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Summary 
Drivers' concentration problems have a negative effect on driving ability. When drivers are absent 
minded, it may for instance cause longer reaction times, less adequate observation of the 
environment, and late and abrupt braking. This may endanger the driver's safety and that of other road 
users. Based on American research, approximately 7% of all crashes are expected to be partly 
caused by drivers' concentration problems. Other than rumble strips and public information, there are 
few concrete measures to deal with concentration problems. However, it may not be long before 
detection equipment in the car will serve as a warning device.  
 
Background 
Every driver sooner or later discovers that he does not remember what happened in the immediately 
preceding period. And every driver has occasional moments that he fails to or is slow to notice 
something because his mind was elsewhere. Attention may wane from the driving task because:  
− the driver is occupied with other things like making a phone call, tuning the radio, listening to the 

radio, talking with a passenger, or eating while driving (see SWOV Fact sheet Use of mobile phone 
while driving);  

− the attention is drawn by noticeable things and events inside or outside the car, like a crash on the 
other lane, a noticeable person on the pavement, a conspicuous billboard along the roadside, or a 
wasp in the car (see SWOV Fact sheet Advertising and information alongside the road). 

 
However, the driver may also pay insufficient attention because:  
− he is tired (see SWOV Fact sheet Fatigue in traffic, causes and effects);  
− he is thinking about other things than driving, or he is daydreaming without being fatigued. This is 

called loss of concentration. 
 
When people focus their attention on that which they are occupied with (in this case the driving task), 
and the attention is both intense and lasting, they are said to be concentrated. According to Gaillard 
(2005) concentration is a dynamic mechanism which activates and coordinates our physical and 
mental capacities to develop and to maintain goal-oriented behaviour. Three aspects play a role here: 
selectivity (the things the attention is focussed on), intensity (the extent to which body and mind are 
mobilised to perform the set tasks) and motivation (the degree of intent to realize the proposed target). 
 
What is the extent of the problem? 
In the Netherlands, it is not systematically investigated whether distraction of whatever kind 
contributed to the origin of a crash. An important reason is that it is almost impossible to find evidence 
of distraction. Therefore, it cannot be estimated how frequently loss of concentration is the cause of a 
crash. Since 1995, the United States do investigate whether loss of concentration played a part. To 
that end police officials who investigate crashes are trained in detecting information (for example by 
interview training). In 2000 Stutts et al., (2001) analyzed 5.000 circumstantial descriptions made by 
these police officials. For this purpose they asked the following questions: 
− Was the driver alert and was his attention focussed on the driving task?  
− Was the driver alert, but was his attention distracted from the driving task because he was doing 

other things, or because he was mentally occupied with other things or events?  
− Did the driver look, but did he not see the danger?  
− Was the driver sleepy, or did he fall asleep?  
 
In 36% of the crashes it was not possible to retrieve if anything was wrong with the attention of the 
driver involved. In 5.4% of the crashes the driver had looked, but had failed to see without fatigue 
being involved and without the driver being occupied with matters that were not connected with the 
driving task. When a driver looks without seeing, this can be caused by loss of concentration: he looks 
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in the right direction, but because his mind is not on the driving task, visual information is not 
processed. There can also be other reasons for looking and reporting not to actually see anything. The 
driver may be very bad at hazard perception (see SWOV Fact sheet Hazard perception). It may also 
be the case that a driver tells the police as an excuse that he looked, but did not see. Finally a driver 
could fail to see, because his observation strategy is inadequate. Taking into account that other 
matters than concentration loss can play a part, and that in a large percentage of crashes it was not 
possible to determine attention deficiency, the 5.4 percentage of drivers who looked but failed to see, 
is rather inconclusive about the number of crashes caused by loss of concentration.  
 
Recently, also in the United States, an entirely different kind of study was made to determine the 
extent of the problem of concentration loss (Dingus et al, 2006). In this study, 100 cars were equipped 
with cameras. These cameras were aimed at both the driver and at the road environment. These cars 
were also equipped with all kinds of measuring technology which continuously registered the driver's 
performance as well as the car's.  
During a year all data of these 100 so-called 'instrumented vehicles' was recorded. This made it 
possible to determine precisely what had happened immediately preceding 69 actual crashes and  
761 near-crashes. In almost 78% of all crashes and in 65% of all near-crashes, the driver did not look 
in the direction of the arising conflict. Next, it was investigated whether this was caused by: 
− the driver being occupied with other things than the driving task, like making a mobile phone call 

(24% of all crashes); 
− the driver being occupied with matters related to the driving task (controlling the windscreen wipers 

for instance), which at that moment were not immediately relevant for the arising of the conflict 
(19% of all crashes); 

− the driver being tired, which was demonstrated by, for instance, the frequency of blinking the eyes 
(9% of all crashes); 

− the driver for no specific reason stared in a different direction from where the conflict was arising 
(7% of all crashes).  

 
In 20% of the crashes two or more of these causes coincided. Loss of concentration is plausible when 
a driver stares in a different direction than the direction from which the danger comes. This is the case, 
therefore, in 7% of all crashes in this 'naturalistic' study of driving behaviour.  
 
What are the effects of concentration loss on the driving task? 
As we mentioned earlier, three aspects play a part in concentration: selectivity, intensity and 
motivation. There is a problem with selectivity when the driver thinks of other things than the driving 
task while driving. There is a problem with intensity when the brain activity decreases, without fatigue 
being involved. This may for instance be the case when the driving task is very monotonous. An 
example is what in the Netherlands is called polder-blindness: a reduced alertness on long, straight 
roads. The driver must also be motivated to apply the required concentration to the driving task. As far 
as we know, the role of motivation in concentration loss has not been studied yet for the driving task. 
Study has, however, been made of problems with selectivity and intensity. 
 
Study of selectivity 
The influence of absent-mindedness on performing the driving task without the driver being occupied 
with other activities or without being tired, is investigated by experiments in which the driver is set a 
task which requires thought, but no action. Mental arithmetic can be such a task. Another possibility is 
to ask the driver to remember specific things. Next, the influence is investigated of for example mental 
arithmetic on observation, reaction time and vehicle control (increasing or decreasing speed, 
zigzagging, et cetera). Recarte & Nunes (2003) and Harbluk et al. (2007) performed these kinds of 
study. The SWOV report Concentration problems behind the wheel (Vlakveld, Aarts & Mesken, 2006) 
gives an elaborate description of these studies. They illustrate that when a driver is absent-minded: 
− he looks straight ahead for longer time spans and less often in the periphery (for example, 

pedestrians on the pavement; 
− he looks at the dashboard and in the mirrors less frequently; 
− reaction times increase; 
− he displays late and abrupt braking. 
 
Recently, research into the role of selectivity in concentration loss while driving has also been done in 
the Netherlands (Martens & Brouwer, 2006). Three groups of subjects were asked to make a relatively 
easy journey on a motorway in a simulator. The first group was the control group and was not given 
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any extra tasks beside the driving task. In the middle part of the drive, the second group was asked to 
consider the possible suspect of a crime, based on information in a police file which they had seen 
before the drive. Also in the middle part of the drive, the third group was given a 'listen-and-remember' 
task: they had to identify and remember certain sounds which were played during the drive. It was 
studied if the thinking task influenced the driving performance and if the extent of the influence was 
similar to that of the 'listen-and-remember' task which was not easily ignored. The effects on vehicle 
behaviour (speed, headway time, zigzagging, braking, et cetera), the effects on the driver's behaviour 
(e.g. looking behaviour) and his pulse were measured. The thinking task caused drivers to decrease 
speed. It also led to more abrupt braking. During the thinking task, drivers used the mirrors less often, 
and the variability of their pulse increased. The 'listen-and-remember' task was a stronger influence on 
the driving behaviour than the thinking task.   
A problem in studies in which subjects are asked to think about something else while they are carrying 
out a task, however, is that it is impossible to find out if they are really thinking about the other matters, 
or whether they pay hardly any attention to them. 
 
Study of intensity 
Concentration loss through low intensity of attention, without fatigue being involved, especially occurs 
when the driving task is very monotonous. In the Netherlands this is called polder blindness and in 
English speaking countries highway hypnosis: reduced alertness on long, straight roads. In the case of 
reduced alertness, the attention is thought to shift from stimuli in the environment to inner processes 
like daydreaming. Karrer et al. (2005) talk about Driving Without Awareness (DWA). In DWA the eyes 
remain open (as opposed to microsleep in which the eyes are closed for a minimum of two seconds). 
Karrer et al. (2005) asked 83 subjects to take a boring drive on motorway in a simulator. This drive 
took approximately two hours. Trained researchers registered when DWA occurred in the subjects.  
During the entire drive an electroencephalogram (EEG) was made to examine if the subjects became 
sleepy. At the same time an electrooculogram (EOG) was used to register the eye movements. DWA 
was registered in 18% of the subjects. Proportionally, this was more so for young male subjects. The 
83 subjects unintentionally exceeded the lane boundaries a total of 260 times. In 33.5% of the cases 
there was DWA at that particular moment. There was no strong relation between DWA and fatigue, 
but there was a relation with a lessening of fast eye movements (saccades) and with a reduction of the 
size of the saccades. When the frequency of the DWA moments increased, the dime the driver had his 
eyes open without blinking, also increased. Based on the research of Karrer et al. (2005) we can 
conclude that the number of traffic errors increases as a result of concentration loss caused by low 
intensity of attention. 
 
What is the crash rate caused by loss of concentration? 
To determine the crash rate, we need to know how often drivers suffer from concentration loss, and 
how often concentration loss plays a part in the origin of a crash. To answer the first part of this 
question, McEvoy et al. (2006) in Australia carried out a telephone survey among 1347 drivers. They 
were asked to think back of their last drive which lasted alt least five minutes. They were then asked if 
they had been distracted during that last drive, or if their concentration had slackened. Almost 72% of 
the subjects reported concentration loss during that last drive. There is hardly any information about 
the second part of the question (either). The naturalistic study of driving behaviour which we 
mentioned earlier (Dingus et al., 2006), leads to the assumption that loss of concentration plays a part 
in 7% of the crashes. Both percentages, however, are too inaccurate to make a fair estimate of the 
crash rate caused by concentration loss.  
 
However, it is possible to compare the crash rate of drivers with concentration problems with that of 
drivers without such problems. Brouwer (2002), for example, investigated which groups of drivers 
suffer from attention deficiencies caused by neurological disorders. He distinguished three types of 
attention deficiency:  
1. problems with retaining the attention;  
2. problems with focusing the attention;  
3. problems with the attention required for the execution of tasks  
 
As an example for the first category Brouwer (2002) for example mentions people suffering from sleep 
apnoea, whose breathing during sleep is disturbed. This prevents them from falling into a deep sleep. 
As a result, they can only work briefly on a certain task with concentration at daytime. Vaa (2003) 
made a meta-analysis based on eight epidemiological studies of sleep apnoea, which showed the 
relative risk ratio to be 3.71. This means that for drivers suffering from sleep apnoea the crash rate per 
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kilometre driven is 3.71 times the crash rate for drivers who do not have sleep apnoea. People 
suffering from sleep apnoea not only have problems retaining their concentration, they also have 
fatigue problems. The increased crash rate for people with sleep apnoea, therefore, is caused by 
concentration as well as fatigue problems. It is impossible to make a distinction between these two 
causes.  
 
As an example for the second category, Brouwer (2002) mentions people who have problems with 
processing visual information. This is often denoted with the term 'Useful Field Of View (UFOV)'. A 
meta-analysis based on fifteen studies (Vlakveld et al., 2005) shows that drivers with a reduction in 
UFOV of 40% or more, have a 4.74 relative risk ratio as opposed to people whose UFOV- reduction is 
lower than 40%. For this group also, it holds that problems with visual information processing are 
related to more factors than just a concentration deficiency. Particularly the elderly have a reduced 
UFOV. 
 
As an example for the third category Brouwer (2002) mentions people who suffer from Attention 
Deficiency Hyperactivity Disorder (ADHD). People suffering from ADHD have a somewhat increased 
crash rate. The earlier mentioned meta-analysis of eleven studies(Vaa, 2003) shows that the relative 
risk ratio for drivers with ADHD is 1,54. However, the increased risk caused by ADHD means relatively 
little for the risk of concentration loss in traffic, as people who suffer from ADHD not only have 
concentration problems, but they also have problems with inhibitions.  
 
Which measures can be taken? 
There is no point in prohibiting thinking of other matters while driving. It is possible, however, to inform 
drivers about concentration problems, and to advise them not to drive when their minds are on other 
things. Loss of concentration due to a low intensity without fatigue being involved, can be prevented 
by livening up the driving task. This can for instance be done by bringing more variety to long straight 
road stretches. Longitudinal rumble strips may be useful to prevent DWA caused leaving the road, as 
they do when fatigue is the problem.  
 
Much research is done into equipment that warns the driver when he gets tired (see SWOV Fact sheet 
Fatigue in traffic, causes and effects). Although this equipment continues to improve, it is still far from 
perfect at this moment: too often it gives an unnecessary alarm signal, and fails to give one when it is 
due. Because the equipment does not measure the degree of fatigue itself, but its consequences 
(zigzagging, speed relative to other traffic, grip on the wheel, eye blinking and movement), it could in 
the somewhat more distinct future be used to warn drivers for concentration problems caused by lack 
of intensity.   
 
Conclusion 
Concentration problems lead to a clear reduction of driving skills. The driver does no longer look about 
properly, is slow to react, is late or entirely fails to notice things, and when he brakes, it is often late 
and abrupt. The extent of the problem is hard to judge, but research in the United States which 
accurately recorded driver behaviour immediately before a crash (Dingus et al., 2006) suggests that 
7% of the crashes is partly caused by the driver's concentration problems, without the driver being 
occupied with other things and without fatigue being involved. However, much more epidemiological 
research is required to enable accurate estimates. Other than public information and applying 
longitudinal rumble strips to roads, no clear measures are known to fight concentration problems 
behind the wheel. In the somewhat more distinct future detection equipment may make it possible to 
warn the driver inside the vehicle for loss of concentration caused by low attention intensity. 
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