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ABSTRACT 
Within the framework of the Swedish national trial with Intelligent Speed Adaptation (ISA) in 
urban areas, 284 cars have been equipped with an active gas pedal for a period of up to 11 
months in the city of Lund. When evaluating the effects of the system, there is a special 
interest in the behavioural adaptation effects the system might bring. Alongside data-logging 
and interaction studies, in-car observations was used to study this. Twenty-eight drivers 
have been studied by two observers in an instrumented vehicle during a 45 minute drive (33 
km). The observations where carried out twice, before driving with active gas-pedal and 
after driving with it for 5-11 months. One of the observers carried out coding observations, 
which means he studied standardised behaviour such as yielding behaviour and speed 
adaptation. The other carried out free observations which means that he studied 
communication, interaction and events that occurred irregularly e.g. conflicts. One of the 
variables that where studied in this experiment was behaviour towards pedestrians / cyclists 
at crossings. The observers also registered yielding behaviour. Speed was of course of 
interest in this study and it was registered both by a data-logger and the observers. The use 
of an instrumented vehicle made it possible to study car-following distances with a laser-
radar that measured the distance to the vehicle in front. No difference could be found in 
drivers’ speed adaptation in low speed situations when they where driving with ISA. 
Behaviour towards other road users improved as well as car following and yielding behaviour 
improved so it was not possible to trace any sign of negative compensatory behaviour. Some 
indication on the occurrence of the phenomenon “delegation of responsibility” to the system 
could be traced: in some cases the drivers forgot about the speed-limit outside the test area.  
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INTRODUCTION 

Within the framework of the Swedish Road Administrations’ large scale trial with different 
systems for Intelligent Speed Adaptation (ISA) 284 vehicles were equipped with an “active 
accelerator pedal” in Lund. The active accelerator works as an ordinary accelerator up to the 
speed limit, but when the driver tries to exceed the speed limit the accelerator will be harder 
to depress, making it impossible to speed unintentionally. The system included a display 
indicating the current speed limit, a digital map with all the speed limits within the city and a 
GPS system with navigator. The test area consisted of the entire city of Lund (except the 
motorway through the city) and included 30, 50 and 70 km/h speed limits. The ISA system 
was activated automatically when the vehicle was within the test area and could not be 
turned off. Outside the test area the driver could activate the system and set it on a desired 
speed limit.  

To study eventual changes in driver behaviour, apart from speed, 40 drivers where selected 
to be studied by the Wiener Fahrprobe. This is an in car observation method where two 
observers in the car study how the drivers behave in real traffic. An instrumented vehicle 
was used for the test drives to increase the quality on some of the studied variables 

AIM 
The aim of this study was to study ISA’s effect on driver behaviour in a wider sense than just 
speed, such as interaction with other road users, conflicts, speed-adaptation in low-speed 
situations, yielding-behaviour, car-following distance etc. There is a special focus in this 
study on how the drivers adapted to ISA after long-time use of the system. 

METHOD 

Selection 

In total, 40 persons where selected as test drivers and they where assigned to groups with 
regard to sex, age and initial attitude to ISA. However, seven of these drivers dropped out of 
the ISA-trial before the after study, and another five disappeared due to practical problems 
such as operation or time-problems. In all, this meant that 28 drivers took part in the after 
study. The age, sex and attitude distribution of the 28 drivers is shown in table 1. 

Table 1. The age, sex and attitude distribution of 28 drivers. 
18-24 25-44 45-64 65+  

Positive Negative Positive Negative Positive Negative Positive Negative
Men 1 1 3 2 6 2 5 0 
Women 0 0 3 1 3 1 0 0 

Test drive 

Each test driver drove a specific route of 33 kilometres, which took approximately 45 
minutes to drive. In addition to that they drove for 15 minutes before the test started to get 
used to the car and the situation. Each test-driver drove this route twice, before ISA was 
activated and after driving with ISA for at least six months. 
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The test route was divided into 27 sections and it is situated both inside and outside the 
speed-limited area. The test route includes all the legal speed limits in Sweden and it is 
selected so that it contains a variety of different road types, traffic intensity and different 
interaction situations. See table 2 for a description of the different sections. 

Table 2. The different types of roads included by the sections 

Type of road Speed-limit 
(km/h) 

Actual 
speed 

ISA-
supported

Number of 
sections Description 

Arterial road 50 ca 50 Yes 6 Mainly car-traffic, signal-controlled 
intersections and crossings 

Main street 50 ca 50 Yes 5 Some cyclists, roadside parking 

Main street 
with mixed 
traffic 

30-50 ca 30 Yes 2 A large amount of pedestrians and 
cyclists, interactions on stretches 

Central 
street 30 ca 30 Yes 1 Cars and unprotected road-users on 

equal conditions. 
Through 
road 30-50 - No 5 Rural road through small villages, few 

interactions and mainly on crossings 

Rural road 70-90 - No 6 Rural road 

Motorway 110 - No 1 Motorway 

Observation method “Wiener Fahrprobe”  

The method was originally designed by Risser (1985). The method was developed to study 
learning drivers but it can also be used to study driver behaviour in real traffic. The study is 
carried out with two observers in the car, studying the driver along a specified test route. 
One of the observers registers standardised variables such as speed adaptation at 
junctions/obstacles, lane change, interaction with other road users etc. The other observer 
does free observations, i.e. conflicts, communication, interaction and special events. In this 
study, an instrumented vehicle was used for the test drives to increase the quality on some 
of the studied variables.  

Instrumented vehicle 

The instrumented vehicle is a Toyota Corolla, model 1999 and its instrumentation is designed 
and installed by VTT, Technical Research Centre of Finland. 

There are three cameras in the car, one facing forward, one facing backward and one facing 
the driver, figure 1. The cameras where mainly used by the observers when discussing 
difficult situations, for instance if a pedestrian really was at the crossing when the vehicle 
passed. 
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Figure 1 The placement and filming direction of the three cameras 

 

The vehicle is also equipped with a data-logger and the variables logged and used in this 
study was: time, distance to vehicle in front and use of turning-signals. Data is recorded with 
a 5Hz frequency. 

ANALYSIS 

Analysis of the data from the observers 
The analysis of the observations aims at finding patterns and coherence that will indicate 
changes in behaviour, alternatively confirm that there are no changes. The analysis of the 
standardised observations is quantitative and the difference was tested for significance by 
Chi2-test. The analysis of the free observations is partly quantitative and partly qualitative. 
The “free” observations are organised so that they fit to the same hypothesis or describe a 
similar pattern. The number of observations is often to low to test for significance, instead 
they confirm or explain behaviour that has been registered by the other observations. In 
some cases they have also contributed to new hypotheses. 

Analysis of data from the data-logger 

Data that was recorded and analysed in this study was distance to vehicle in front. The 
drivers car following distance was recorded by the laser-radar and was measured in meters 
with +/-0.1 m accuracy. From the recordings, the time-headway was calculated based on the 
distance and the vehicles speed. To get stability in the data, sliding mean over five 
measurements / one second was used. 

For a situation should be specified as a car following situation, the following conditions 
should be met: 

• The time headway should be 4.5 seconds or less. A generally accepted measurement 
when measuring headway with pneumatic tubes is five seconds from front axel to 
front axel (Nilsson, 2001). When using a laser radar in front the measurement is from 
front to rear which makes the distance one length of a car shorter, hence the 4.5 
second limit. A normal car is approximately 4.5 meters which makes the two 
measurements equal at the speed 32.4 km/h. 

• The difference in speed should be less than +/- 4 km/h. This is also a generally 
accepted figure and is used to filter overtaking situations when measuring with 
pneumatic tubes, but it can also be considered as a reasonable level for the vehicles 
to interact with each other. The difference in speed was calculated from the change 
in headway 
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• The car-following situation should last for at least five seconds, this was to avoid 
situations where they started at a red light and then took different routes at the next 
junction without really interact with each other. 

• The last condition was that the difference in speed should not be one-sided, this is to 
exclude cases where the test-person start behind another vehicle that drives off with 
a speed that is up to 4 km/h faster than the test-person and then disappears at a 
junction, or passes the 4.5 second limit. It also excludes cases where the test-driver 
slowly catches up on a vehicle on the motorway and then overtakes. 

RESULTS 

When analysing the data, the different types of roads described in table 2 was considered. 
The number of observations for the different variables differentiates quite a lot form the 
different types. For instance is the number of interactions with unprotected road users much 
higher on central streets than on arterial roads, while there are no lane changes on central 
streets. To make the presentation easier to follow and to increase the number of 
observations for the test of significance, the sections where divided into: within test area and 
outside test area. For the sections within the test area the drivers where supported with ISA 
in the after situation and outside the test area there was no difference between the before 
and after situation. 

The results below are presented grouped after the hypothesis they respond to. 

Speed adaptation in low speed situations 

In this study, speed is only considered with regard to the surrounding situation, speed levels 
in general is studied by analysing data from the on-board data-loggers that all the vehicles in 
the Lund ISA-trial was equipped with. The variables that concerns speed-adaptation are the 
standardised variables “speed adaptation at obstacles” and “speed with regard to the 
situation” plus free observations. Speed-adaptation at obstacles means road-works, parked 
cars etc., i.e. obstacles that requires some kind of manoeuvre from the driver such as 
breaking or yielding. Speed with regard to the situation means that there is not a specific 
hindrance that has to be passed but the speed should be lowered anyway, for instance if 
there are children along the road-side or a bus has stopped to let of passengers. 

The observations of speed-adaptation at obstacles are shown in table 3. 
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Table 3. The distribution registrations of speed-adaptation at obstacles 
Without  ISA With ISA The difference 

with ISA 
Speed adaptation at obstacles 

n % n % % 

Sign. 
level 

Within test-area       
Ok 54 93 42 91 -2  
Late/hard 4 7 2 4 -3  
Bad 0 0 2 4  +4  
Total 58 100 47 100  -  0.244 
Outside test-area             
Ok 4 80 5 71 -9  
Late/hard 1 20 2 29 +9  
Bad 0 0 0 0  0   
Total 5 100 7 100  -  0.735 

As shown in table 3 there are no significant differences between driving with or without ISA. 

The occurrence of the variable “Speed with regard to the situation” is not as common as 
“speed-adaptation at obstacles”. In total there are five observations without ISA and five 
with ISA, most of them are outside the test area. No differences could be observed. The free 
observations that fit to this category are shown in table 4, no differences could be observed 
either. 

Table 4. Free observations of speed-adaptation at low speed situations. 
Without ISA With ISA  

Description Within 
test area 

Outside 
test area 

Within 
test area 

Outside 
test area 

Positive  - - - - 
Enters roundabout at high speed, 
accepts small gap 

0 1 0 0 

Passes bus at bus stop with high 
speed,  45 km/h. 

0 0 1 0 

High speed when circling central 
square 

3 0 2 0 

 
Negative 

Total 3 1 3 0 

Behaviour towards other road-users 

Variables describing behaviour towards other road users are: yielding behaviour, behaviour 
towards unprotected road-users, behaviour at priority situations and free observations. 

In all, there where 94 yielding situations without ISA and 94 with ISA within the test area, 
outside the test area there was 47 situations without ISA and 46 with ISA. The frequency is 
shown in table 5. 
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Table 5. Yielding behaviour with and without ISA 
Yielding behaviour Without ISA With ISA The difference 

with ISA 
Sign. 
level 

 n % n % %  
Within test-area       
Ok 83 88 90 96 +7  
Hesitant 4 4 0 0 -4  
Short gap/dangerous 7 7 4 4 -3  
Total 94 100 94 100  0.078 
Outside test-area       
Ok 44 94 44 96 0  
Hesitant 1 2 1 2 0  
Short gap/dangerous 2 4 1 2 -1  
Total 47 100 46 100  0.851 

There is an improvement in yielding behaviour within the test area (p<0.10), while no effect 
can be seen outside the test area.  

Interactions with unprotected road users where divided into pedestrians and cyclists. For 
cyclists the number of observations where to low to study eventual differences, and the 
same goes for observations outside the test area. Therefore only interactions with 
pedestrians inside the test area are covered here. The result is shown in table 6. 

Table 6. Interaction with pedestrians inside the test area. 
Interaction with pedestrians at 
crossings 

Without ISA With ISA The 
difference 
with ISA 

Sign. 
level 

 n % n % %  
Yields early 64 54 78 68 +14  
Yields late 7 6 5 4 -2  
Pedestrian insists on priority 5 4 2 2 -3  
Pedestrian waits at roadside 29 25 25 22 -4  
Forces pedestrian to stop 13 11 5 4 -8  
Puts pedestrian in danger 0 0 0 0 0  
Total 118 100 115 100    0.146 

The difference between driving with and without ISA is not statistically significant, however, 
if the negative types of interactions which are all of the above except “yields early” merged 
and compared with yields early the difference is statistically significant (p<0.05). 

For behaviour at priority situations and free observations, no differences could be traced. 

Headway 

Headway was measured in seconds and the mean headway for the different road types, with 
and without ISA is shown in table 7. Note that the analysis is not yet finished for all the 
vehicles so the figures presented in table 7 are preliminary. N is presented here as the 
number of registrations, which means that N divided by 5 gives the total car following time 
in seconds. 
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Table 7. The time headway with and without ISA for different road types. 

Type of road ISA N Mean 
(sec.) 

Std. 
Deviation Sig. 

Inside test area      
Without 530 1.5 .43 Arterial road With 1325 2.1 .78 .000* 

Without 531 1.5 .72 Main street With 577 2.1 .53 .000* 

Without 399 1.5 .46 Main street with mixed 
traffic With 593 1.9 .35 .000* 

Without 385 1.9 .88 Central street With 931 2.4 .71 .000* 

Outside test area      
Without 466 1.4 .54 Rural road With** 516 1.9 .56 .000* 

Without 643 1.3 .43 Through road With** 902 2.1 .64 .000* 

Without 149 1.5 .59 Motorway With** 979 2.2 .59 .795 

*Statistically significant (p<0.05). **Outside the test area ISA is not activated but 
the test drivers have been driving with ISA for at least six months. 

As shown in table 7, the time headway has increased, both inside and outside the test area 
except for motorway driving. For the motorway, it should be noted that the number of 
registrations is quite low for the without situation. 

Delegation of responsibility 

Delegation of responsibility is here represented by a number of free observations that 
indicates that the driver has left some of the driving tasks to the system. The free 
observations are shown in table 8. 

Table 8. Free observations that indicates delegation of responsibility 
Without ISA With ISA  

Description Within 
test 
area 

Outside 
test 
area 

Within 
test 
area 

Outside 
test 
area 

Positive  - - - - 
Drives 70 km/h on a 90 km/h road until 
a vehicle comes from behind, then he 
accelerates to 100 km/h. 

0 1 0 0 

Drives 50 km/h on a 30 km/h road. 0 0 0 3 
Drives over 65 km/h on a 50 km/h road. 0 0 0 3 
Drives 50 km/h on a 70 km/h road. 0 0 0 2 
Accelerates to 90 km/h on a 70 km/h 
road and then slows down to 70 km/h. 

0 0 0 1 

Negative 

Total 0 1 0 9 
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As seen in table 8 there are a number of observations outside the test area when the drivers 
are used to driving with ISA that indicates that they have left some of the responsibility of 
controlling the speed to the system. 

DISCUSSION 

The observations that were carried out in this study were aimed at studying differences in 
behaviour, and, above all, to make sure that there are no negative behavioural effects from 
ISA. 

One hypothesis when it comes to systems that are aimed at helping the driver to drive more 
safely is that he will compensate the increased safety by driving faster or taking more risks. 
One measurement of this is the drivers’ speed adaptation in low speed situations, but no 
difference could be found when they where driving with ISA. Measurements of risk taking 
are shorter car following distance and yielding behaviour, but both car following behaviour 
and yielding behaviour improved so it was not possible to trace any sign of risk 
compensation in this study. 

Another hypothesis with systems like this is that the drivers delegate more of the driving task 
to the system than what it is designed for. Here it was observed that when the drivers had 
got used to ISA helping them with the speed-limit within the test area, some of the drivers 
forgot about the speed-limit outside the test area. 

It was also noted in this study that behaviour towards other road users improved, both 
yielding behaviour towards other vehicles and yielding behaviour towards pedestrians. This is 
most likely due to the lowered speed which makes it easier to interact with other road users. 

From the measurements of car following distance we could see that the time headway 
increased when the drivers had been driving with ISA for a longer period. This could be 
studied not only inside the test area where the drivers where driving with ISA but also 
outside which indicates that the system has some effect on behaviour even when it’s not 
active. 

REFERENCES 

Nilsson, A. (2001) Hastighet och tidluckor 2000: resultatrapport, Vägverket, 2001. 

Risser, R. (1985) Behaviour in traffic conflict situations. Accident Analysis and Prevention Vol. 
17, No. 2, pp 179-197 


