarisation 
with the SL and CC were used. Four methods were proposed: reading the instructions, having 
its use explained by a salesman, having it explained by a friend, and trying it alone to discover 
how the system operates before starting to use it. Participants were asked to indicate which 
familiarisation methods concerned them. We could then study the relative frequency with 
which SL and CC users were exposed to these different familiarisation methods.  
 
It emerges that about 66% of users say they had the system explained to them by a salesman. 
This seems to be the most common familiarisation method, and as a result it is extremely 
important when it comes to the future use of the systems. More than half of users say they did 
not read the manual. Next come those who think they have learned how the system operates 
by trying it alone – they represent between 40% (SL) and 45% (CC). Lastly, the most 
infrequently used familiarisation method is to have the system explained by a friend.  
 
- Apart from these general trends, there are differences according to gender. In the case of 
both systems, women have had the system explained by a friend far more frequently than men 
(SL: 26% as against 3%; F(2; 116) = 15.01; p<.0002; CC: 31% as against 5%; F(2; 162) = 
20.10; p<.0001).  
 
- There are also differences according to age. For both systems, those in the 20-39 age range 
are the ones who read the instruction manual least (SL: F(2; 115) = 3.50; p<.04; CC: F(2; 
161) = 4.06; p<.02). In the case of the SL, a Scheffé Post Hoc test shows a significant 
difference between the age group and the others (26% as against 41% for the 40-59 group and 
55% for the over-60s.), while for the CC 20-39-year-olds stand out only in relation to the 
over-60s (27% as against 38% for the 40-59 age group and 57% for the over-60s). 
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- There are no differences between the three categories of the "period of ownership" variable 
as regards the frequency with which the different methods of familiarisation are used, whether 
it be the SL or the CC. 
 
Several questions were asked about the ease of learning, the ease of use, and the time to adapt 
that proved necessary in order to be at ease with the system, as well as about their perceived 
mastery of the system and their experience of being surprised or scared when driving with the 
system. The Table 18 below summarizes the frequency with which respondents chose the 
different possible answers to each question for each system. 
 
From a global standpoint, the SL and CC are perceived as easy to learn and use, as requiring 
little time to adapt and as systems in which drivers feel they acquire considerable proficiency. 
For the majority of users, neither the SL nor the CC seem to induce situations of surprise or 
fear. One may thus conclude that most users perceived that they successfully integrate the 
support systems into their realm of competence.  
 

 SL CC 

Easy 50.41% 55.42% 
Quite easy 43.80% 39.16% 

Quite difficult 3.31% 2.41% 
Ease of learning 

process 
Difficult 0.83% 1.20% 

Easy 55.37% 55.42% 
Quite easy 38.02% 38.55% 

Quite difficult 4.96% 4.82% Ease of use 

Difficult 0% 0% 
From the first use 30.58% 25.30% 

After using it several times 57.85% 65.06% 
After using it many times 6.61% 5.42% Time to be at ease 

I still don't feel at ease 4.13% 3.61% 
No 4.96% 0.60% 

To some extent 50.41% 46.99% Proficient? 
Yes 43.80% 51.20% 

Never 46.28% 36.14% 
On the first occasions I used it 34.71% 39.16% 

Sometimes 16.53% 22.29% 
Frequency with 
which surprised 

Each time I use it 1.65% 0% 
Never 75.21% 56.63% 

On the first occasions I used it 10.74% 28.92% 
Sometimes 11.57% 13.25% 

Frequency with 
which scared  

Each time I use it 0.83% 0% 

Table 18: Perceived ease with which systems are assimilated  

 
Whether it be in terms of ease of learning, ease of use, time to adapt or the feeling of surprise 
experienced when driving with the system, there is no significant difference between the SL 
and the CC. But there is a significant difference between them when it comes to the "fear" 
item (t = 1.93; p<.06), in the sense that there seems to be a greater tendency for fearful 
situations to be experienced when driving with the CC than with the SL. There is also a 
difference as regards perceived proficiency (t = 1.81; p<.08), insofar as drivers feel they 
become more proficient with the CC than the SL. 
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In the case of the SL, there is a relationship between the familiarisation methods used and the 
perceived ease of learning to use it. The fact of having read the manual effectively facilitates 
the learning process (F(1; 111) = 8.48; p<.005), as does the fact of having had the system 
explained by the salesman (F(1; 111) = 5.08; p<.03), and of having tried it alone to find out 
how the system works before using it (F(1; 111) = 6.20; p<.02). As regards the CC, the 
reading the manual, having the system explained by the salesman and trying it to find out for 
oneself how it works (F(1; 156) = 4.7; p<.04) has an interactive effect on the user's perceived 
proficiency with the CC. It appears that those who tried the system to discover how it works 
after having it explained by the salesman claim a greater degree of proficiency than those who 
only read the manual before using it (Fischer LSD, p<.02). 
 
There was no significant effect in the "period of ownership" variable. On the other hand, 
differences by gender and age should be mentioned. 
 
- As regards the SL, women report a lower degree of proficiency than men (35% as against 
47% think they are very proficient; F(1; 115) = 3.56; p<.07) and a larger number of fearful 
experiences (19% as against 8%; F(1; 115) = 3.50; p<.07).  
 
- In the case of the CC, women consider the learning process more difficult than men (11% as 
against 2%; F(1; 157) = 5.27; p<.03) and have less of an impression of proficiency (36% as 
against 55% feel they are perfectly proficient; F(1; 157) = 5.62; p<.02). 
 
- For the SL, fewer people in the 20-39 age group say they master the system than the other 
age groups (23% as against 51% of the 40-59 age group and 45% of the over-60s; F(2; 115) = 
3.02; p<.06 and Fischer LSD Post Hoc test). As regards the CC, the 40-59 age group report a 
larger number of surprises than the 20-39 group and the over-60s (27% say they have never 
had a surprise as against 47% of the 20-39 group and 41% of the over-60s; F(2; 156) = 3.54; 
p<.04 and the Fischer LSD Port Hoc test).  
 
The explanation provided by the salesman is the most common familiarisation method, and its 
importance thus has to be emphasised. Users' appropriation of the systems seems to be very 
satisfactory overall. Some relationships between the familiarisation methods used and the 
appropriation of the systems were observed in terms of the perceived ease of learning to use 
the SL and the perceived mastery of the CC. As a general rule, women report a relatively 
lower degree of appropriation of the systems than men. There were also differences in terms 
of respondents' age. The variable "period of ownership of the systems" was not found to have 
any effect. 

3.3.5.3 Perceived behavioural changes when driving with the support systems 

In order to assess behavioural changes when driving with the support systems twelve items 
were proposed to the users. They had to indicate to what extent in their view the system leads 
them to change their behaviour relative to driving without the system. For each item, the 
respondent had the possibility of saying the system led him to adopt the behaviour "more", to 
adopt it "less", that the system "did not change anything", or that he "doesn't know". The 
results are summarised in Table 19 and Table 20for SL, in Table 21 and Table 22 for the CC. 
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SL Less More No change I don’t know 

Looking at the speedometer 71,9% 16,5% 6,6% 0% 

Level of Driving speed  79,3% 0,8% 12,4% 0% 

Control over my driving speed 7,4% 66,9% 14,1% 2,5% 

Effort  47,9% 12,4% 33,1% 0% 

Attention 16,5% 27,3% 47,9% 0,8% 

Control over my vehicle 14,9% 32,2% 40,5% 3,3% 

An hindrance to other driver 19,8% 26,5% 35,5% 7,4% 

Trouble merging into traffic 9,1% 26,5% 44,6% 7,4% 
Difficulty for adjusting my speed to 

that of others  17,4% 23,1% 45,5% 4,9% 

Table 19: Perceived behavioural changes when driving with the SL  
 

 Yes No I don’t know 
I check the proper account of set speed 

by SL 70,25% 17,36% 4,96% 

It changes the way I drive 40,50% 41,32% 10,74% 

It enables me to avoid speeding fines 75,21% 5,79% 11,57% 

Table 20: Perceived behavioural changes when driving with the SL  

 
 Less More No change I don’t know 

Looking at the speedometer 74,10% 13,25% 9,64% 0% 

Driving speed 69,88% 3,01% 21,69% 1,20% 

Control over my driving speed 8,43% 70,48% 15,66% 1,81% 

Effort  70,48% 4,22% 17,47% 1,20% 

Attention 16,27% 28,31% 46,99% 1,81% 

Control over my vehicle 14,46% 33,13% 42,77% 3,61% 

An hindrance to other driver 24,70% 18,67% 40,96% 9,04% 

Trouble merging into traffic. 9,04% 24,70% 50,60% 5,42% 
Difficulty for adjusting my speed to 

that of others 27,11% 32,53% 31,33% 2,41% 

Table 21: Perceived behavioural changes when driving with the CC  
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 Yes No I don’t know 
I check the proper account of set 

speed 77,11% 13,86% 3,61% 

It changes the way I drive 57,23% 30,72% 7,23% 
It enables me to avoid speeding 

fines 76,51% 6,02% 12,65% 

Table 22: Perceived behavioural changes when driving with the CC  

 
Overall, if one considers the majority replies, the two systems are perceived as having 
beneficial effects as regards speed control (less need to look at the speedometer, lower driving 
speed, more control over driving speed, avoiding speeding fines) and effort (especially when 
driving with the CC). A majority also considers that using the systems does not induce major 
changes in the control of their vehicle and in the way they interact with other road users. 
However, there are large minorities reporting some negative effects, mainly as regards 
managing interaction with others. For example, 27% say they feel they are more of an 
hindrance to others and they have more difficulty merging into traffic with the SL. The same 
tendencies are observed with the CC.  
 
While the two systems inspire the same majority attitudes, there are differences between the 
systems. Several "t" tests were carried out bringing together the replies "did not change 
anything" and "don't know" (the latter are very rare though). One thus finds that the SL has a 
greater tendency to make people drive less fast than the CC (79% as against 70%; t = -2.24; 
p<.03), that the SL gives more of an impression of being an hindrance to other drivers than 
the CC (26% as against 19%; t = 2.74; p<.008), that the SL requires a greater effort when 
driving than the CC (12% as against 4%; t = 3.08; p<.003) and that the CC changes people's 
way of driving more than the SL (57% as against 41%; t = -2.80; p<.007).  
 
Several ANOVA were carried out with gender, age and period of ownership as independent 
variables. After analysis, there does not appear to be any difference according to gender in the 
perceived changes when driving with the SL. On the other hand, there are differences 
according to the age of the respondents. These differences relate to the items "speed" (F(2; 
98) = 5.27; p<.007) and "control over speed" (F(2; 98) = 3.23; p<.05). In effect, different Post 
Hoc tests show that far fewer people in the 20-39 age group than those in the 40-59 group and 
the over-60s report a lower speed when driving with the SL than without. Similarly, fewer 20-
39-year-olds say they have greater control over their speed compared with the other age 
groups (Fischer LSD). 

Table 23: Differences according to age as regards reported changes with the SL  
 
As far as the "period of ownership of the systems" variable is concerned, one finds only one 
significant difference regarding the item "it changed my way of driving" for the SL (F(2; 87) 
= 2.78; p<.07). A Fischer LSD Post Hoc test shows that drivers that have had the system for 

Age Group Less More Changed 
nothing 

Don't 
know 

20-39 68.18% 4.55% 27.27% 0% 
40-59 89.09% 0% 7.27% 0% Speed practised 

60 and over 73.81% 0% 9.52% 0% 
20-39 13.64% 45.45% 27.27% 4.55% 
40-59 7.27% 76.36% 12.73% 1.82% 

Feeling of 
control over 

speed 60 and over 2.38% 66.67% 9.52% 2.38% 
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five months differ from the other two groups since they are far more likely to say that the SL 
changed their way of driving. 
 
With the CC, in terms of the respondents' gender, one finds differences for the item 
"difficulties merging into traffic" (F(1; 138) = 8.41; p<.005). Women are more likely than 
men to report that the CC makes it harder for them to merge with traffic.  
 

 Less More Changed 
nothing 

Don't 
know 

Men 11.11% 2.78% 61.11% 11.11% Difficulties 
merging Women 8.59% 30.47% 47.66% 3.91% 

Table 24: Differences according to gender as regards reported changes with the CC 
 
No significant differences as regards reported changes with the CC or the SL are found as a 
function of the period of ownership of the systems.  
 
For most users, the two support systems seem to induce positive changes as regard speed 
control and effort. A majority also considers that using the systems does not induce other 
major changes in their driving. However, there are large minorities reporting some negative 
effects, mainly as regards managing interaction with others. While the two systems seem to 
have the same effects generally speaking, there are nevertheless differences between them: for 
instance, the SL seems to have a better impact in terms of reducing speed, but also seems to 
induce more negative effects in some drivers (greater effort and bigger hindrance for others). 
As regards the CC, there were differences between women and men and according to age, but 
only as a function of age in the case of the SL. The period of ownership of the systems does 
not seem to have any appreciable impact on perceived changes. 

3.3.5.4 Situations in which the systems are used 

 
To study the frequency of use of the systems according to different driving situations, users of 
a system were presented with 24 cases for which they had to answer "never" (answer coded 
1), "sometimes" (answer coded 2), "often" (answer coded 3) or "always" (answer coded 4). 
For the 24 different driving situations proposed, we arrived at a frequency-of-use score on a 
scale of 1 to 4. The 24 situations were generated by crossing the type of road (urban, rural 
roads and motorways) with eight other sets of conditions (driving alone, with one or more 
passengers, in heavy traffic, in fluid traffic, at night, during the day, in fine weather and in bad 
weather). Eight cases in point were thus postulated for each type of road.  
 
- Situations in which the SL is used 
 
By calculating the average frequency of use in each situation for users of the SL, this is what 
we find. The 24 situations are shown on the horizontal axis and the scale from 1 to 4 on the 
vertical axis.  
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Figure 31: Average frequency of use of the SL according to the situation. 

 
The majority of averages are closer to the answer "sometimes" (apart from the four situations 
on the left of the chart). On average, the SL thus seems to be used occasionally. Furthermore, 
there is very little variation in use according to the situation.  
 
If, however, one wants to analyse the variations in the use of the SL, it is possible to carry out 
an ascending hierarchical classification analysis. This type of analysis makes it possible to 
classify the different measures according to the proximity or distance between them. Here, 
this analysis enables us to produce a typology of situations of use, as well as to identify the 
varying measures together.  
 

Ward method
Euclidian distances

Agregation distance

MW / night
MW / bad weather

MW / day
MW / good weather
MW / passenger(s)

MW / no passenger
MW / fluid traffic

RR / night
RR / bad weather

RR / day
RR / good weather
RR / passenger(s)

RR / no passenger
RR / fluid traffic

UR / night
UR / bad weather

UR / day
UR / good weather
UR / passenger(s)

UR / no passenger
UR / fluid traffic

MW / heavy traffic
RR / heavy traffic
UR / heavy traffic

0 10 20 30 40 50 60 70

Figure 32: Classification of the situations in which the SL is used (UR = urban roads; RR = rural 
roads; MW = motorways) 
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Starting from the right side of the chart, one observes an initial difference with, on the top 
side all the "urban" driving situations as well as the three situations of "heavy traffic" and on 
the bottom, the majority of cases concerning driving on "rural roads" and "motorways". We 
thus have the class of the least propitious situations for SL use (in town and/or in heavy 
traffic) and.the class of situations that are most propitious for using the SL (generally on 
"rural roads" and "motorways", except in heavy traffic). Then, if one wants to be more 
precise, one takes account of the sub-classes. For example, in the class of the most propitious 
situations, one can distinguish between "motorway" situations and "rural road" situations, the 
latter being those where the SL is used the most (cf. Figure 32). One can also carry out the 
same exercise for the class of least propitious situations, where one finds that "urban" driving 
situations differ from "heavy traffic" driving situations, the latter being those in which the SL 
is used the least. If one narrows things down even further, one sees that the situations of poor 
visibility ("night-time" and "bad weather") systematically stand out among the situations 
relating to the same type of road. In effect, apart from the situations of heavy traffic, these two 
are always the two situations in which the SL is systematically used less frequently compared 
with other situations on the same types of road. Hence, the situations "rural roads at night" 
and "rural roads in bad weather" are those in which the SL is used least on "rural roads". It 
should be noted that; in the case of the situations "urban roads in heavy traffic", "rural roads 
in heavy traffic" and "motorways in heavy traffic", it is not the type of road that is important 
here but the fact that the traffic is heavy. To sum up this kind of analysis enables to identify 
the main criteria that differentiate the frequency of use of the SL, namely, the type of road and 
the traffic condition followed by the visibility condition. The presence of passager does not 
seem to be discriminative. 
 
The frequency of use of the SL varies as a function of drivers' gender, but not as a function of 
their age. One sees differences between men and women as regards the frequency of SL use 
according to the driving situation. In particular, one finds that the frequency of SL use 
reported by women is significantly lower than that of men on urban roads and motorways, 
regardless of the driving situation (Figure 33 and Figure 34). 
 

p
<

.04 p<.02 p<.03 p<.03 p<.03 p<.07 p<.007 p<.03
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With 
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Figure 33: Average frequency of use of the SL on urban roads according to gender 
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Figure 34: Average frequency of use of the SL on motorways according to gender 

 
- Situations in which the CC is used 
 
Things appear quite different with the CC compared with the SL. The use of the CC seems to 
be influenced far more by the driving situation. Generally speaking, these variations are 
mainly due to the type of road. Let us look at what the following ascending hierarchical 
classification analysis yields.  
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Figure 35: Average frequency of use of the CC according to the situation 
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Ward method
Euclidian distances

Agregation distance

MW / passenger(s)
MW / day

MW / good weather
MW / no passenger

MW / fluid traffic
MW / night

MW / bad weather
RR / night

RR / bad weather
RR / day

RR / good weather
RR / no passenger
RR / passenger(s)

RR / fluid traffic
UR / night

UR / bad weather
UR / day

UR / good weather
UR / passenger(s)
UR / no passenger

UR / fluid traffic
MW / heavy traffic
RR / heavy traffic
UR / heavy traffic

0 20 40 60 80 100 120 140

Figure 36: Classification of the situations in which the CC is used ( UR = urban roads; RR = 
rural roads; MW = motorways) 
 
Starting from the right of the chart, the first difference one finds is identical to that found with 
the use of the SL. There is a sharp distinction between the large majority of "rural road" and 
"motorway" situations, which are in the bottom class, and the "urban road" and "heavy traffic" 
situations, which are in the top class. While in the top-hand class one then finds the same sub-
classes as those found for the SL, that is not the case of the bottom-hand sub-classes. One 
finds first and foremost a difference between, on the one hand, "motorway" situations in 
conditions of good visibility and fluid traffic and, on the other, "rural road" situations and 
"motorway" situations with poor visibility. To be more precise, in this last sub-class one can 
single out conditions of poor visibility (night-time, bad weather), whatever the type of road 
(rural roads and motorways), and "rural road" situations in conditions of good visibility and 
fluid traffic. Once again, one can produce a hierarchy of the different utilisation criteria. The 
first and most important criterion is the type of road. The second criterion seems to be the 
state of the traffic. The third criterion is visibility.  
 
As for the variables that interest us (age, gender and period of ownership of the systems), they 
do not have a significant impact on the use of the CC. 
 
Finally, when one compares the average frequency of SL and CC use for each type of road 
(by adding up the answers by type of road divided by eight), one finds that the SL is used 
significantly more frequently on urban roads than the CC (t = 3.31; p<.002) and the latter is 
used significantly more frequently on motorways than the SL (t = 5.24; p<.0001). On rural 
roads, the two systems are used as much as each other on average.  
 
The results confirm the influence of the situational context (type of road, traffic conditions 
and visibility conditions) on the frequency of use the support systems. They also reveal 
differences between SL and CC. Firstly, the CC seems to be used more often than the SL 
overall and its use seems more subject to variations according to the situation. A hierarchical 
classification of these situations enables different criteria influencing the use of each system 
to be identified. Age and the period of ownership of the systems do not seem to have an 
influence on the use of the systems. Gender only has an effect on the use of the SL on urban 
roads and motorways. Overall, the SL is generally used more on urban roads than the CC 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 60

and the latter is used more frequently on motorways than the SL. On rural roads, there is no 
significant difference in the frequency with which the SL and the CC are used. 

3.3.5.5 Inter-system comparisons and relationships as perceived by dual users 

Dual users (those who use CC and SL) were asked to answer various questions dealing with 
the comparison between the systems. Table 25 summarises the results. If one takes only the 
majority answers, the CC appears as the most useful (47%), the most appreciated (61%) and 
the one that most changes driving behaviour (44%). However, a majority of respondents trust 
the two systems equally (51%).   
 

SL 17.31% SL 14.42% 
CC 47.12% CC 44.23% 

Neither 0.96% Neither 22.12% The most useful? 

Both 32.69% 

Changes driving 
behaviour? 

Both 15.38% 
SL 14.42% No 12.50% 
CC 61.54% Don't know 9.62% 

Neither 0% 
Complementary? 

Yes 75.96% 
The most 
appreciated? 

Both 21.15% No 76.92% 
SL 15.38% 

Confusion in the past? 
Yes 20.19% 

CC 28.85% No 85.71% 
Neither 2.88% If yes, still going on? Yes 14.29% The most trusted? 

Both 50.96% Never 29.81% 
Sometimes 52.88%  

Switching between the 
systems? 

Frequently 7.69% 
Table 25: Answers given (%) to questions about comparisons and relationships between the 
systems  

 
 
Overall, these results illustrate a preference for the CC, but without showing any rejection for 
the SL, which probably seems less "attractive" for dual users. This point is confirmed by the 
fact that 76% consider them complementary, as against 13% who do not agree with this idea 
and the fact that 70% switch between the systems (sometimes or frequently).  
 
The preference for CC possibly highlights a relationship between the degree to which "driving 
behaviour is changed" and measures of usefulness and preference. This point is confirmed 
solely as regards usefulness. In effect, there is a relationship between the answers to the 
question "Which system changed your driving the most?" and that given to the question 
"Which system is the most useful in your driving?" (Chi2 (9) = 16.93; p<.05). The system 
perceived as changing driving behaviour the most is regarded as the most useful more often 
than when it is not considered to have altered driving behaviour the most.  
 
It should also be noted that the answer "neither" is never given by more than 3% of 
respondents for the items "usefulness", "trust" and "appreciation". More than three-quarters of 
respondents (77%) say they have not confused the two systems when driving as against about 
20% who have, while very few of the latter say they still confuse them (14%, or 3% of dual 
users as a whole). One does not find any differences according to the gender and age of the 
respondents, nor in terms of the period of ownership (exept for the item “confusion” which 
diminish with time) 
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The CC generally seems to be the system that dual users prefer. Nevertheless, the SL is not 
rejected insofar as a majority of respondents have as much trust in it as in the CC and a 
majority also sees the two systems as complementary. The fact of perceiving one system to be 
the one that modifies driving behaviour the most seems to have an influence on which will be 
perceived as the most useful. This result suggests a relationship between the perceived change 
in driving behaviour and the usefulness of the system. The number of dual users saying they 
have confused the two systems is low and falls over time.  

3.3.6 Acceptance of the support systems in the next vehicle 
 

This part falls slightly outside the framework of the principal objectives of this research. 
Nevertheless, in view of the particularly clear and illustrative results produced, it is interesting 
to dwell on them for a moment. The table below crosses the different user profiles (dual 
SL/CC users, SL only users, CC only users, and users of neither) with the degree of latters’ 
acceptance of these systems in a future vehicle. All participants were asked to indicate 
whether they would like their next vehicle to be equipped at no extra charge with just a SL, 
with just a CC, with both systems or with neither. The results are summarised in Table 26 
below. 

 

 Dual users CC only users SL only users Non-users Total 

Only accept the  
SL 5,77% 5,17% 70,59% 6,25% 10,17% 

Only accept the 
CC  9,62% 60,34% 0% 10,42% 22,46% 

Accept both 78,85% 34,48% 29,41% 31,25% 52,12% 
Accept neither 2,88% 0% 0% 43,75% 12,29% 

Table 26: Rate of acceptance of the SL and the CC as a function of the users’ profile 

 
It appears that the number of drivers who do not want either system in their next vehicle is 
very low (12%). The systems thus seem to be generally well accepted, and this phenomenon 
is even more marked in the case of the CC. There is a strong relationship between the use and 
acceptance of the systems (Chi2 (16) = 220.71; p<.00001). It should be noted that the reply 
"both" attracted the largest number of selections (52%). Hence, even among those who are not 
"dual users", there were around 30% who selected this answer. This can certainly be 
explained by the fact that it was made clear that there would be "no extra charge", which 
possibly tilted respondents in favour of this answer. 
 
It has lastly to be pointed out that the acceptance of these support systems is strongly linked to 
the characteristics imputed to them. In effect, one observes, for example, that among those 
who would agree to have a SL in their next vehicle (answers "both" and "only the SL"), 73% 
think it gives them "peace of mind when driving", 71% think it "enables them to avoid 
speeding fines" and 62% regard it as a "driving aid". Conversely, of those who would not like 
to have either a SL or a CC in their next vehicle, 48% regard the SL as "constraining" and a 
"loss of control over the vehicle", while 41% consider it a "factor of monotony".  
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The same phenomenon is found with the CC. Of those who would agree to have a CC in their 
next vehicle (answers "both" and "only the CC"), 78% think it gives them "peace of mind 
when driving", 58% think it "enables them to avoid speeding fines" and 53% regard it as a 
"driving aid". Once again, of those would not like either a SL or a CC in their next vehicle, 
57% think the CC results in a "loss of control over the vehicle", while 45% consider it a 
"factor of monotony". 
 
Whether it be the CC or the SL, drivers who accept only one of the two systems have "mixed" 
orientations towards the system they do not want to have. In effect, they do not massively 
reject the positive items, nor do they overwhelmingly choose the negative ones. There is no 
strong rejection of the unwanted system, there is more an expression of preference for one 
system. Only those who do not want either system have a negative image of both the SL and 
the CC. 
 
There is generally strong acceptance of these support systems among the respondents. 
Moreover, it is strongly linked to whether they are used or not, just as it is determined by the 
positive or negative characteristics associated with them. Among these, "peace of mind when 
driving", "enables me to avoid fines", "a driving aid", "constraining", "loss of control over 
the vehicle" and "a factor of monotony" appeared to be particularly significant in 
differentiating drivers' orientation towards the systems. 

3.4 Summary and conclusion 
 
The purpose of this survey is to gauge the utilisation and long-term behavioural effects of two 
driver support systems that offer two complementary means of speed management: a speed 
limiter (SL) and a cruise control (CC). The main results of the survey are summarised and 
discussed below.  

3.4.1 Use and non-use of the systems 
 
The results indicate that a large majority of the respondents use at least one of the systems 
installed on their vehicle (76%). More specifically, four groups of drivers could be 
differentiated: the "dual SL/CC users", who use both systems (44%); those who use solely a 
CC (25%); those who use solely an SL (7%): and those who use neither the SL nor the CC 
(20%).  
 
It can be seen that there are more women than men among those who use neither system (32% 
as against 16%) and that, overall, the CC is used more by men than by women (74% as 
against 53%). As far as CC use is concerned, this result is in line with the findings of a similar 
survey carried out as part of the Improver project (2005), which found that men are more in 
favour of the CC than women, both as regards having their car equipped with a CC and as 
regards using it once they have it in their car. 
 
The use of the systems seems to be closely linked to drivers' "expectations" of them (gauged 
here through the reasons given for owning the systems) and more generally to the "image" 
drivers have of them.  
 
An analysis of the motives that led drivers to acquire the systems shows that they relate to the 
use or non-use of the system. In particular, users of a system are more likely to give reasons 
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of a functional nature (comfort, driving aid, fuel savings, and so on), while non-users are 
more likely to mention the fact that the system is standard equipment. Some important 
reasons for not using the systems were identified ("I prefer to adjust my speed myself", "not 
useful" and "dangerous").  
 
Significant differences were also found between men and women. In particular, more women 
than men state that they do not use the SL because they do not know how to use it (one 
observes the same trend as regard the CC, though the difference is not significant) and that 
they do not use the CC because they think it is dangerous.  
 
More generally, when taking into account the “image” of support systems, one finds that non-
users generally consider that the systems result in a “loss of control over the vehicle”, are a 
“factor of monotony” and are not “an aid” or a “safety” factor. Conversely, users of the 
systems overwhelmingly agree with the idea that they afford "peace of mind when driving" 
and "peace of mind vis-à-vis police checks" and strongly reject the idea that they induce a 
“loss of freedom" and are a "constraint" on driving. The same tendencies were observed when 
studying drivers' acceptance of the systems on their next vehicle. The “image” of the systems 
(whether positive or negative) is thus an important dimension to take into account for 
understanding the use and acceptance of support systems.  

3.4.2 Familiarisation with and appropriation of support systems 
 
Using a system necessitates a prior phase of familiarisation with the way it operates. The 
explanation provided by the salesman is the most common familiarisation method, and its 
importance thus has to be emphasised, in particular when considering that more than half of 
users did not read the manual. Some relationships between the familiarisation methods used 
and the appropriation of the systems were observed in terms of the perceived ease of learning 
to use the SL and the perceived mastery of the CC, reinforcing the importance of this 
familiarisation phase. 
 
Overall, users' appropriation of the systems seems to be satisfactory. The SL and CC are 
perceived as easy to learn and use, as requiring little time to adapt, and as systems in which 
drivers feel they acquire considerable proficiency. For the majority of users, neither the SL 
nor the CC seems to induce situations of surprise or fear. One may thus conclude that most 
users think they successfully integrate the support systems into their field of competence.  
 
Overall, women report a relatively lower degree of appropriation of the systems than men. 
They also report a larger number of fearful experiences when driving with an SL and they 
consider the learning process of the CC more difficult than men. Such problems probably 
account for the fact that they use support systems less frequently than men.  

3.4.3 Frequency of use of support systems: the role of the situational context 
 
First of all, the results confirm the influence of the situational context (type of road, traffic 
conditions and visibility conditions) on the frequency of use of support systems. It should be 
noted that the use of the CC is more subject to variations according to the situational context 
than the SL, which is quite pertinent considering its mode of functioning (automatically 
maintaining the driving speed selected by the driver). The SL is generally used more on urban 
roads than the CC and the latter is used more frequently on motorways than the SL. On rural 
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roads, there is no significant difference in the frequency with which the SL and the CC are 
used. Overall, women use the SL less frequently than men, especially on urban roads and 
motorways, regardless of the driving situation.  

3.4.4 Perceived behavioural changes when using support systems 
 
Most users think the systems provide the assistance they are designed to. For the majority of 
them, the two systems are perceived as having beneficial effects as regards speed control (less 
need to look at the speedometer, lower driving speed, more control over driving speed, 
avoiding speeding fines) and effort (especially when driving with the CC). A majority also 
considers that using the systems does not induce major changes in their driving. That said, 
large minorities report some negative effects, mainly as regards the management of their 
interactions with others (an hindrance to other drivers, trouble merging in traffic). Previous 
studies in real driving situations have also found this kind of limitation as regards the 
assistance provided (see, for example, for ISA systems, Saad et Malaterre, 1982; Carsten and 
Fowkes; 2000). 
 
Some differences between the two systems were also observed: in particular, the SL seems to 
have a better impact in terms of reducing speed (even though this effect is less important for 
the 20-39 age group), but also seems to induce more negative effects in some drivers (greater 
effort when driving with the SL and bigger hindrance for other drivers). The CC is perceived 
as changing the user's way of driving more than the SL and requiring less effort than the SL.  

3.4.5 Length of period of ownership of the system  
 
There is a significant relationship between the time drivers have owned the systems and the 
use they make of them. The proportion of those using solely the CC rises with time (from 
17% to 36%), while the number of non-users falls (from 28% to 12%). However, no 
significant differences were observed for the other aspects studied, in particular the frequency 
of use and the perceived behavioural changes. It is possible that the periods selected for the 
survey did not make it possible to record the moments at which significant changes occur 
and/or are perceived as such by drivers (in particular, the first period of 5 months is 
undoubtedly too long following the initial appropriation phase of the systems). It is also 
possible that a longitudinal approach might be more appropriate for recording the occurrence 
of such changes in sufficient detail. 
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4 On-road study on long-term effects of FCW+LDW on 
driving behaviour 

4.1 Introduction 
 
According to motivational models, namely “risk homeostasis” theory (Wilde, 1988; 1982) 
and “zero-risk” theory (Summala, 1988), any intervention into the vehicle or driving 
environment that does not intend to change drivers’ motives will have a limited effect in time, 
due to behavioural adaptation. This means that learning to drive with an ADAS, without 
knowing in advance the potential changes of this system in drivers’ motives, there is a certain 
risk that drivers will adapt their driving behaviour to the opposite extreme of the desired 
direction.  
 
Thus, behavioural adaptation of drivers may be expected due to the introduction of ADAS. 
Several studies have been carried out to investigate such effects, but they are mainly 
conducted on a driving simulator and do not study long-term effects, namely how driving 
behaviour changes with long-term use of the system. Moreover, we are not aware of any long-
term study having been performed, studying the simultaneous use of two ADAS, providing 
both longitudinal and lateral support. 
 
Thus, the objective of the on-road study conducted by CERTH/HIT was:  

• To identify the long-term effects on driving behaviour when using stand-alone and a 
combination of two ADAS, namely Forward Collision Warning – FCW - and Lane 
Departure Warning – LDW, .  

• To study the possible adaptation of driving behaviour associated with the use of 
stand-alone and a combination of two ADAS in long-term  

• To study the possible long-term impact on mental effort, due to the use of stand-alone 
or a combination of ADAS. 

• To study how drivers’ acceptance of ADAS evolves in long-term.  

4.2 Method 
 
The method of this experiment has been presented in AIDE Deliverable 1.2.3, and is thus not 
repeated here. Summarising it, the duration of the experiment was 15 weeks. 24 participants 
were distributed in four groups, those driving with the FCW system active, those driving with 
LDW system active, those driving with FCW+LDW systems active and the control group, 
where no system was active. Each participant was asked to drive once a week the equipped 
vehicle along the same highway route and the same day and time, so that distance travelled 
and exposure time to the systems tested were similar for all drivers. Only data recorded during 
the highway driving were analysed. Data recorded on the roads to and from the highway were 
excluded from the analysis. The highway route was 79 km with a speed limit of 120 km/h. 
duration was around 1 hour, thus each ride in the following diagrams correspond to 79 km. 
Each driver was asked to drive the vehicle on this specific route once a week, at the same day 
and time each week, so that traffic environment was kept as much as possible similar among 
consecutive rides. 
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The short-tem horizon was defined as the first five rides, namely the first five weeks. The 
results of the short-term period was presented in AIDE Deliverable 1.2.3.  
 
In this document the results of the whole period of fifteen weeks are being presented, trying to 
identify long-term effects of systems’ use. 

4.3 Results 
 
From the four groups that took part, performance in the control group could be considered as 
reference to the other three groups, in the sense that, participants were driving the 
experimental vehicle periodically, thus the driving behaviour changes in the control group 
represent the possible changes that might occur due to familiarization with the vehicle and the 
experimental process. Instead, the driving behaviour changes in the other three experimental 
groups represent the possible changes that might occur due to the combined effect of vehicle 
familiarization and the systems used. Thus, having the control group performance as reference 
to the other three groups, one could possibly identify possible changes within time in the three 
experimental groups due to the systems used. 
 
Considering the particular driving tasks that each system is supposed to affect, namely the 
FCW system is supposed to affect basically the longitudinal behaviour while the LDW system 
is supposed to affect mainly the lateral behaviour, the effects on the measurable driving 
performance parameters will be presented in respect to these two aspects.  
  

4.3.1 Speed 
 
Starting with a rather generic driving parameter, namely the vehicle speed (Figure 37, Table 
27) the results show that the mean speed in the FCW group in the total sample (15 rides) was 
lower than the mean speed in the control group  (p=0.0344). There was also a trend between 
the LDW group and the control group (p=0.1071). That is to say, within a period of 15 rides 
driving with only one system (either FCW or LDW) there is a positive effect in terms of 
speed reduction. On the other hand, no difference was found between the FCW+LDW and the 
control group. There was an effect of ride, only in the FCW+LDW group (p=0.061235). 
Participants in the FCW+LDW group, not only used to drive at higher speed in comparison to 
the other two groups, but they also tended to increase their mean speed with ride. It seems as 
participants in FCW+LDW group intentionally drive at higher level of risk. 
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Figure 37: The mean speed for the different rides and for each group 

 
 FCWgroup  LDW group  FCW+LDW 

group  
Controlgroup  

FCW group      
LDW group  Ns    
FCW+LDW 
group  

Ns Ns   

Controlgroup  0.0344 0.1071 Ns  
Table 27: Groups comparison regarding mean speed per ride 

 

4.3.2 Longitudinal behaviour 
 
Regarding the longitudinal behaviour two indicators were considered, the number of frontal 
collision warnings that each group received per ride, and the percentage of time driving at 
short headways (<1sec) to the lead vehicle.  In the case of the LDW and control groups the 
number of frontal collision warnings refers to the number of warnings that would have been 
received, if the system was active.  
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4.3.2.1 Number of imminent frontal collision warnings per Ride 
 
As can be seen in Figure 38 and Table 28, the mean number of warnings received by the 
FCW group per ride was significantly lower than in the case of all the other three groups. The 
FCW system alone had certainly a positive effect in respect to longitudinal behavior, as the 
participants in this group drive trying to avoid receiving warnings. An effect of ride is also 
found for the same group (p=0.090768). The mean number of warnings per ride, tends to 
rather increase in this group. It seems that as time passes by (as participants get used to the 
system?), the positive effect of the FCW alone, was rather more weak compared to the first 
rides, however it was always present compared to the other groups. 
 
The mean number of warnings that would be generated for the LDW group per ride was 
significantly lower in relation to the FCW+LDW and control groups. This may indicate that 
participants in this group drive per se more conservatively than participants in the control 
group. However, the significant difference with the FCW group indicates the effect of the 
system itself on the behaviour of participants in the FCW group. 
 
No difference was found between the FCW+LDW and control groups. It seems that 
participants in the FCW+LDW were driving without taking into account the warnings. 
Although no ride effect was found for this group, studying the figure below, one sees that in 
the first 9 rides, the means number of warnings per ride for this group is lower than for the 
control group. After ride 10, this is very high, higher than in the control group. It seems that in 
the first rides, these participants were trying to adapt somehow their behaviour to the FCW 
system. After this period, they start driving at shorter distances in following cases. 
 

0

10

20

30

40

50

60

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15

Nu
m

be
r 

of
 im

m
in

en
t F

C
W

FCW
LDW
Both
None

 
Figure 38: Mean number of imminent frontal collision warnings 
(visible/audible for Groups A and C). 
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Groups FCW LDW FCW+ LDW   Control 
FCW      
LDW 0.0011    
FCW+LDW 2.063 10-7 0.0057   
Control 2.559 10-8 0.0046 Ns  
Table 28: Groups comparison regarding mean number of imminent FCW per ride 

4.3.2.2 Percentage of time driving at short headway (< 1s) 

 
It should be noted here that the FCW warnings were not activated at a certain headway 
threshold. The warning distance was calculated each time as the distance corresponding to the 
reaction time of the driver and the difference of stopping distances of the ego and front 
vehicle with a deceleration of – 5m/s2.  
 
The indicator studied in this section is therefore not directly related to the number of 
warnings, studied in the previous section, as it could be the case that there was no warning 
given although the headway is less than 1 s. Thus, the behavioural adaptation due to the 
system is more related to the number of warnings. The present indicator is more meant to give 
an overview of impact of the system on traffic safety. 
 
Considering the percentage of time driving at headway < 1 s, (Figure 39 and Table 29) there 
was a significant difference found among the FCW and FCW+LDW group and among the 
FCW and control group, and a trend between FCW and LDW group. The FCW system alone 
has a positive effect on safety, as participants in the FCW group avoid driving at short 
headway (< 1 s). 
 
A significant difference was, also found between the LDW and FCW+LDW groups, but not 
between LDW and control group. It seems that the behaviour of the participants in the LDW 
group, as far as driving at short headways is concerned, is between that of the FCW group and 
that of the control group, as no significant differences are found with any of these groups.  
 
Significant differences are found between FCW+LDW and all other groups. As of ride 5 
(with the exception of ride 9), participants in this group drove more time at short headways 
(<1 s) compared to all other groups.  
 
Some effects of ride were found for the FCW+LDW group (p=0.097683). The percentage of 
time driving at short headway rather increases with ride, possibly due to driver’s 
familiarisation with the system. 
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Figure 39: Mean percentage of driving time where headway is shorter than 1 s 

 
 FCW   LDW FCW+LDW Control 
FCW     
LDW 0.0981    
FCW+LDW 2.382 10-5 0.0018   
Control 0.0005 Ns 0.0229  
Table 29: Groups comparison regarding percentage of time driving at headway < 1 s per ride 

 

4.3.3 Lateral Behaviour 
 
Regarding the lateral behaviour three indicators were taken into account, namely the mean 
number of lane departure warnings that each group received, the standard deviation of lateral 
position per ride, and the percentage of lane changes per ride (in the total number of lane 
changes per ride) that were performed with the use of direction lights.  
 
For the FCW group and the control group the number of lane departure warnings refers to the 
number of warnings that would have been received, if the system was active. 
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4.3.3.1 Number of lane departure warnings per ride 

 
As it can be seen in Figure 40 and Table 30, the mean number of lane departure warnings was 
significantly lower in the LDW group than in all other groups.  
 
No difference was found among the other three groups. 
 

Considering that the warnings from the LDW system were only audible in the LDW and 
FCW+LDW groups, the above finding implies that the participants in the LDW group were 
driving, so as to avoid receiving warnings from the system.  

In the FCW+LDW group, which received warnings from both systems, the participants did 
now make any effort to drive so as to avoid receiving warnings from the system. This is the 
case even from the first ride. 
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Figure 40: Mean number of lane departure warnings (audible for LDW and FCW+LDW groups 
only). 

 
Groups FCW LDW FCW+LDW Control 
FCW     
LDW 3.91 10-33    
FCW+LDW Ns 7.238 10-13   
Control Ns 4.79 10-16 Ns  
Table 30: Groups comparison regarding mean number of LDW per ride 
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4.3.3.2 Standard deviation of lateral position 

 
In order to calculate the standard deviation of lateral position per ride, the recordings during 
lane changes have been excluded from the analysis. As explained in AIDE Deliverable 1.2.3, 
the high values of standard deviation of lateral position found in this study compared to the 
ones in the literature should be attributed to the fact that in the present study, participants 
were asked to drive normally and were not instructed to maintain their position in the lane.  
 
Significant differences were found among the LDW group and all the other groups. The 
standard deviation of lateral position per ride is always lower in the case of the LDW group 
compared to the other groups. This suggests that the LDW system in the LDW group did have 
a positive effect on lane keeping performance. 
 
Significant differences were found among the FCW group and all the other groups. The 
standard deviation of lateral position per ride is always (except for ride 1) higher in the FCW 
group than in the other groups. This may possibly indicate a negative side-effect of the FCW 
system in lane keeping performance, in the sense that participants in the FCW group might be 
more concentrated into the longitudinal behaviour, trying to avoid FCW warnings, and put 
less effort into lane keeping.  
 
No difference was found among the FCW+LDW group and the control group. 
 
Looking at the figure below, one sees that in the first ride, the standard deviation of lateral 
position in the FCW+LDW group were as low as that of the LDW group. After the second 
ride however, this has increased and became comparable to that of the control group. The lane 
keeping performance of the participants in the FCW+LDW group was not affected by the 
LDW warnings, as they seem to completely ignore them, since their lane keeping 
performance is not different from that of the control group. 
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Figure 41: Standard deviation of lateral position (distance from lane centre) 
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 FCW LDW FCW+LDW Control 
FCW     
LDW 1.048 10-22    
FCW+LDW 0.00335 5.687 10-8   
Control 2.285 10-6 7.564 10-11 Ns  
Table 31: Groups comparison regarding standard deviation of lateral position per ride 

 

4.3.3.3 Number of lane changes per ride  

In an attempt to clarify the possible strategies that each group adopted in order either to avoid 
close-following situations or to reduce the time of driving at short headway, the number of 
lane changes per ride was taken into account.  
 
No effect of group or ride on total number of lane changes per ride was found. This implies, 
that the lower time percentage of driving at short headway that was found for the FCW group 
was not due to a different strategy that participants in the FCW group might have adopted, 
namely more frequent lane changing. This in turn, suggests that the FCW system alone had 
certainly a positive effect in longitudinal behavior without inducing potential unwanted 
driving behavior changes (e.g. increased number of lane changes in order to avoid FCW 
activation).  
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Figure 42: Number of lane changes per ride 
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4.3.3.4 Number of lane changes with use of direction lights 

 
In order to review the secondary effects of LDW system, namely the encouragement of 
participants to use the direction light when changing lane, in order to avoid warnings’ 
activation, the lane changes performed with the use of direction lights as a percentage of total 
number of lane changes per ride was calculated. 
 
There were significant differences among the LDW group and all other groups regarding the 
percentage of lane changes performed with the use of direction lights.  
 
No difference was found among the FCW+LDW group and the other groups.  
 
In other words, the use of the LDW alone has clearly increased the use of direction lights 
during lane changes. This is not true for the FCW+LDW group, where the use of direction 
lights is similar to that of the rest groups, namely it is not affected by the LDW warnings. 
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Figure 43: Percentage of lane changes per ride with the use of direction lights 

 
 FCW LDW FCW+LDW Control 
FCW     
LDW 1.0245 10-15    
FCW+LDW Ns 2.527 10-9   
Control Ns 8.74 10-9 Ns  
Table 32: Groups comparison regarding percentage of lane changes with the use of direction 
lights per ride 

 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 75

4.3.4 Subjective ratings 
 
Beyond the above mentioned effects of the two ADAS systems into longitudinal and lateral 
behaviour based on objective measurements of driving performance, in the following section  
the subjective ratings of the participants about the ADAS systems that they used is 
considered, in terms of systems’ acceptance and resulting mental effort. Both issues have 
been questioned by means of questionnaires that were filled by participants after each ride. 

4.3.4.1 Acceptance  

 
System acceptance is referred to participants’ subjective evaluation about the ADAS 
system(s) that they used, in the following two dimensions: system usefulness, namely how 
useful the system(s) was in terms of traffic safety, and system satisfaction, namely how 
pleasant was driving with the system(s) on.  

Regarding the FCW system, both the FCW and FCW+LDW groups rated it as useful, but 
only the FCW group rated it as satisfactory. The usefulness scores from the FCW+LDW 
group are lower than those from the FCW group. The participants in the FCW+LDW have 
always negatively rated the FCW system as far as satisfaction is concerned, implying that the 
FCW system in combination with another ADAS system causes feelings of irritation.  
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Figure 44: The usefulness score for FCW system (audible to FCW and FCW+LDW groups). 
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Figure 45: The satisfaction score for FCW system (audible to FCW and FCW+LDW groups). 

 
The same pattern was also found in regard to the LDW system evaluation. Both the 
participants in the LDW and the FCW+LDW groups rated it as useful, but only participants 
from the LDW group rated it as satisfactory. The usefulness scores from the FCW+LDW 
group are most of the times lower than those from the LDW group. The participants in the 
FCW+LDW group have always (except from ride 10) rated it negatively regarding the 
satisfaction.   
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Figure 46: The usefulness score for LDW system (audible to LDW and FCW+LDW groups). 
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Figure 47: The satisfaction score for LDW system (audible to LDW and FCW+LDWgroups).  

 
In other words, FCW and LDW systems are considered as both useful and pleasant by those 
who participated in the groups where only one system was active. However, the participants 
who received warnings from both systems concurrently (group FCW+LDW) rated both 
systems as useful in terms of traffic safety, but unsatisfactory.  
 

4.3.4.2 Mental effort 

Participants were asked to rate the mental effort devoted to driving after each ride using the 
RSME scale. 
 
Participants from the FCW and LDW groups have given much higher ratings than the control 
group. Participants from FCW+LDW group have given ratings similar to that of the control 
group. 
 
The use of stand-alone systems has led to increased mental effort. The concurrent functioning 
of both systems has rather led participants to ignore them, as the ratings of mental effort 
indicate.  
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Figure 48: Mean subjective ratings of mental effort. 

 
In total, the participants’ subjective evaluation of the two ADAS tested in this particular 
study, show that the use of a stand-alone system (either FCW or LDW system) had a positive 
impact on drivers’ acceptance, even though driving with such a system induces a much higher 
mental effort. Alternatively, the results could be explained by the fact that due to the high 
level of acceptance of each stand-alone system, participants were putting more effort, in an 
attempt to integrate the provided information to their driving behavior.  
 
On the other hand, when the same systems were functioning concurrently and independently 
of each other, the participants’ ratings are negative, not in terms of the potential usefulness of 
the systems but in terms of satisfaction. This could be simply, because the two concurrent 
functioning systems produced a rather noisy environment, causing a lot of irritation to drivers 
that has actually led the drivers to ignore both of the systems. This is reflected not only 
through the subjective measurements but also through the objective measurements. The 
performance of participants in the FCW+LDW group in respect to longitudinal/ lateral 
behavior, shows no improvement compared to the control group in the long-term. 
 
A raising question, however, is if the intention of participants in the FCW+LDW group to 
ignore both systems could be caused by their irritation due to the two concurrent and 
independently functioning systems. An open issue is why participants did not attempt to 
reduce the number of warnings by changing their driving behaviour, in order to minimize the 
source of irritation. 
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4.3.4.3 Follow-up interviews 

 
From the subjective measurements it was impossible to come up with a definite answer to the 
above question. To answer it, we have conducted a follow-up telephone interview in order to 
clarify this issue. The asked questions were:  
 

“Do you remember which system you used during the experiment?”  
“Was the system(s) reliable?”  
“Did you always drive in compliance to the system(s) thresholds?”  
“In case of two systems, did you pay the same level of attention to both systems?” 

 
The participants that took part in these telephone interviews were selected on the basis of the 
number of warnings that they received. In specific, comparing the number of frontal collision 
warnings received per ride among participants in each group, it can be seen in the following 
diagrams,  that, the number of warnings for all participants in FCW group (named as Group 
A) are of the same order, except for participant A1. This particular participant seems to start 
ignoring the system warnings as of ride 8. 
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Figure 49: Number of frontal collision warnings received per ride among participants in each 
group.  

 
Accordingly, comparing the number of lane departure warnings received per ride among 
participants in each group, it can be seen in the following diagrams that the number of 
warnings for all participants in LDW group  (named as Group B) are of the same order, 
except for participant B3. This participant seems to start ignoring the system warnings as of 
ride 4. 
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Figure 50: Number of lane departure warnings received per ride among participants in each 
group. 

 
Comparing the number of warnings among participants in the FCW+LDW group (named as 
Group C), it can be seen that there is more variance among participants than in the FCW or 
LDW groups. In specific: 
− Participants C2 and C5 seem to drive in all rides in accordance to both the FCW and LDW, 

as the number of warnings received indicate.  
− Participant C6 seems to drive according to FCW but ignores LDW warnings as of ride 3. 
− Participants C1 and C4 seem to ignore the LDW warnings as of the first ride (ride 1). 

However, these two participants seem to have initially tried to drive according to the FCW 
warnings, but they start ignoring them as of ride 9 and 11 respectively. 

− Participant C3 seems to ignore the warnings of both systems as of ride 2. 
 
All the above observations that led to the identification of the participants who received a 
considerable high number of warnings (marked with X) are summarized in the following 
table. These participants were finally selected for the telephone interviews.   
 

Group A Group B Group C 
Participant Compliance to 

FCW system 
 

Participant Compliance to 
LDW system 

 

Participant Compliance to 
FCW system 

Compliance to 
LDW system 

A1 X as of ride 8 B1 9 C1 X as of ride 9 X 
A2 9 B2 9 C2 9 9 
A3 9 B3 X as of ride 4 C3 X as of ride 2 X as of ride 2 
A4 9 B4 9 C4 X as of ride 11 X 
A5 9 B5 9 C5 9 9 
A6 9 B6 9 C6 9 X as of ride 3 

Table 33: Participants selected for the telephone interview 

 
Below is the reasoning for non-compliance to the provided warnings according to the answers 
of each participant through the telephone interviews.  
 
Participant  A1 
The system was reliable, but depending on the level of traffic (and consequently, the 
frequency of lane changes that I was able to do), in heavy traffic conditions the number of 
warnings was high whereas in low traffic conditions the number of warnings was minimal.      
 
Participant  B3 
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The system was reliable but I could not avoid LDWs, because I usually do not use the 
indicator light when I change lane. Despite that I tried to respect it, most of the time I was 
forgotten and did not use the indicator. In general the number of warnings was not so high and 
I could stand them. 
 
Participant C4 
I never paid attention to LDW. In the beginning, I tried to respect FCW in order to avoid 
warnings, but it was not adapted to my preferences. Thus, after the third-fourth trial, it was 
easier to ignore warnings than to try to avoid them by changing my driving behaviour. In 
contrast, the number of LDW was high, because I am not used to use indicator light.    
In general sound warnings were irritating and after a while I purposefully ignored them. 
 
Participant  C6 
I never paid attention to LDW. To some extent, I tried to respect FCW but the forward 
distances were not in accordance to my perception of imminent danger. That is why I decided 
to drive not in compliance to it. On the other hand, I could not avoid LDWs, because I usually 
drive on the lane marking, so in case of no other traffic I was earnest to ignore received 
warnings, than to change my habitual driving behaviour. 
In general sound warnings were irritating and I purposefully ignored them almost from the 
beginning, especially the LDW. 
 
Participant  C1 
I was purposefully driving rather aggressive (e.g. close-following, high speeding, driving on 
lane markers) in order to test systems’ reliability. I found out that both systems worked well, 
even at high speeding, and the warnings were reliable. That is why, the number of warnings 
were not similar within each trial. It was depending on the system that I was tested more, each 
time.   
After the ninth trial, I have learned how the systems work and I tried to harmonise my driving 
behaviour with them. But it was rather stressful to drive in compliance with both systems 
during the whole trial. It was relative easy to drive in compliance with the systems only for a 
while, about 10min. 
In general I would prefer visual than acoustic warnings, but the system was reliable. 
 
Participant  C3 
I never paid attention to warnings, because the thresholds for warnings’ activation did not 
match to my driving style. My driving behaviour style could be described rather as aggressive 
(close-following, high-speeding) and warnings thresholds were too conservative. Comparing 
the two, I found out that LDW was more reliable than FCW, so in the very beginning I tried 
to respect, to some extent, only the LDW. But none of the systems were close to my driving 
safety criteria, so it was easier to ignore sound warnings rather than to be in compliance to 
them. 
 
 
As it was made clear from the interviews, for the two participants in FCW and LDW group, 
the main reason of ignoring the provided warnings was their reluctance to change in long-
term, their habitual driving style. The same also holds true for participants in FCW+LDW 
group.  
 
Participants in the FCW+LDW group first came up with a dilemma of choosing which system 
could be more feasible to comply with. Most of them have chosen to comply with the system 
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that they considered as most easy to comply with, i.e. they were not paying attention to LDW, 
since they are not using direction lights or are driving on the lane marking.  
 
Quite interesting is the case of participant C1, who purposefully drove aggressively in order 
to test and learn the systems functionality. Following this strategy he did actually manage to 
learn or to predict the timing for warnings’ activation but he was not able to follow these for 
the whole ride.  
 
Clearly, the concurrent functioning of the two systems that were tested in this particular study 
generated a lot of warnings, so that ignoring them became inevitable in order to lower the 
level of frustration that participants felt as they were trying to cope with both systems.  

4.4 Overview of results 
 
The main findings for longitudinal behaviour are given in Table 34.  
 
 Group A Group B Group C Group D 
Group A     
Group B 9 Imm_FCW (A<B)    
Group C 9 Per_Time_1 (A<C) 

9 Imm_FCW (A<C) 
9 Per_Time_1 (B<C) 
9 Imm_FCW (B<C) 

  

Group D 9 Per_Time_1 (A<D) 
9 Imm_FCW (A<D) 

9 Imm_FCW (B<D) 9 Per_Time_1 (C>D)  

Table 34: Significant group effects regarding longitudinal behaviour. 

 
The main findings for lateral behaviour are given in Table 35.  
 
 Group A Group B Group C Group D 
Group A     
Group B 9 Per_LC_with flash (B>A) 

9 StDevLP (A>B) 
9 LDW (B<A) 

   

Group C 9 StDevLP (A>C) 
 

9 Per_LC_with flash (B>C) 
9 StDevLP (B<C) 
9 LDW (B<C) 

  

Group D 9 StDevLP (A>D) 
 

9 Per_LC_with flash (B>D) 
9 StDevLP (B<D) 
9 LDW (B<D) 

  

Table 35: Significant group effects regarding lateral behaviour. 

 
The results are short listed below. 
 
FCW alone (Group A) 

• Positive effect: Reduction of time driving in short headways compared to 
control group. However, this increases with ride, possibly due to driver’s 
familiarisation with the system. 

• Side effect: Increase of standard deviation of lateral position compared to 
control group. 
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LDW alone (Group B) 
• Positive effect: Reduction of standard deviation of lateral position compared to 

control group. 
• Positive effect: More frequent use of directions lights in lane changes 

compared to control group. 
 

FCW+LDW in combination (Group C) 
• Negative effect: Increase of time driving in short headways compared to 

control group. Time percentage of short headways increases with ride, possibly 
due to driver’s familiarisation with the system. 

• No difference from control group on standard deviation of lateral position or 
on use of direction lights. 

 

4.5 Discussion 
 
Results from the on-road study conducted with the experimental vehicle along a period of 15 
weeks (one ride per week), show that there is a clear difference regarding to the driving 
behaviour effects of the two ADAS that were tested, namely the frontal collision warning 
(FCW) and the lane departure warning (LDW), when these systems are used as stand alone or 
are functioning in parallel but independently of each other. 
 
According to the above, when the systems are used as stand alone, the FCW and the LDW 
system have improved the longitudinal and lateral behaviour, respectively, and this is in 
accordance to the primary goal that each system has been designed for. However, a slight 
difference between the two groups was found in respect to the magnitude of the behavioural 
effects that each system induced.  
 
In specific, in the FCW group, the participants were driving so as to receive less warnings due 
to close-following and were driving less time at short headways (< 1 s). This effect was more 
strong during the first rides, whereas during the last five rides the percentage of time of 
driving at short headways (<1s) becomes higher than in the first rides. This effect of ride was 
statistically significant.  
 
On the other hand, in the LDW group, participants showed better lane keeping performance 
(as standard deviation of lane position and number of LDW warnings indicate) and were 
using more systematically the direction lights during lane changes. These behavioural changes 
remained unaffected through rides.  
 
Moreover, the number of FCW warnings in the LDW group was less than in the control 
group. In the FCW group the standard deviation of lane position was higher than in all other 
groups. 
 
Considering the differences between the two groups, it is rather difficult to attribute them as 
systems’ side-effects into driving behaviour alone or as the result of individual differences. 
Maybe the answer is somewhere in the middle, in the sense that participants in the LDW 
group seem to drive more conservative in relation to FCW group and this explains to some 
extent why the differences in the lateral and longitudinal behaviour of this group from the 
control group remain unaffected through time. On the other hand, it could be the case that in 
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order to maintain steady lane position and thus avoid LDW warnings, they were driving in 
greater distances from the lead vehicle, so as to have a better view of the lane markings ahead 
and not being influenced by the lane position of the lead vehicle. 
 
Similarly, participants in the FCW group basically attempted to avoid warnings from FCW 
system. The increased standard deviation of lane position might be the inevitable side effect 
of participants’ concentration on longitudinal behaviour, thus reducing the effort of 
maintaining the vehicle position in the middle of the lane.  
 
In conclusion, either system has produced in long-term, a positive effect in accordance to the 
primary goal it that has been designed for, namely longitudinal and lateral behaviour, 
expressed with less warnings, less time driving at short headways and better lane keeping 
respectively. But, for the given road infrastructure that the experiment took place, the FCW 
system may produce a negative side-effect in terms of lane keeping as a strategy to minimise 
the effort needed to maintain vehicle in the middle of the lane, whereas, the LDW system may 
produce a positive side-effect in terms of following at short time distances as a strategy to 
keep concentration on the lane-keeping task.  
 
In contrast, considering participants’ performance when the two ADAS are functioning 
concurrently, there was essentially no positive effect either in respect to longitudinal 
behaviour or in respect to lateral behaviour, in terms of number of warnings, driving at short 
headways and lane keeping. It seems that participants in the FCW+LDW group paid no 
attention to the provided warnings. Their lane keeping performance was similar to the control 
group. They drove at short distances more often than the control group. Considering, the 
double number of warnings that they were receiving compared to the other two groups, and 
the resulting noise polluted environment that participants had to live, it was inexplicable why 
participants did nothing in order to avoid the warnings. To answer this question, a follow-up 
telephone interview was conducted. From the answers of these interviews, it was found that 
trying to cope with both systems generated a lot of frustration to participants, because driving 
became too restricted compared to their usual driving style.  
 
Considering the usual habits of the interviewees, of not using direction lights while changing 
lane or of driving on the lane marking, could explain why two out of six participants stated 
that they never paid attention to the LDW system. Thus, selecting to pay attention only to one 
of the two systems was one strategy used for copying with the two particular ADAS. 
However, this strategy was not effective in long term neither to longitudinal nor to lateral 
behaviour, as after some rides participants started ignoring both systems.  
 
Trying to learn how the two ADAS behave under various traffic situations and under different 
travelling speeds (as one participant stated), so that driving with the two ADAS becomes 
feasible in the long-term, was a second strategy used for copying with the two ADAS 
systems. However, even though this strategy seems more promising than the first one, the 
practical value of this learning process is limited because driving in compliance to both the 
safety thresholds that have been defined for the systems warnings’ activation makes actually 
driving too restricted to be respected during 1h journey. 
 
Therefore, from the results of the FCW+LDW group two different aspects have to be 
considered for the evaluation of the long-term effects of the two particular ADAS into the 
driving behaviour.  
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The first is related to the learning process that is necessary, so that drivers can control both 
systems. In contrast to the other two groups, in the FCW+LDW group there is evidence that a 
phased introduction of the two systems might be a more appropriate method in order to give 
to drivers the opportunity to learn how the systems behave and to integrate them in driving.  
 
The second aspect is related to the safety thresholds that have been defined for systems 
warnings’ activation. Clearly, these safety thresholds have been defined having in mind only 
one particular driving task (e.g. lane-keeping). In the LDW or in the FCW group where 
participants were asked to drive in compliance to these safety thresholds, it was relatively 
easy for them to do so, because they had to consider one particular driving task. However, 
when two driving tasks have to considered, as was the case in the FCW+LDW group, these 
safety thresholds should be revised in the view of the antagonism produced between the two 
driving tasks. 

Comparing the results of this study (long-term horizon), with the results of the analysis of the 
5 first rides only (short-term horizon), the following differences are found. 

Regarding longitudinal behaviour, the percentage of time driving at short headways increases 
in the long-term for Group A, compared to the findings in the short-term range. In the long 
term, Group C drives at shorter headways, compared to all other groups. 
 
 Short-term (5 rides) Long-term (15 rides) 
A-B: Per_Time_1  A<B ns  
B-C: Per_Time_1  Ns B<C 
B-D: Per_Time_1  B<D ns  
C-D: Per_Time_1  Ns C>D 
Table 36: Differences in results regarding longitudinal behaviour among short- and long-term 

 
Regarding the lateral behaviour, there are no significant changes among the findings of the 
analysis of the short-term and the ones of the long-term. The only differences are that the 
trend found in the short-term for the percentage of lane changes with indicator lights among 
groups B and C becomes true significant in the long-term (B>C). There is also a significant 
difference for the same parameter among groups B and D (B>D), which was not found in the 
short-term. 
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5 Effect of LDWS on driving behaviour 

5.1 Introduction  
 
The Lane Departure Warning System (LDWS; in French: Alerte de Franchissement 
Involontaire de Ligne – AFIL) is an informative lateral support system. Since October 2004 
this system is installed in the Citroën C4 and C5. When the speed exceeds 80 km/h, six pairs 
of infra-red sensors detect the (continuous or discontinuous) edge and /or lane markings. If 
the driver crosses a marking without using the indicator (e.g., during lane changing or lane 
deviation without manoeuvres), the system warns the driver by means of vibration of the seat. 
The vibration simulates the effect rumble strips. Moreover, the warning indicates at which 
side the marking is crossed. If the driver crosses the left marking, the vibration is felt at the 
left side of the seat and when the right marking is crossed the right side of the seat vibrates.  
 

 
Figure 51: Citroen LDWS 

 
In the present study PSA and TNO investigated the effect of LDWS on driving behaviour by 
means of interviews and questionnaires. We were interested whether drivers change their 
behaviour over time while driving with such a system and in which way. More specifically, 
the aims of the present study are: 

• To define a set of safety critical parameters that describe long-term behavioural effects 
(direct or indirect) when using the LDWS. This is obtained from how drivers describe 
their adaptation to the system. 

• To determine critical parameters that sustain a modelling architecture: the results will 
provide the DVE model with inputs on drivers’ experience with the system, in 
particular for elderly drivers, and its integration in the whole driving activity 
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5.2 Expected long term effects of LDWS 
 
The driving task can be divided into three different levels: the strategic level, the tactical 
level, and the operational level (see, e.g., Janssen, 1979). On the strategic level drivers make 
decisions about, for example, the route and the mode of transport. At the tactical level 
decision are made about manoeuvres such as, speed and overtaking. The operational level is 
quite often seen as the real driving task. At this level drivers brake, steer, gear shift, etc. With 
respect to these different task levels we expect different long-term effects of LDWS. These 
are presented in the Table 37. 

 
Driving task level  

Strategical Tactical Operational 

Positive 
long-term 
effects 

Increased mobility: with 
increased feeling of safety, 
elderly people drive more 
frequently at night or have 
more long trips 
 

Less lane changes without 
indicators 
Avoidance of crossing the 
continuous line 
Avoidance of driving on the 
“striped zone” 
Better lane positioning 

Better use of indicators 
 
Smaller and less steering 
corrections 

Negative 
long-term 
effects 

Increased mobility: more 
driven kilometres probably 
results in more accidents 

Keep indicators on longer to 
avoid warnings 
Less amplitude of deviation 
when motorcyclists are passing 
Keep close to the lane (night, 
curve) 
Longer driving by using 
LDWS as a fatigue warning 
system 
 

More abrupt steering 
corrections 
 

Table 37: Expected long-term effects of LDWS 
 
The long-term effects may also be influenced by age, driving experience and driving style. 
Driving style was difficult to infer from verbal data obtained from the interviews. So, only 
age and driving experience are taken into account in this study. 

5.3 Method 
 
The procedure for data collection consisted of interviewing participants and filling out a 
questionnaire by the same participants. The interview was more related to driving behaviour 
and the questionnaire focussed on personal information, for example, driving habits, use of 
equipment, motivation of car/system purchase, etc. 
Most interviews were conducted by phone and most questionnaires were sent to the 
participants. Occasionally, both interview and questionnaire were obtained at the same time 
(either by phone or in person).  
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5.3.1 Questionnaire   
 
The questionnaire had 58 questions dealing with ten different topics (see Table 38). The 
questionnaire is presented in Annex 2. 
 

Questionnaire on participants’ 
characteristics 

Total number of 
administered 
questions  

Total number of 
selected questions 
for analysis 

Personal information 8 3 
Personal vehicle 4 3 
New techonologies 2 0 
Car 4 2 
Car driving 3 0 
The driver 8 3 
Daytime driving 6 3 
Night time driving 8 5 
Position on the road 8 4 
System purchase and use 7 2 
TOTAL 58 25 

Table 38: Summary of topics in questionnaire 
 

It was agreed not to analyse more than half of the questions (57%) for the following reasons : 
• Too few participants answered the question,  
• the content of collected responses was difficult to exploit. 

 
However, the questions left (25 of the 58) were judged as most relevant to obtain all the 
necessary information for interpreting long-term effects and give input to the DVE model. 

5.3.2 Interview’s guide content 
 
The interview consisted of 29 questions dealing with nine topics (see Table 39). The 
interview’s guide is presented in Annex 2. 
 

Questions of interview Total number of 
questions  

Total number of 
selected questions for 
analysis 

System understanding 2 2 
Warning perception 2 2 
Perceived reliability  2 2 
Reaction to warning 8 3 
System use 2 0 
System usefulness 5 5 
Driving modification 5 4 
Comfort 2 0 
Satisfaction  1 1 

TOTAL 29 19 
Table 39: Summary of Interview’s questions 
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It was agreed to analyse 19 of the 29 questions (66%). The other questions were not analysed 
for the following reasons:  

• Some questions had some overlap with other questions: For example, the topic of 
changing driving behaviour is covered by several questions.  

• Some questions related to system’s use were difficult to understand by most 
participants: e.g., “do you try to anticipate to the warnings” 

• Some questions did not have any link with long-term effects: e.g., “do you find the 
vibration pleasant or not” or “were you startled the first time the warning occurred ?” 

5.3.3 Participants 
 
Participants were end-users of the LDWS: buyers of vehicles Citroën C4 and C5 equipped 
with the LDWS. No pre-selection of participants on age and driving experience could be 
made since this information was not available in the participants’ file. 

5.3.3.1 Pre-selection of participants to contact 

 
French participants 
From the French side, two criteria have been taken into account:  

• From the date of purchase in the participants’ file, participants were selected to fit 
with a minimum 11 months of duration of LDWS possession. This criterion was 
chosen to exclude any potential learning or short-term effects. 

• Then participants were selected from the towns around Paris (PSA site) for practical 
reasons (the time dedicated to the survey and cost). However, a few participants lived 
in country side and were questioned by phone, to avoid travel time. 

 
All participants were contacted by phone. Participants who lived near Paris were given the 
choice to fill in the questionnaire and to achieve the interview face to face or by phone. 
 
Dutch participants 
All private owner addresses were extracted from a sales list of both the Citroën C4 and C5 
with LDWS sold in the Netherlands. These people were requested by phone to cooperate in 
the study. If they were willing to comply, the main goal was to make an appointment for a 
personal meeting. During this meeting the interview would be conducted and the respondent 
would fill in the questionnaire. 
 
If people didn’t want to make an appointment but were willing to cooperate in the study, the 
interview was done by phone and the questionnaire was send to them. The questionnaire 
included a letter with a short explanation of the study. The participants lived in both urban 
and rural areas across the Netherlands. The selection criterion with respect to date of purchase 
was used as for the French participants (11 months or more). 
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5.3.3.2 Summary of participants 

 
French participants 
29 participants aged from 34 to 81 years old participated in the survey: the participants are 
representative of Citroën C4 and C5 participants and it seems that the variability in age 
between the participants is high considering the range. 
 
Participants had their driving licence for 11 years to 61 years, and covered from 8 000 km up 
to 40 000 km a year. All can be considered as experienced drivers. 
 
All participants (11) with a Citroën C4 drove with manual gearbox and 18 participants had a 
Citroën C5 with manual gearbox (11) or automatic gearbox (7). The shortest date of purchase 
was 12 months before the interview, the longest 17 months. All cars were equipped with other 
systems such as navigation system, conventional cruise control, and speed limiter. All 
participants reported that most equipment was used. 
 
Dutch participants 
20 participants (aged between 41 and 77 years) participated in the study. These participants 
are considered to be a representative sample of the Dutch Citroën C4 and C5 drivers. 
 
The participants obtained their drivers license at least 24 years ago. On this account they  can 
be considered experienced drivers. They drove a total of 2500 up to 35000 km a year. The 
lesser amount of kilometres were mainly due to retirement. Since the retired participants 
drove more kilometres when employed, they can still be considered as experienced drivers.   
 
Four participants drove a Citroën C4, of which one had an automatic gearshift. Most 
participants owning a Citroën C5 drove with an automatic gearbox (12/16).  
 
Some general background information of the participants is presented in Table 40. 
 

 French participants Dutch participants 

Total number of participants 29 20 

Gender 28 males and 1 female unknown2 

Age range 34 – 81 years 41 – 77 years 

Duration of driving licence owning 11 – 61 years 24 – 56 years 

Total km/year 8 000 – 40 000 km 2 500 – 35 000   

Table 40: Background information on French and Dutch participants 

5.3.4 Exposure Groups  
 
To acquire knowledge on long-term effects, it is necessary to investigate possible effects of 
LDWS at different points in time. However, with the present methodology (questionnaire and 
interview) “exposure to LDWS” is difficult to collect. The best way (although far from ideal) 
for the present study to have an indication of the exposure to the LDWS is the duration of 

                                                 
2 The question with respect to gender was not asked to the Dutch participants. 
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LDWS possession (period between the date of purchase and the date of interview in April – 
July 2006). This is not ideal since warnings occur according to situations met by drivers and 
the way of driving. Some drivers may have had the system for a long time and do not 
encounter a lot of warnings while others may have had the system only for a while and 
encounter a lot of warnings.  So, the purchase date does not give a reliable, objective 
indication of exposure. It is nevertheless the best indicator within the present method. 
 
18 months is the maximum duration of LDWS possession considering the LDWS marketing 
date, but no participant had the car for 18 months. The groups were constructed in order to 
know long-term effect at around one year and at more than one year. 
 
The participants were divided into two groups (called “exposure groups”) depending on the 
duration of LDWS possession: 

• 11 – 13 months (Exposure group 1). 
• 14 – 17 months (Exposure group 2). 

 

5.3.5 Age Groups  
 
In order to identify an effect of age on driving (which is of interest for the DVE modelling) 
participants were divided into the following three age groups. 
 

• < 56 years (‘young’ drivers) 
• 56 – 65 years (middle-aged drivers) 
• > 65 years (senior drivers) 

 

5.4 Results 

5.4.1 Description of  exposure groups 
 
As shown in  Table 41 most participants both in France and the Netherlands owned their car 
with LDWS for more than 13 months. 

 
Exposure group French 

participants 
Dutch 

participants 

11 – 13 months       7 (24%)        8 (40%) 

14 – 17 months     22 (76%)      12 (60%) 

TOTAL     29      20 

 Table 41: Summary of exposure groups 
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5.4.1.1 Gender, age and visual acuity 

 
French participants 
Most participants were male and were older than 56 years (see Table 42). The majority 
reported they could see the road markings, even if they reported vision defaults. Both 
exposure groups are comparable in terms of age: about half of the participants were 
middle-aged drivers and around one third of the participants were elderly drivers (> 65 years). 
 
Dutch participants 
The different age groups were not evenly distributed over exposure groups (see Table 42 
and Figure 52). The group of middle-aged drivers (56 – 65 years) was the lowest in Exposure 
group 1 while it was the highest in the in Exposure group 2. All drivers reported that they 
could see the road marking (one did not respond). 
 

 French participants Dutch participants 
 11 – 13 months  

n=7 
14 – 17 months  

n=22 
11 – 13  months  

n=8 
14 – 17 months  

n=12 
Female 0 1 Unknown Unknown Gender  

Male 7 21 Unknown Unknown 
range 35 – 68 years 34 – 81 years  41 – 72 years 45 – 77 years  
< 56 1 (14%)   5 (23%) 3 (37%) 4 (33%) 

56 – 65  4 (57%) 11 (50%) 1  (12%) 5 (41%) 

Age  

> 65 2 (29%)   6 (27%) 4 (50%) 3 (25%) 
yes 6 (86%) 16 (72%) 7 (78%) 12 (100%) Perception road marking 

No response  1 (14%)   6 (28%) 1 (12%) 0 (0%) 
Table 42: Gender, age and perception 
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Figure 52 : Age of customers for each exposure group 

 

5.4.1.2 Car possession and equipment use 

 
French participants 
In both exposure groups, most participants owned a Citroën C5 equipped with a manual 
gearbox (see Table 43). The average duration the participants owned the LDWS was 12.7 
months for the Exposure group 1 and 15.2 months for Exposure group 2. 
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Dutch customers 
In the least experienced group, the C4 was more abundant. In the 14-17 month group most 
customers drove a C5. The participants owned the LDWS for an average of 12 months in the 
11-13 exposure group and 15 months in the 14-17 months exposure group. 
 

  French participants Dutch participants 
 11 – 13 months  

n=7 
14 – 17 months 

n=22 
11 – 13 months  

n=8 
14 – 17 months  

n=12 
C4 manual gearbox   2 (29%)   9 (41%) 2 (25%) 1 (8%) 

C4 automatic gearbox 0 (0%) 0 (0%) 1 (12%) 0 
C5 manual gearbox   4 (57%)   7 (32%) 1 (12%) 3 (25%) 

 
Vehicle model and 
Gearbox 

C5 automatic gearbox   1 (14%)   6 (27%) 4 (50%) 8 (67%) 
Range 12 – 13 months  14 – 17 months  11 – 13 months  14 – 16 months  Duration of LDWS 

possession 
mean 12.7 months 15.2 months 12 months 15 months 

Table 43:Vehicle and equipment 
 

5.4.1.3 Attitude in equipments use after buying a car  

 
French participants 
All participants purchased a car equipped with different types of equipment (e.g., navigation, 
speed limiter, cruise control, hands-free phone) because they bought a pack of options 
including the LDWS. Most frequently used by all participants were: the parking assistance, 
the multifunction system, and the navigation system. 
 
No customer reported any lack of interest in the equipment (see Table 44). Very few 
differences were observed between both exposure groups. The majority of participants 
reported to read the user manual before operating the equipment and/or trying the equipment 
the first time while driving (many types of equipment did not work while standing still), and a 
part of them mentioned they were the first to try all equipments. 
  
Dutch customers 
Lack of interest in the equipment has not been reported by either exposure group. Most 
customers (regardless of exposure group) first read the instruction manual before they 
operated new equipment. In the 14 – 17 month group this was a large majority but in the 11 –
13 months group half of the customers reported no to read the instructions first.  
 
In Exposure group 1 the “in stationary” and “while driving” answers concerning the trial of 
new equipment were equal. In Exposure group 2, however, 33% of the customers stated that 
they tried new equipment while standing still and only 8% during driving. This leaves an 
unaccounted for percentage which might be due to these customers not using all equipment as 
in the first exposure group. This, because some of the equipment only works while driving 
and therefore cannot be tried out during standstill. 
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 French participants Dutch participants 

 11 – 13 months  
n=7 

14 – 17 months 
n=22 

11-13 months n=8 14-17 months n=12

Not interested in 
equipment 

0 0 0 
 

0 

Try all equipment 
 

2 (29%) 7 (39%) 6(67%) 1(8%) 

Try equipment while 
driving 

5 (71%) 13 (59%) 3 (50%) 1 (8%) 

Try equipment in 
stationary 

7 (100%) 7 (39%) 3 (50%) 7 (33%) 

Read instructions 
before use 

4 (57%) 15 (68%) 3 (50%) 9 (75%) 

Table 44: Attitudes in equipment use 
 

5.4.1.4 Driving experience 

 
French participants 
Most participants were experienced drivers considering their age and total number of 
kilometres driven per year (see Table 45). However, important variability between 
participants in the driving experience is found, according to the exposure group. The 
differences can reach two times or five times the total number of kilometres covered over a 
year. In both exposure groups, few participants reported a daily use of the car. Many 
participants were retired and did not need to drive everyday. 
 
Dutch participants 
All customers are experienced drivers based on the criteria of “amount of years since 
obtaining of drivers license” and the total amount of driven kilometres per year. 
There’s a large variability in the amount of driven kilometres due to retirement of some 
participants. This also accounts for the large amount of people that reported not to drive to 
work.  
 

 French participants Dutch participants 

 11 – 13 months 
n=7 

14 – 17 months 
n=22 

11 – 13 months 
n=8 

14 – 17 months 
n=12 

Duration of driving 
licence owning 

15 – 48 years 11 – 61years 28 – 52 years 24 – 56 years 

Total km/year 15 000 – 30 000 8 000 – 40 000  8 000 – 35 000  2 500 – 25 000  

Everyday driving - Go 
to work by car 

1 (14%) 5 (23%) 24 (50%) 4 (33%) 

Table 45: Driving experience 
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5.4.1.5 Knowledge and motivation for purchase 

 
French participants 
About half of the participants knew about the LDWS before the purchase in both “exposure 
groups”. Of those who knew about the system in the first exposure group (11 – 13 months) for 
all of them the system motivated them to buy the car. In the second exposure group  this was 
for about half of the participants who knew about the system (seeTable 46). 
 
Dutch customers 
In the 11-13 months exposure group more than half the customers knew about the system, two 
of them claimed to be motivated to buy the car because of the system. The others with prior 
knowledge in the 11-13 month group reported no influence on their decision to purchase the 
car. Of the customers in the first exposure group that did not have prior knowledge two left a 
blank answer. 
 
The second exposure group only had one person with prior knowledge and this person was 
motivated to purchase the car because of the system. Five people with no knowledge about 
the system refrained from answering the motivation question.  
 
 French participants Dutch participants 

 11 – 13 months  
n=7 

14 – 17 months 
n=22 

11 – 13 months  
n=8 

14 – 17 months  
n=12 

Yes 4 (57%) 11 (50%) 5 (62%) 1 (8%) Knowledge of the system 
before purchase  No 3 (43%) 11 (50%) 3 (28%) 11 (92%) 

Yes   3 (100%) 5 (45%) 2 (33%) 1 (14%) Did the system motivate 
the car’s purchase No 0 6 (55%) 4 (67%) 6 (86 %) 

Table 46: Knowledge of the LDWS and motivation of car purchase 
 

5.4.1.6 Use of LDWS: first activation  

 
There were too many responses missing in both exposure groups to analyse these results. 
 

5.4.1.7 Use of LDWS : perceived reliability and warnings occurrence 

 
French participants 
All participants who had the LDWS for 11 – 13 months judged the system as reliable. 
Nevertheless 71% participants of this exposure group met false alarms or non detections. For 
participants of Exposure group 2, 82% judged the LDWS as reliable. Of the participants in 
this exposure group 50% of them reported they met false alarms or non detections, the other 
half did not give a response.  
 
Dutch participants 
All customers deemed the LDWS reliable, the small number of reported false alarms are due 
to old and redundant or faded previous road markings. The occurrence of non-detections is 
also because of faded road markings according to the customer that reported it. These 
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occurrences have no influence on the perceived reliability of the system which is a hundred 
percent in both exposure groups. 
 

 French customers Dutch customers 
 11 – 13 months  

n=7 
14 – 17 months n=22 11 – 13 months     

n=8 
14 – 17 months 

n=12 

LDWS judged reliable    7 (100%) 18 (82%)               8 (100%)           12 (100%) 

Occurrence of false 
alarms only 

2 (29%) 2 (9%)            3 (37%) 0 

Occurrence of non-
detections only 

2 (29%) 3 (14%) 0          1 (8%) 

Occurrence of false 
alarms and non-
detections 

1 (13%) 6 (27%) 0 0  

No response 2 (29%) 11 (50%)            5 (63%)        11 (92%) 

Table 47: Reliability of LDWS 
 

5.4.2 Long-term effects 
In this section we describe the answers to questions that in someway related to long term 
effects. In the subsections that follow the question that is analysed is first presented. 
  

5.4.2.1 System’s understanding  

 
In your mind, do you know how the system works? Do you know at which speed the system is 
activated? 
 
French Participants 
All participants reported they knew how the system worked (situations with warning 
occurrence). The knowledge of the minimum speed of LDWS activation was not known by 
only six participants. Five of them were of Exposure group 2. The duration of LDWS 
possession did not seem to influence the understanding of the LDWS as most people got this 
information.  
 
Dutch Participants 
Three out of eight participants of Exposure group 1 claimed they did not understand how the 
system worked. In Exposure group 2, three out of twelve participants reported they did not 
know how the system worked. When asked if they could anticipate to the warnings of the 
LDWS all customers answered positively. Therefore it can be assumed they understand the 
basic working of the system. 

5.4.2.2 Warnings’ perception 

 
Can you easily detect the vibrations in the seat?(seat vibration)? Do you easily feel if the 
vibration is on the left or on the right? 
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French participants 
The duration of LDWS possession does not influence perception of the alarm vibrations: all 
participants reported they could perceive them. 
There were two participants who could not distinguish the locations of the seat vibrations. 
They were 63 and 71 years old. 
 
Dutch participants 
All participants in both exposure groups could easily detect the vibrations and assign them left 
or right. 

5.4.2.3 Reaction to warnings 

 
How do you react to the warnings of the system? Describe your reaction: brake, deceleration, 
turn the steering wheel… Could you clarify your response?  
Do you sometime not react to an alarm? If yes, in which situations? 
Do you think your reactions (steering wheel movements) changed over time? Why/and how? 
 
French participants 
Most participants reported that their reactions to warnings depended on the manoeuvres. If a 
warning occurred during lane changing without activating the indicator light, participants said 
they continued the manoeuvres with or without indicator activation, no one stopped changing 
lane. If a warning did not occur during a lane change, they said they noticed the lane deviation 
and corrected their heading. 
Duration of LDWS possession did not have any impact on reaction. Participants made a 
diagnosis of the situation when warnings occurred; they did not report any “automatic” 
behaviour, their reaction depended on context of driving. 
Reactions to warnings did not change over time, as they depended on the driving situation. 
 
Dutch participants 
All customers reported their first reaction to a warning was a steering wheel adjustment. As 
the French participants their reaction depended upon the situation. A voluntary lane change 
without indicator use was the main reason for not responding to the system. The exposure 
time to LDWS did not influence the reaction. 

5.4.2.4  Feeling of safety  

 
Globally, do you feel safer when the system is active? If you feel a safety benefit, do you think 
the benefit is low or notable? Why? 
 
French participants 
Almost all participants mentioned they felt safer since they had the LDWS and most of the 
participants found the safety benefit as notable (see Table 48, Figure 53 and Figure 54). 
Reasons given by most of the elderly participants (13) who found the benefit notable were 
that the LDWS warned them about lane deviations during episodes of drowsiness, inattention 
or fatigue.  
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Difference between exposure groups is on the level of judged benefit induced by the LDWS. 
There were more participants in Exposure group 2 who found the benefit of the LDWS 
notable. 
 
Four participants found the benefit low. One of them mentioned that the LDWS was only 
useful at night while he/she did not drive often at night. Consequently, the benefit was 
minimal. The others gave no reason. 
 
Dutch participants 
In both exposure groups the majority of the customers felt a safety benefit when the LDWS 
was activated. The specific situation during which this occurred is during long journeys when 
drivers get tired. There were no big differences between the age groups.   
 
Exposure groups differ on the perceived benefit of LDWS. Participants in Exposure 
group 2 more often report a low benefit. 
 
Overall, most participants feel a notable benefit when the LDWS was activated. No reasons 
were given by the participants who reported a low benefit 
 

 
French customers Dutch customers 

Globally, do you feel safer or 
not when the system is active 

11 – 13 
months     

n=7 

14 – 17 
months   

n=22 

 
Total 

 

11 – 13 
months    

n=8 

14 – 17 
months 

n=12 
Total 

Feel Safer 6 (86%) 21 (95%) 27(93%) 6 (75%) 8 (67%) 14(70%)

Feel Less safe 0 0 0 0 0 0 

Feel unchanged 1 (14%) 1 (5%) 2 (7%) 2 (25%) 4 (33%) 6 (30%) 

Benefit of the LDWS 11-13 
months    

n=6 

14-17 
months  

n=21 

Total 
 

11-13 
months   

n=6 

14-17 
months   

n=8 
Total 

Notable 4 (67%) 18 (85%) 23(82%) 3 (50%) 3 (37%) 6 (43%) 

Moderate  0 1 (5%) 1 (4%) 2 (33%) 1(12%) 3 (21%) 

Low  2 (33%) 2 (10%) 4 (14%) 1 (17%) 4 (50%) 5 (36%) 

Table 48:  Feeling of safety and safety benefit 
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Figure 53 : Experienced benefit of LDWS (French) 
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Figure 54: Experienced benefit of LDWS (Dutch) 

 

5.4.2.5 Long-term effects on operational level of driving task 

 
In this section we will present the answers to the questions that are related to the driving task 
itself. Two subsections will be distinguished with respect to the lateral and longitudinal part 
of the driving task.  
 
Lateral position 
 
Globally, do you think the system is useful or useless? Does the system help you to have a 
better position within the lane? 
 
French participants 
All participants found the LDWS useful. The majority of participants (86%) mentioned that 
the LDWS helped them to adopt a better position within the lane (see Table 49 and Figure 
55).  
 
Results showed that the longer participants had the LDWS the more they found the LDWS 
useful to adopt a better position in the lane. Of the few participants that reported  the LDWS 
did not help, all considered they were already well positioned in the lane. 
 
Dutch participants 
Except for one participants, all found the system useful. In both exposure groups most 
participants reported a better lane position because of the system. In contrast with the French 
participants, longer exposure to LDWS did not result in a better road position because of 
LDWS. Participants who reported no better road position because of LDWS did find the 
system useful. Although they did not give a clear reason why LDWS did not help them to 
have a better road position they did state that the system was useful in certain situations (e.g., 
drivers fatigue during long journeys and during driving when tired in general. 
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 French participants Dutch participants 

Better position 
within the lane? 

11 – 13 
months  

n=7 

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months  

n=8 

14 – 17 
months 

n=12 

Total 
 

Yes 4 (57%) 21(95%) 25 (86%) 5 (62%) 7(58%) 12 (60%) 

No 3 (43%) 1 (5%) 4 (14%) 3 (38%) 5(42%) 8(40%) 

Table 49: LDWS usefulness for lane position 
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Figure 55 : Percentage of Customers indicating that LDWS helps to adopt a better position in 
the lane 

 
 
With the system, do you think you pay more (or less) attention to your position in the lane? 
   
 French participants 
The majority of participants (76%) reported that they paid more attention to the lane position 
(see Table 50 and Figure 56). The other 24% did not mention any changes, because they were 
already concentrated. The longer participants had the LDWS the more they mentioned 
increased attention to the lateral position. However, some negative effects were reported. One 
participant reported that increased attention paid to lane position lead to more effort, so lateral 
control demands increase with LDWS. Another participant mentioned explicitly over reliance 
on the LDWS: “I paid less attention to the lane position, as I relied completely on the system 
to warn me if I left the lane”. 
 
Dutch Participants 
In the Exposure group 2 less participants reported more attention to lane position because of 
the system. The majority of the people claiming the system did not affect the attention paid to 
the lateral position said this was because they were very experienced drivers and already paid 
close attention to their driving behaviour. 
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 French participants Dutch participants 
Attention to 
your position in 
the lane? 

11 – 13 
months n=7 

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months n=7

14 – 17 
months 

n=22 

Total 
 

Yes – more 
attention 4 (57%) 18 (82%) 22 (76%) 3 (43%) 4 (34%) 7(35%) 

No- more 
attention 3 (43%) 4 (18%) 7 (24%) 5 (57%) 8 (66%) 13(65%) 

Table 50: Attention paid to lane position 
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Figure 56 : Percentage of customers who reported to pay more attention to lane position with 

LDWS 

 
 
When the system is activated: do you think you change your position within the lane? 
 
French participants 
Most of participants reported no adaptation in lane position, as they considered they were 
already well positioned (Table 51 and Figure 57). The participants in Exposure group 2 
reported more changes in lane positioning and they adopted a better position within the lane 
(“more in the centre”), compared to participants in Exposure group 1. Among participants 
who mentioned to adopt a better lane position, some specified that it mainly occurred during 
curves and one customer mentioned that it especially had a beneficial influence when driving 
at night. Four participants confused lane number (right, left, middle lane) and position in the 
lane. 
 
Dutch participants 
Most participants reported no change in lane position because of the system. The participants 
in Exposure group 2 reported less influence on their lane position compared to the Exposure 
group 1. No direct clarification was given for the negative answers although it can be linked 
to the fact that most of these participants reported they already drove well and concentrated on 
their driving behaviour. 
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 French participants Dutch participants 

Change in 
lane position 

11 – 13 
months 

n=7 

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months 

n=8 

14 – 17 
months 

n=12 

Total 
 

Yes 1(14%) 9(41%) 10(34%) 3(37%) 4(33%) 7(35%) 
No 6(86%) 9(41%) 15(52%) 5 (62%) 8(67%) 13(65%) 
No response 0 4(18%) 4(14%) 0 0 0 

Table 51: Change in lane position 
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Figure 57 : Percentage of customers who changed the position in the lane 

 
 
Do you sometimes touch lane markings? Do you sometimes drive on broken line (overtaking 
excluded)? 
 
 
French Participants 
Most participants mentioned they touched lane markings, but they specified that it occurred 
rarely. With the LDWS, all participants mentioned that they either rarely touched the lane 
markings (broken or continuous lines) or, they never did. The duration of LDWS possession 
did not influence frequency of line crossing. 
 

French participants Dutch participants  

11 – 13 months 
n=7 

14 – 17 months 
n=22 

11 – 13 months 
n=8 

14 – 17 months 
n=12 

Yes - rarely 3 (42%) 14 (64%) 4 (50%) 4 (33%) 

No 2 (29%) 7 (32%) 4 (50%) 8 (67%) 

Touch the lane 
marking (lane 
boundaries) 

No response 2 (29%) 1 (4%) 0 0 

Yes - rarely 5 (71%) 14 (64%) 2 (25%) 3 (25%) 

No 2 (29%) 7 (32%) 6 (75%) 9 (75%) 

Touch broken line 
(overtaking excluded) 

No response 0 1 (4%) 0 0 

Table 52: White line crossing 
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Dutch Participants 
More experienced drivers touch the lane markings less. The customers that did touch the lane 
markings mentioned that this was infrequent and happened because of carelessness and 
distractions. The crossing of the broken line (excluding overtaking) happens rarely in both 
exposure groups and the proportions are the same in both groups. 
 
 
Speed management 
 
When the system is activated: do you think you change your speed? If yes: how (faster or 
slower) and in which situations 
 
Neither French nor Dutch participants reported and changes in speed management; the 
assistance in lateral control did not impact the longitudinal control. 
 

5.4.2.6  Long-term effect on tactical level of driving task 

 
Lane changing with Indicator use  
 

• Do you think your use of the direction indicator changed? If yes: do you use it less or 
more frequently? Why? If not: why didn’t it change? 

 
French participants 
66% of the participants mentioned that they used the direction indicator more systematically, 
that is, frequently or always with LDWS (see Table 53 and Figure 58). The other participants 
did not change their behaviour. They stated that they used the indicators already sufficiently 
enough. Few differences can be observed between both exposure groups. A slightly higher 
percentage of participants of Exposure group 2 mentioned a change and more frequent use of 
the indicator.  
 
Dutch Participants 
Most participants used their direction indicator very frequently before the use of LDWS and 
therefore their behaviour has not changed. Compared to Exposure Group 2 participants in 
Exposure group 1 used the indicator not as frequently and report more use because of the 
system. 
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 French customers Dutch customers 

Do you think you changed 
the use of the direction 
indicator? 

11 – 13 
months n=7

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months  

n=8 

14 – 17 
months 

n=12 

Total 
 

Change - more use than 
before LDWS 4 (57%) 15 (68%) 19 (66%) 3 (37%) 2 (17%) 5 (25%) 

No change – frequent use 3 (43%) 7 (32%) 10 (34%) 5 (62%) 10 (83%) 15 (75%) 

       

 French customers Dutch customers 

Frequency of  indicator 
lights use with LDWS 

11 – 13 
months n=7

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months  

n=8 

14 – 17 
months 

n=12 

Total 
 

Always 4 (57%) 16 (72%) 20 (69%) 5 (62%) 12 (100%) 17 (85%) 

frequently 3 (43%) 5 (23%) 8 (28%) 3 (37%) 0 3 (15%) 

No response 0 1 (5%) 1 (3%) 0 0 0 

Table 53: Change in direction indicator use/frequency of indicator use 
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Figure 58: Percentage of customers who indicated to use the indicators more often 

 
Spontaneous comments by French drivers  
 
Interactions with motorcyclist 
Around a third of participants explicitly mentioned the use of indicators to warn other 
vehicles. Since they got the LDWS, they reported that they still deviated to let motorcyclist 
pass and they did not change the amplitude of lane deviation. Duration of LDWS possession 
did not affect the behaviour. 
 
Mobility 
Independent of the duration of LDWS possession, most participants mentioned they did not 
change their mobility by car since they had the LDWS. They did not plan more frequent short 
or long trips neither more trips at night, even if they felt safer when driving with the LDWS. 
Among people that took long trips, only one reported that he changed his travel plan and 
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management of breaks. He tended to postpone breaks and drove longer since he had the 
LDWS, even when he got tired. 
 

5.4.2.7 System’s use and deactivation  

 
Have you ever switched off the system? If yes, how often and in which situations? 
 
French participants 
Participants in Exposure group 2 turned it of less often than in Exposure group 1. 
Participants reported they deactivated the LDWS for different reasons: 

• Risk of disturbing frequent false alarms (rain, work road, bad coating…) 
• Risk of voluntary line crossing when avoiding line crossing is a demanding task due to 

road geometry (curves, narrow road…)  
• No risk of drivers fatigue during short trips 
• No necessity to use direction indicator to warn other road users, when there are few 

users for example 
• In urban area when the LDWS is not activated because the speed is lower than 80km/h 

(limits of system functioning). 
 
Differences between both exposure groups are observed in deactivation of LDWS during 
these circumstances. Around a third of the participants in Exposure group 2 deactivated the 
LDWS often when false alarms occurred, while none of the participants of Exposure group 1.  
Among participants who reported they met false alarms the longer the participants had the 
LDWS the more they tended to deactivate the LDWS when false alarms occurred. 
Participants in the Exposure group 1 deactivated the LDWS especially when they thougt the 
system was useless, which was under the following circumstances:  

• When they felt alert and they thought that line crossing would not occur, 
• in urban area as they will probably not drive at more than 80km/h considering the 

speed limit 
 
Participants in Exposure group 2 did not consider deactivating the LDWS, as they state the 
LDWS did not have any impact on driving. Independent to duration of LDWS possession,  
half of participants deactivated the LDWS when they made voluntary line crossing (they did 
not want to avoid line crossing when the curve is tight or the road is narrow). They anticipated 
the LDWS alarm and switched it off 
 
Dutch participants 
Participants of Exposure group 2 tend to switch it off a bit more often compared Exposure 
group 1 in which the answers where equally parted (50-50) 
Participants reported they deactivated the LDWS for different reasons: 

• During short trips when the system seemed useless. Short trips are a common reason 
to switch the system off because people do not get tired and the risk of involuntary 
lane crossing is minimal. Also when driving on local urban roads the speed rarely 
exceeds 80 km/hour. 
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 French participants Dutch participants 
Have you ever 
switched off the 
system? 

11 – 13 
months n=7 

14 – 17 
months 

n=22 

Total 
 

11 – 13 
months 

n=7 

14 – 17 
months 

n=22 

Total 
 

Yes 6 (86%) 14 (64%) 20 (69%) 4 (50%) 7 (58%) 11 (55%) 

No 1 (14%) 8 (36%) 9 (31%) 4 (50%) 5 (42%) 9 (45%) 

Table 54: LDWS deactivation 

5.4.2.8 Global satisfaction  

 
Do you want to have this system in your next car? Or do you want it in another current car 
you have? 
 
French Participants 
The majority of participants are satisfied with the LDWS, and they reported that they would 
like to have the LDWS in their next car. 
 
Dutch participants 
Also a majority of the Dutch participants would like to have the LDWS installed in their next 
car. Although for most participants in Exposure group 2 this depends whether the system 
comes in a package deal. If so then they are willing to buy it. 

5.4.2.9 Summary of long-term effects 

 
Table 55 summarises the results of this study with respect to the long term effects. Table 56 
presents the effects on the different levels of the driving task. In this table there an effect of 
the system is indicated and a change of the system. The last indicates whether there was an 
effect between exposure groups. The first indicates whether there was an effect of the system 
which was the same over exposure groups. 
 

Effect exposure time on LDWS usage  
French participants Dutch participants 

Understanding of LDWS All participants understood LDWS functioning 
group 1 = group 2 

All participants understood LDWS functioning 
group 1 = group 2 

Perception of warnings All participants perceived warnings 
group 1 = group 2 

All participants perceived warnings 
group 1 = group 2 

Reaction to warnings All participants had same reaction depending 
on manoeuvres or not 
group 1 = group 2 

All participants had same reaction depending 
on manoeuvres or not 
group 1 = group 2 

Feeling of safety Increased feeling of safety for all participants 
but notable feeling for more participants who 
had the LDWS for longer 
group 1 < group 2 

Majority feels an increase in safety, but more 
notable for less experienced groups. 
group 1 > group 2 
 

Deactivation of LDWS group 1 > group 2 
Voluntary line crossing 

group 1 < group 2 
During short trips 

Global satisfaction High satisfaction 
group 1 = group 2 

High satisfaction 
group 1 = group 2 

Table 55: Summary of exposure time on LDWS use (group 1 (2) = Exposure group 1 (2)) 
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Effect of duration of LDWS possession Effect on driving 

French participants Dutch participants 

 
LDWS helps to have a better lane position for 
most participants, and the longer they had the 
LDWS and the more they found the system 
helps in lane positioning. 
group 1 < group 2 

 
No change 

 
LDWS helps to pay more attention to lane 
position for most participants, and the longer 
they had the LDWS and the more they paid 
attention to lane position 
group 1 < group 2 

  
No change 
 

 
Lateral position: the longer participants had the 
LDWS and the more they changed the lane 
position (more in the centre) 
group 1 < group 2 

 
The low exposure group reports more influence of 
the system 
group 1 > group 2 

Lateral 
position 

 
Avoid line crossing: all participants did it rarely 
or never since they had the LDWS. 
group 1 = group 2 

 
More experienced drivers touch the white 
boundaries less. The customers that did touch the 
white line mentioned this was infrequent and 
happened because of carelessness and 
distractions.  
group 1 < group 2  
The crossing of the dotted line (excluding 
overtaking) happens rarely in both exposure 
groups and the proportions are the same in both 
groups 
 group 1 = group 2 

O
pe

ra
tio

na
l l

ev
el

 

Speed 
management 

no effect 
 

no effect 
 

T
ac

tic
al

 
le

ve
l 

Use of 
indicators 

an effect, no change 
group 1 = group 2 

no effect 
 

Table 56: Summary of long-term effect of LDWS on driving 
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5.4.3 Results for DVE modelling 
An important part of the work performed in AIDE is the Driver-Vehicle-Environment 
modelling. The present study not only provides information for this modelling with respect to 
long term effects of an LDWS but also with respect to driving behaviour and age. To this end 
the participants were divided into three different age groups (see Table 57). This section 
describes the results of the different questions with respect to driver behaviour and age 
groups.  
 

age Number of 
French participants 

Number of 
Dutch participants 

< 56   6 (21%)            7 (35%) 
56 – 65  15 (52%)            6 (30%) 
> 65  8 (27%)            7 (35%) 

TOTAL 29 (100%)          20 (100%) 

Table 57: Summary of age groups 

5.4.3.1 Driving experience 

 
French participants 
In each age group, there is important variability in total number of kilometres covered over a 
year, independent from the duration of driving licence. However, considering the minimum of 
kilometres covered over a year and the minimum of years with driving licence, it seems that 
most participants are experienced drivers. The majority of participants mentioned they can see 
the white lines. 
 
Age did not affect the mobility by car (total number of kilometres covered over a year). 
 
Dutch participants 
Within the outer two age groups there’s a large variability in the amount of driven kilometres 
per year. The middle group does not deviate much from 20.000 km/year. 
 
 French participants Dutch participants 

Age group < 56 56 – 65 > 65 < 56 56 – 65 > 65 

Total number 6 (21%) 15 (52%) 8 (27%) 7 (35%) 6 (30%) 7 (35%) 

Age  34 – 55   Mean = 
44.6 

57 – 65   Mean = 
61.3 

66 – 81   Mean 
= 72 

41 – 54   Mean 
= 48 

56 – 65   Mean = 
61 

66 – 77   Mean 
= 69.7 

Driving licence  11 – 36 years 39 – 46 years 45 – 61 years 24 – 35 years 27 – 47 years 40 – 56 years 

km/year 15000 – 28000 10000 – 40000 8000 – 22000 6000 – 28000 20000 – 25000 2500 – 35000 

Perception of 
marking ('yes') 

4 (67%) 11 (73%) 7 (87%) 100% 100%         100% 

Table 58: Age groups and driving experience 
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5.4.3.2 Lane position: line crossing  

 
French participants 
The majority of participants mentioned they rarely touched the lane markings, or they never 
did it, since they had the LDWS. Age did not affect the position in the lane.  
 
Dutch participants 
As age increases less people touch the white line boundaries. 
Road positioning during daytime driving was proclaimed to be the same in all age groups 
(middle) 
 

5.4.3.3 Manoeuvres during daytime driving 

 
During daytime, do you have tendency to - Overtake and change lane as soon as you can or 
stay in the same lane independently from traffic? 
 
Results are different between French and Dutch customers (see Table 59 and Figure 59) 
 
French participants 
French participants did not mention any changes in the frequency of manoeuvres: they 
reported they overtook as allowed; they did not have any tactical behaviour to avoid changing 
lane. Age did not affect frequency of manoeuvres and lane changing. There is no 
compensatory behaviour potentially linked with feeling of stress or apprehension which may 
increase with age 
 
Dutch participants 
Customers that reported to avoid lane changing stated this was because of a relaxed way of 
driving without haste. Lane changing is not effected by age, almost all customers claim to be 
relaxed when driving and stated no particular stressful situations (except for restlessness due 
to traffic jams) 
 

 French participants Dutch participants 

Manoeuvres during  
daytime 

< 56 
n=6 

56 – 65 
n=15 

> 65 
n=8 

< 56 
n=7 

56 – 65 
n=6 

> 65 
n=7 

Overtake when 
possible 

5 (83%) 13 (87%) 6 (75%) 0 6 (100 %) 3 (43%) 

Avoid lane 
changing 

0 2 (13%) 2 (25%) 5 (71 %) 0 4 (57 %) 

No response 1 (17%) 0 0 1(14 %) 0 0 

Both    1(14 %) 0 0 

Table 59: Effect of age in manoeuvres during daytime driving 
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Figure 59: percentage of customers who reported to avoid lane changing during daytime driving 

5.4.3.4 Time headway during daytime driving 

 
During daytime, at which distance are you used to drive from the vehicle ahead? 
 
French participants 
The majority of participants in each age group reported they drove far enough from the front 
vehicle, within a judged “safe headway” (see Table 60, Figure 60 and Figure 61).  
 
Dutch participants 
All except for one customer report to drive within a safe distance to the cars ahead. 
When age increases people tend to have more headway distance beyond the safety limits. 
None of the age groups drive predominantly close to the vehicles ahead 
 
 

 French participants Dutch participants 

Time headway 
during daytime 
driving 

< 56 
n=6 

56 – 65 
n=15 

> 65 
n=8 

< 56 
n=7 

56 – 65 
n=6 

> 65 
n=7 

Rather close 1 3 0 0 1 (17 %) 0 

Far enough 5 (83%) 12 (80%) 8 (100%) 6 (86 %) 5 (83 %) 4 (57%) 

Very far 0 0 0 1 (14 %) 0 3 (43 %) 

Table 60: Effect of age in time headway during daytime driving 

. 
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Figure 60 : Time headway management 
during daytime driving (French) 
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Figure 61 : Time headway management during 
daytime driving (Dutch 

5.4.3.5 Feeling of stress during daytime driving 

 
During daytime, how do you usually feel about driving and at which usual and comfortable 
speed do you drive on different types of road. 
 
French participants 
All participants felt comfortable on highways, on A-roads and secondary roads: age did not 
affect apprehension of driving . However, it seems that with age (>56 years), more drivers felt 
stressed on ring roads and on urban roads, where driving task demands are higher (traffic 
density). Age affects driving task’s demands in urban road and ring road, and the feeling of 
stress. 
 
Dutch participants 
On highways nobody reported feelings of stress :age does not effect apprehension on 
highways. Younger people reported more stress when driving on ring roads or bypasses  Age 
doesn’t seem to affect apprehension much on any type of road. 
 

French participants Dutch participants Feel stressed at daytime 

< 56 
n=6 

56 – 65 
n=15 

> 65 
n=8 

< 56 
n=7 

56 – 65 
n=6 

> 65 
n=7 

stressed 0 0 0 0 0 0 Highways 

No response 0 0 1 (12%) 0 0 1(14%) 

stressed 0 1 (7%) 0 - - - A-Roads 

No response 0 0 1 (12%) - - - 
stressed 0 1 (7%) 0 0 1 (17 %) 0 Secondary 

roads No response 0 0 1 (12%) 0 0 0 

stressed 1 (17%) 4 (27%) 1 (12%) 1 (14%) 0 0 Urban road 

No response 0 0 1 (12%) 0 0 0 

stressed 0 4 (27%) 2 (24%) 2 (28 %) 1 (17%) 1 (14%) Ring road - 
bypass No response 1 (17%) 0 1 (12%) 1 (14 %) 0 0 

Table 61: Effect of age in feeling of stress during daytime driving 
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5.4.3.6 Exceeding speed limit during daytime driving 

 
For each type of road, put a cross either in “rather comfortable” or “rather stressed”, and 
indicate the speed at which you feel comfortable. 
 
French participants 
Half of the younger participants (< 56 years) tended to exceed speed limit when driving on 
highways and on ring road or bypasses. A part of the middle-aged participants (56 – 65 years) 
mentioned exceeding the speed limit on ring road-bypass, urban road and highways. The 
senior drivers (> 65) hardly ever exceeded the speed limit, with  a small exception for ring 
roads (see Table 62). 
 
Dutch participants 
No participants reported exceeding the speed limit on any type of road.  
 

Type of road Exceeding speed 
limit 

< 56    n=6 56 – 65    
n=15 

> 65    n=8 

speed > 130km/h 3 (50%) 3 (20%) 0 Highways   

No response 0 5 (33%) 2 (25%) 

speed > 110 km/h 0 0 0 A-Roads   

No response 0 0 2 (25%) 

speed > 90 km/h 0 1 (7%) 0 Secondary roads   

No response 0 3 (20%) 2 (25%) 

speed > 50 km/h 0 4 (27%) 0 Urban road   

No response 0 1 (7%) 2 (25%) 

speed > 80 km/h 3 (50%) 6 (40%) 2 (25%) Ring road – bypass  

No response 0 5 (33%) 3 (37%) 
Table 62: Effect of age on exceeding speed limit during daytime driving  

(French participants only) 

5.4.3.7 Frequency of night driving 

 
Excluding the itinerary from home to work, how often do you drive during night time ? 
 
French participants 
There were only a few drivers of all participants who avoided driving at night (see Table 63) 
and these were evenly distributed over age groups. Although there seem to be some 
differences between age groups in night time driving this probably depend more upon  
whether they still work and how far they have to commute.  
 
Dutch participants 
More frequent driving at night occurs more in the younger age groups. However it is again 
important to note that hardly anybody avoided driving at night. The 56 – 65 group tends to 
drive the most at night but this is probably due to other factors related to age (like 
employment). The most common answer in all age groups is that night driving occurs 
occasionally. 
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 French participants Dutch participants 

Frequency of night driving < 56      
n=6 

56 – 65 
n=15 

> 65      
n=8 

< 56       
n=7 

56 – 65  
n=6 

> 65      
n=7 

Several times over a week 0 4 (27%) 0 1(14%) 2 (33%) 0 

Several times over a month 5 (83%) 3 (20%) 3 (37%) 0 0 0 

occasionally 0 4 (27%) 1 (12%) 2 (28%) 3 (50%) 2 (28%) 

Rarely  0 2 (13%) 2 (25%) 2 (28%) 1 (17%) 2 (28%) 

Never  0 0 0 2 (28%) 0 2 (28%) 

Avoid driving at night  1 (16%) 1 (7%) 2 (25%) 0 0 1 (14%) 

No response 0 1 (7%) 0 0 0 0 

Table 63: Effect of age in frequency of night driving 
 

5.4.3.8 Manoeuvres during night driving 

 
During night time, do you have tendency to avoid lane changing or overtaking 
 
French participants 
Compared to daytime driving, all participants reported changes in frequency of manoeuvres at 
night. The reasons for participants who mentioned that they would avoided lane changes were 
the decrease in visibility, the glare and the difficulty to evaluate distances. 
The results as presented in Table 64 and Figure 62 suggest a difference between age groups: 
50% of youngest participants reported avoiding lane changes while 20% of middle-aged 
participants and 38¨% elderly participants avoided lane changes.  
 
Dutch participants 
In comparison to daytime driving all age groups reported a change in driving manoeuvres at 
night. Almost all younger participants (< 56 years) avoided lane changes at night, while most 
middle-aged participants overtook another car when possible. Most senior drivers (> 665 
years) avoided lane changes. 
 

 French participants Dutch participants 
Manoeuvres < 56 

n=6 
56 – 65 
n=15 

> 65 
n=8 

< 56 
n=7 

56 – 65 
n=6 

> 65 
n=7 

Overtake when 
possible 

2 (33%) 11 (73%) 5 (62%) 0 4 (66 %) 2 (28 %) 

Avoid lane 
changing 

3 (50%) 3 (20%) 3 (38%) 6 (86 %) 2 (34%) 3 (44%) 

No response 1 (17%) 1 (7%) 0 1 (14 %) 0 2 (28 %) 
Table 64: Effect of age on lane changes and overtaking during night driving 
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Figure 62 : Percentage of customers who reported to  avoid lane changing during night driving 

5.4.3.9 Time headway during night driving 

 
During night time driving, how much distance do you keep to the vehicle ahead? 
 
Results are presented in Table 65 and Figure 63 and Figure 64) 
 
French participants 
Most participants in all age groups reported to drive “far enough” during night time, the same 
as during daytime driving. Results did not show any difference with age in headway 
management during night driving.  
 
 
 
Dutch participants 
The majority of the participants reported to drive at a distance far enough of leading vehicles. 
 
None reported driving rather close as some did during the daytime. All age groups tend to 
drive at least at a safe distance at night, the elderly drive at the largest distance from vehicles 
in front of them.  
 

 French participants Dutch participants 
Time headway 
during night time 

< 56      n=6 56 – 65 
n=15 

> 65      n=8 < 56      n=7 56 – 65  n=6 > 65      n=7 

Rather close    1 (16.5%) 0 0 0 0 0 

Far enough 4 (67%) 14 (93%) 8 (100%) 6 (86%) 6 (100%) 3 (43 %) 

Very far 1 (16.5%) 0 0  1 (14%) 0 2 (28 %) 

No response 0 1 (7%) 0 0 0 2 (28%) 

Table 65 : Effect of age on time headway during night time driving 
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Figure 63 : Time Headway management during 
night time driving ( French) 
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Figure 64 : Time Headway management 
during night time driving (Dutch) 

5.4.3.10 Feeling of stress during night driving 

 
During night time driving, how do you feel when driving on the different types of road? 
  
French participants 
On the highways no participants reported any stress while driving during night time. 
Especially more middle-aged drivers reported stress on the other roads. However, as Table 66 
shows most participants did not report any stress on any type of road. On secondary roads, 
urban roads and ring roads, more elderly participants (> 56 years) reported to be rather 
stressed than younger drivers.  
 
Dutch participants 
On highways and urban roads nobody reported any stress when driving at night, a small 
percentage showed stress on secondary roads. Ring roads and by passes show the most stress, 
just like when driving during the daytime. However the majority of participants in all age 
groups did report any stress while driving at night on any type of road.  

 French participants Dutch participants 

Feel stressed during night 
time driving 

< 56    n=6 56 – 65 
n=15 

> 65    n=8 < 56    n=7 56 – 65 
n=6 

> 65      n=7 

Stressed  0 0 0 0 0 0 Highways 

No response 1 (17%) 1 (7%) 2 (28%) 0 2 (28%) 1(14%) 

Stressed 1 (17%) 3 (20%) 1 (12%) - - - A-Roads 

No response 1 (17%) 1 (7%) 2 (25%) - - - 

Stressed 1 (17%) 3 (20%) 2 (25%) 1 (14%) 0 0 Secondary 
roads 

No response 2 (33%) 1 (7%) 1 (12%) 2 (28%) 0 2 (28%) 

Stressed 0 3 (20%) 3 (37%) 0 0 0 Urban roads 

No response 1 (17%) 3 (20%) 2 (25%) 2 (28%) 0 2 (28%) 

Stressed 0 3 (20%) 2 (25%) 0 2 (33%) 1 (14%) Ring roads - 
bypasses 

No response 2 (33%) 2 (13%) 2 (25%) 2 (28%) 0 2 (28%) 

Table 66: Effect of age in feeling of stress during night driving 
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5.4.3.11 Exceeding speed limit during night driving 

 
For each type of road, put a cross either in “rather comfortable” or “rather stressed”, and 
indicate the usual speed you feel comfortable with. 
 
French participants 
When driving at night on highways, A-roads or secondary roads, only two participants 
reported to exceed the speed limit. However, more participants reported exceeding the speed 
limits on urban roads, and especially on ring roads (almost half of participants). On urban 
roads more middle aged drivers exceeded the speed limit than in any of the other age groups. 
On ring roads less senior drivers drove above the speed limit than the other two age groups. 
 
Dutch participants 
All customers report to drive the exact speed limit. 
 

Type of road Exceeding speed limit  < 56       n=6 56 – 65 
n=15 

> 65       n=8 

speed > 130 km/h 1 (17%) 1 (7%) 0 Highways   

No response 2 (33%) 1 (7%) 3 (37%) 

speed > 110 km/h 0 0 0 A-Roads   

No response 2 (33%) 1 (7%) 2 (25%) 

Speed > 90 km/h 0 0 0 Secondary roads  

No response 3 (50%) 2 (13%) 2 (25%) 

Speed > 50 km/h 0 4 (27%) 0 Urban road   

No response 2 (33%) 3 (20%) 3 (37%) 

Speed > 80 km/h 3 (50%) 8 (53%) 1 (12%) Ring road – bypass  

No response 3 (50%) 3 (20%) 3 (37%) 

Table 67: Effect of age in exceeding the speed limit during night driving  
(French participants only) 

 

5.4.3.12 Comparison between daytime and night time driving 

 
During night time, do you think you change the way of driving? 
 
French participants 
Results did not suggest any age effect. Participants who reported changes between night and 
day time driving, mentioned speed reduction, time to headway increase, decrease of 
overtaking frequency. 
 
Dutch participants 
The results did not suggest an effect of age on changes in driving between day and night time. 
Participants all stated that their position within the lane was the same irrespective of daytime 
or night time driving.  
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Driving changes between 
day and night 

< 56      n=6 56 – 65  
n=15 

> 65      n=8 

Changes 2 (34%) 8 (53%) 3 (37%) 
No changes  4 (66%) 6 (40%) 5 (63%) 
No response 0 1 (7%) 0 

Table 68: Effect of age in driving changes between day and  
    night time driving (French participants only) 

 
Is your position in the lane, the same during daytime and night time? 

 
Driving changes between 
day and night 

< 56      n=6 56 – 65 
n=15 

> 65      n=8

Changes 0 4 (37%) 1 (23%) 
No changes  5 (83%) 11 (73%) 7 (87%) 
No response 1 (17%) 0 0 

Table 69: Effect of age on changes in lane position between  
day and night driving (French participants only 

 

5.4.3.13 Summary of input  DVE model 

 
 Effect of age of French 

participants  
Effect of age of Dutch 
participants  

Lane position: line crossing No effect of age No effect of age 
Manoeuvres during daytime driving No effect of age No effect of age 
Time headway during daytime 
driving No effect of age Positive correlation only 

at very far distance 
Feeling of stress during daytime 
driving 

with age (>56 years), 
more drivers felt stressed 
on ring roads and on urban 
roads 

No effect of age 

Exceeding speed limit during 
daytime driving 

youngest drivers more 
often exceeded speed limit 
than elderly drivers on 
highways and ring roads 

No effect of age 

Frequency of night time driving No effect of age No effect of age 
Manoeuvres during night time 
driving 

With age, more drivers 
reported lane changing 
when traffic allowed it, 
when driving at night. 
 

Elderly people overtake 
less when driving at night 

Time headway during night time 
driving No effect of age Positive correlation only 

at very far distance 
Feeling of stress during night time 
driving 

With age drivers feel more 
stressed when driving at 
night on non-lighted roads 
or on roads with 
potentially high traffic 
density (ring roads). 
 

No effect of age 

Exceeding speed limit during night 
driving No effect of age No effect of age 

Comparison between daytime and 
night time driving No effect of age No effect of age 

Table 70: Summary of age effects on driving 
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5.5 Discussion 

5.5.1 Long term effect of LDWS 
 
French Participants 
No major differences were found between exposure groups, that is, between participants who 
had the LDWS for around one year or close to one year and a half.  
Long-term effects on driving depended more on the “attitude of participants”: behavioural 
adaptation is effective for people who considered the LDWS as an educative support system, 
while adaptation is lower for people who considered the LDWS as a “bring back to order “ or 
“respect of law or highway code” and were not ready to change their behaviour. 
 
Behavioural adaptation reported by participants also depended on the management of driving 
task demands: for example, some participants reported that they did not care about LDWS 
system when the traffic density is very low, as the lane deviation or indicator omission did not 
have any impact on safety. 
 
A large part of participants said they bought the LDWS exclusively because they tended to 
feel asleep when they drove for long time during daytime or night time, while the LDWS was 
not designed for this goal: the LDWS was not designed to detect hypo vigilance or inattention 
episodes even if these parameters can be the causes of lane deviation or manoeuvres without 
indicators, but the LDWS was designed to assist the driver to adopt a better lateral lane 
position or to use the indicators more frequently during lane changing.  
 
Dutch Participants 
Exposure time did not influence the understanding of the systems functioning. All participants 
think it’s a useful system and the satisfaction levels are high and do not differ with exposure 
time. 
 
The practical use of the LDWS is different when comparing less experienced users with more 
experienced users: participants that have had the system for about a year claim to be more 
influenced in their driving style. They pay more attention to their road position and use the 
indicators more often because of the LDWS. This change in driving behaviour is possibly not 
due to the exposure time to the system. Most of the participants think the system is mainly 
useful when drivers are fatigued or the driving task becomes more demanding, for instance 
during heavy rainfall. 
 
When these circumstances do not occur some people tend to switch the system off or ignore 
the alarms. Customers that portrayed this behaviour where more numerous in the group with 
longer LDWS experience. These customers had more rigid driving behaviour patterns, be it 
because of old age or intensive driving experience and therefore were less likely to be 
influenced in their behaviour.  
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5.6 Conclusion 
 
This study investigated the possible long term effects of driving with a LDWS (Lane 
Departure Warning System). The study was performed with French and Dutch customers of 
the Citroen C4 and C5, who owned the system for either 11 - 13 months or for 14 - 17 
months.  
 
In general it can be concluded that drivers feel safer when driving with LDWS (both French 
and Dutch customers). A majority of the drivers also found the system useful. For the Dutch 
drivers this experience of usefulness does not change with duration of LDWS possession. The 
French drivers that owned the system for 14 months or longer experienced a higher usefulness 
than the drivers that owned the system less long. 
 
The results are divided in effects on the operational, tactical and strategical level. 
On the operational level it can be concluded that the French drivers indicated that they had a 
better position within the lanes as a result of driving with LDWS. The longer exposed to 
LDWS the more they indicated this to be true. Of the Dutch participants, however, about half 
of the drivers indicated a better position within the lanes and half did not. The French drivers 
also state that they pay more attention to their position in the lane with LDWS. The longer 
exposed to LDWS the more they indicated this to be true. The Dutch participants indicate that 
their attention to the position in the lane has not changed because of LDWS, because they 
already paid enough attention before they had the system. None of the drivers reported a 
change in driving speed as a result of LDWS. 
 
On the tactical level, the French reported that they used the indicators more often when 
driving with LDWS. The Dutch report no change in frequency of indicator use.  
Overall the introduction of the LDWS in the Citroen c4 and C5 shows promise for further 
development of ADAS in cars; people understand the functioning of the system and a 
majority feel saver because of it regardless of the way they use it. Most participants trust in 
the systems reliability and use it to their advantage. The way people use the LDWS in their 
driving routine differs from intrusive to more global use. 
The highest reported benefit of the LDWS is when driving task demands are higher and 
people can rely on the system as a safety backup, the subjective reckoning of the difficulty of 
the driving task is dependant on driving experience and age. 
 
Although the system has not been designed only to be used during strenuous driving 
conditions the appreciation of LDWS in this particular way by it’s users shows a positive 
attitude towards ADAS which allows further integration in regular car usage and thus further 
enhancement of road safety.   
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6 Discussion and conclusions 
 
The results of the reported studies on long-term effects of different support systems into 
driving behaviour are summarised below following the COCOM/ECOM model in compliance 
to SP1 modelling architecture (D1.1.1a, D1.1.3). according to this model driving activity is 
described in terms of multiple simultaneous control loops, namely tracking, regulating, 
monitoring and targeting loop, with the joint driver-vehicle system (JDVS) as a unit 
(Hollnagel, 2003). 
 
As mentioned into the introduction, depending on the method used in each study the focus on 
the various aspects of behaviour adaptation is different. The studies that are based on 
participants’ description of behavioural adaptation (namely the SL-CC and LDWS studies) 
are more focused at the higher level of the joint driver-vehicle system (JDVS) , namely the 
targeting level. On the other hand, the studies that are based on objective measurements of 
driving behaviour (namely the ISA and FCW+LDW) studies) are more focused at the lower 
levels, namely tracking and regulating levels, whereas the possible changes at the targeting 
level are only implicit. The possible changes at monitoring level were not possible to be 
evaluated through these studies.  
 
Moreover, depending on the system functionality and its relation to traffic context the 
behavioural changes due to each system at the different levels of the joint driver-vehicle 
system (JDVS)  are presented separately, below.  

6.1 Results from the ISA study 
 
 Targeting level: 
o ISA may have effect on route choice or set-off time for regular trips (e.g. work, or school 

run), but these were not investigated in the current analyses. 
 
 Regulating level: 
o ISA would have effect on overtaking behaviour and maybe lane choice and use of 

indicator etc, but these were not investigated in the current analyses. 
 
 Regulating/ tracking level: 
o ISA would have effect on throttle input and maybe freq of braking, but these were not 

investigated in the current analyses. 

6.2 Results from the SL-CC study 
 
Targeting level: Decision to use (or not to use) driver support systems available on the 
vehicle 
o Having ones vehicle equipped with driver support systems does not imply using them. 
o Gender and age seem to influence the decision to use the systems. Women seem less 

likely to use the systems than men; younger drivers seem more likely to use a cruise 
control than older ones.  
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o The motives for owning the systems as well as the “image” drivers have of the systems 
(positive or negative) influence the use (or non-use) of the systems.  

 
Monitoring level: 
o For a large minority of drivers driving with SL have an impact on managing interaction 

with other road users.  
 
Regulating level: 
o Decisions to activate driver support systems in driving situation and frequency of use 

closely depend on the situational context (type of roads, traffic condition, weather and 
visibility conditions). These conditions are more or less discriminative depending of the 
type of assistance provided (situational conditions are more discriminative for CC than for 
SL) 

o Gender seems to influence the frequency of use for SL: women tend to use SL less 
frequently than men on urban roads and motorways. 

 
Tracking level: 
o Using the systems has beneficial effects as regards speed control (less need to look at the 

speedometer, lower driving speed, more control over driving speed, avoiding speeding 
fines) and effort, especially when driving with the CC. SL has a greater effect on speed 
than CC. Young drivers report less adopting lower speed with SL than older ones 

6.3 Results from the FCW/LDW study 
 
 
LDW long-term effects 
 
Targeting level (implicit): 
o People would be eager to adapt driving behaviour according to the LDW, as the subjective 

ratings of mental effort, system usefulness and satisfaction suggest.  Concerns about 
strategic decisions mentioned should be taken into account. 

 
 Regulating level: 
o LDW would encourage the more systematic use of direction indicator for lane changes. 
 
Tracking  level: 
o LDW would result in better lane positioning (lower sd of lateral position and fewer 

warnings).  
o Longitudinal behaviour (speed, time-headway): Not affected by LDW. 
 
 
FCW long-term effects 
 
Targeting level (implicit): 
o People would be more concentrated in longitudinal behaviour rather to lateral, as 

subjective ratings of mental effort, system usefulness and satisfaction suggest.   
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Regulating level: 
o FCW would result in higher variation of lateral position, due to attempts to overtake the 

lead vehicle, so as to avoid warnings. 
 
Tracking level: 
o FCW would result in lower speed and lower percentage of driving with short headways 

(<1s). 
 
 
Concurrent LDW + FCW long-term effects 
 
Targeting level:  
o At long-term there will be no attempt of people to adapt their driving behaviour, drivers 

would intentionally ignore the systems, as objective data, subjective ratings of mental 
effort, system usefulness and satisfaction implicitly suggest, as well as interviews.  

 
Regulating level: 
o The concurrent use of FCW and LDW systems would not result in driving at longer 

distances from the lead vehicle. 
o The concurrent use of FCW and LDW systems would not result in increased use of 

direction indicators for lane changes. 
 
 Tracking level: 
o The concurrent use of FCW and LDW systems would result in increase of speed with 

exposure. 
o The concurrent use of FCW and LDW would result in increase of time driving in short 

headways. 
o The concurrent use of FCW and LDW systems would have no effect on the lane 

positioning behaviour. 
 

6.4 Results from the LDWS study 
 
Targeting level: 
o Most participants trust in the system reliability. 
o The highest reported benefit of the system is when driving task demands are higher and 

people can rely on the system as a safety backup. 
 
Regulating level: 
o Increased use of direction indicators (especially in case of participants who habitually did 

not use direction lights).  
 
Tracking level: 
o Better lane position within lanes, which increases with longer exposure. 
o No effect on driving speed due to LDWS.  
 
 
Based on the above summary of results, the first issue that needs to be mentioned is that the 
long-term behavioural changes due to the use of a particular support system is highly 
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influenced by the number of the systems used. In the FCW+LDW study, there was a clear 
difference in regard to participants’ behaviour when these systems were used alone and when 
these systems concurrently functioned. In the latter case participants intentionally ignored the 
systems, whereas in the former case, participants attempted to adapt their behaviour in 
accordance to the support system. Although it is difficult to generalise this result on the basis 
of only one study, it is certainly an issue that needs to be further investigated in future 
research. 
 
A second related issue is that not only the number but also the systems’ compatibility in terms 
of systems’ functionality seems to play an important role in regard to their long-term effect(s) 
into driving behaviour. In contrast to the FCW+LDW study, in the SL/CC study where the 
two support systems were compatible to each other in terms of systems’ functionality, no 
detrimental effects in regard to participants’ interaction with the support systems were 
reported. 
 
 On the other hand, considering the long-term effects of stand alone support system there are 
certainly positive effects, in accordance to the driving assistance function that a system has 
been designed for. Occasionally, some side-effects either related to system use (e.g. reported 
side-effect of FCW in lateral behaviour) or to wrong interpretation of system use (e.g. in 
LDWS study, a large part of participants said they bought the system because they tended to 
feel sleepy, while the LDWS was not designed for this goal) have to be considered into the 
systems’ design. However, the reported results support the idea either implicitly or explicitly 
that a stand alone support system could have a positive effect in relation to driving behaviour 
but the magnitude of long-term effects is more dependent on the “attitudes of participants”.       
 
In specific, in the LDWS study behavioural adaptation is effective for people who considered 
the LDWS as an educative support system, while adaptation is lower for people who 
considered the LDWS as a “bring back to order “ or “respect of law or highway code” and 
were not ready to change their behaviour. Also, in the SL/CC study it was found that the 
“image” of the system is an important dimension for understanding the use and acceptance of 
support systems. Non-users consider that the systems result into “loss of control over the 
vehicle” and “monotony”, whereas users agree with the idea that they afford “peace of mind 
when driving”. More implicit, in ISA studies system compliance data demonstrated a 
concommittal increase in overriding behaviour and exposure, implying that prolonged use of 
the ISA system caused frustration amongst participants which manifested itself as increased 
overriding behaviour. Finally in the FCW+LDW study, when the systems were used as stand 
alone, there was a slight difference in the behavioural effects that each system induced. The 
FCW had a negative effect in terms of lane keeping, possibly as a result of individual 
differences as well as a strategy to minimize the effort needed to maintain the vehicle in the 
middle of the lane.   
 
A further issue is the length of period needed for perceiving these behavioural changes. For 
all studied systems there are indications either implicit or explicit that the systems are easy to 
learn and use, requiring little time to adapt. However the interaction between the driver and a 
support system increases in line with an increase in system exposure. Thus, time exposure is 
the most critical parameter for further developing the system “image”, and this process cannot 
be confined in strict time terms, since it is influenced by differences among individual drivers 
and the characteristics of the driving environment.      
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7 Contribution to the DVE model 

7.1 Contribution from the ISA study 
 
The analysis results demonstrate that drivers adapt their usage of an ADAS system along an 
increase in system exposure. This has provided implications to different elements of the DVE 
model. 
 
The Driver element: the analyses suggest that the pattern of interaction between the driver 
and the ADAS system depends on characteristics of individual drivers. Variables tested in the 
analysis were intention to break speed limit (subjective assessment) and observed speed 
choice (objective assessment). It was found that intenders and fast drivers overrode the ISA 
system more than their counterparts, which demonstrates that individuals’ characteristics (e.g. 
attitude) need to be considered in the DVE model. 
 
The Vehicle element: 
Speed was tested in the analysis but was proven to be insensitive to system exposure. 
However speed may be a sensitive variable to other ADAS systems. 
  
The Environment element: the analyses suggest that the pattern of interaction between the 
driver and the ADAS system depends on characteristics of the driving environment. Variables 
tested in the analysis were complexity of road conditions (e.g. road infrastructure and 
geometry) and traffic conditions (e.g. speed limits and time of week). It was found that drivers 
overrode the ISA system more frequently in complex environments or denser traffic 
conditions, which indicates that complexity of driving environments needs to be taken into 
account in the DVE model. 
 
It is however worth noting that the ISA system used to generate the data for analysis was 
activated by default but was overridable. If an ADAS system required user activation upon 
ignition (e.g. most navigation systems), the behavioural adaptation pattern may vary. System 
functionality (e.g. positive or negative systems) may also affect motivation which would 
further interact with individuals’ characteristics and environment complexity and leads to 
variations in behavioural adaptation. 

7.2 Contribution from the SL-CC study 
 
Generic  
− Situational context (type of roads, traffic condition, weather and visibility conditions) 

influences decisions to use and frequency of use of the systems.  
 
Static parameters 
− Age and gender influence the decision to use and the frequency of use of the system. 

Women seem less likely to use the systems (SL and CC) than men; younger drivers seem 
more likely to use CC than older ones. Women tend to use less frequently SL on urban 
roads and motorways. 
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− The motives for owning the systems as well as the “image” drivers have of the systems 
influence the use (or non-use) of the systems.  

 
Task demand 
− Using a system dedicated for a specific sub-task (speed control for example) may increase 

the task demand for other sub-task (for example managing interactions with other road 
user).   

7.3 Contribution from the FCW/LDW study 
 
Attitudes 
Headway: Use of FCW influences behaviour inducing less following at short time headways 
(< 1 s) 
Lane keeping: Use of LDW influences behaviour inducing steadier lane keeping and more 
often use of direction lights while changing lane 
If own driving style much different than thresholds used for warning, then warnings are 
ignored as not reliable 
 
Situation awareness 
Headway: Use of FCW in long-term: Following at short time headways (< 1 s) is higher than 
in the first rides, but always less than without the system 
 
Task demand 
Use of FCW+LDW, providing audible warnings concurrently and independently, does not 
influence behaviour, as it creates frustration 
 

7.4 Contribution from the LDWS study 
 
French Participants  
Elderly drivers presented differences in driving compared to young drivers: feeling of stress 
increased in some types of road. 
Differences between day and night driving are well-known and are quite close for elderly and 
young drivers. The differences in mobility depending on age are more linked to the way of 
life and less to a real apprehension of driving. 
 
Dutch Participants 
Although it has been speculated in the hypotheses, age does not have a large impact on the 
driving behaviour of these participants. Elderly people do tend to drive more cautiously with 
regard to headway and driving manoeuvres at night.  
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8 Guidelines to other AIDE SPs 

8.1 Input to SP2 

8.1.1 Guidelines from the ISA study 
 
The analysis demonstrated that distance was a robust and reliable measure of exposure to an 
ISA system, as opposite to duration of owning the system. 

8.1.2 Guidelines from the SL-CC study 
Surveys based on extended questionnaires are important tools for identifying in a quantitative 
manner the relevant variables likely to influence the use of support systems and behavioural 
changes associated with their use. Their relevance depends on the theoretical framework used 
when designing the questionnaires as well as on the previous knowledge about the factors 
likely to play a role, acquired through previous studies of drivers behaviour in real situations 
or in driving simulators (for example, critical situations identified in such studies can be 
included in the questionnaire).  

8.1.3 Guidelines from the FCW/LDW study 
Interpersonal differences are very significant among drivers, thus distribution of participants 
among groups should be based on their characteristics, according to the driving task to be 
studied. For example, when studying a FCW system, participants should be distributed among 
groups, so that equal percentages of close-followers and non close-followers are in each 
group. For a LDW system, participants should be distributed according to their lane keeping 
performance, so that equal percentages of “good” and “bad” lane keepers are in each group. 

8.1.4 Guidelines from the LDWS study 
Many concerns have been met with interviews with elderly customers, leading to 
unexploitable verbal data. These issues are already known by SP2. 
 
The only thing new we can bring to SP2 is that if we want to evaluate long-term effects, 
transversal study presents a constraint as system exposure is difficult to rebuilt (memory of 
everyday life): results are very approximate, and duration of car possession may not reflect 
“exposure to the system”, especially if the case study is a warning system, as occurrence of 
warnings are random. 

8.2 Input to SP3 

8.2.1 Guidelines from the ISA study 
 
The analysis results demonstrated that the existence of long-term behavioural adaptation in 
the presence of an ADAS system is prominent. However, the evidence for supporting 
stabilised behaviour is weak. This warrants the need to further extend the investigation 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 128

duration of driver behavioural changes in order to fully understand the pattern of long-term 
behavioural adaptation. 

8.2.2 Guidelines from the SL-CC study 
Inrets-Renault survey confirms that most drivers do not use the manual for learning to use the 
system. Furthermore, the result emphasises the important role of the salesman explanation. 
Women more often than men state that they do not use the systems because they do not how 
to use them.  

8.2.3 Guidelines from the FCW/LDW study 
Unless warnings are considered as reliable by the drivers, when compared to their own 
driving style, they will not be respected. Some kind of “soft” adaptation of warning thresholds 
should be available. For example, the system could monitor the driving behaviour in the 
beginning, and allow for some relaxation of the warning thresholds, always of course within 
safety limits. 
 
Multiple audio warnings are not easily accepted, as they are considered as intrusive and 
irritating. 
 

8.3 Input to SP4 

8.3.1 Guidelines from the ISA study 
 
Better understanding of long-term behavioural adaptation is essential to ensure appropriate 
guidelines are developed and robust assessment and training procedure are designed. 
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Annex 1: The ISA-UK Project 

 
A1.1 The ISA System 

 
A1.1.1 Vehicles 

The final selection for the ISA Phase 1 development, and subsequent fleet installation was 
made of the Skoda Fabia Elegance 1.4 litre estate. This vehicle was judged as the most 
appropriate package to address the declared needs of the ISA trial. The vehicle model is 
illustrated in Figure 65. 
 

 
Figure 65: ISA fleet vehicle 

 
Two computers were installed, the first to provide the information function (i.e. vehicle 
position and current speed limit), and the second to provide control (speed limiting) and data 
recording. 
 
The overall concept was to integrate ISA system components and functionality into each 
vehicle so that the user would feel that the system had been installed as original equipment. In 
terms of user interface, the vehicles appeared much like “normal” cars.  The main visible 
elements were: 
 
An additional LCD which was mounted centrally within the instrument cluster.  This 
displayed ISA system status and speed limit information. It is easily seen through the steering 
column and has character sizing, contrast and format to the other OEM supplied LCD 
displays in the cluster.  
 
Two illuminated steering wheel mounted ISA reject (red) and ISA resume (green) buttons. 
 
The following figure shows the steering wheel and instrument cluster.  There was also a 
system disable button within the dashboard for use in the event of an emergency. 
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Figure 66: Steering-wheel-mounted buttons and ISA screen 

 

 
Figure 67: ISA brake actuator 

 
During the ISA active period, the system defaulted to being on and speed limit support was 
provided on all roads for which speed limit information was available.  The LCD display 
indicated the speed limit.  Elsewhere, the display would show “??” as the speed limit to 
indicate that the information was not available.  Changes in speed limit were reinforced with 
an auditory beep.  Driver demand for more throttle than required to keep within the speed 
limit was cancelled by the ISA system.  Pushing the throttle pedal to a position substantially 
more than needed when cruising at or around the speed limit was discouraged through a 
vibration on the pedal.  Mild check braking was also provided at a point roughly 10% over the 
speed limit.  This would prevent the car speeding up too much on downhill gradients and 
would also slow the car if necessary on entry to lower speed zones.  This braking was 
provided by an external actuator on the brake pedal as shown in Figure 67. 
 

A1.1.2 Digital speed limit map 

The speed limit map installed on one of the computers in the vehicle’s boot provided essential 
information for the ISA system to function correctly. 
 

A1.1.2.1 Coverage of the Leeds digital speed limit map 
 
Leeds Metropolitan District covers an area illustrated in the following figure. 
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Figure 68: Leeds Metropolitan District 

The area is run by Leeds City Council and it was their Highways Department that supplied the 
speed limit information in the form of paper files containing Council Speed Orders.  The 
Leeds Metropolitan District is made up of 1890.09 miles of road.  Table 1 describes the length 
of road for each road type with the majority road type being unclassified and the smallest type 
dual carriageway trunk roads. 
 
Road Type Total length (miles) 
Motorway 42.25 
Dual Trunk  8.08 
Single Trunk 28.46 
A Dual 38.09 
A Single 109.92 
B 44.12 
C 93.33 
Unclassified 1525.84 
Total for all road types 1,890.09 

Table 71: Breakdown of length of road in the Leeds Metropolitan District 

 
Speed limits ranged from 20 mph to 70 mph within Leeds Metropolitan District. Figure 69 
shows the distribution of speed zones on the digital speed map, which indicates that the 
majority of the roads in the Leeds trial area were 30 mph.  Figure 70 is a snapshot of the 
digital speed map, which clearly highlights the dominance of 30 mph roads as well as six 20 
mph zones. 
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Figure 69: Distribution of speed zones in Leeds Metropolitan District 

 
The council supplied the street data in the form of OSCAR Asset-Manager shape files 
containing data released in November 2001. OSCAR Asset-Manager is an Ordnance Survey 
data product that provides a digital representation of the Road network of Great Britain 
derived from the Ordnance Survey ROADS database. OSCAR Asset-Manager has centrelines 
of all publicly accessible and maintained roads. Private and pedestrian roads have been 
included where possible (Ordnance Survey, 2001). The digital street map has 1m accuracy.  
The Council supplied the vector data in a link and node structure – where links are road 
centrelines and nodes are intersections of links, with attributes attached to each feature 
(Burrough and McDonnell, 1998). 
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Figure 70: A map to illustrate the speed limit distribution within the Leeds Metropolitan District 

 
A1.1.2.2 Coverage of the Leicestershire digital speed limit map 

 
A new version of the speed limit map was developed for Trial 3 and 4 covering South West 
Leicestershire area. Table 72 shows the length of road for each road type, while the map 
boundary and distribution of speed limit zones are illustrated in Figure 71 and Figure 72. 
 
Road Type Total Length (miles) 
Motorway 59.12 
Dual Trunk 29.15 
Single Trunk 17.92 
A Dual  66.16 
A Single 66.20 
B  74.02 
C and unclassified  1,161.88 
Total for all Road Types 1,474.45 

Table 72: Total length of road for each road type 

 
Note: C and Unclassified Road are grouped together, as they were calculated using Ordnance 
Survey OSCAR Traffic-Manager data, which uses “feature code 3004 for minor or other 
roads…including C roads” (Ordnance Survey, 2001) 
 
 

/ 
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Figure 71: Boundary of the South West Leicestershire speed limit map 
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Figure 72: Illustration of speed limit distribution within the South West Leicestershire area 

 
Figure 72 illustrates the distribution of speed zones within the map boundary (as defined in 
Figure 73). Speed limits ranged from 20 mph to 70 mph but the majority of the roads in the 
trial area were in the 30 mph zone. This is due to the inclusion of the whole Leicester City in 
the speed limit map, although most areas within the survey boundary were rural. 
 

20mph
1%

30mph
68%

40mph
4%

50mph
2%

60mph
15%

70mph
10%

 
Figure 73: Distribution of speed zones in the South West Leicestershire area 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 139

 
A1.2 Field Trial Methodology 

 
A1.2.1 Trial design 

The field trial adopted an ‘A-B-A’ (i.e. ISA off, ISA on, ISA off) design with three distinct 
phases over 6-month trial duration, as illustrated in Figure 74. 
 

 Phase 1 Phase 2 Phase 3  

 ISA OFF ISA ON ISA OFF  

 28 days 28 days 84 days 28 days  

           ↑          ↑              ↑          ↑ 

  Observation 
Drive 1 

Observation 
Drive 2     Observation 

Drive 3 
Observation 
Drive 4 

Figure 74: Field trial phases 

 
Each participant was assigned to a vehicle and asked to undertake their normal travel 
behaviour for four weeks (i.e. Phase 1). This period allows the measurement of baseline 
driving behaviour, and therefore any changes in behaviour in the presence of ISA can be 
evaluated. At the end of the phase, participants attended an observation drive accompanied by 
two members of the research team. Upon finishing the observation drive, the ISA system was 
switched on, and participants subsequently started driving with ISA activated on a full-time 
basis (i.e. Phase 2). 
 
When participants had driven the car with ISA activated for four weeks, they attended the 
second observation drive, and then carried on another 12-week driving period with ISA 
activated. This extended period of ISA driving over sixteen weeks provided the participants 
with the opportunity of experiencing all kinds of traffic scenarios and environments, and 
minimised the occurrence of novelty effects in the data collected. 
 
At the end of Phase 2, participants attended the third observation drive. Upon finishing the 
observation drive, the ISA system was switched off. Participants subsequently started driving 
for another four weeks (i.e. Phase 3). When participants had completed Phase 3, they also 
attended the fourth observation drive. This phase of the trial was designed to assess any carry-
over effects that ISA may have imposed on participants’ driving style. 
 
 

A1.2.2 Recruitment 

 
All participants were recruited in response to advertisements placed in local newspapers.  
 

A1.2.2.1 Selection criteria 
 
Several criteria were used when selecting the participants:  
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Current vehicle status 

Respondents were asked to describe the vehicles that they have access to in terms of vehicle 
make, model and its age. This information was used to ensure that those respondents who are 
participating in order to “drive a new car for a while” were discarded. Respondents were also 
asked to state the proportion of their driving spent in this car in order to exclude multi-vehicle 
users (as this would introduce noise into the data). 
 

Exposure 

The success of the data collection procedure depended, in part, on the amount of driving 
undertaken within the specified digital map area. Therefore selection was also based upon: 
 
• Average annual mileage 
• Monthly mileage within [specified map] area 
• Typical weekly exposure (weekday/weekend) 
• Exposure on different road types (urban/rural/motorway) 
• Selected participants tended to: 
• Have an average annual mileage exceeding 10,000 miles 
• Undertake at least 80% of their driving within the specified map area 
• Demonstrate average mileage proportions by weekday/weekend split (based on NTS data) 
• Demonstrate average exposure rates to different road types (based on NTS data) 
 

Accidents and driving convictions 

A full driving history was obtained from the respondents, including details of any driving 
convictions they had. Respondents who had been convicted of driving under the influence of 
alcohol or other illicit substances and those who have been involved in more than two 
accidents in the previous three years were discarded. By eliminating these high-risk drivers, it 
was hoped that the likelihood of serious incidents would be minimal.   
 

Attitudes 

A common problem with safety studies is that samples can be skewed with regards to the 
types of people that volunteer for them. It was the aim of the project to include participants 
with a wide range of opinions relating to ISA and speeding behaviour. Participants were 
grouped into ‘intenders’ and ‘non-intenders’ based on participants’ intention to exceed the 
speed limit.  This classification was regarded as more reliable than the original intended 
grouping method which was based on participants’ attitudes towards a system with which 
they had no experience.  The respondents were asked to complete a questionnaire that 
identified their general intentions to exceeding the speed limit on an urban road and motorway 
using the Theory of Planned Behaviour.  Intentions were assessed by 3 items ‘I would intend 
to exceed the 70mph speed limit on a motorway’, strongly disagree-strongly agree, scored −3 
to +3.  Participants were selected to reflect those who intended to speed (scores above 0) and 
those who did not (scores below 0). 
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Demographics 

Attempts were also made to balance the samples for gender and age. It was intended to 
polarise participants into two age groups (25-39; 40-60).  Due to participant drop out, we had 
to recruit some participants younger than 25 years. 
 

A1.2.3 Participants 

Once selected, participants were required to sign an agreement between the University of 
Leeds and themselves covering issues such as data collection, insurance claims and car 
maintenance issues.  Due to participant drop out over the course of the trials, an entirely 
balanced sample was not achieved.  On some occasions participants also lived or worked 
outside the mapped area.  Although every attempt was made to recruit within the mapped 
area, low response rates made this unavoidable.  The final selection of participants across the 
first three trials is shown in Table 74. 
 
   Trial 1 Trial 2 Trial 3 Total 

Intender 3 4 2 9 Young 
Non Intender 2 3 1 6 
Intender 2 6 4 12 M

al
e 

Old 
Non Intender 3 4 2 9 
Intender 1 1 3 5 Young 
Non Intender 5 1 2 8 
Intender 2 1 1 4 Fe

m
al

e 

Old 
Non Intender 3 - 5 8 

Table 73: Number of participants across trials by sex, age and intention group 
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Trial 1 Trial 2 Trial 3 

Participant 
 

Gender 
 

Age 
 

Intention 
Group 

Participant 
 

Gender 
 

Age 
 

Intention 
Group 

Participant 
 

Gender 
 

Age 
 

Intention 
Group 

1 Male young intender 30 male young intender 50 male young intender 
2 Male young intender 31 male young intender 51 male young intender 
3 Male young intender 32 male young intender 52 male young non intender 
5 Male young non intender 33 male young intender 53 male old intender 
6 Male young non intender 34 male young non intender 54 male old intender 
7 Male old intender 35 male young non intender 55 male old intender 
8 Male old intender 36 male young non intender 56 male old intender 
9 Male old non intender 37 male old intender 57 male old non intender 
10 Male old non intender 38 male old intender 58 male old non intender 
11 Male old non intender 39 male old intender 59 female young intender 
12 female young intender 40 male old intender 60 female young intender 
13 female young non intender 41 male old intender 61 female young intender 
14 female young non intender 42 male old intender 62 female young non intender 
15 female young non intender 43 male old non intender 63 female young non intender 
16 female young non intender 44 male old non intender 64 female old intender 
17 female old intender 45 male old non intender 65 female old non intender 
18 female old intender 46 male old non intender 66 female old non intender 
21 female old non intender 47 female young intender 67 female old non intender 
22 female old non intender 48 female young non intender 68 female old non intender 
23 female old non intender 49 female old intender 69 female old non intender 

Table 74: Characteristics of Participants 
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A1.2.4 Data completeness 

As specified above, each participant was expected to generate 168 days of travelling data. 
Interruption to data collection was attributable to various ISA system failures.  Throughout 
the three trials participants had to be given replacement cars following system failures which 
caused consequent interruption to data collection. Due to the technical difficulties, some 
participants were not able to contribute the full 168-day data within the sustainable time 
frame. The overall completion rate for each trial is shown in Table 75. 
 

A1.2.5 Data processing 

Although the data logging system in the vehicle generates data at 10Hz (i.e. 10 records per 
second), data used for this analysis was distance based rather than time based. While time 
based data is intuitively valid, it introduces undue weight to the data stream when vehicle 
speed is zero (e.g. the vehicle stops at junctions) or very low (e.g. the vehicle moves slowly 
on a congested road). Conversion algorithms were therefore developed for extracting a record 
per 5 metres of travelling distance from the data stream. This data processing also filtered out 
records without a valid speed limit attached to them, attributable to the vehicle being driven 
on roads which were not given speed limits by NavTech, such as private roads (e.g. 
supermarket car parks) or non-trunk roads outside the mapped areas.  
 
Weighting across participants to equalise individuals’ contribution of travel distance during 
the trials to the data was considered in order to prevent the data from being possibly distorted 
by participants with high annual mileage. However, it was eventually decided not to apply 
weights to retain a valid representation of the sample against the whole driving population, as 
annual mileage inherently differs from one driver to another. 
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Trial 1 Trial 2 Trial 3 
Participant ID 
 

Completed 
days 

Completion 
rate (%) 

Participant ID 
 

Completed 
days 

Completion 
rate (%) 

Participant ID 
 

Completed    
days 

Completion 
rate (%) 

1 161 95.8 30 160 95.2 50 168 100.0 
2 168 100 31 157 93.5 51 155 92.3 
3 168 100 32 161 95.8 52 164 97.6 
5 168 100 33 155 92.3 53 167 99.4 
6 168 100 34 147 87.5 54 168 100.0 
7 129 76.8 35 156 92.9 55 161 95.8 
8 168 100 36 158 94.0 56 168 100.0 
9 168 100 37 157 93.5 57 168 100.0 
10 168 100 38 155 92.3 58 168 100.0 
11 168 100 39 163 97.0 59 168 100.0 
12 168 100 40 165 98.2 60 168 100.0 
13 168 100 41 147 87.5 61 123 73.2 
14 168 100 42 131 78.0 62 145 86.3 
15 168 100 43 163 97.0 63 165 98.2 
16 168 100 44 116 69.0 64 168 100.0 
17 168 100 45 164 97.6 65 168 100.0 
18 168 100 46 143 85.1 66 152 90.5 
21 150 89.3 47 154 91.7 67 168 100.0 
22 146 86.9 48 141 83.9 68 154 91.7 
23 144 85.7 49 164 97.6 69 166 98.8 
Overall completion rate 96.7 Overall completion rate 91.0 Overall completion rate 96.2 

Table 75: Data completeness across trials 
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A1.2.6 Vehicle Kilometres 

Following data processing and reduction, the final data file ready for analysis represented a 
total travel distance of 146,697 kilometres for trial 1, 115,937 kilometres for trial 2 and 
166,509 kilometres for trial three.  A breakdown of vehicle kilometres with respect to speed 
zones illustrated that the largest portion of vehicle kilometres was attributable to 30 mph 
zones, followed by 70 mph zones in both Leeds trials (trials 1 and 2).  For trial three, the rural 
Leicestershire trial, the largest portion of vehicle kilometres was attributable to 70 mph zones, 
followed by 30mph zones.  Unsurprising in both trials 1 and 2 most of the vehicle kilometres 
were recorded in urban areas (i.e. 20, 30, and 40 mph zones, which contributed to 69.2% and 
52% respectively of total vehicle kilometres).  Within trial 3 the majority of the travel 
occurred in rural areas, as the vehicle kilometres recorded in the 50, 60, and 70 mph zones 
accounted for 63% of the total vehicle kilometres. Even if the 50mph zone is left out, the sum 
of 60 and 70 mph zones was still well over 50%.   
 
Table 76 provides a further breakdown of the proportion of vehicle kilometres across speed 
zones and trials.  Given that the current study focuses on behavioural adaptation to the 
system, only data collected during ISA activation (Phase 2) is reported.  As mentioned the 
proportion of travel across different road types varies according to trial.  Adaptation to the 
system will therefore be examined individually within trials. 
 

Vehicle Kilometre Speed 
zone Urban Private Urban Fleet Rural Private 
20 mph 380 81 66 
30 mph 36,617 23,728 27,147 
40 mph 19,074 12,429 10,468 
50 mph 5,844 4,681 6,376 
60 mph 11,339 6,897 25,812 
70 mph 22,451 20,651 32,688 
Sum 95,705 68,467 102,556 

 Table 76: Vehicle Kilometres accrued during Phase 2 across trials  
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Annex 2: Interview of LDWS study on AFIL system 
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General instructions for the interviewer 
 

To read carefully before each interview 
 

1. Relation interviewer/person interviewed 
 
Questions used to guide the interview will deal with AFIL system:  
� its use, its efficiency– usefulness 
� the safety feeling 
� Behavioural changes in driving habits. 

 
) Focus the speech on the AFIL system and not on the customer, in order to 
avoid the customer to feel judged and allow him to speak freely. 
) Put the customer in confidence as possible 
) Be aware and avoid to the position « dominated-dominant » 
) Do not be prying nor pass value judgment 
) Be aware of risk of suggestion and induction of responses 
) Note customers’ attitudes: it is possible that the customer gets defensive 
(induced by verbal behaviour or a non appropriated question). He can also try 
either to conform himself or on the contrary to be in complete opposition 
) See the quality of answers: to try to obtain precise answers. 

 
Observations of the customer and questions that the interviewer has to keep in mind during the 
interview: 
 
� Does he show a real interest for the study? 
� Is he implicated in the study or does he want to finish quickly? 
� Does he show signs of impatience, irritation, and nervousness? 
� Do the questions disturb him (how does he perceive the questions: too personal, useless…) ? 
� Are questions understandable or badly formulated? Does he ask for more information or 

examples? 
� Does he ask many questions? Why? Is this mistrust, apprehension, difficulty to understand 

questions? 
� Does it tend to deviate from the topic? Is it frequent? Why? 
� Are there any silences? Why? 
� Does he refuse to answer? Why? 
 

2. Relation between the person interviewed and her environment 
 
� Does the customer agree with the choice of the interview’s location? 
� Does the environment disturb him? 

Did he choose it? 
If not, does he accept easily, is he constrained, does he seem to be forced to accept. Or does he 
refuse categorically? 

� Does the customer want to speak about his environment (including car): is he expressive? Check 
out the body languages, postures. 

� Does he express his satisfaction, criticism, try to tell about his car options 
 

) Do not interfere with the customer’s demonstration 
) Ask to the customers to be as natural as possible (as usually) 
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Interview 
 

System understanding 

Questions asked to person interviewed Instructions for the interviewer 

 1. In your mind, do you know how the system works? 
And do you think you could anticipate the warnings? 

  

  2. Do you know at which speed the system is actived? 

 

      

Avoid the question if the answer is in the question 
1. 

Important to know how he collects this 
information, alone (note) or with another person 
(salesman).  

Interest by personal curiosity of customer. 

Link with the question n°62 « reading 
intructions ». If instructions have been read: Does 
the customer remember it? If instructions not 
read: how and in which conditions does he 
account for it? 

Link with the question n°63 « system’s activation 
by the car dealer » and « information given by the 
salesman »: was the information given by the 
salesman (question n°61)? 

Link with the question n°11 « interest in new 
technologies » and question n°13 « interest in car 
innovations ». 

 
 

Warnings perception 

Questions asked to person interviewed Instructions for the interviewer 

3. Do you feel warnings easily or not (seat vibration)? 

     Why? 

Specify  the intensity level  of the vibration 

 4. Do you feel easily or not if the vibration is on the 
left or on the right? 
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Reliability of system and situations met with alarms activation 

Questions asked to person interviewed Instructions for the interviewer 

5. Do you think the system is reliable or did you 
meet false alarms? 

      

 

If system not reliable: why? 

� If false alarms : describe and explain  situations 
and  frequency 

� If no alarms: which frequency and what 
circumstances (type of line, angle of 
penetration on the lane…)? 

6. Can you describe situations (type of road,  traffic 
density, night/day, weather conditions, road lighted 
or not…) where : 

� Vibrations occurred (correct alarms) 

� Vibrations did not occur despite line 
crossing (no detection) 

� Vibrations occurred without crossing 
(wrong alarms) 

Link with frequent or regular journey. 
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Reaction during alarms activation 

Questions asked to person interviewed Instructions for the interviewer 

7. Have you been surprised the first time an alarm 
(seat vibration) occurred? 

If yes, why ? (surprise, no line crossing) 

8. Have you been surprised again the times after by 
the warning or do you get used to it ? 

For which reasons ? 

9. In your mind, does the seat vibration mean a 
warning? 

Is it always right after several activations? 

 

10. Did you associate easily or not, the seat 
vibration, with a crossed lane boundary? 

If it is easy: why? 

If it is difficult: it is in wrongs alarms and no 
detections or alarms not much frequently or very 
spaced. 

11. Did you identify easily or not if the line crossing 
is on the left or on the right? 

 For which reasons?  

� Difficulties to feel the vibration 

� Leisure (the customer is doing something 
else during driving)… 

12. How do you react to warnings? 

Describe your reaction: brake, deceleration, turn 
the steering wheel… why? 

 

13. When an alarm occurred, does it happened you 
don’t correct your position by turning the steering 
wheel?  

If yes, in which situations? 

Ask if it’s systematic (reflex behaviour) 

Crossing without indicator, keep out lane volontary 
(am : bend) or involontary (leisure, radio) 

14. Do you think your reactions i.e. steering wheel 
movements, changed along time? 

     Why? 
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Use of system 

Questions asked to person interviewed Instructions for the interviewer 

15. Do you try to anticipate seat vibration? 

     If yes, do you often do it or not? 

     Is it to avoid vibrations? why? 

     Is it in particular situations? 

     What do you do? (put always the indicator light 
or switch off the system) ? 

 

16. If you anticipate: how are you doing? 

      

Pass to question 17 if answer = no  

Explanation on the behaviour: using indicator, more 
attention… 

Ask precision on frequency: rarely, often, always 
and on the road conditions (type of road, weather, 
night/day…) 
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Usefulness of system 

Questions asked to person interviewed Instructions to the interviewer 

17. Globally, do you think the system is useful or 
useless? 

      

If useful: why and in which situations (type of road, 
traffic, night/day, road lighted or not, weather 
conditions, long trip, type of lane…)? 

If useless: in relation with wrong alarms ? 

18. Have you ever switched off the system?  

If yes, at what frequency and in which situations? 

 

19. Does the system help you to have a better 
position within the lane? 

 

If yes: for what reasons (habits), what frequency (is 
it becoming systematic or not?) and on what type of 
trip (long or short) and road? 

Link with question n°45 « usual position in the 
lane ». 

20. Globally, do you feel safer or not when the 
system is actived? 

Is it in specific situations 

21. If you feel a safety benefit, do you think the 
benefit is low or notable? Why? 

Is it in specific situations 

 



Deliverable 1.2.4 Dissemination Level: PU Contract N. IST-1-507674-IP 
 

11/11/2006    CERTH/HIT 153

 
 

Modification of driving habits 

Questions asked to person interviewed Instructions to the interviewer 

22.  Globally do you think you changed the way you 
are driving since you experienced the system? 

If driving changed :  

Why, in which situations? How did it change?  

Is it a general changing or only in specific situations, 
can you explain? 

 

23. With the system, do you think you pay more or 
less attention to your position in the lane? 

      

 

     If more attention: why (does the warning help 
you as a guide, help you to care more attention…)? 

     If less attention: what are the reasons? 

     If no changing: in your mind, why do the system 
doesn’t have impact on your driving? 

     Link with questions 43 et 44 « establish driving 
habits». 

24. When the system is activated: do you think you 
change your position within the lane? 

    

Link with the question n°45 « usual position who 
serve to reference for estimating a behaviour 
changing». 

25. Do you think you changed the indicator light 
use? 

     If yes: do you use it less or more frequently? 
Why? 

     If no: what was your usage and why didn’t it 
changed? 

 

Link with the question n°50 

Establish driving habits 

26. When the system is activated: do you think you 
change your speed? 

     If yes: how (higher or lower) and in what 
situations? 

     If no: how (higher or lower) and in what 
situations? 

     Link with the question n°28 et n°39 « reference 
to usual driving speed ». 
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Comfort of the system 

Questions asked to person interviewed Instructions to the interviewer 

27. Do you find the vibration in the seat pleasant or 
unpleasant? 

     Why ? 

 

28. Have you ever been irritated by the warnings? 

     Why ? 

 

29. Do you want to have this system in the next car 
you would plan to purchased? Or do you want it in 
another current car you have? 

 

 
 
 
 
 


